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Northeast Energy Efficiency Partnerships Inc. (NEEP) was founded in 1996 as a non-profit whose
mission is to serve the Northeast and Mid-Atlantic to accelerate energy efficiency as an
essential part of demand-side solutions that enable a sustainable regional energy system.

The Mid-Atlantic Technical Reference Manual is a technical assistance project that originated in
the Regional Evaluation, Measurement and Verification Forum (EM&V Forum).The EM&V Forum
was facilitated by NEEP to support the transparency, role and credibility of energy efficiency and
demand resource savings, costs and emission impacts in current and emerging energy and
environmental policies and markets in the Northeast, New York, and the Mid-Atlantic region.

About Shelter Analytics

A\
hd Shelter
Analytics

Shelter Analytics, LLC is dedicated to promoting energy efficiency through planning and
integrated design concepts in programs, buildings and businesses. We combine our experience
and integrity with innovative approaches to support and improve best-practice methods from
planning through implementation.
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PREFACE

NEEP and The Regional EM&V Forum

Northeast Energy Efficiency Partnerships Inc. (NEEP) was founded in 1996 as a non-profit
whose mission is to serve the Northeast and Mid-Atlantic to accelerate energy efficiency
as an essential part of demand-side solutions that enable a sustainable regional energy
system.

The Mid-Atlantic Technical Reference Manual is a technical assistance project that
originated in the Regional Evaluation, Measurement and Verification Forum (EM&V
Forum).The EM&YV Forum was facilitated by NEEP to support the transparency, role and
credibility of energy efficiency and demand resource savings, costs and emission
impacts in current and emerging energy and environmental policies and markets in the
Northeast, New York, and the Mid-Atlantic region. For more information, see http:
www.neep.org/emv-forum.

Acknowledgements

This update of the Mid-Atlantic Technical Reference Manual (TRM) was prepared by
Shelter Analytics. Bret Hamilton, project manager, was assisted by Glenn Reed of Energy
Futures Group, Paul Scheckel of Parsec Energy, Keith Downes and Decker Ringo of
Navigant Consulting.

Subcommittee for the Mid-Atlantic TRM

A special thanks and acknowledgment on behalf of the NEEP staff and project
contractors is extended to this project’s subcommittee members, who have provided
important input and guidance throughout the various phases of development of this
TRM. This includes: Brent Barkett (Navigant Consulting), Brian Bloom (Potomac Energy),
Eugene Bradford (Southern Maryland Electric Cooperative), Kim Byk (ICF), Joe Cohen
(Pepco Holdings Inc.), Terese Decker (Navigant Consulting), April DesClos (Vermont
Energy Investment Company), Marshall Duer-Balkind (D.C. Department of Energy and
Environment), Drew Durkee (ICF), Karl Eser (Baltimore Gas and Electric), Scott Falvey
(Maryland Department of Housing and Community Development),Dean Fisher
(Maryland Public Service Commission), Salil Gogte (EcoMetric Consulting), Roger
Huggins (Lockheed Martin), Dan Hurley (Maryland Public Service Commission), Jill
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Krueger (Cadmus), Taresa Lawrence (D.C. Department of Energy and Environment), Jeff
Loiter (Optimal Energy Inc.), Lance Loncke (D.C. Department of Energy and
Environment), Joe Loper (Itron), Kristin McAlpine (GDS), Spencer McCune (Lockheed
Martin Inc.), Ed Miller (Potomac Energy), Regina Montalban (Lockheed Martin Inc),
Phani Pagadala (ltron), David Pirtle (Pepco Holdings Inc.), Jennifer Raley (Southern
Maryland Electric Cooperative), Seth Rapoza (ICF), Eric Rundy (Potomac Energy), Jeff
Shaw (Southern Maryland Electric Cooperative), Chris Siebens (Potomac Energy), Justin
Spencer (Navigant Consulting), Jeff Staller (Itron), Bill Steigelman (Lockheed Martin Inc.),
Robert Stephenson ( Vermont Energy Investment Company), Mary Straub (Baltimore
Gas and Electric), Rob Underwood (Delaware Department of Natural Resources and
Environmental Control), John Walczyk (Cadmus), Christopher Walls (Baltimore Gas and
Electric), William Wolf (Baltimore Gas and Electric), Lisa Wolfe (Potomac Energy).

INTRODUCTION

This update to the Technical Reference Manual is the outcome of a NEEP technical
assistance project sponsored by Maryland, Delaware and the District of Columbia.The
intent of the project was to develop and document in detail common assumptions for
significant prescriptive residential and commercial/industrial electric energy efficiency
measures savings. Measures were chosen by consensus of the subcommittee and
project team. For each measure, the TRM includes either specific deemed values or
algorithms? for calculating:

» Gross annual electric energy savings;

» Gross electric summer coincident peak demand savings;

« Gross annual fossil fuel energy savings (for electric efficiency measures that also
save fossil fuels, and for certain measures that can save electricity or fossil fuels);

« Other resource savings if appropriate (e.g. water savings, O&M impacts);

» Incremental costs; and

» Measure lives.

The TRM is intended to be easy to use and to serve a wide range of important users and
functions, including:

« Utilities and efficiency Program Administrators — for cost-effectiveness screening
and program planning, tracking, and reporting.

! Typically, the algorithms provided contain a number of deemed underlying assumptions which
when combined with some measure specific information (e.g. equipment capacity) produce
deemed calculated savings values.
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« Regulatory entities, independent program evaluators, and other parties — for
evaluating the performance of efficiency programs relative to statutory goals and
facilitating planning and portfolio review; and

« Markets, such as PJM’s Reliability Pricing Model (its wholesale capacity market)
and future carbon markets — for valuing efficiency resources.

The TRM is intended to be a flexible and living document. To that end, NEEP, the project
sponsors and the TRM authors work together to update it annually with additional
measures, modifications to characterizations of existing measures and even removal of
some measures when they are no longer relevant to regional efficiency programs

Context

The Forum initiated this project as a benefit to both the Mid-Atlantic States and the
overall Forum Region, for the following reasons:

e Toimprove the credibility and comparability of energy efficiency resources to
support state and regional energy, climate change and other environmental
policy goals;

e Toremove barriers to the participation of energy efficiency resources in regional
markets by making EM&V practices and savings assumptions more transparent,
understandable and accessible;

e To reduce the cost of EM&YV activities by leveraging resources across the region
for studies of common interest (where a need for such studies has been
identified); and

e To inform the potential development of national EM&YV protocols.

This is the eighth generation document that has been prepared for the Mid-Atlantic
sponsors, and one of few in the country to serve a multi-jurisdictional audience. For
definitions of many energy efficiency terms and acronyms included in the TRM, users of
this TRM may want to refer to the EMV Forum Glossary available at:
http://neep.org/emv-forum/forum-products-and-guidelines.

It is also recognized that programs mature over time and more evaluation and market-
research data have become available over the past few years. In addition, efficiency
programs in the region are not identical and either the availability or the results of
existing baseline studies and other sources of information can differ across
organizations and jurisdictions. Also, different budgets and policy objectives exist, and
states may have different EM&V requirements and practices. Given these

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org


http://neep.org/emv-forum/forum-products-and-guidelines

@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 11 of 529

considerations, the contents of this TRM reflect the consensus agreement and best
judgment of project sponsors, managers, and consultants on information that was most
useful and appropriate to include within the time, resource, and information constraints
of the study.

Approach

This section briefly identifies and describes the process used to develop the TRM. In
addition, it provides an overview of some of the considerations and decisions involved
in the development of estimates for the many parameters. The development of this
TRM required a balance of effectiveness, functionality, and relevance with available
sources and research costs.

It is helpful to keep in mind that each measure characterization has numerous
components, including retrofit scenario, baseline consumption, annual energy savings,
coincident peak demand savings, useful life, and incremental cost.

Thus, the project needed to research and develop literally hundreds of unique
assumptions. It is further helpful to keep in mind that because the project served a
multijurisdictional audience, it required data requests, review, and consensus decision-
making by a subcommittee comprised of project sponsors and other stakeholders. The
subcommittee was responsible for review and approval of the products generated in
each of the tasks needed to complete the project.

Development of the TRM consisted of the following tasks:

Task 1: Prioritization/Measure Selection.

By design, this TRM focuses on priority prescriptive measures, due to a combination of
project resource constraints and the recognition that typically 10 - 20% of a portfolio of
efficiency measures (such as lighting, some cooling measures, efficient water heaters)
likely account for the large majority (90% or more) of future savings claims from
prescriptive measures (i.e., those measures effectively characterized by pre-determined
incentive and deemed savings values or algorithms).

Measures are selected on the basis of projected or expected savings from program data
by measure type expert judgment and review of other relevant criteria available from
regulatory filings and the region’s Program Administrators. Note that some of the
measures are variations on other measures (e.g. appliances delivered through a
midstream promotional program design and appliances in retrofit programs). Because
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gas measures were not common to all sponsors, these are not priority measures, but
there is consensus that gas measures are appropriate to include. For those measures
where fossil fuel savings occur in addition to electricity savings (for example the clothes
washer measure), or where either electric or fossil fuel savings could be realized
depending on the heating fuel used (for example domestic hot water conservation
measures), appropriate MMBTU savings have been provided.

Task 2: Development of Deemed Impacts.

Development of the contents of the TRM proceeds in two stages. The first stage is
research, analysis, and critical review of available information to inform the range of
assumptions considered for each parameter and each measure included in the TRM.
This is based on a comparative study of many secondary sources including existing TRMs
from other jurisdictions, evaluation studies and other local, primary research and data,
and information that was developed for the EMV Forum’s Common Methods Project.

The comparative analysis itself is not always as straightforward as it might initially seem
because the measures and specific variables included in different jurisdictions’ TRMs are
sometimes a little different from each other —in efficiency levels promoted, capacity
levels considered, the design of program mechanisms for promoting the measures and
various other factors. Thus, the comparative analysis of many assumptions requires
calibration to common underlying assumptions. Wherever possible, such underlying
assumptions — particularly for region-specific issues such as climate, codes and key
baseline issues — are derived from the mid-Atlantic region.

The second stage is development of specific recommendations for specific assumptions
or algorithms (informed by the comparative analysis), along with rationales and
references for the recommendations. These recommended assumptions identify cases
where calculation of savings is required and where options exist (for example two
coincidence factor values are provided for central AC measures, based on two definitions
of peak coincidence factors) for calculation of impact. They also recommend deemed
values where consistency can or should be achieved. The following criteria are used in
the process of reviewing and adopting the proposed assumptions and establishing
consensus on the final contents of the TRM:

« Credibility. The savings estimates and any related estimates of the cost-
effectiveness of efficiency investments are credible.

« Accuracy and completeness. The individual assumptions or calculation protocols are
accurate, and measure characterizations capture the full range of effects on savings.
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« Transparency. The assumptions are considered by a variety of stakeholders to be
transparent — that is, widely known, widely accepted, and developed and refined
through an open process that encourages and addresses challenges from a variety of
stakeholders.

. Cost efficiency. The contents of the TRM addressed all inputs that were within the
established project scope and constraints. Sponsors recognize that there are
improvements and additions that can be made in future generations of this
document.

Additional notes regarding the high level rationale for extrapolation for Mid-Atlantic
estimates from the Northeast and other places are provided below under Use of the
TRM.

Task 3: Development of Recommendations for Update.

The purpose of this task was to develop a recommended process for when and how
information will be incorporated into the TRM in the future. This task assumes that the
process of updating and maintaining the TRM is related to but distinct from processes
for verification of annual savings claims by Program Administrators. It further assumes
that verification remains the responsibility of individual organizations unlike the multi-
sponsor, multi-jurisdictional TRM. The development of these recommendations was
based on the following considerations:

e Review processes in other jurisdictions and newly available relevant research
and data.

e Expected uses of the TRM. This assumes that the TRM will be used to conduct
prospective cost-effectiveness screening of utility programs, to estimate
progress towards goals and potentially to support bidding into capacity markets.
Note that both the contents of the document and the process and timeline by
which it is updated might need to be updated to conform to the PJM
requirements, once sponsors have gained additional experience with the
capacity market.

e Expected timelines required to implement updates to the TRM parameters and
algorithms.

e Processes stakeholders envision for conducting annual reviews of utility program
savings as well as program evaluations, and therefore what time frame TRM
updates can accommodate these.
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e Feasibility of merging or coordinating the Mid-Atlantic protocols with those of
other States, such as Pennsylvania, New Jersey or entire the Northeast.

Task 4: Delivery of Draft and Final Product.

The final content of the TRM reflects the consensus approval of the results from Task 2
as modified following a peer review. By design, the final version of the TRM document is
similar to other TRMs currently available, for ease of comparison and update and
potential merging with others in the future.

Use of the TRM

As noted above, the TRM is intended to serve as an important tool to support rate-
funded efficiency investments; for planning, implementation and assessment of success
in meeting specific state goals. In addition, the TRM is intended to support the bidding
of efficiency resources into capacity markets, such as PJM’s Reliability Pricing Model and
in setting and tracking future environmental and climate change goals. It provides a
common platform for the Mid-Atlantic stakeholders to characterize measures within
their efficiency programs, analyze and meaningfully compare cost-effectiveness of
measures and programs, communicate with policymakers about program details, and it
can guide future evaluation and measurement activity and help identify priorities for
investment in further study, needed either at a regional or individual organizational
level.

The savings estimates are expected to serve as representative, recommended values, or
ways to calculate savings based on program-specific information. All information is
presented on a per measure basis. In using the measure-specific information in the
TRM, it is helpful to keep the following notes in mind:

e Additional information about the program design is sometimes included in the
measure description because program design can affect savings and other
parameters.

e Savings algorithms are typically provided for each measure. For a number of
measures, prescriptive values for each of the variables in the algorithm are
provided along with the output from the algorithm. That output is the deemed
savings. For other measures, prescriptive values are provided for only some of
the variables in the algorithm, with the term “actual” or “actual installed”
provided for the others. In those cases — which one might call “deemed
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calculations” rather than “deemed savings” — users of the TRM are expected to
use actual efficiency program data (e.g. capacities or rated efficiencies of central
air conditioners) in the formula to compute savings. Note that the TRM typically
provides example calculations for measures requiring “actual” values. These are
for illustrative purposes only.

e All estimates of savings are annual savings and are assumed to be realized for
each year of the measure life (unless otherwise noted).

e Unless otherwise noted, measure life is defined to be “the life of an energy
consuming measure, including its equipment life and measure persistence (not
savings persistence)” (EMV Forum Glossary). Conceptually it is similar to
expected useful life, but the results are not necessarily derived from modeling
studies, and many are from a report completed for New England program
administrators’ and regulators’ State Program Working Group that is currently
used to support the New England Forward Capacity Market M&V plans.

e Where deemed values for savings are provided, these represent average savings
that could be expected from the average measures that might be installed in the
region during the current program year.

e For measures that are not weather-sensitive, peak savings are estimated
whenever possible as the average of savings between 2 pm and 6 pm across all
summer weekdays (i.e. PJM’s EE Performance Hours for its Reliability Pricing
Model). Where possible for cooling measures, we provide estimates of peak
savings in two different ways. The primary way is to estimate peak savings during
the most typical peak hour (assumed here to be 5 p.m.) on days during which
system peak demand typically occurs (i.e., the hottest summer weekdays). This
is most indicative of actual peak benefits. The secondary way — typically provided
in a footnote — is to estimate peak savings as it is measured for non-cooling
measures: the average between 2 pm and 6 pm across all summer weekdays
(regardless of temperature). The second way is presented so that values can be
bid into the PJM RPM.

e Wherever possible, savings estimates and other assumptions are based on mid-
Atlantic data. However, a number of assumptions — including assumptions
regarding peak coincidence factors — are based on sources from other regions,
often adjusted for climate or other known regional differences.

e While this information is not perfectly transferable, due to differences in
definitions of peak periods as well as geography, climate and customer mikx, it
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was used because it was the most transferable and usable source available at the
time.?

e Users will note that the TRM presents engineering equations for most measures.
These were judged to be desirable because they convey information clearly and
transparently, and they are widely accepted in the industry. Unlike simulation
model results, they also provide flexibility and opportunity for users to substitute
locally specific information and to update some or all parameters as they
become available on an ad hoc basis. One limitation is that certain interactive
effects between end uses, such as how reductions in waste heat from many
efficiency measures impacts space conditioning, are not universally captured in
this version of the TRM.3

e For some of the whole-building program designs that are being planned or
implemented in the Mid-Atlantic, simulation modeling may be needed to
estimate savings.

e In general, the baselines included in the TRM are intended to represent average
conditions in the Mid-Atlantic. Some are based on data from the Mid-Atlantic,
such as household consumption characteristics provided by the Energy
Information Administration. Some are extrapolated from other areas, when
Mid-Atlantic data are not available. Some are based on code.

e The TRM anticipates the effects of changes in efficiency standards for measures
as appropriate, specifically lighting and motors.

The following table outlines the terms used to describe the assumed baseline conditions
for each measure. The third portion of each measure code for each measure described
in this TRM includes the abbreviation of the program type for which the characterization
is intended:

Baseline Condition \ Attributes

Time of Sale (TOS) Definition: A program in which the customer is incented to purchase or install
higher efficiency equipment than if the program had not existed. This may include
retail rebate (coupon) programs, upstream buydown programs, online store
programs, contractor based programs, or CFL giveaways as examples. May include
replacement or existing equipment at the end of it’s life (i.e., replace on burnout),
or purchase of new equipment. In cases where a new contruction characterization
isn’t explicitly provided, the TOS characterization is typically appropriate.

Baseline = New standard efficiency or code compliant equipment.

2 For more discussion about the transferability of consumption data, see the EMV Forum
Report: Cataloguing Available End-Use and Efficiency Measure Load Data, October 2009 at
http://neep.org/emv-forum/forum-products-and-guidelines.

3 They are captured for lighting and some motor-related measures.
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Baseline Condition Attributes

Efficient Case = New, premium efficiency equipment above federal and state codes
and standard industry practice.

Example: Appliance rebate

New Construction (NC) | Definition: A program that intervenes during building design to support the use of
more-efficient equipment and construction practices.

Baseline = Building code or federal standards.

Efficient Case = The program’s level of building specification

Example: Building shell and mechanical measures

Retrofit (RF) Definition: A program that upgrades or enhances existing equipment.

Baseline = Existing equipment or the existing condition of the building or
equipment. A single baseline applies over the measure’s life.

Efficient Case = Post-retrofit efficiency of equipment.

Example: Air sealing, insulation, and controls.

Early Replacement Definition: A program that replaces existing, operational equipment.*

(EREP) Baseline = Dual; it begins as the existing equipment and shifts to new baseline
equipment after the remaining life of the existing equipment is over.

Efficient Case = New, premium efficiency equipment above federal and state codes
and standard industry practice.

Example: Refrigerators and freezers.

Early Retirement Definition: A program that retires inefficient, operational duplicative equipment or
(ERET) inefficient equipment that might otherwise be resold.

Baseline = The existing equipment, which is retired and not replaced.

Efficient Case = Assumes zero consumption since the unit is retired.

Example: Appliance recycling.

Direct Install (DI) Definition: A program where measures are installed during a site visit.

Baseline = Existing equipment.

Efficient Case = New, premium efficiency equipment above federal and state codes
and standard industry practice.

Example: Lighting and low-flow hot water measures

Going forward, the project sponsors can use this TRM, along with other Forum products
on common EM&YV terminology, guidelines on common evaluation methods, and
common reporting formats, along with the experience gained from implementation of
the efficiency programs to inform decisions about what savings assumptions should be
updated and how.

4 The criteria that are used to determine whether equipment is “operational” vary among
jurisdictions and there is no related industry standard practice. This TRM provides assumptions
for estimating savings and costs for early replacement measures, but does not address this
threshold question of whether a measure should be considered early replacement.
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Measure Cost Development and Use

Measure costs are calculated differently depending upon the program type, discussed
above, used to promote a given measure. These calculations are summarized below.

Time of Sale and New Construction Incremental Costs

Calculations of Time of Sale and New Construction incremental costs in the Mid-Atlantic
TRM are generally the difference between the measure equipment and labor costs and
the baseline equipment and labor costs. In most cases, the measure and baseline labor
costs are equal and so the time of sale incremental cost is simply the difference
between the baseline and measure equipment costs. In general, no discounting of
future costs is needed since all costs are incurred at the time of project installation.

Retrofit and Full Costs

Retrofit measure incremental costs and full costs are equal to the total measure costs.
Generally, no discounting of future costs is needed since all costs are incurred at the
time of project installation. Retrofit measures generally comprise efficiency
enhancement such as building shell measures, HVAC tune ups, etc. Full cost values may
be needed to estimate program costs for programs that pay all or a percentage of
project costs.

Early Replacement Incremental Costs
Calculation of early replacement incremental costs in the Mid-Atlantic TRM includes two
components:

1. The discounted future costs that would have been incurred when the replaced
equipment would have needed to be replaced had it not been replaced early
needs to be subtracted from the initial measure costs; and

2. The present value costs associated with purchasing the high efficiency
equipment today while the existing equipment is still operational.

The calculations are provided in Itron, Mid-Atlantic TRM Version 7.5 Incremental Costs
Update, 2017 at:

http://www.neep.org/initiatives/emv-forum/forum-products

The methods and rationale are discussed in Evergreen Economics, Michals Energy and
Phil Wilhems, Early Replacement Measures Study Final Phase |l Research Report,
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November 4, 2015 for the Evaluation, Measurement and Verification Forum facilitated

by Northeast Energy Efficiency Partnerships, pp. 36-45. See
http://www.neep.org/sites/default/files/resources/FINAL%20NEEP%20Report.pdf.
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TRM Update History

Version Issued
1.1 October 2010
1.2 March 2011
2.0 July 2011
3.0 January 2013
4.0 June 2014
5.0 June 2015
6.0 May 2016
7.0 May 2017
7.5 October 2017
8.0 May 2018
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RESIDENTIAL MARKET SECTOR

Lighting End Use

Solid State Lighting (LED) Recessed Downlight

Luminaire

Unique Measure Code: RS_LT_TOS_SSLDWN_0415, RS_LT_EREP_SSLDWN_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure describes savings from the purchase and installation of a Solid
State Lighting (LED) Recessed Downlight luminaire in place of an incandescent downlight
lamp/luminaire (i.e. time of sale). The SSL downlight should meet the ENERGY STAR
Luminaires Version 2.0 specification®. The characterization of this measure should not
be applied to other types of LEDs.

Note, this measure assumes the baseline is a Bulged Reflector (BR) lamp. This
lamp type is generally the cheapest and holds by far the largest market share for this
fixture type.

The measure provides assumptions for two markets (Residential and Multi-
Family).

Definition of Baseline Condition
The baseline is the purchase and installation of a standard BR30-type
incandescent downlight light bulb.

Definition of Efficient Condition
The efficient condition is the purchase and installation of an ENERGY STAR Solid
State Lighting (LED) Recessed Downlight luminaire.

Annual Energy Savings Algorithm

AkWh = ((WattsBase - WattsEE) /1,000) * ISR * HOURS * (WHFepest +
(WHFeCooI - 1))

> ENERGY STAR specification can be viewed here:
https://www.energystar.gov/sites/default/files/asset/document/Luminaires%20V2%200%20Fin
al.pdf
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Where:

WattsBase = Connected load of baseline lamp
= Based on lumens of the LED — find the equivalent
baseline wattage from the table below. If unknown assume 65W. ©
The table also shows the baseline shift from the EISA backstop
taking effect in 2020. See the “Baseline Adjustment” section below
for how to apply the adjustment factors.”

Lower Lumen Upper Lumen 2017-2019 2020+ Baseline Shift Baseline Shift
Range Range WattsBase WattsBase (ENERGY (ENERGY STAR
STAR>=90 CRI) <90 CRI)
400 449 40 9 7% 10%
450 499 45 10 7% 10%
500 649 50 14 10% 13%
650 1419 65 23 12% 16%
WattsEE = Connected load of efficient lamp
= Actual. If unknown assume 9.2W &
ISR = In Service Rate or percentage of units rebated that get
installed.
=1.0°
HOURS = Average hours of use per year

Installation Location Daily Hours Annual Hours

Residential interior and 1.86 6790
in-unit Multi Family

¢ Baseline wattage based on common 65 Watt BR30 incandescent bulb (e.g.
http://www.destinationlighting.com/storeitem.jhtml?iid=16926)

7 See ‘Mid-Atlantic TRM V7.5 ESTAR SSL Lumen Equivalence.xlsx’ for details. The Minimum
Lamp Efficacy Requirements in ENERGY STAR Product Specification for Lamps (Light Bulbs) V2.0
vary by Color Rendering Index (CRI).

8 Energy Efficient wattage based on 12 Watt LR6 Downlight from LLF Inc. Adjusted by ratio of
Im/w in ENERGY STAR V2.0 compared to ENERGY STAR V1.2 specification.

% Based upon recommendation in NEEP EMV Emerging Tech Research Report.

10 Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 13. This assumption is a
product of metered CFLs and LEDs. To date there has not been sufficient data available to
provide a separate LED hours assumption, and this should be reviewed in future years.
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Installation Location Daily Hours Annual Hours
Multi Family Common Areas 16.3 5,950
Unknown 1.86 679
WHFecool = Waste Heat Factor for Energy to account for cooling

savings from reducing waste heat from efficient lighting.

Building with cooling 1.087%2
Building without cooling 1.0
or exterior
Unknown 1.077%3
WHFepeat = Waste Heat Factor for Energy to account for electric heating

savings from reducing waste heat from efficient lighting (if fossil
fuel heating — see calculation of heating penalty in that section).

=1 - ((HF / nHeat) * %ElecHeat)
If unknown assume 0.899%4
HF = Heating Factor or percentage of light savings that must be

heated
=47%? for interior or unknown location

' Multifamily common area lighting assumption is 16.3 hours per day (5950 hours per year)
based on Focus on Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. This
estimate is consistent with the Common Area “Non-Area Specific” assumption (16.2 hours per
day or 5913 annually) from the Cadmus Group Inc., “Massachusetts Multifamily Program Impact
Analysis”, July 2012, p 2-4.

2 The value is estimated at 1.087 (calculated as 1 + (0.33 / 3.8)). Based on cooling loads
decreasing by 33% of the lighting savings (average result from REMRate modeling of several
different building configurations in Wilmington, DE, Baltimore, MD and Washington, DC),
assuming typical cooling system operating efficiency of 3.8 COP (from the current federal
minimum of 13 SEER) , converted to COP = SEER/3.412 = 3.8COP).

3 The value is estimated at 1.077 (calculated as 1 + (0.89*(0.33 / 3.8)). Based on assumption
that 89% of homes have central cooling (based on KEMA Maryland Energy Baseline Study. Feb
2011.).

4 Calculated using defaults; 1+ ((0.47/1.74) * 0.375) = 0.899

> This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.
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= 0% for exterior or unheated location

nHeat = Efficiency in COP of Heating equipment
= actual. If not available, use®:

Age of HSPF '}:;:‘
Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump | 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00
Unknown N/A N/A 1.74Y7
%ElecHeat = Percentage of home with electric heat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%1®

[llustrative example — do not use as default assumption
Residential interior and in-unit Multi Family
AkWh = ((65—19.2) / 1,000) * 1.0 * 679 * (0.899 + (1.077 — 1))
=37.0 kWh

Multi Family Common Areas
AkWh = ((65—9.2) / 1,000) * 1.0 * 5950 * (0.899 + (1.077 — 1))

=324 kWh

Summer Coincident Peak kW Savings Algorithm

16 These default system efficiencies are based on the applicable minimum Federal Standards. In
2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

17 Calculation assumes 59% Heat Pump and 41% Resistance which is based upon data from
Energy Information Administration, 2009 Residential Energy Consumption Survey. Average
efficiency of heat pump is based on assumption 50% are units from before 2006 and 50% after.
18 Based on KEMA baseline study for Maryland.
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AkW = ((WattsBase - WattsEE) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling savings
from efficient lighting
Building with cooling 1.19v
Building without cooling 1.0
Unknown 1.17%
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence Factor
CF
Residential interior and Utility Peak CF 0.059%!
in-unit Multi Family PJM CF 0.058%2
Multi Family Common Areas PJM CF 0.86%3
Unknown Utility Peak CF 0.059
PJM CF 0.058

[llustrative example — do not use as default assumption
AKWpyy = ((65-9.2) / 1,000) * 1.0 * 1.17 * 0.058

=0.0038 kW
Annual Fossil Fuel Savings Algorithm

Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown assume
62.5% of homes heated with fossil fuel):

% The value is estimated at 1.19 (calculated as 1 + (0.66 / 3.8)). See footnote relating to WHFe
for details. Note the 66% factor represents the Residential cooling coincidence factor
calculated by dividing average load during the peak hours divided by the maximum cooling load
(i.e. consistent with the PJM coincident definition).

20 The value is estimated at 1.17 (calculated as 1 + (0.89 * 0.66 / 3.52)).

21 Based on Navigant Consulting “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 15.

22 |bid.

23 Consistent with value currently used for ENPOWER Maryland Programs as of October 1, 2017.
Derived from C&l common area lighting coincidence.
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AMMBTUPenalty?* = - ((((WattsBase - WattsEE) / 1000) * ISR * Hours * HF *
0.003412) / nHeat) * %FossilHeat

Where:

HF = Heating Factor or percentage of light savings that must be
heated
=47%> for interior or unknown location
= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBTU
nHeat = Efficiency of heating system
=80%2¢
%FossilHeat = Percentage of home with non-electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5%27

[llustrative example — do not use as default assumption
A luminaire in a home with 75% AFUE gas furnace:

AMMBTUPenalty = - (((65—=9.2)/1000) * 1.0 * 679 * 0.47 * 0.003412/0.75) *
1.0

=-0.08 MMBTU

If home heating fuel is unknown:

AMMBTUPenalty = - (((65 - 9.2)/1000) * 1.0 * 679 * 0.47 * 0.003412/0.80) *
0.625

24 Negative value because this is an increase in heating consumption due to the efficient
lighting.

25 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

26 Minimum federal standard for residential furnaces.

27 Based on KEMA baseline study for Maryland.
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=-0.047 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for time of sale replacements is $4.55, based
on a baseline incandescent BR lamp cost of $3.65 and an LED BR Lamp cost of $8.20.28
Early replacements should use the full installed cost of $8.20.

Measure Life

The measure life is assumed to be 20 yrs for Residential and Multi Family in-unit,
and 8.4 years for Multi Family common areas for downlights featuring inseparable
components, and 4.2 years for downlights with replaceable parts.?®

Operation and Maintenance Impacts

The levelized baseline replacement cost over the lifetime of the SSL is
calculated (see MidAtlantic Lighting adjustments and O&M_042015.xls). The key
assumptions used in this calculation are documented below:

BR-type
Replacement Cost $3.65
Component Life3° (years) 2.17%

Residential interior and in-unit
Multi Family or unknown.

28 Cost assumptions are adapted from 2016 4th Quarter data provided by Lighttracker Inc. The
information from Lighttracker is based in part on data reported by IRI through its Advantage
service for, and as interpreted solely by, Lighttracker Inc. IRI disclaims liability of any kind
arising from the use of this information. The information from Lighttracker is also based in
part on data from Nielsen through its Strategic Planner and Homescan Services for the lighting
category for the 52-week period ending approximately on December 31, 2016, for the Maryland
and U.S. markets and Expanded All Outlets Combined (xAOC) and Total Market

Channels. Copyright © 2016, Nielsen.

29 The ENERGY STAR Spec for SSL Recessed Downlights requires luminaires to maintain >=70%
initial light output for 25,000 hours in an indoor application for separable luminaires and
50,000 for inseparable luminaires. Measure life is capped at 20 years.

30 Based on lamp life / assumed annual run hours.

31 Assumes rated life of BR incandescent bulb of 2000 hours, based on product review. Lamp
life is therefore 2000/920 = 2.17 years.
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BR-type

Incandescent
| Multi Family Common Areas 0.34%

The calculated net present value of the baseline replacement costs is $18.69 for
Residential interior and in-unit Multi Family $70 for downlights installed in Multifamily
common areas.

Baseline Adjustment

To account for the EISA “backstop” going into effect in 2020, the savings for this
measure should be reduced to account for increased baseline efficacy requirements. As
of 1/1/2020, the EISA backstop requires that all general service lamps meet or exceed
an efficacy requirement of 45 lumens per watt. Further, the definition of general service
lamps was broadened by two Final Rules published by the DOE on 1/19/2017 to
effectively cover all common lamp types.33 Therefore, for selected lamp types, the
annual savings as of 1/1/2020 should be adjusted downward to account for the
increased baselines. Consistent with the ENERGY STAR V2.0 specifications, the baseline
watts table above shows the calculated savings adjustments for two CRI tiers. Using the
appropriate adjustment factor based on the baseline lamp type and ENERGY STAR LED
CRI, the energy savings are calculated as follows:

Post 1/1/2020 AkWh34 = AkWh * Baseline_Shift

Similarly, adjusted summer coincident peak kW savings and annual fossil fuel savings are
calculated as follows:

Post 1/1/2020 AkW = AkW * Baseline_Shift
Post 1/1/2020 AMMBTUPenalty = AMMBTUPenalty * Baseline_Shift
Illustrative example — do not use as default assumption

Residential interior and in-unit Multi Family with CRI=90

32 Calculated as 2000/5950 = 0.34 years.

33 Energy Conservation Programs: Energy Conservation Standards for General Service Lamps, 82
Fed. Reg. 7276 (January 19, 2017) (to be codified at 10 CFR Part 430) and Energy Conservation
Programs: Energy Conservation Standards for General Service Lamps, 82 Fed. Reg. 7322
(January 19, 2017) (to be codified at 10 CFR Part 430).

34 To simplify the calculations, this algorithm assumes that the pre-2020 baseline lamp would
need to be replaced in 2020.
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Post 1/1/2020 AkWh = 50.1 kWh (as calculated above) * 12%
= 6.0 kWh

Therefore, assuming this lamp is installed in 2018 and has a measure life of 20 years, the
adjusted lifetime savings would be:
AKkWh{ifetime = 2 * 50.1 kWh + 18 * 6 kWh = 208.2 kWh

Alternatively, the Post 1/1/2020 savings may be estimated by substituting the “2020+
WattsBase” value from the lumen equivalence table above into the appropriate savings
algorithm.

Illustrative example — do not use as default assumption
Residential interior and in-unit Multi Family with CRI=90
Post 1/1/2020 AkWh = ((WattsBase - WattsEE) /1,000) * ISR * HOURS *
(WH FeHeat + (WHFeCooI - 1))
=((23-9.2) /1,000) * 1.0 * 920 * (0.899 + (1.077 - 1))
=12.4 kWh
Therefore, assuming this lamp is installed in 2018 and has a measure life of 20 years, the

adjusted lifetime savings would be:
AkWhiifetime = 2 ¥ 50.1 kWh + 18 * 12.4 kWh = 323.4 kWh
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ENERGY STAR Integrated Screw Based SSL (LED)

Lamp

Unique Measure Code: RS_LT_TOS_SSLDWN_0518, RS_LT_EREP_SSLDWN_0518
Effective Date: May 2018

End Date: TBD

Measure Description
This measure describes savings from the purchase and installation of an ENERGY
STAR Integrated Screw Based SSL (LED) Lamp in place of an incandescent lamp.

The measure provides assumptions for two markets (Residential and Multi-
Family).

Definition of Baseline Condition

For time of sale, the baseline wattage is assumed to be an incandescent or EISA
compliant (where applicable) bulb installed in a screw-base socket®. Note that the
baseline will be EISA compliant bulbs for all categories to which EISA applies. If the in-
situ lamp wattage is known and lower than the EISA mandated maximum wattage
(where applicable), the baseline wattage should be assumed equal to the in situ lamp
wattage.

Definition of Efficient Condition

The high efficiency wattage is assumed to be an ENERGY STAR qualified
Integrated Screw Based SSL (LED) Lamp. The ENERGY STAR V2.0 specifications can be
viewed here: http://1.usa.gov/1QJFLgT

Annual Energy Savings AlgorithmAkWh = ((WattsBase - WattsEE) /1000) * ISR *
HOURS * (WHFEHeat + (WHFeCOO| - 1))

Where: For all lamps EXCEPT: PAR, MR and MRX

WattsBase = Based on lumens of the LED — find the equivalent baseline wattage from
the table below. The table also shows the baseline shift from the EISA backstop taking
effect in 2020. See the “Baseline Adjustment” section below for how to apply the
adjustment factors.3®

35 For text of Energy and Independence and Security Act, see
http://www.gpo.gov/fdsys/pkg/PLAW-110publ140/pdf/PLAW-110publ140. pdf

36 See ‘Mid-Atlantic TRM V7.5 ESTAR SSL Lumen Equivalence.xlsx’for details. The Minimum
Lamp Efficacy Requirements in ENERGY STAR Product Specification for Lamps (Light Bulbs) V2.0
vary by Color Rendering Index (CRI).
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Lower Upper : . . .
Baseline_Shift Baseline_Shift
Lumen Lumen 2017-2019 2020+ (ENERGY STAR (ENERGY
Range Range WattsBase WattsBase CRI>=90) STAR CRI<90)
250 309 25 25 100% 100%
310 749 29 12 20% 23%
Omnidirectional, 750 1049 43 20 24% 28%
Medium Screw Base
1050 1489 53 28 299 339
Lamps (A, BT, P, PS, S % %
or T) (1, Osee 1490 2600 72 46 38% 43%
exceptions below) 2601 3300 150 66 22% 25%
3301 3999 200 200 100% 100%
4000 6000 300 300 100% 100%
TS Shape <=749
lumens and T Shape 250 309 25 25 100% 100%
<=749 lumens or
T>10" length
ength) 310 749 40 12 13% 15%
Decorative, Medium 250 309 25 25 100% 100%
Screw Base (G 310 749 29 12 17% 17%
Shape) (see 750 1049 43 20 21% 21%
i |
exceptions below) 1050 1300 53 26 23% 23%
250 309 25 25 100% 100%
1G16-1/2, G25, o 9
G30 <=499 lumens 310 349 25 11% 11%
350 499 40 9 9% 9%
250 349 25 25 100% 100%
350 499 40 40 100% 100%
G Shape with 500 574 60 60 100% 100%
diameter >=5" 575 649 75 75 100% 100%
650 1099 100 100 100% 100%
1100 1300 150 150 100% 100%
70 89 10 10 100% 100%
Decorative, Medium 90 149 15 15 100% 100%
Screw Base (B, BA, C, N N
CA DC, and F, and 150 299 25 25 100% 100%
ST) (*see exceptions 300 309 40 40 100% 100%
below) 310 499 29 9 12% 12%
500 699 29 13 21% 21%
70 89 10 10 100% 100%
*B, BA, CA, and F 90 149 15 15 100% 100%
<=499 lumens 150 299 25 25 100% 100%
300 309 40 40 100% 100%
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Lower Upper : . . .
lumen  Lumen  2017-2019 2020+  eRereraR Nty
Range Range WattsBase WattsBase CRI>=90) STAR CRI<90)
310 499 40 9 8% 8%
Omnidirectional,
Intermediate Screw 250 309 25 25 100% 100%
Base Lamps (A, BT, P,
PS,SorT) (tsee
exceptions below) 310 749 40 12 13% 15%
TS Shape that
have a first number
symbol <=12.5and T 250 309 25 25 100% 100%
Shape lamps with
first number symbol
<=8 and nominal
overall length <12" 310 749 40 40 100% 100%
Fecorati(;/e: S 250 309 25 25 100% 100%
ntermediate Screw
Base (G Shape) (see 310 349 25 7 11% 11%
exceptions below) 350 499 40 9 9% 9%
$G Shape with
first numeral less 250 349 25 25 100% 100%
than 12.5 or with
diameter >=5" 350 499 40 40 100% 100%
70 89 10 10 100% 100%
Decorative, 90 149 15 15 100% 100%
Intermediate Screw
Base (B, BA, C, CA, 150 299 25 25 100% 100%
DC, and F, and ST) 300 309 40 40 100% 100%
310 499 40 9 8% 8%
gmzidlirsctigna" 250 309 25 25 100% 100%
andelabra Screw
Base Lamps (A, BT, P, 310 749 40 12 13% 15%
PS,SorT) (tsee
exceptions below) 750 1049 60 20 15% 18%
tS Shape that
have a first number 250 309 25 25 100% 100%
symbol<=12.5and T
Shape with first 310 749 40 40 100% 100%
number symbol <=8
and nominal overall
length <12" 750 1049 60 60 100% 100%
250 309 25 25 100% 100%
Decorative,
Candelabra Screw 310 349 25 11% 11%
350 499 40 9 9% 9%
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Page 33 of 529

Baseline_Shift

(ENERGY STAR
CRI>=90)

Baseline_Shift
(ENERGY
STAR CRI<90)

Base (G Shape) (tsee
exceptions below) 500 574 60 12 7% 7%
%G Shape with 250 349 25 25 100% 100%
first numeral less N N
than 12.5 or with 350 499 40 40 100% 100%
diameter >=5" 500 574 60 60 100% 100%
70 89 10 10 100% 100%
Decorative, 90 149 15 15 100% 100%
Candelabra Screw 150 299 25 25 100% 100%
Base (B, BA, C, CA, 300 309 40 40 100% 100%
DC, and F, and ST) 310 499 40 9 8% 8%
500 699 60 13 8% 8%
) ) ' 400 449 40 9 7% 10%
Directional, Medium 450 499 45 10 7% 10%
Screw Base,
w/diameter <=2.25" 500 649 50 13 8% 11%
650 1199 65 20 11% 14%
640 739 40 15 14% 18%
740 849 45 18 14% 19%
Directional, Medium 850 1179 50 22 18% 23%
screw Base, R, , ER, 1180 1419 65 29 17% 22%
BR, BPAR or similar 1420 1789 75 36 19% 24%
bulb shapes w/
diameter >2.5 " 1790 2049 90 43 19% 24%
(**see exceptions 2050 2579 100 51 22% 27%
below) 2580 3300 120 65 24% 30%
3301 3429 120 120 100% 100%
3430 4270 150 150 100% 100%
540 629 40 13 11% 15%
630 719 45 15 11% 15%
Directional, Medium 720 999 50 19 149% 18%
Screw Base, R, , ER,
BR, BPAR or similar 1000 1199 65 24 14% 18%
bulb shapes with 1200 1519 75 30 15% 19%
m;fdium screw bases 1520 1729 90 36 15% 19%
w/ diameter > 2.26" o o
and 25" (**see 1730 2189 100 44 17% 22%
exceptions below) 2190 2899 120 56 19% 24%
2900 3300 120 69 26% 32%
3301 3850 150 150 100% 100%
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Baseline_Shift Baseline_Shift
Lumen 2017-2019 2020+ (ENERGY STAR (ENERGY
Range WattsBase WattsBase CRI>=90) STAR CRI<90)
400 449 40 9 7% 10%
**ER30, BR30, D 5
BR40, or ERA0 450 499 45 10 7% 10%
500 649-1179 50 14 10% 13%
**BR30, BR4O, or
ER40 650 1419 65 23 12% 16%
**R20 400 449 40 9 7% 10%
450 719 45 13 10% 13%
**All reflector
lamps below lumen 200 299 20 20 100% 100%
ranges specified
above 300 399-639 30 9 10% 13%
250 309 25 25 100% 100%
310 749 40 12 13% 15%
ORough service, 750 1049 60 20 15% 18%
shatter resistant, 3- 1050 1489 75 28 18% 21%
way it]cant.jescent,. 1490 2600 100 46 23% 27%
and vibration service 2601 3300 150 66 22% 25%
3301 3999 200 200 100% 100%
4000 6000 300 300 100% 100%

WattsBase for PAR, MR, and MRX Lamp Types:

For highly focused directional lamps, Center Beam Candle Power (CBCP) and beam angle
measurements are needed for accurate estimate of the equivalent baseline wattage.
The formula below is based on the Energy Star Center Beam Candle Power tool.3” If
CBCP and beam angle information are not available or if the equation below returns a
negative value (or undefined), use the manufacturer’s recommended baseline wattage
equivalent.3® The WattsBase algorithm below is for reference.

WattsBase =
375.1 - 4.355(D) — /227800 — 937.9(D) — 0.9903(D2) — 1479(BA) — 12.02(D * BA) + 14.69(BA2) — 16720 * In(CBCP) %

Where:

37 http:/ /www.energystar.gov/ia/products/lighting/iledl/IntLampCenterBeamTool.zip

38 The Energy Star Center Beam Candle Power tool does not accurately model baseline
wattages for lamps with certain bulb characteristic combinations - specifically for lamps with
very high CBCP.

39 Illinois TRM V6 Vol.3 P.245
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D = Bulb diameter (e.g. for PAR20 D = 20)
BA = Beam angle

CBCP = Center beam candle power

The result of the Energy Star calculator or equation above should be rounded DOWN to the
nearest wattage established by Energy Star:

Diameter Permitted Wattages

16 20, 35, 40, 45, 50, 60, 75
20 50
30S 40, 45, 50, 60, 75
30L 50, 75
38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250 4o
WattsEE = Actual LED wattage
ISR = In Service Rate or percentage of units rebated that get
installed.
=0.984
HOURS = Average hours of use per year
Installation Location Daily Hours Annual Hours
Residential interior and 1.86 6794
in-unit Multi Family
Multi Family Common Areas 16.3 5,950%3
0 |bid.

41 First year ISR of 0.9 (EMPOWER MD Lighting Study, EY5). Assume lifetime ISR of 0.99 (2006-
2008 California Residential Lighting Evaluations, and used in the Uniform Methods Project).
Assume half of bulbs not installed in year one are installed in year two, and the other half in
year three. Using a discount rate of 5%, this gives 0.90 + 0.045 * 0.95 + 0.045 * 0.95"2 = 0.98

42 Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 13. This assumption is a
product of metered CFLs and LEDs. To date there has not been sufficient data available to
provide a separate LED hours assumption, and this should be reviewed in future years.

43 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year)
based on Focus on Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. This
estimate is consistent with the Common Area “Non-Area Specific” assumption (16.2 hours per
day or 5913 annually) from the Cadmus Group Inc., “Massachusetts Multifamily Program Impact
Analysis”, July 2012, p 2-4.
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Exterior 4.5 1,643%#
Unknown 1.86 679%
WHFecool = Waste Heat Factor for Energy to account for cooling savings

from reducing waste heat from efficient lighting.

Building with cooling 1.087%
Building without cooling 1.0
or exterior
Unknown 1.077%
WHFeHeat = Waste Heat Factor for Energy to account for electric heating

savings from reducing waste heat from efficient lighting (if fossil
fuel heating — see calculation of heating penalty in that section).

=1 - ((HF / nHeat) * %ElecHeat)If unknown assume 0.899%

HF = Heating Factor or percentage of light savings that must be
heated
=47%* for interior or unknown location
= 0% for exterior or unheated location

4 Updated results from Nexus Market Research, “Impact Evaluation of the Massachusetts,
Rhode Island and Vermont 2003 Residential Lighting Programs”, Final Report, October 1, 2004,
presented in 2005 memo;
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli
vered.pdf

4 “Unknown” assumes a residential interior or in-unit multifamily application.

4 The value is estimated at 1.087 (calculated as 1 + (0.33 / 3.8)). Based on cooling loads
decreasing by 33% of the lighting savings (average result from REMRate modeling of several
different building configurations in Wilmington, DE, Baltimore, MD and Washington, DC),
assuming typical cooling system operating efficiency of 3.8 COP (from the current federal
minimum of 13 SEER), converted to COP = SEER/3.412 = 3.8 COP).

47 The value is estimated at 1.077 (calculated as 1 + (0.89*(0.33 / 3.8)). Based on assumption
that 89% of homes have central cooling (based on KEMA Maryland Energy Baseline Study. Feb
2011.).

48 Calculated using defaults; 1 + ((0.47/1.74) * 0.375) = 0.899

4 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.
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nHeat = Efficiency in COP of Heating equipment
= actual. If not available, use®’:

System Age of HSPF ?Egit
Type Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump | 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00
Unknown N/A N/A 1.74°1
%ElecHeat = Percentage of home with electric heat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%>

Illustrative example — do not use as default assumption

A 10W 550 lumen LED directional lamp with medium screw bases diameter <=2.25" is
installed in a residential interior location.

AkWh = ((50 - 10)/ 1,000) * 0.98 * 679 * (0.899 + (1.077 — 1))
=26.0 kWh
Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBase - WattsEE) /1000) * ISR * WHFd * CF
Where:

0 These default system efficiencies are based on the applicable minimum Federal Standards. In
2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

> Calculation assumes 59% Heat Pump and 41% Resistance which is based upon data from
Energy Information Administration, 2009 Residential Energy Consumption Survey. Assume heat
pump baseline of 7.7 HSPF.

52 Based on KEMA baseline study for Maryland.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 38 of 529

WHFd = Waste Heat Factor for Demand to account for cooling savings

from efficient lighting

Building with cooling 1.195
Building without cooling 1.0
or exterior
Unknown 1.17%
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence Factor
(CF)
Residential interior and Utility Peak CF 0.059°°
in-unit Multi Family PJM CF 0.05856
Multi Family Common Areas PJM CF 0.86°’
Exterior PJM CF 0.018%®
Unknown Utility Peak CF 0.059
PJM CF 0.058

Illustrative example — do not use as default assumption

A 10W 550 lumen LED directional lamp with medium screw bases diameter <=2.25" is
installed in a residential interior location.

AKWp = ((50 - 10)/ 1,000) * 0.98 * 1.17 * 0.058
= 0.0027 kW

Annual Fossil Fuel Savings Algorithm

53 The value is estimated at 1.19 (calculated as 1 + (0.66 / 3.8)). See footnote relating to WHFe
for details. Note the 66% factor represents the Residential cooling coincidence factor
calculated by dividing average load during the peak hours divided by the maximum cooling load
(i.e. consistent with the PJM coincident definition).

>* The value is estimated at 1.18 (calculated as 1 + (0.89 * 0.66 / 3.8)).

55 Based on Navigant Consulting “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 15

% |bid.

57 Consistent with value currently used for EnMPOWER Maryland Programs as of October 1,
2017. Derived from C&l common area lighting coincidence.

%8 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 39 of 529

Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown assume
62.5% of homes heated with fossil fuel):

AMMBTUPenalty = - ((((WattsBase - WattsEE) / 1000) * ISR * Hours * HF *
0.003412) / nHeat) * %FossilHeat

Where:

HF = Heating Factor or percentage of light savings that must be
heated
=47%>° for interior or unknown location
= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBTU
nHeat = Efficiency of heating system
=80%°°
%FossilHeat = Percentage of home with non-electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5%°!

Illustrative example — do not use as default assumption

A 10W 550 lumen LED directional lamp with medium screw bases diameter <=2.25" is
installed in a residential interior location with unknown heating fuel.

AMMBTUPenalty = - ((50 - 10)/ 1,000) * 0.98 * 679 * 0.47 * 0.003412/0.80) * 0.625
=-0.033 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost

% This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

0 Minimum federal standard for residential furnaces.

1 Based on KEMA baseline study for Maryland.
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If the implementation strategy allows the collection of actual costs, or an
appropriate average, then that should be used. If not, the lifecycle NPV incremental
costs for time of sale replacements are provided below.®?

Category Time of Sale Incremental Cost
Unknown $2.52
Globe $3.36
Reflector $2.40
A Lamp $2.03
Candelabra $5.29

Measure Life
The tables below show the assumed measure life for ENERGY STAR Version 2.0.
Measure Life, Energy Star V2.0
Residential
interior,

Multi
Rated in-unit Family

Life®3 C
He Multi Family OMmon
Areas

or unknown

Exterior Unknown

Omnidirectional 15,000

Decorative 15,000 16.3 2.5 9.1 13.6

Directional 15,0005 16.3 2.5 9.1 13.6

Operation and Maintenance Impacts

To account for the shift in baseline due to the Federal Legislation, the levelized
baseline replacement cost over the lifetime of the LED is calculated (see ‘ESTAR
Integrated Screw SSL Lamp_042817.xls’). The key assumptions used in this calculation
are documented below:

EISA
2012-2014
Compliant

EISA 2020
Compliant

Replacement Cost Unknown
Replacement Cost, Globe

62 Adapted from analysis provided by Apex Analytics LLC in April 2018.

63 The ENERGY STAR Spec v2.0 for Integrated Screw Based SSL bulbs requires lamps to maintain
>=70% initial light output for 15,000 hrs. Lifetime capped at 20 years.

64 ENERGY STAR V2.1 specifications reduce rated life requirements to 15,000 hours for
directional lamps.
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EISA
2012-2014
Compliant

EISA 2020
Compliant

Replacement Cost, Reflector
Replacement Cost, A Lamp
Replacement Cost, Candelabra
Component Life (hours)
The calculation results in the following assumptions of equivalent annual
baseline replacement cost:

Multi-Family
Bulb Type Indoor Common area Exterior
Unknown $2.02 $18.64 $6.23
Globe $5.96 $21.07 $13.56
Reflector $4.71 $46.48 $14.79
A Lamp $5.47 $19.57 $12.48
Candelabra $4.56 $14.19 $10.16

Baseline Adjustment

To account for the EISA “backstop” going into effect in 2020, the savings for this
measure should be reduced to account for increased baseline efficacy requirements. As
of 1/1/2020, the EISA backstop requires that all general service lamps meet or exceed
an efficacy requirement of 45 lumens per watt. Further, the definition of general service
lamps was broadened by two Final Rules published by the DOE on 1/19/2017 to
effectively cover all common lamp types.®> Therefore, for selected lamp types, the
annual savings as of 1/1/2020 should be adjusted downward to account for the
increased baselines. Consistent with the ENERGY STAR V2.0 specifications, the baseline
watts table above shows the calculated savings adjustments for two CRI tiers. Using the
appropriate adjustment factor based on the baseline lamp type and ENERGY STAR LED
CRI, the energy savings are calculated as follows:

Post 1/1/2020 AkWh®® = AkWh * Baseline_Shift

% Energy Conservation Programs: Energy Conservation Standards for General Service Lamps, 82
Fed. Reg. 7276 (January 19, 2017) (to be codified at 10 CFR Part 430) and Energy Conservation
Programs: Energy Conservation Standards for General Service Lamps, 82 Fed. Reg. 7322
(January 19, 2017) (to be codified at 10 CFR Part 430).

% To simplify the calculations, this algorithm assumes that the pre-2020 baseline lamp would
need to be replaced in 2020.
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Similarly, adjusted summer coincident peak kW savings and annual fossil fuel savings are
calculated as follows:

Post 1/1/2020 AkW = AkW * Baseline_Shift
Post 1/1/2020 AMMBTUPenalty = AMMBTUPenalty * Baseline_Shift
[llustrative example — do not use as default assumption

A 10W 550 lumen LED directional lamp with medium screw bases diameter <=2.25" and
CRI=90 is installed in a residential interior location.

Post 1/1/2020 AkWh = 35.2 kWh (as calculated above) * 8%
= 2.8 kWh

Therefore, assuming this lamp is installed in 2018 and has a measure life of 16.3 years,
the adjusted lifetime savings would be:
AkWhitetime = 2 * 35.2 kWh + 14.3 * 2.8 kWh = 110.6 kWh

Alternatively, the Post 1/1/2020 savings may be estimated by substituting the “2020+
WattsBase” value from the lumen equivalence table above into the appropriate savings
algorithm.

Illustrative example — do not use as default assumption

A 10W 550 lumen LED directional lamp with medium screw bases diameter <=2.25" and
CRI=90 is installed in a residential interior location.

Post 1/1/2020 AkWh = ((WattsBaseao20+ - WattsEE) /1000) * ISR * HOURS *
(WHFeneat + (WHFecool — 1))
= ((13 -10)/1,000) * 0.98 * 920 * (0.899 + (1.077 — 1))
= 2.6 kWh

Therefore, assuming this lamp is installed in 2018 and has a measure life of 16.3 years,

the adjusted lifetime savings would be:
AkWhijfetime = 2 * 35.2 kWh + 14.3 * 2.6 kWh = 107.6 kWh
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Occupancy Sensor — Wall-Mounted
Unique Measure Code(s): RS_LT_RF_OSWALL_0518
Effective Date: May 2018

End Date: TBD

Measure Description

This measure defines the savings associated with installing a wall-mounted
occupancy sensor that switches lights off after a brief delay when it does not detect
occupancy.

Definition of Baseline Condition
The baseline condition is lighting that is controlled with a manual switch.

Definition of Efficient Condition
The efficient condition is lighting that is controlled with an occupancy sensor. It is
assumed that the controlled load is a mix of efficient and inefficient lighting.

Annual Energy Savings Algorithm

AkWh = kWconnected * HOURS * SVGe * ISR * (WHFeueat + (WHFecool — 1))
Where:

kWconnected = Actual kW lighting load connected to control for direct install

measures or other situations where the connected load is known. If
kWconnected is not known, then use the following default assumptions.

Number of lamps in space with  Average lamp wattage (B) kWconnected (AxB)

control
(A)
6.8%7 0.034°%8 0.230

7 Connecticut LED Lighting Study Report (R154). NMR Group, Inc. January 28, 2016. Average of
number of sockets in dining room, living space, bedroom, bathroom, and kitchen spaces.

8 Connecticut LED Lighting Study Report (R154). Average connected wattage of lamps in dining
room, living space, bedroom, bathroom, and kitchen spaces
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HOURS = Average hours of use per day. If space type is known, then use
average of efficient and inefficient hours of use below®:

Average HOU of Efficient

Lamp Type and Inefficient Lamps
Attic 0.4
Basement 2.6
Bathroom 1.3
Bedroom 1.3
Closet 0.3
Crawl Space 1.1
Dining Room 1.6
Exterior 1.3
Garage 0.9
Hall 1.4
Kitchen 35
Laundry 14
Living Room 1.9
Mechanical 0.2
Office 3.2
Other 0.9

If space type is not knowm, then assume:

Installation Location Daily Hours Annual Hours

Residential interior and 1.667° 6047t
in-unit Multi Family

%9 Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 14.

70 Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 13. This assumption is an
average of the hours of use for efficient lamps (CFLs and LEDs at 679 hrs./yr.) and inefficient
lamps (529 hrs./yr.).

7 Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 13. This assumption is an
average of the hours of use for efficient lamps (CFLs and LEDs at 679 hrs./yr.) and inefficient
lamps (529 hrs./yr.).
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Multi Family Common Areas 16.3 5,95072
Unknown 1.6673 60474

SVGe = Percentage of annual lighting energy saved by lighting control;
determined on a site-specific basis or using default below.
=30% "

ISR = In Service Rate or percentage of units rebated that get installed
=1.007°

WHFeueat = Waste Heat Factor for Energy to account for electric heating

savings from reducing waste heat from efficient lighting (if fossil
fuel heating — see calculation of heating penalty in that section).

=1- ((HF / nHeat) * %ElecHeat)
If unknown assume 0.899”7
HF = Heating Factor or percentage of light savings that must be
heated
=47%" for interior or unknown location

= 0% for exterior or unheated location

nHeat = Efficiency in COP of Heating equipment

72 Multifamily common area lighting assumption is 16.3 hours per day (5950 hours per year)
based on Focus on Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. This
estimate is consistent with the Common Area “Non-Area Specific” assumption (16.2 hours per
day or 5913 annually) from the Cadmus Group Inc., “Massachusetts Multifamily Program Impact
Analysis”, July 2012, p 2-4. http://ma-eeac.org/wordpress/wp-
content/uploads/Massachusetts-Multifamily-Program-Impact-Analysis-Report-Appendix. pdf

73 “Unknown” assumes a residential interior or in-unit multifamily application.

74 “Unknown” assumes a residential interior or in-unit multifamily application.

7> Cadmus Group Inc., “Massachusetts Multifamily Program Impact Analysis”, July 2012.
Appendix A. 6-1. The study notes that this value is informed by commercial occupancy sensor
applications. This value is cited in the Massachusetts 2016-2018 Plan Technical Reference
Manual.

76 EMPOWER Maryland DRAFT Final Impact Evaluation Report Evaluation Year 4 (June 1, 2012 -
May 31, 2013) Commercial & Industrial Prescriptive & Small Business Programs, Navigant, March
31, 2014.

77 Calculated using defaults; 1 + ((0.47/1.74) * 0.375) = 0.899

78 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.
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= actual. If not available, use”:

H
Age of HSPF '} cg:t
Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump | 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00
Unknown N/A N/A 1.7480
%ElecHeat = Percentage of homes with electric heat
Heating fuel %ElecHeat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%8%!
WHFecool = Waste Heat Factor for Energy to account for cooling savings

from reducing waste heat from efficient lighting.

Building with cooling 1.08782
Building without cooling or 1.0
exterior

Unknown 1.0778%

7% These default system efficiencies are based on the applicable minimum Federal Standards. In
2006 and again in 2015 the Federal Standard for Heat Pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.

80 Calculation assumes 59% Heat Pump and 41% Resistance which is based upon data from
Energy Information Administration, 2009 Residential Energy Consumption Survey. Assume heat
pump baseline of 7.7 HSPF.

81 Based on KEMA Maryland Energy Baseline Study. Feb 2011

82 The value is estimated at 1.087 (calculated as 1 + (0.33 / 3.8)). Based on cooling loads
decreasing by 33% of the lighting savings (average result from REMRate modeling of several
different building configurations in Wilmington, DE, Baltimore, MD and Washington, DC),
assuming typical cooling system operating efficiency of 3.8 COP (from the current federal
minimum of 13 SEER), converted to COP = SEER/3.412 = 3.8 COP).

83 The value is estimated at 1.077 (calculated as 1 + (0.89*(0.33 / 3.8)). Based on assumption
that 89% of homes have central cooling (based on KEMA Maryland Energy Baseline Study. Feb
2011.).
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Summer Coincident Peak kW Savings Algorithm

AkKW = kWconnected * SVGd * ISR * WHFd * CF

Where:

SvaGd = Percentage of lighting demand saved by lighting control;
determined on a site-specific basis or using default below.
=30%5%

WHFd = Waste Heat Factor for Demand to account for cooling savings
from efficient lighting

| WHFd |
Building with cooling 1.19%
Building without cooling or 1.0
exterior
Unknown 1.178%
CF = Summer Peak Coincidence Factor for measure
Installation Location Type Coincidence Factor
(CF)
Residential interior and Utility Peak CF 0.059%
in-unit Multi Family PJM CF 0.05888
Multi Family Common Areas PJM CF 0.86%°
Exterior PJM CF 0.018%°
Unknown Utility Peak CF 0.059
PJM CF 0.058

Annual Fossil Fuel Savings Algorithm

84 Assumed to be the same as the energy savings percentage (SVGe).

8 The value is estimated at 1.19 (calculated as 1 + (0.66 / 3.8)). See footnote relating to WHFe
for details. Note the 66% factor represents the Residential cooling coincidence factor
calculated by dividing average load during the peak hours divided by the maximum cooling load
(i.e. consistent with the PJM coincident definition).

8 The value is estimated at 1.18 (calculated as 1 + (0.89 * 0.66 / 3.8)).

87 Based on Navigant Consulting “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 15

8 |bid.

8 Consistent with value currently used for ENPOWER Maryland Programs as of October 1,
2017. Derived from C&l common area lighting coincidence.

% Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown assume
62.5% of homes heated with fossil fuel):

AMMBTUPenalty = kWconnected * HOURS * SVGe * ISR * HF * 0.003412)/
nHeat)
Where:
HF = Heating Factor or percentage of light savings that must be
heated

=47%°* for interior or unknown location
= 0% for exterior or unheated location

0.003412 =Converts kWh to MMBTU
nHeat = Efficiency of heating system
=80%°2

%FossilHeat = Percentage of home with non-electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5%%

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this retrofit measure is assumed to be $25
for per control.®*

Measure Life

91 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

92 Minimum federal standard for residential furnaces.

93 Based on KEMA Maryland Energy Baseline Study. Feb 2011.

94 Costs are from 3/28/18 webscraping of homedepot.com for Landsdowne, MD.
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The measure life is assumed to be 10 years.*>

Operation and Maintenance Impacts
n/a

Connected Lighting

Unique Measure Code(s): RS_LT_RF_CL_0518
Effective Date: May 2018

End Date: TBD

Measure Description
This measure defines the savings associated with connected lighting that allows
for remote user control through a smart device and/or smart hub.

Definition of Baseline Condition
The baseline condition is the efficient, i.e., LED non-connected version of the
lamp.

Definition of Efficient Condition

The efficient condition is lighting that is controlled by a smart device and/or
home energy hub. The savings for this measure are the estimated incremental control
savings compared to a non-connected efficient lamp. Savings come from both reduced
hours of operation and from dimming.

Annual Energy Savings Algorithm

AkWh = WattsEE * HOURS * SVGe * ISR * (WHFeneat + (WHFecool — 1)) +

Standbykwh
Where:
WattsEE = Actual LED wattage.
HOURS = Average hours of use per year:
Installation Location Daily Hours \ Annual Hours

% Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
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Residential interior and 1.86 679°%
in-unit Multi Family
Multi Family Common Areas 16.3 5,950%7
Unknown 1.86 679°%

SVGe = Percentage of annual lighting energy saved by lighting control;
determined on a site-specific basis or using default below.
=0.49%

ISR = In Service Rate or percentage of units rebated that get

installed.
=(0.981%0
WHFeueat = Waste Heat Factor for Energy to account for electric heating

savings from reducing waste heat from efficient lighting (if fossil
fuel heating — see calculation of heating penalty in that section).

=1 - ((HF / nHeat) * %ElecHeat)

If unknown assume 0.89902

% Based on Navigant Consulting, “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 13. The HOU value is for an
efficient lamp.

9 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year)
based on Focus on Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. This
estimate is consistent with the Common Area “Non-Area Specific” assumption (16.2 hours per
day or 5913 annually) from the Cadmus Group Inc., “Massachusetts Multifamily Program Impact
Analysis”, July 2012, p 2-4.

9 “Unknown” assumes a residential interior or in-unit multifamily application.

9 Average of two studies. Navigant Consulting. Department of Energy Solid-State Lighting
Program. Energy Savings Estimates of Solid-State Lighting in General Illumination Lighting
Applications. September 2016. This study estimates a 71% energy savings from connected
lighting in residential applications. (Table F-4). Efficiency Vermont. Smart Lighting & Smart
Hub. DIY Install: Does it Yield. August 2016. This study estimates reductions in hours of use of
up to 27%. Additionally, the metering study saw significant amounts of dimming of lamps that
were on non-dimming circuits, but did not quantify the savings associated with this consumer
action.

19 First year ISR of 0.9 (EMPOWER MD Lighting Study, EY5). Assume lifetime ISR of 0.99 (2006-
2008 California Residential Lighting Evaluations, and used in the Uniform Methods Project).
Assume half of bulbs not installed in year one are installed in year two, and the other half in
year three. Using a discount rate of 5%, this gives 0.90 + 0.045 * 0.95 + 0.045 * 0.95"2 = 0.98
101 Calculated using defaults; 1 + ((0.47/1.74) * 0.375) = 0.899
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HF = Heating Factor or percentage of light savings that must be
heated

=47%% for interior or unknown location
= 0% for exterior or unheated location

nHeat = Efficiency in COP of Heating equipment
= agctual. If not available, use?®:

Age of HSPF '}E'git
Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump | 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00
Unknown N/A N/A 1.74%04
%ElecHeat = Percentage of home with electric heat
Heating fuel %ElecHeat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%10°
WHFecool = Waste Heat Factor for Energy to account for cooling savings

from reducing waste heat from efficient lighting.

| Building with cooling 1.087106

192 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

103 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 and again in 2015 the Federal Standard for Heat Pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.

104 Calculation assumes 59% Heat Pump and 41% Resistance which is based upon data from
Energy Information Administration, 2009 Residential Energy Consumption Survey. Assume heat
pump baseline of 7.7 HSPF.

105 Based on KEMA Maryland Energy Baseline Study. Feb 2011

1% The value is estimated at 1.087 (calculated as 1 + (0.33 / 3.8)). Based on cooling loads
decreasing by 33% of the lighting savings (average result from REMRate modeling of several
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Building without cooling or 1.0
exterior
Unknown 1.077%7
Standbywwn = Standby power draw of the controlled lamp. Use actual value

from manufacturer specification. If not know then assume:
=0.0004% x 8760 x 75%'%° = 2.63 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = kWconnected * SVGd * ISR * WHFd * CF

Where:

SvaGd = Percentage of lighting demand saved by lighting control;
determined on a site-specific basis or using default below.
=0.49110

WHFd = Waste Heat Factor for Demand to account for cooling savings
from efficient lighting

Building with cooling 1.19'11
Building without cooling or 1.0
exterior
Unknown 11712
CF = Summer Peak Coincidence Factor for measure

different building configurations in Wilmington, DE, Baltimore, MD and Washington, DC),
assuming typical cooling system operating efficiency of 3.8 COP (from the current federal
minimum of 13 SEER), converted to COP = SEER/3.412 = 3.8 COP).

197 The value is estimated at 1.077 (calculated as 1 + (0.89%(0.33 / 3.8)). Based on assumption
that 89% of homes have central cooling (based on KEMA Maryland Energy Baseline Study. Feb
2011.).

108 | ockheed Martin Energy. Home Energy Management System Savings Validation Pilot. Final
Report. Prepared for New York State Energy Research and Development Authority. November
2017. P32.

199 Lockheed Martin Energy. op. cit. p32.

110 See footnote 4.

" The value is estimated at 1.19 (calculated as 1 + (0.66 / 3.8)). See footnote relating to
WHFe for details. Note the 66% factor represents the Residential cooling coincidence factor
calculated by dividing average load during the peak hours divided by the maximum cooling load
(i.e. consistent with the PJM coincident definition).

12 The value is estimated at 1.18 (calculated as 1 + (0.89 * 0.66 / 3.8)).
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Installation Location Type Coincidence Factor

(CF)
Residential interior and Utility Peak CF 0.059113
in-unit Multi Family PJM CF 0.058114

Multi Family Common Areas PJM CF 0.861>
Exterior PJM CF 0.018%%

Unknown Utility Peak CF 0.059

PJM CF 0.058

Annual Fossil Fuel Savings Algorithm

Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown assume
62.5% of homes heated with fossil fuel):

AMMBTUPenalty = kWconnected * HOURS * SVGe * ISR * HF * 0.003412) /
nHeat)
Where:
HF = Heating Factor or percentage of light savings that must be
heated

=47%'% for interior or unknown location
= 0% for exterior or unheated location

0.003412 =Converts kWh to MMBTU
nHeat = Efficiency of heating system
=80%18

%FossilHeat = Percentage of home with non-electric heat
Heating fuel %FossilHeat

113 Based on Navigant Consulting “EmPOWER Residential Lighting Program: 2016 Residential
Lighting Inventory and Hours of Use Study” August 31, 2017, page 15

14 bid.

5 Consistent with value currently used for ENPOWER Maryland Programs as of October 1,
2017. Derived from C&l common area lighting coincidence.

116 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
"7 This means that heating loads increase by 47% of the lighting savings. This is based on the
average result from REMRate modeling of several different building configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

118 Minimum federal standard for residential furnaces.
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Electric 0%
Fossil Fuel 100%
Unknown 62.5%11°

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for this retrofit measure is assumed to be
511.120

Measure Life

The measure life is assumed to be 15 years.'?!
Operation and Maintenance Impacts

n/a

Refrigeration End Use

Freezer

Unique Measure Code(s): RS_RF_TOS_FREEZER_0414
Effective Date: June 2014
End Date: TBD

Measure Description
A freezer meeting the efficiency specifications of ENERGY STAR is installed in
place of a model meeting the federal standard (NAECA). Energy usage specifications are

119 Based on KEMA Maryland Energy Baseline Study. Feb 2011

120 Based on the difference between an LED A-lamp (See LED lamp characterization above) and
a connected LED. The latter cost of $14.99 is from Lockheed Martin Energy. op. cit. p49.

121 ENERGY STAR lifetime minimum requirement for a 15,000-hour A-lamp LED at 679 hrs./yr.
ENERGY STAR Program Requirements. Product Specification for Lamps (Light Bulbs). Eligibility
Criteria 2.1.
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%2
OSpecification.pdf. While the Maryland HOU estimate yields a 22-year lifetime, this value has
been derated to account for obsolescence and removal prior to technical end-of-life.
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defined in the table below (note, AV is the freezer Adjusted Volume and is calculated as
1.73*Total Volume):1??

. ENERGY STAR
Federal Baseline .
Volume ) Maximum Energy
Product Category . Maximum Energy X
(cubic feet) Mol Usage in
124
KWh/year12 kWh/year
Upright Freezers 775 or
with Manual ) 5.57*AV + 193.7 5.01*AV + 174.3
greater
Defrost
Upright Freezers 775 or
with Automatic ) 8.62*AV +228.3 7.76*AV + 205.5
greater
Defrost

Chest Freezers and

all other Freezers 7.75 or 7.29%AV + 107.8 6.56*AV + 97.0

except Compact greater
Freezers
Compact Upright <7.75and
Freezers with <=36inches | 8.65*AV +225.7 7.79*AV + 203.1
Manual Defrost in height
Compact Upright <7.75and
Freezers with <=36inches | 10.17*AV +351.9 | 9.15*AV +316.7
Automatic Defrost | in height
Compact Chest <7.75 and
<=36inches | 9.25*AV + 136.8 8.33*AV +123.1
Freezers . .
in height

Definition of Baseline Condition

The baseline equipment is assumed to be a model that meets the federal
minimum standard for energy efficiency. The standard varies depending on the size and
configuration of the freezer (chest freezer or upright freezer, automatic or manual
defrost) and is defined in the table above.

Definition of Efficient Condition
The efficient equipment is defined as a freezer meeting the efficiency

122 http: //www.energystar.gov/ia/products/appliances/refrig/NAECA_calculation.xls?c827-f746
123 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/43
124
http://www.energystar.gov/products/specs/sites/products/files/ENERGY%20STAR%20Final%20
Version%205.0%20Residential%20Refrigerators%20and%20Freezers%20Specification. pdf
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specifications of ENERGY STAR, as defined below and calculated above:

Equipment Volume Criteria
Full Size Freezer 7.75 cubic feet or greater | At least 10% more energy
efficient than the minimum
federal government
standard (NAECA).

Compact Freezer Less than 7.75 cubic feet At least 10% more energy
and 36 inches or less in efficient than the minimum
height federal government

standard (NAECA).

Annual Energy Savings Algorithm

AkWh = kWhBase - kWhESTAR

Where:
kWhgase = Baseline kWh consumption per year as calculated
in algorithm provided in table above.
kWhestar = ENERGY STAR kWh consumption per year as

calculated in algorithm provided in table above.

Illustrative example — do not use as default assumption
A 12 cubic foot Upright Freezer with Manual Defrost:
AkWh =(5.57 * (12 * 1.73) + 193.7) — (5.01 * (12 * 1.73) + 174.3)

=309.3-278.3
=31.0 kWh

If volume is unknown, use the following default values, which gives a total savings
of 41.2 kWh:
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Weighting if
Volume kWh product
Product Category Used!?s kWhesrar Savings o
unknown
Upright Freezers with 27.9 469.0 422.2 46.8 39.5%
Automatic Defrost
Chest Freezers and all other
Freezers except Compact 27.9 311.4 280.2 31.2 40.5%
Freezers
Compact Upright Freezers
10.4 467.2 420. 46. 10.09
with Manual Defrost 0 6 0.6 6.6 0.0%
Compact Upright Freezers o
with Automatic Defrost 10.4 635.9 572.2 63.7 6.0%
Compact Chest Freezers 10.4 395.1 355.7 394 4.0%

Summer Coincident Peak kW Savings Algorithm

AkW = (AkWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23 %7
LSAF = Load Shape Adjustment Factor
=1.151%

125 Yolume is based on ENERGY STAR Calculator assumption of 16.14 ft3 average volume,
converted to Adjusted volume by multiplying by 1.73.

126 Unknown configuration is based upon a weighted average of the different configurations.
Data is taken from the DOE Technical Support Document
(http://www1.eere.energy.gov/buildings/appliance_standards/pdfs/refrig_finalrule_tsd.pdf).
Weighting based on 80% Standard v 20% Compact (2007 annual shipments p3-26) and product
class market shares from pages 9-17 and 9-24. See ‘Freezer default calcs.xls’ for more details.
27 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification
of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study", July 29, 2004
(p- 47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space. Although this evaluation is based upon refrigerators only it is considered a reasonable
estimate of the impact of cycling on freezers and gave exactly the same result as an
alternative methodology based on Freezer eShape data.

128 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study"”,
July 29, 2004 p. 48, (extrapolated by taking the ratio of existing summer to existing annual
profile for hours ending 15 through 18, and multiplying by new annual profile).
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[llustrative example — do not use as default assumption
A 12 cubic foot Upright Freezer with Manual Defrost:

AkW =31.0/8760 * 1.23 * 1.15
=0.005 kW

If volume is unknown, use the following default values:

Assumptions after

September 2014
Product Category
kW Savings
Upright Freezers with Manual 0.0057
Defrost
Upright Freezers with Automatic 0.0076
Defrost
Chest Freezers and all other 0.0050
Freezers except Compact Freezers
Compact Upright Freezers with 0.0075
Manual Defrost
Compact Upngl_wt Freezers with 0.0103
Automatic Defrost
Compact Chest Freezers 0.0064

If configuration is unknown assume 0.0067 kW.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV time of sale incremental cost for this measure is $12.14 for an
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upright freezer and $6.62 for a chest freezer'?°.

Measure Life
The measure life is assumed to be 12 years3°,

Operation and Maintenance Impacts
n/a

Refrigerator, Time of Sale

Unique Measure Code(s): RS_RF_TOS_REFRIG_0414
Effective Date:
End Date: TBD

Measure Description

This measure relates to the purchase and installation of a new refrigerator
meeting either ENERGY STAR or Consortium for Energy Efficiency (CEE) TIER 2 or TIER 3
specifications (defined as requiring >= 10%,>= 15% or >= 20% less energy consumption
than an equivalent unit meeting federal standard requirements respectively). The
algorithms for calculating Federal Baseline consumption are provided below.3!
Adjusted Volume is calculated as the fresh volume + (1.63 * Refrigerator Volume). This is
a time of sale measure characterization.

Federal Baseline
Maximum Energy
Usage in kWh/year!32

Product Category

1. Refrigerators and Refrigerator-freezers with
manual defrost
2. Refrigerator-Freezer--partial automatic defrost 7.99AV + 225.0

6.79AV + 193.6

129 Based on the Freezer TSD Life-Cycle Cost and Payback Analysis found in Table 8.2.7
Standard-Size Freezers: Average Consumer Cost in 2014, available at:

http: //www.regulations.gov/contentStreamer?documentld=EERE-2008-BT-STD-0012-
0128&disposition=attachment&contentType=pdf

130 Energy Star Freezer Calculator;
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator
.xlsx?a8fb-c882&a8fb-c882

181 Maximum consumption for ENERGY STAR, CEE Tier 2, and CEE Tier 3 can be calulatedcalculated by
multiplying the federal requirements by 90%, 85%, and 80%, respectively.

132 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/43
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Federal Baseline
Maximum Energy
Usage in kWh/year!3?

Product Category

3. Refrigerator-Freezers--automatic defrost with top-
mounted freezer without through-the-door ice 8.07AV + 233.7
service and all-refrigerators--automatic defrost

4. Refrigerator-Freezers--automatic defrost with side-
mounted freezer without through-the-door ice 8.51AV + 297.8
service

5. Refrigerator-Freezers--automatic defrost with
bottom-mounted freezer without through-the-door 8.85AV + 317.0
ice service

6. Refrigerator-Freezers--automatic defrost with top-
mounted freezer with through-the-door ice service

7. Refrigerator-Freezers--automatic defrost with side-
mounted freezer with through-the-door ice service

8.40AV + 385.4

8.54AV +432.8

Definition of Baseline Condition
The baseline condition is a new refrigerator meeting the minimum federal
efficiency standard for refrigerator efficiency as presented above.

Definition of Efficient Condition
The efficient condition is a new refrigerator meeting either the ENERGY STAR or
CEE TIER 2 or TIER 3 efficiency standards as presented above.

Annual Energy Savings Algorithm

AkWh = kWhBASE * ES

Where:
kWhBASE = Annual energy consumption of baseline unit as calculated in
algorithm provided in table above.
ES = Annual energy savings of energy efficient unit. ES is 10% for
Energy Star Units, 15% for CEE Tier 2 Units, and 20% for CEE Tier 3
Units.

Illustrative example — do not use as default assumption
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A 14 cubic foot Energy Star Refrigerator and 6 cubic foot Freezer, with automatic defrost
with side-mounted freezer without through-the-door ice service:

AkWh =((4.91 * (14 + (6 * 1.63))) + 507.5) * (0.10)
=624.3 *0.10
= 62.4 kWh

If volume is unknown, use the following defaults, based on an assumed Adjusted
Volume of 25.8133:

New

) New Efficient AkWh
Baseline

Product Category UECge

UECgase

Category
W eighting

ENERGY ENERGY
STAR CEE T2 CEET3 STAR CEET2 CEET3

1. Refrigerators and
Refrigerator-freezers with 368.8 331.9 313.5 295.0 36.9 55.3 73.8 0.27
manual defrost

2. Refrigerator-Freezer--

. . 431.1 388.0 366.5 344.9 43.1 64.7 86.2 0.27
partial automatic defrost

3. Refrigerator-Freezers--
automatic defrost with top-
mounted freezer without
through-the-door ice service
and all-refrigerators--
automatic defrost

441.9 397.7 375.6 353.5 44.2 66.3 88.4 57.24

4. Refrigerator-Freezers--
automatic defrost with side-
mounted freezer without
through-the-door ice service

517.4 465.6 439.8 413.9 51.7 77.6 103.5 1.40

5. Refrigerator-Freezers--
automatic defrost with
bottom-mounted freezer 545.3 490.8 463.5 436.3 54.5 81.8 109.1 16.45
without through-the-door ice
service

6. Refrigerator-Freezers--
automatic defrost with top-
mounted freezer with
through-the-door ice service

602.1 541.9 511.8 481.7 60.2 90.3 120.4 0.27

7. Refrigerator-Freezers--
automatic defrost with side-
mounted freezer with
through-the-door ice service

653.1 587.8 555.2 522.5 65.3 98.0 130.6 24.10

133 Volume is based on the ENERGY STAR calculator average assumption of 14.75 ft3 fresh
volume and 6.76 ft3 freezer volume.
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If product category shares are unknown 134 assume annual energy savings of 51.1

kWh for ENERGY STAR,76.7 kWh for CEE T2, and 102.2 kWh for CEE Tier 3.
Summer Coincident Peak kW Savings Algorithm

AkW = (AkWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.231%
LSAF = Load Shape Adjustment Factor
=1.15 136

If volume is unknown, use the following defaults:

134 Unknown configuration is based upon a weighted average of the different configurations.
Data is taken from the 2011 DOE Technical Support Document
(http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0012-0128). Projected
product class market shares from pages 9-12 for year 2014. See ‘Refrigerator default calcs.xls’
for more details.

135 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification
of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004
(p. 47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space.

136 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”,
July 29, 2004 p. 48, (extrapolated by taking the ratio of existing summer to existing annual
profile for hours ending 15 through 18, and multiplying by new annual profile).
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AkW

Product Category ENERGY
STAR

CEE T2 CEET3

1. Refrigerators and Refrigerator-freezers

with manual defrost 0.006 0.009 0.012
2. Refrigerator-Freezer--partial automatic
defrost 0.007 0.010 0.014

3. Refrigerator-Freezers--automatic defrost
with top-mounted freezer without through-
the-door ice service and all-refrigerators--
automatic defrost 0.007 0.011 0.014
4. Refrigerator-Freezers--automatic defrost
with side-mounted freezer without through-
the-door ice service 0.008 0.013 0.017
5. Refrigerator-Freezers--automatic defrost
with bottom-mounted freezer without
through-the-door ice service 0.009 0.013 0.018
6. Refrigerator-Freezers--automatic defrost
with top-mounted freezer with through-the-
door ice service 0.010 0.015 0.019
7. Refrigerator-Freezers--automatic defrost
with side-mounted freezer with through-the-
door ice service 0.011 0.016 0.021

If product category is unknown assume 0.008 kW for ENERGY STAR and 0.012 kW for
CEE Tier 2, and 0.016 kW for CEE Tier 3.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for this time of sale measure is shown below.
If configuration is unknown, assume an incremental cost of $10 for Energy Star, $33 for
CEE Tier 2 and $44 for CEE Tier 3.137

137 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 W0OO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
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Energy | CEE Tier | CEE Tier

Product Category Star 2 3
1. Refrigerators and Refrigerator-freezers with NA NA NA
manual defrost
2. Refrigerator-Freezer--partial automatic defrost NA NA NA
3. Refrigerator-Freezers--automatic defrost with
top-mounted freezer without through-the-door ice $10 $33 S44
service and all-refrigerators--automatic defrost
4. Refrigerator-Freezers--automatic defrost with
side-mounted freezer without through-the-door ice S13 S39 S52
service
5. Refrigerator-Freezers--automatic defrost with
bottom-mounted freezer without through-the-door $15 S41 S55
ice service
6. Refrigerator-Freezers--automatic defrost with
top-mounted freezer with through-the-door ice S18 S45 S60
service
7. Refrigerator-Freezers--automatic defrost with
side-mounted freezer with through-the-door ice $20 $49 S66

service

Measure Life
The measure life is assumed to be 12 Years.

Operation and Maintenance Impacts
n/a

138

Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland

labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA.

138 From ENERGY STAR calculator:

http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator

.xIsx?5035-d681&5035-d681
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Refrigerator, Early Replacement
Unique Measure Code(s): RS_RF_EREP_REFRIG_0414
Effective Date: July 2014

End Date: TBD

Measure Description

This measure relates to the early removal of an existing inefficient Refrigerator
unit from service, prior to its natural end of life, and replacement with a new ENERGY
STAR or CEE Tier 2 or 3 qualifying unit. This measure is suitable for a Low Income or a
Home Performance program.

Savings are calculated between the existing unit and the new efficient unit
consumption during the assumed remaining life of the existing unit, and between a
hypothetical new baseline unit and the efficient unit consumption for the remainder of
the measure life.

Definition of Baseline Condition

The baseline condition is the existing inefficient refrigerator unit for the
remaining assumed useful life of the unit, and then for the remainder of the measure
life the baseline becomes a new replacement unit meeting the minimum federal
efficiency standard.

Definition of Efficient Condition
The efficient condition is a new refrigerator meeting either the ENERGY STAR,
CEE TIER 2, or CEE Tier 3 efficiency standards (defined as 10%, 15%, or 20% above
federal standards respectively).
Annual Energy Savings Algorithm
Remaining life of existing unit (first 4 years!3°)
AkWh = kWhEXIST — kWhEE

Remaining measure life (next 8 years)

AkWh = kWhBASE — kWhEE

139 Assumed to be 1/3 of the measure life.
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Where:
kWHhEXIST = Annual energy consumption of existing unit
=114614°
kWhBASE = Annual energy consumption of new baseline unit

=511.714
kWhEE = Annual energy consumption of ENERGY STAR unit
= 460.8'#
Or = Annual energy consumption of CEE Tier 2 unit
=435214
Or=Annual Energy consumption of CEE Tier 3 unit
= 409.4

Equivalent Mid

Remaining Life Savings

Equivalent

Efficient unit First 4 years

e 8 years . Weighted Average
specification AkWh AY(Wh Adjustment Anngual Savingsl§4
(after 4 years)
ENERGY STAR 685.2 50.9 7.4% 304.7
CEET2 710.8 76.5 10.8% 330.3
CEET3 736.6 102.3 13.9% 356.0

Summer Coincident Peak kW Savings Algorithm

140 Based on EmPower 2011 Interim Evaluation Report Chapter 5: Lighting and Appliances,
Table 15, p33. This suggests an average UEC of 1,146kWh.

41 kWh assumptions based on using the NAECA algorithms in each product class and calculating
a weighted average of the different configurations. Data for weighting is taken from the 2011
DOE Technical Support Document (http://www.regulations.gov/#!documentDetail;D=EERE-
2008-BT-STD-0012-0128). Projected product class market shares from pages 9-12 for year 2014.
See ‘Refrigerator default calcs.xls’ for more details.

142 kWh assumptions based on using the ENERGY STAR algorithms in each product class and
calculating a weighted average of the different configurations.

143 kWh assumptions based on 15% less than baseline consumption and calculating a weighted
average of the different configurations.

144 These values are provided in case the utility screening tool does not allow for this mid life
baseline adjustment. The values are determined by calculating the Net Present Value of the 12
year annual savings values and finding the equivalent annual savings that produces the same
result. The Real Discount Rate of 5.0% is used.
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AKW = (AkWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23 %
LSAF = Load Shape Adjustment Factor
=1.15146
. .. Equivalent Mid Equivalent
Efficient unit F';Ztr: Remz;n:g 8 Life Savings Weighted
specification y y Adjustment (after  Average Annual
AkW AkW ’
4 years) Savings
ENERGY STAR 0.111 0.008 7.4% 0.049
CEET2 0.115 0.012 10.8% 0.054
CEET3 0.119 0.017 13.9% 0.058

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for this early replacement measure is shown
below. If configuration is unknown, assume an incremental cost of $341 for Energy Star,
$365 for CEE Tier 2, and $376 for CEE Tier 3.147

45 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification
of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study", July 29, 2004
(p. 47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space.

146 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”,
July 29, 2004 p. 48, (extrapolated by taking the ratio of existing summer to existing annual
profile for hours ending 15 through 18, and multiplying by new annual profile).

147 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA
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Energy CEE Tier | CEE Tier

Product Category Star 2 3
1. Refrigerators and Refrigerator-freezers with NA NA NA
manual defrost
2. Refrigerator-Freezer--partial automatic defrost NA NA NA
3. Refrigerator-Freezers--automatic defrost with
top-mounted freezer without through-the-door ice $341 $365 $376
service and all-refrigerators--automatic defrost
4. Refrigerator-Freezers--automatic defrost with
side-mounted freezer without through-the-door $262 $287 $300
ice service
5. Refrigerator-Freezers--automatic defrost with
bottom-mounted freezer without through-the- $S494 $520 S534
door ice service
6. Refrigerator-Freezers--automatic defrost with
top-mounted freezer with through-the-door ice $542 $569 $584
service
7. Refrigerator-Freezers--automatic defrost with
side-mounted freezer with through-the-door ice S466 $495 S511

service

Measure Life

The measure life is assumed to be 12 Years. 148

Operation and Maintenance Impacts
n/a

48 From ENERGY STAR calculator:

http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator

.xIsx?5035-d681&5035-d681
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Refrigerator and Freezer, Early Retirement

Unique Measure Code(s): RS_RF_ERET_REFRIG_0414, RS_RF_ERET_FREEZE_0414
Effective Date: June 2014

End Date: TBD

Measure Description

This measure involves the removal of an existing inefficient refrigerator4® from
service, prior to its natural end of life (early retirement). The program should target
refrigerators with an age greater than 10 years, though it is expected that the average
age will be greater than 20 years based on other similar program performance. Savings
are calculated for the estimated energy consumption during the remaining life of the
existing unit?>0,

Definition of Baseline Condition
The existing refrigerator baseline efficiency is based upon evaluation of a

number of existing programs and evaluations.

Definition of Efficient Condition
The existing inefficient refrigerator is removed from service and not replaced.

Annual Energy Savings Algorithm

Refrigerators:
Energy savings for retired refrigerators are based upon a linear regression
model using the following coefficients!®!:

Independent Variable Description Estimate Coefficient
Intercept 0.80460
Age (years) 0.02107
Pre-1990 (=1 if manufactured pre-1990) 1.03605

149 This measure assumes a mix of primary and secondary refrigerators will be replaced. By
definition, the refrigerator in a household’s kitchen that satisfies the majority of the
household’s demand for refrigeration is the primary refrigerator. One or more additional
refrigerators in the household that satisfy supplemental needs for refrigeration are referred to
as secondary refrigerators.

150 Note that the hypothetical nature of this measure implies a significant amount of risk and
uncertainty in developing the energy and demand impact estimates.

151 Memo from Navigant Consulting to EmPOWER Maryland utilities, Appliance Recycling
Program, Regression Modeling Analysis, Evaluation Year 6, July 12, 2016.
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Size (cubic feet) 0.05930
Dummy: Single Door (=1 if single door) -1.75138
Dummy: Side-by-Side (= 1 if side-by-side) 1.11963

Dummy: Primary Usage Type (in absence
of the program)

(= 1if primary unit) 0.55990
Interaction: Located in Unconditioned
Space x HDD/365.25 -0.04013
Interaction: Located in Unconditioned
Space x CDD/365.25 0.02622

AKWh = [0.80460 + (Age * 0.02107) + (Pre-1990 * 1.03605) + (Size * 0.05930) + (Single-
Door * -1.75138) + (Side-by-side * 1.11963) + (Primary * 0.55990) +
(HDD/365.25 * Unconditioned * -0.04013) + (CDD/365.25 * Unconditioned *
0.02622)] * 365.25 * Part Use

Where:
HDD = Heating Degree Days
= dependent on location. Use actual for location or defaults
below?*?
Location Heating Degree = HDD / 365.25
Days
(65°F set point)
Wilmington, DE 4,298 11.8
Baltimore, MD 4,529 12.4
Washington, DC 3,947 10.8
CDD = Cooling Degree Days
= dependent on location. Use actual for location or defaults

below*>3

152 The 10-year average annual heating degree day value is calculated for each location, using a
balance point of 65 degrees as used in the EmPower Appliance Recycling Evaluation.
153 |bid.
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Location Cooling Degree CDD / 365.25
Days
(65°F set point)
Wilmington, DE 1,162 3.2
Baltimore, MD 1,266 3.5
Washington, DC 1,431 3.9
Part Use Factor = To account for those units that are not running

throughout the entire year as reported by the
customer. Default of 0.95 for refrigerators and 0.86 for
freezers.>>*

Illustrative example — can be used as default assumption only if required data tracking is
not available.

Using participant population mean values from BGE EY4 and default part use factor:
AkWh =[0.80460 + (18.61 * 0.02107) + (0.20 * 1.03605) + (19.43 *

0.05930) + (0.02 * -1.75138) + (0.34 * 1.11963) + (0.64 * 0.55990) + (2.91
* .0.04013) + (0.77 * 0.02622)] * 365.25 * 0.95

=1,098 kWh

Freezers:

Energy savings for freezers are based upon a linear regression model
using the following coefficients!®>:

Independent Variable Description Estimate Coefficient
Intercept -0.95470

Age (years) 0.0453
Pre-1990 (=1 if manufactured pre-1990) 0.54341

Size (cubic feet) 0.12023

154 Based on EmPower DRAFT EY6 Participant Survey Results: Appliance Recycling Program
Report

155 Memo from Navigant Consulting to EmMPOWER Maryland utilities, Appliance Recycling
Program, Regression Modeling Analysis, Evaluation Year 6, July 12, 2016..
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Chest Freezer Configuration (=1 if chest freezer) 0.29816
Interaction: Located in Unconditioned Space x -0.03148
HDD/365.25
Interaction: Located in Unconditioned Space x 0.08217
CDD/365.25

AkWh =1[-0.95470 + (Age * 0.04536) + (Pre-1990 * 0.54341) + (Size *
0.12023) + (Chest Freezer * 0.29816) + (HDDs/365.25 *
Unconditioned * -0.03148) + (CDDs/365.25 * Unconditioned *
0.08217)] * 365.25 * Part Use Factor

Illustrative example — can be used as default assumption only if required data tracking is
not available.

Using participant population mean values from BGE EY4 and default part use factor:

AKWh =[-0.95470 + (23.79 * 0.04536) + (0.46 * 0.54341) + (15.86 *
0.12023) + (0.21 * 0.29816) + (6.83 * -0.03148) + (1.80 *
0.08217)] * 365.25 * 0.86

=715 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = (AkWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23 156
LSAF = Load Shape Adjustment Factor
= 1.066 1>/

%6 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification
of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004
(p. 47) and assuming 78% of refrigerators are in cooled space (based on BGE Energy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in un-cooled
space.

157 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study",

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 73 of 529
Illustrative example — can be used as default assumption only if required data tracking is
not available.

Using participant population mean values from BGE EY4 and default part use factor:

Refrigerator:
AkW =1098/8760 * 1.23 * 1.066

=0.164 kW

Freezer:
AkW =715/8760 * 1.23 * 1.066

=0.107 kW
Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is the actual cost associated with the
removal and recyling of the secondary refrigerator.

Measure Life
The measure life is assumed to be 8 Years.1>®

Operation and Maintenance Impacts
n/a

July 29, 2004 p. 48, using the average Existing Units Summer Profile for hours ending 15
through 18.
158 KEMA “Residential refrigerator recycling ninth year retention study”, 2004.
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Heating Ventilation and Air Conditioning (HVAC) End Use

Central Furnace Efficient Fan Motor

Unique Measure Code(s): RS_HV_RF_FANMTR_0518, RS_HV_TOS_FANMTR_0518
Effective Date: May 2018
End Date: TBD

Measure Description

This measure involves the installation of a high efficiency brushless permanent
magnet fan motor (BPM or ECM), hereafter referred to as “efficient fan motor”. This
measure could apply to fan motors installed with a furnace or with a central air
conditioning unit and could apply when retrofitting an existing unit or installing a new
one.

If a new unit is installed, the program should require that it meet ENERGY STAR
efficiency criteria in order to qualify for the incentive. Savings estimations below relate
only to the changes in energy use associated with an upgrade to an efficient fan motor.
These changes include a kWh savings due to reduction in fan power, and a heating fuel
penalty because fan waste heat energy contributes to heating the air stream.

For homes that install an efficient furnace fan and have central A/C, both the
cooling and heating savings values should be included.

Circulation mode savings should also be attributed to this measure to capture
operational savings that occur outside of heating and cooling modes. Note that
circulation mode savings is calculated separately from heating and cooling savings.

When an efficient fan motor is installed as part of a new HVAC system, and
savings are claimed based on thermal efficiency of that system, then do not claim fan
motor savings separately as motor heating and cooling energy savings are captured in
the SEER and HSPF.

Definition of Baseline Condition
A standard low-efficiency permanent split capacitor (PSC) fan motor.

Definition of Efficient Condition
A high efficiency brushless permanent magnet fan motor (BPM or ECM).

Annual Energy Savings Algorithm  Annual kWh savings = Heating Season kWh
Savings + Cooling Season kWh Savings + Circulation mode kWh
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Heating Season kWh Savings from efficient fan motor = 168.91>°
Cooling Season kWh Savings from efficient fan motor is calculated using the
following algorithm:

cooling kWh savings = AkW x EFLHcool

Where:
AkW =.182160
EFLHcool = technology and location specific value from tables below

Central AC EFLHcool

Location

Wilmington, DE 524 161
Baltimore, MD 542 162
Washington, DC 681

Air Source Heat Pump EFLHcool

Location

Wilmington, DE 719163
Baltimore, MD 744164
Washington, DC 935

159 Final_EmPOWER_EY5 HVAC ECM Memo_09-10-15.docx

160 Connected load reduction based on Cadmus report “Brushless Fan Motors Impact Evaluation”
for MA http://ma-eeac.org/wordpress/wp-content/uploads/Brushless-Fan-Motors-Impact-
Evaluation_Part-of-the-Massachusetts-Residential-Retrofit-Low-Income-Program-Area-
Evaluation.pdf

161 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

162 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

163 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (744 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

164 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31 2013) Residential HVAC
Program.” April 4, 2014, Table 30, page 48.
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Circulation mode is when the HVAC fan is operational for ventilation only.
Savings is calculated by multiplying the circulation mode run time in hours by the
AkW between the baseline and efficient motors.

Heating Season fuel energy penalty:

AkVVhECM Heating

Additional heating fuel(MMBTU) = AFUE % 293.1

Where:

AkWh ECM Heating = 168.9kWh of electrical savings during heating mode
AFUE = Installed Furnace AFUE
293.1 = Constant for conversion from kWh to MMBTU

Example of heating fuel penalty when ECM motor is retrofitted into an 85% AFUE
furnace:

additional annual MMBTU = 168.9/(.85 x 293.1) = .68 MMBTU

Summer Coincident Peak kW Savings Algorithm
AkW = Q 165
Annual Fossil Fuel Savings Algorithm

n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental costs for this measure are provided below.%®

165 See write up in Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC Program.” April 4, 2014, page
38-39.

166 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
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Incremental Costs Central Furnace Efficient Fan Motor

Time of Sale Retrofit
S98 $287

Measure Life
The measure life is assumed to be 18 years.Error! Bookmark not defined.

Operation and Maintenance Impacts
n/a

Room Air Conditioner, Time of Sale

Unique Measure Code(s): RS_HV_TOS_RA/CES_0414, RS_HV_TOS_RA/CT2_0414
Effective Date: June 2014

End Date: TBD

Measure Description

This measure relates to the purchase (time of sale) and installation of a room air
conditioning unit that meets the ENERGY STAR minimum qualifying efficiency
specifications presented below. Note that if the AC unit is connected to a network in a
way to enable it to respond to energy related commands, it gets a 5% extra CEER
allowance. In these instances, the efficient CEER would be 0.95 multiplied by the
appropriate CEER from the table below.

Federal Federal ENERGY ENERGY
Standard Standard .
. ' STAR with STAR
Product Type and Class with without .
louvered without
(BTU/hour) louvered louvered .
sides sides sides louvered
(CEER) (CEER) (CEER) sides (CEER)
Without < 8,000 11.0 10.0 12.1 11.0
Re've‘::e 8,000 to 10,999 10.9 9.6 12.0 10.6
Cvele 11,000 to 13,999 10.9 9.5 12.0 10.5
Y 14,000 to 19,999 10.7 9.3 11.8 10.2

2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA
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20,000 to 24,999 9.4 9.4 10.3 10.3
25,000 to 27,999 9.0 9.4 10.3 10.3
>=28,000 9.0 9.4 9.9 10.3
. <14,000 NA 9.3 10.2
With
Reverse >= 14,000 NA 8.7 9.6
Cycle <20,000 9.8 NA 10.8 NA
>=20,000 9.3 NA 10.2 NA
Casement only 9.5 10.5
Casement-Slider 10.4 11.4

Definition of Baseline Condition
The baseline condition is a window AC unit that meets the minimum federal
efficiency standards presented above.

Definition of Efficient Condition
The efficient condition is a window AC unit that meets the ENERGY STAR v4.0.

Annual Energy Savings Algorithm

AKWH = (Hours * BTU/hour * (1/CEERbase - 1/CEERee))/1000

Where:
Hours = Run hours of Window AC unit
=325167
BTU/hour = Size of rebated unit

When available, the actual size of the rebated unit should be used
in the calculation. In the absence of this data, the following
default value can be used:

= 8500 168

167 VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.

168 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.
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CEERbase = Efficiency of baseline unit in BTUs per Watt-hour
= Actual (see table above)
If average deemed value required use 10.9 1%°
CEERee = Efficiency of ENERGY STAR unit in BTUs per Watt-hour
= Actual
If average deemed value required use 12.0*7° for an ENERGY STAR
unit

Using deemed values above:
AkWH
= (325 * 8500 * (1/10.9 - 1/12)) / 1000
=23.2 kWh

Summer Coincident Peak kW Savings Algorithm
AkW = BTU/hour * (1/CEERbase - 1/CEERee))/1000 * CF

Where:

CF = Summer Peak Coincidence Factor for measure

CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.3111

CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
= 0_3172

Using deemed values above:
AkWssp

169 Minimum Federal Standard for most common Room AC type - 8000-14,999 capacity range
with louvered sides.

170 Minimum qualifying for ENERGY STAR most common Room AC type - 8000-14,999 capacity
range with louvered sides.

71 Calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.

172 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008
(http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf).
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= (8500 * (1/10.9 — 1/12)) / 1000 * 0.31
= 0.022 kW

AKW pym
- (8500 * (1/10.9 — 1/12)) / 1000 * 0.30
=0.021 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost!”3
The lifecycle NPV incremental cost for this time of sale measure is $20.

Measure Life
The measure life is assumed to be 12 years.'’4

Operation and Maintenance Impacts
n/a

173 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

174 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.pdf
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ENERGY STAR Central A/C

Unique Measure Code(s): RS_HV_TOS_CENA/C_0518, RS_HV_EREP_CENA/C_0518
Effective Date: May 2018
End Date: TBD

Measure Description
This measure relates to the installation of a new Central Air Conditioning ducted
split system meeting ENERGY STAR efficiency standards presented below.

Efficiency Level SEER Rating EER Rating
Federal Standard 14 11.8175
ENERGY STAR 15 12.5

This measure could relate to:

a) Time of Sale —the installation of a new Central AC system meeting ENERGY
STAR specifications replacing an existing unit at the end of its useful life or
the installation of a new system in a new home. Most units bought at a
store receiving prescriptive incentives are considered time of sale.

b) Early Replacement —the early removal of an existing, functioning unit prior
to its natural end of life and replacement with an ENERGY STAR unit.
Savings are calculated between existing unit and efficient unit consumption
during the assumed remaining life of the existing unit, and between new
baseline unit and efficient unit consumption for the remainder of the
measure life.

Evaluators should be aware that there will be an interaction between this
measure and others, e.g. duct sealing, air sealing and insulation measures.
Comprehensive building efficiency improvements will reduce load, and may lead to
downsizing of space conditioning equipment. To properly account for these interactive
effects, energy modeling should be performed and those results should be used for
savings attribution in place of savings algorithms shown here. Effects of HVAC
downsizing can be attributed to either weatherization or HVAC, but not both.

75 The Federal Standard does not include an EER requirement, so it is approximated with the
conversion formula from Wassmer, M. 2003 thesis referenced below.
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Definition of Baseline Condition

The baseline condition for the Time of Sale is a central air conditioning ducted
split system that meets the minimum Federal standards as presented above.

The baseline condition for the Early Replacement measure is the efficiency of the
existing equipment for the assumed remaining useful life of the unit, and the new
baseline as defined above for the remainder of the new, efficient equipment measure
life. If the existing equipment efficiency is unknown, use the prevailing federal efficiency
standard based on age per table below for split systems.

Note that to be characterized as early replacement, the age of the unit must not
exceed the measure life of 18 years.

Split System Air Conditioner
Federal Baselines for Southeast!76

Manufacture Date SEER ‘
January 1993
through 10.0
January 2006
February 2006
through 13.0
December 2014
After January 1 2015 14.0

Definition of Efficient Condition
The efficient condition is a central air conditioning ducted split system that
meets the ENERGY STAR standards presented above.

Annual Energy Savings Algorithm

Time of Sale:
(BTUHexist / SEERbase) — (BTUHee / SEERee)

AKWH = Hours x 1000

176 https: //www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf
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Early replacement?’”:

AkWH for remaining life of existing unit:
(BTUHexist / SEERexist) — (BTUHee / SEERee)

AKWH = Hours x 1000

AkWH for balance of measure life:

(BTUHexist / SEERbase) — (BTUHee / SEERee)
1000

AKWH = Hours x

Where:
Hours = Full load cooling hours
Dependent on location as below:

Location Run Hours

Wilmington, DE 524 178
Baltimore, MD 542172
Washington, DC 681

BTUHexist = Size of existing equipment in BTU/hour (tons x 12,000BTU/hr)

= Actual installed

BTUHee = Size of new efficient equipment in BTU/hour (tons x
12,000BTU/hr)

SEERbase = Seasonal Energy Efficiency Ratio Efficiency of baseline unit

77 The two equations are provided to show how savings are determined during the initial phase
of the measure (existing to efficient) and the remaining phase (new baseline to efficient). In
practice, the screening tools used may either require a First Year savings (using the first
equation) and then a “number of years to adjustment” and “savings adjustment” input which
would be the (new base to efficient savings)/(existing to efficient savings).

178 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

179 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.
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=14 180
SEERexist = Seasonal Energy Efficiency Ratio of existing unit (kBTU/kWh)

= Use actual SEER rating where it is possible to measure or
reasonably estimate. If unknown assume 11.%81

SEERee = Seasonal Energy Efficiency Ratio Efficiency of ENERGY STAR unit
= Actual installed

Illustrative example — do not use as default assumption

Time of Sale example: a 3-ton, 14 SEER unit upgraded from lower efficiency to higher,
with an equivalent sized unit with SEER rating of 15 in Baltimore:

AkWH = 542 x ((36000/14) — (36000/15)) / 1000

=93 kWh
Early Replacement example where there is a “right-sizing” adjustment allowing for a
lesser capacity system (note that the algorithm is the same regardless of pre/post
capacity): a 3-ton, 11 SEER unit replaced with a 2-ton with SEER rating of 15 in
Baltimore:
AKWH (f remaining life) = 542 x ((36000/11) — (24000/15)) / 1000

=907 kWh

AKWH (through end of life) = 542 x ((36000/14) — (24000/15)) / 1000

=526 kWh

180 Minimum Federal Standard.
181 Based on Itron and Cadmus unpublished analysis of standard efficiency units by age of unit
from Energy Information Administration, Residential Energy Consumption Survey, 2015, AHRI
historical shipments data (http://www.ahrinet.org/Resources/Statistics/Historical -
Data/Central-Air-Conditioners-and-Air-Source-Heat-Pumps.aspx), and Energy Star historical
shipments data
(https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2015_USD_Summary
Report.pdf?52f9-67a), and mortality curve assumptions drawn from Cory Welch, Estimating
the Useful Life of Residential Appliances, ACEEE Summer Study 2010 paper
(http://aceee.org/files/proceedings/2010/data/papers/1977.pdf).
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Summer Coincident Peak kW Savings Algorithm

Time of Sale:

(BTUHexist x 1/ EERbase) — (BTUHee x 1 / EERee)

AkW = 1000 x CF

Early replacement:
AkW for remaining life of existing unit (remaining life):

_ (BTUHexist x 1/ EERexist) — (BTUHee x 1 / EERee)
B 1000 x CF

AW

AkW for remaining measure life (through end of life):

(BTUHexist x 1/ EERbase) — (BTUHee x 1 / EERee)

ARKW =
1000 x CF
Where:
EERbase = Energy Efficiency Ratio Efficiency of baseline unit
=118
EERexist = EER Efficiency of existing unit

= Actual EER of unit should be used, if EER is unknown, use 9.98?
EERee = Energy Efficiency Ratio Efficiency of ENERGY STAR unit
= Actual installed
CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69 18
CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather

182 Based on SEER of 11, using a formula to give 9.9 EER. The Federal Standard does not include
an EER requirement, so it is approximated with this formula: (-0.02 * SEER?) + (1.12 * SEER).
See Wassmer, M. (2003), “A Component-Based Model for Residential Air Conditioner and Heat
Pump Energy Calculations,” Master’s Thesis, University of Colorado at Boulder. Note this is
appropriate for single speed units only.

183 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.
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=0.66 184

Illustrative example — do not use as default assumption.
Time of Sale example: a 3-ton unit with efficient EER rating of 12.5 upgraded from lower
efficiency to higher, with same size unit:

AkWssp = ((36000 x 1/11.8) — (36000 x 1/12.5)) / 1000 x 0.69
=0.12 kW

AKW ey = ((36000 x 1/11.8) — (36000 x 1/12.5)) / 1000 x 0.66
=0.11 kW

Early Replacement example where there is a “right-sizing” adjustment allowing for a
lesser capacity system (note that the algorithm is the same regardless of pre/post
capacity): an existing 3-ton unit with EER 9.9 is replaced by a 2-ton unit with EER rating
of 12.5 in Baltimore:

AkW for remaining life of existing unit:

AkWissp = ((36000 x 1/9.9) — (24000 x 1/12.5)) / 1000 x 0.69
= 1.18 kW

DKW pim = ((36000 x 1/9.9) — (24000 x 1/12.5)) / 1000 x 0.66
=0.1.13 kW

AkW for remaining measure life:

AkWssp = ((36000 x 1/11.8) — (24000 x 1/12.5)) / 1000 x 0.69
=0.78 kW
AW s ((36000 x 1/11.8) — (24000 x 1/12.5)) / 1000 x 0.66

184 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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=0.75 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

An ECM fan motor is required for a CAC to achieve 16 SEER or higher. If the air
handler for the CAC unit is attached to an existing furnace (common), the existing forced
air system can be retrofitted either with an ECM motor or by replacing the existing
furnace with a new 80 AFUE gas furnace that includes an ECM motor.18>

The lifecycle NPV incremental costs per ton for this measure are provided

below:18¢
Time of Sale Early Replacement
SEER CAC CAC CAC CAC CAC CAC
Alone | w/ECM | w/Furnace | Alone | w/ECM | w/Furnace
& ECM & ECM

16 $199 S376 S816 S507 | $1,040 $2,359
17 $298 S476 $915 S606 | S$1,140 $2,458
18 $397 S575 $1,015 S$706 | S$1,239 $2,558
19 $497 S674 $1,114 S805 | S$1,338 $2,657
20 $596 S774 $1,213 $904 | S$1,438 $2,756
21 $695 S873 $1,313 | $1,004 | S$1,537 $2,856

Measure Life
The measure life is assumed to be 18 years.*®’

18 Contractors may be reluctant to retrofit ECM fans due to concerns about compatibility and
voiding manufacturer warranties.

186 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

187 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
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Remaining life of existing equipment is assumed to be 6 years'® unless otherwise
known.

Operation and Maintenance Impacts
n/a

Air Source Heat Pump

Unique Measure Code: RS_HV_TOS_ASHP_0518, RS_HV_EREP_ASHP_0518,
Effective Date: May 2018
End Date: TBD

Measure Description
This measure relates to the installation of a new Air Source Heat Pump split
system meeting ENERGY STAR efficiency standards presented below:

Efficiency Level SEER Rating EER Rating!®®
Federal Standard 8.2 14 11.81%°

as of 1/1/2015

ENERGY STAR 8.5 15 12.5

This measure could relate to:

a) Time of Sale — the installation of a new Air Source Heat Pump system
meeting ENERGY STAR specifications replacing an existing unit at the end of
its useful life or the installation of a new system in a new home. Most units
bought at a store receiving prescriptive incentives are considered time of
sale.

http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.

18 Assumed to be one third of the effective useful life.

18 HSPF, SEER and EER refer to Heating Seasonal Performance Factor, Seasonal Energy
Efficiency Ratio, and Energy Efficiency Ratio, respectively

19 The Federal Standard does not include an EER requirement, so it is approximated with this
formula: (-0.02 * SEER?) + (1.12 * SEER) Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of
Colorado at Boulder. Note this is appropriate for single speed units only.
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b) Early Replacement —the early removal of existing functioning electric
heating and cooling heat pump system prior to its natural end of life and
replacement with an ENERGY STAR unit. Dual baseline savings are
calculated between existing unit and efficient unit consumption during the
assumed remaining life of the existing unit, and between new baseline unit
and efficient unit consumption for the remainder of the measure life.

Evaluators should be aware that there will be an interaction between this
measure and others, e.g. duct sealing, air sealing and insulation measures.
Comprehensive building efficiency improvements will reduce load and may lead to
downsizing of space conditioning equipment. To properly account for these interactive
effects, energy modeling should be performed and those results should be used for
savings attribution in place of savings algorithms shown here. Effects of HVAC
downsizing can be attributed to either weatherization or HVAC, but not both.

Definition of Baseline Condition

The baseline condition for the Time of Sale measure is an Air Source Heat Pump
split system that meets the minimum Federal standards defined above.

The baseline condition for the Early Replacement measure is the efficiency of the
existing equipment for the assumed remaining useful life of the unit, and the new
baseline of the same equipment type for the remainder of the new, efficient equipment
measure life as provided in the table below.

Note that to be characterized as early replacement, the age of the unit must not
exceed the measure life of 18 years.

Existing Equipment SEER Rating EER Rating
Type

ASHP 8.2 14 11.8
Electric Resistance 3.41 14 11.0

and Central AC

Definition of Efficient Condition

The efficient condition is an Air Source Heat Pump split system that meets the
ENERGY STAR standards defined above or other specifications as determined by the
programs.
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Annual Energy Savings Algorithm
Annual energy savings is the sum of heating and cooling savings.

Time of Sale:

(BTUHCexist / SEERbase) — (BTUHCee / SEERee)
AKWH = EFLHcool x 1000

(BTUHHexist / HSPFbase) — (BTUHHee / HSPFee)
1000

+ EFLHheat x

Early replacement®?:
AkWH for remaining life of existing unit:

(BTUHCexist / SEERexist) — (BTUHCee / SEERee)
AKWH = EFLHcool x 1000

(BTUHHexist / HSPFexist) — (BTUHHee / HSPFee)
1000

+ EFLHheat x

AkWH for remaining measure life:

AKWH
(BTUHCexist / SEERbasereplace) — (BTUHCee / SEERee)
= EFLHcool x
1000
(BTUHHexist / HSPFbasereplace) — (BTUHHee / HSPFee)
+ EFLHheat x
1000
Where:

91 The two equations are provided to show how savings are determined during the initial phase
of the measure (existing to efficient) and the remaining phase (new baseline to efficient). In
practice, the screening tools used may either require a First Year savings (using the first
equation) and then a “number of years to adjustment” and “savings adjustment” input which
would be the (new base to efficient savings)/(existing to efficient savings).

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 91 of 529
EFLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool \
Wilmington, DE 71912
Baltimore, MD 744193
Washington, DC 935
BTUHCexist = Cooling capacity of existing Air Source Heat Pump (tons x
12,000BTU/hr)
= Actual
BTUHCee = Cooling capacity of new, efficient Air Source Heat Pump
(tons x 12,000BTU/hr)
= Actual
SEERbase = Seasonal Energy Efficiency Ratio of baseline Air Source
Heat Pump
= 14194
SEERexist = Seasonal Energy Efficiency Ratio of existing cooling

system (kBTU/kWh)

= Use actual SEER rating where it is possible to measure or
reasonably estimate. If not, assume the following
dependent on type of existing cooling system:

192 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (744 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

193 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31 2013) Residential HVAC
Program.” April 4, 2014, Table 30, page 48.

194 Minimum federal standard
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Existing Cooling System SEERexist%

Air Source Heat Pump or 11
Central AC
No central cooling?®® Make ‘1/SEERexist’ = 0

SEERee = Seasonal Energy Efficiency Ratio of efficient Air Source

Heat Pump

= Actual
SEERbasereplace = Baseline Seasonal Energy Efficiency Ratio of same, new

equipment type as existing:

Existing Equipment SEER Rating
Type

ASHP 14
Central AC or no 14

replaced cooling

FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat \
Wilmington, DE 935197

195 Based on Itron and Cadmus unpublished analysis of standard efficiency units by age of unit
from Energy Information Administration, Residential Energy Consumption Survey, 2015, AHRI
historical shipments data (http://www.ahrinet.org/Resources/Statistics/Historical-
Data/Central-Air-Conditioners-and-Air-Source-Heat-Pumps.aspx), and Energy Star historical
shipments data
(https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2015_USD_Summary
Report.pdf?52f9-67a), and mortality curve assumptions drawn from Cory Welch, Estimating
the Useful Life of Residential Appliances, ACEEE Summer Study 2010 paper
(http://aceee.org/files/proceedings/2010/data/papers/1977.pdf)
19 |f there is no central cooling in place but the incentive encourages installation of a new
ASHP with cooling, the added cooling load should be subtracted from any heating benefit.
197 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(https://www.energystar.gov/sites/default/files/asset/document/ASHP_Sav_Calc.xIs)
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Baltimore, MD 866178
Washington, DC 822
BTUHH exist = Heating capacity of existing Air Source Heat Pump (tons x
12,000BTU/hr)
= Actual
BTUHH e = Heating capacity of new, efficient Air Source Heat Pump
(tons x 12,000BTU/hr)
= Actual
HSPFbase = Heating Seasonal Performance Factor of baseline Air
Source Heat
=8 2199
HSPFexist = Heating System Performance Factor’® of existing heating

system (kBTU/kWh)

= Use actual HSPF rating where it is possible to measure or
reasonably estimate. If not available, use reference the
table below:

Air Source Heat Pump Federal

Efficiency Standards
Age HSPF
Before 2006 6.8
2006 - 2014 7.7
2015 - present 8.2
Electric Resistance 3.41%01

198 Based on average of 5 utilities, two program years, in Maryland from Navigant Consulting
“EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31,
2013) Residential HVYAC Program.” April 4, 2014, table 30, page 48.

199 Minimum Federal Standard

200 HSPF ratings for Heat Pumps account for the seasonal average efficiency of the units and are
based on testing within zone 4 which encompasses all of the Mid Atlantic region. There should
therefore be no reason to adjust the rated HSPF for geographical/climate variances.

201 Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF
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HSPFee = Heating Seasonal Performance Factor of efficient Air
Source Heat Pump
= Actual
HSPFbasereplace = Baseline Heating System Performance Factor of same,

new equipment type as existing (kBTU/kWh)

Existing Equipment Type \ HSPF
ASHP 8.2
Electric Resistance and Central AC 3.41

Illustrative example — do not use as default assumption
Time of Sale example: a 3-ton unit with a SEER rating of 15 and HSPF of 8.5 upgraded
from lower efficiency to higher, with an equivalent sized unit in Baltimore, MD:

AKWH =744 x ((36,000/14) — (36,000/15))/1,000
+ 866 x ((36,000/7.7) - (36,000/8.5))/1,000

=509 kWh

Early Replacement example where there is a “right-sizing” adjustment allowing for a
lesser capacity system (note that the algorithm is the same regardless of pre/post
capacity): a 2-ton heat pump with a SEER rating of 15 and HSPF of 8.5 in Baltimore, MD
is installed replacing an existing working 3 ton Central AC system with a SEER rating of
11 and electric resistance heating:

AKkWH (remining life) =

744 x ((36,000/11) - (24,000/15))/1,000

+ 866 x ((36,000/3.41) — (24,000/8.5))/1,000
=7,942 kWh

AKkWH (through end of life) =

744 x ((36,000/14) - (24,000/15))/1,000
+ 866 x ((36,000/3.41) — (24,000/8.5))/1,000
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= 7,420 kWh
Summer Coincident Peak kW Savings Algorithm

Time of Sale:
_ (BTUHCexist x 1/ EERbase) — (BTUHCee x 1 / EERee)

1000 x CF

AkRW

Early replacement:

AkW for remaining life of existing unit:

_ (BTUHCexist x 1/ EERexist) — (BTUHCee x 1 / EERee)

AkW 1000 x CF
AkW for remaining measure life:
AKW
_ (BTUHCexist x 1/ EERbasereplace) — (BTUHee x 1 / EERee)
B 1000 x CF
Where:
EERbase = Energy Efficiency Ratio (EER) of Baseline Air Source Heat
Pump
=11.8%
EERexist = Energy Efficiency Ratio of existing cooling system
(kBTU/hr / kW)

= Use actual EER rating where it is possible to measure or
reasonably estimate. If EER unknown but SEER available

202 The federal Standard does not currently include an EER component. The value is
approximated based on the SEER standard (14) and equals EER 11.8. To perform this calculation
we are using this formula: (-0.02 * SEER?) + (1.12 * SEER) (from Wassmer, M. (2003). A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations.
Masters Thesis, University of Colorado at Boulder).
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convert using the equation:
EER = (-0.02 * SEER?) + (1.12 * SEER)?%3

If SEER rating unavailable, use:

Existing Cooling System EERexist

Air Source Heat Pump or 9.9
Central AC
No central cooling?®* Make ‘1/EERexist’ =0
EERee = Energy Efficiency Ratio (EER) of Efficient Air Source Heat
Pump
= Actual
EERbasereplace = Baseline Energy Efficiency Ratio of same, new equipment

type as existing:

Existing Equipment Type EER Rating
ASHP 11.8
Electric Resistance and Central AC 11.8
CFssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.69 %%
CFpim = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.66°%

Illustrative example — do not use as default assumption
Time of Sale example: a 3-ton unit with EER rating of 11.8 upgraded from lower
efficiency to higher, by a 2-ton unit with an EER of 12.5 in Baltimore, MD:

203 From Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and
Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder.

204 |f there is no central cooling in place but the incentive encourages installation of a new
ASHP with cooling, the added cooling load should be subtracted from any heating benefit.

205 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

206 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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AkWssp = ((36,000 x 1/11.8) — (24,000 x 1/12.5))/1,000 x 0.69
= 0.78kW

Early Replacement example where there is a “right-sizing” adjustment allowing for a
lesser capacity system (note that the algorithm is the same regardless of pre/post
capacity): a 2-ton unit with an EER rating of 12.5 in Baltimore, MD is installed replacing
an existing working 3-ton Central AC system with an EER rating of 9.9 and electric
resistance heating:

AkW for remaining life of existing unit (remaining life)

AKW ssp = ((36,000 x 1/9.9) — (24,000 x 1/12.5))/1,000 x 0.69

=1.18 kW

AkW for remaining measure life (through end of life):

AKW ssp = ((36,000 x 1/11.8) — (24,000 x 1/12.5))/1,000 x 0.69
= 0.78kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental costs per ton for this measure are provided
below:2%7

207 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 W0OO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
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SEER | Time of Sale Early
Replacement
16 $394 $943
17 $591 $1,140
18 5788 $1,337
19 $985 $1,535
20 $1,182 $1,732
21 $1,379 $1,929

Measure Life

The measure life is assumed to be 18 years?°,

Remaining life of existing equipment is assumed to be 6 years?® unless
otherwise known.

Operation and Maintenance Impacts
n/a

Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

208 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June
2007https://library.cee1.org/sites/default/files/library/8842/CEE_Eval_MeasureLifeStudyLight
s&HVACGDS_1Jun2007.pdf

209 Assumed to be one third of the effective useful life.
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Packaged Terminal Air Conditioners (PTAC) and
Heat Pumps (PTHP)

Unique Measure Code(s): RS_HV_TOS_PTAC_0518, RS_HV_ER_PTAC_0518
Effective Date: May 2018
End Date: TBD
Measure Description

This measure documents savings associated with the installation of new
packaged terminal AC and packaged terminal heat pumps exceeding baseline efficiency
criteria in place of an existing system or a new standard efficiency system of the same
capacity. This measure does not cover ductless mini-split units. This measure applies to
time of sale, new construction, and early replacement opportunities, primarily for
multifamily buildings.

Definition of Baseline Condition

Time of Sale or New Construction: The baseline condition is a new system
meeting minimum efficiency standards as presented in the 2012 International Energy
Conservation Code (IECC 2012) and the 2015 International Energy Conservation Code
(IECC 2015) (see table “Baseline Efficiencies by System Type and Unit Capacity”
below)?!° or federal standards where more stringent than local energy codes. Note that
due to federal standards scheduled to take effect on January 1, 2018, baseline
requirements for some equipment classes differ over time.
Early Replacement: The baseline condition for the Early Replacement measure is the
efficiency of the existing equipment for the assumed remaining useful life of the unit,
and the new baseline as defined above for the remainder of the measure life.
Definition of Efficient Condition

The efficient condition is a PTAC or PTHP system of the same type as the baseline
system exceeding baseline efficiency levels.

210 Commercial energy code baseline requirements for Washington, D.C. and Delaware are
currently consistent with IECC 2012 (Delaware currently uses ASHRAE 90.1-2010, but the HVAC
system requirements are consistent with IECC 2012), whereas Maryland’s baseline requirements
are consistent with IECC 2015.
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Baseline Efficiencies by System Type and Unit Capacity

Size Category (Cooling Baseline Condition (Federal
Capacity) Subcategory Standards)?11

Packaged Terminal Air
Conditioners212:213

New Construction

-, _ "
All Capacities (Standard Size)24 14.0-(0.300 * Cap/1000) EER
Replacement
All Capacities (Non-Standard 10.9-(0.213 * Cap/1000) EER
Size)
Packaged Terminal Heat
Pumps215.216
All Capacities New Construction 14.0 - (0.300 * Cap/1000) EER
P (Standard Size) 3.7-(0.052 * Cap/1000) COP
Replacement
. 10.8—(0.213 * Cap/1000) EER
All Capacities (Sli\lzc;;\ Standard 2.9 (0.026 * Cap/1000) COP

Notes: 1) All cooling mode efficiency ratings in the table above assume electric
resistance heating section type (or none). Subtract 0.2 from each baseline efficiency
rating value if unit has heating section other than electric resistance.

Annual Energy Savings Algorithm
Packaged Terminal Air Conditioners (PTACs)

21" Code of Federal Regulations, Energy Efficiency Program for Certain Commercial and
Industrial Equipment, title 10, sec. 431.96 (2016).

212 Replacement unit shall be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT
APPLICATIONS ONLY: NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS.” Replacement
efficiencies apply only to units with existing sleeves less than 16 inches (406 mm) in height and
less than 42 inches (1067 mm) in width.

213 “Cap” = The rated cooling capacity of the project in BTU/h. If the unit’s capacity is less
than 7,000 BTU/h, use 7,000 BTU/h in the calculation. If the unit’s capacity is greater than
15,000 BTU/h, use 15,000 BTU/h in the calculations.

214 Federal standard as presented for this equipment type is effective January 1, 2017. This
standard is consistent with IECC 2015 and ASHRAE 90.1-2013 requirements and is recommended
as a consistent regional baseline.

215 Replacement unit shall be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT
APPLICATIONS ONLY: NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS.” Replacement
efficiencies apply only to units with existing sleeves less than 16 inches (406 mm) in height and
less than 42 inches (1067 mm) in width.

216 “Cap” = The rated cooling capacity of the project in BTU/h. If the unit’s capacity is less
than 7,000 BTU/h, use 7,000 BTU/h in the calculation. If the unit’s capacity is greater than
15,000 BTU/h, use 15,000 BTU/h in the calculations.
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Time of Sale:
For all PTACs, the energy savings are calculated using the Seasonal Energy
Efficiency Ratio (SEER) as follows:
AkWhcoot = (BTU/hcool/1000) * ((1/EERBASE) — (1/EEREE)) * EFLHc.

Early Replacement??’:
For all PTACs, the energy savings are calculated using the Seasonal Energy
Efficiency Ratio (SEER) as follows:

AkWh for remaining life of existing unit (i.e., measure life less the age of
the existing equipment):
= (BTU/h/1000) * ((1/EEREXIST) — (1/EEREE)) * EFLHc.

AkWh for remaining measure life (i.e., measure life less the remaining life
of existing unit):
= (BTU/h/1000) * ((1/EERBASE) — (1/EEREE)) * EFLHc.

Packaged Terminal Heat Pumps (PTHPs)

Time of Sale:
For all PTHPs, the energy savings are calculated using the Energy Efficiency Ratio
(EER) and Coefficient of Performance (COP) as follows:

AkWh = AkWhcooL + AKWhyear.
AkWhcoot = (BTU/hcool/1000) * ((1/EERBASE) — (1/EEREE)) * EFLHc,
AKWhuear = (BTU/hweat/3412) * ((1/COPBASE) — (1/COPEE)) * EFLH,

Early Replacement??2:

217 The two equations are provided to show how savings are determined during the initial phase
of the measure (i.e., efficient unit relative to existing equipment) and the remaining phase
(i.e., efficient unit relative to new baseline unit). In practice, the screening tools used may
either require a First Year savings (using the first equation) and then a “number of years to
adjustment” and “savings adjustment” input which would be the (new baseline to efficient
savings)/ (existing to efficient savings). The remaining measure life should be determined on a
site-specific basis.

218 The two equations are provided to show how savings are determined during the initial phase
of the measure (i.e., efficient unit relative to existing equipment) and the remaining phase
(i.e., efficient unit relative to new baseline unit). In practice, the screening tools used may
either require a First Year savings (using the first equation) and then a “number of years to
adjustment” and “savings adjustment” input which would be the (new baseline to efficient
savings)/(existing to efficient savings). The remaining measure life should be determined on a
site-specific basis.
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For all PTHPs, the energy savings are calculated using the Energy Efficiency Ratio
(EER) and Coefficient of Performance (COP) as follows:

AkWh for remaining life of existing unit (i.e., measure life less the age of
the existing equipment):

AkWh = AkWhcoor + AkWhyear.

AkWhcoot = (BTU/hcool/1000) * ((1/EEREXIST) — (1/EEREE)) *
EFLHc.

AkWhyeat = (BTU/hpeat/3412) * ((1/COPEXIST) — (1/COPEE)) *
EFLHy

AkWh for remaining measure life (i.e., measure life less the remaining life
of existing unit):

Where:
AkWhcool
AkWhyeat
BTU/hcoor
BTU/hHear
SEEREE

SEERBASE

SEEREXIST
HSPFEE

HSPFBASE

HSPFEXIST

AkWh = AkWhcoor + AKWhyear.

AkWhcoot = (BTU/hcool/1000) * ((1/EERBASE) — (1/EEREE)) *
EFLHc.

AkWhyeat = (BTU/hpear/3412) * ((1/COPBASE) — (1/COPEE)) *
EFLHH.

= Annual cooling season electricity savings (kWh).

= Annual heating season electricity savings (kWh).

= Cooling capacity of equipment in BTU/hour.

= Actual Installed.

= Heating capacity of equipment in BTU/hour.

= Actual Installed.

= SEER of efficient unit.

= Actual Installed.

= SEER of baseline unit.

= Based on IECC 2012 or IECC 2015 for the installed capacity. See
table above.

= SEER of the existing unit.

= Actual.

= HSPF of efficient unit.

= Actual Installed.

= HSPF of baseline unit.

= Based on IECC 2012 or IECC 2015 for the installed capacity. See
table above.

= HSPF of the existing unit.
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= Actual.
IEEREE = IEER of efficient unit.
= Actual Installed.
IEERBASE = IEER of baseline unit.
= Based on IECC 2012 or IECC 2015 for the installed capacity. See
table above.

IEEREXIST = IEER of the existing unit.
= Actual.
COPEE = COP of efficient unit.
= Actual Installed.
COPBASE = COP of baseline unit.

= Based on IECC 2012 or IECC 2015 for the installed capacity. See
table above.

COPEXIST = COP of the existing unit.
= Actual.

EERBASE = EER of baseline unit.
= Based on IECC 2012 or 2015 for the installed capacity. See table
above.

EEREE = EER of efficient unit (If the actual EER is unknown, it may be

approximated by using the following equation: EER = SEER/1.2)
= Actual installed.

EEREXIST = EER of existing unit.

= Actual.
3412 = Conversion factor (BTU/kWh).
EFLHc = Full load cooling hours.?*°

= If actual full load cooling hours are unknown, see table “Full

Load Cooling Hours by Location and Building Type” below.

Otherwise, use site specific full load cooling hours information.
EFLHw = Full load heating hours.

= If actual full load heating hours are unknown, see table “Full

Load Heating Hours by Location and Building Type” below.

Otherwise, use site specific full load heating hours information.

219 From U.S. DOE. 2013. The Uniform Methods Project: Methods for Determining Energy
Efficiency Savings for Specific Measures: “Although the EFLH is calculated with reference to a
peak kW derived from EER, it is acceptable to use these EFLH with SEER or IEER. Some
inconsistency occurs in using full-load hours with efficiency ratings measured at part loading,
but errors in calculation are thought to be small relative to the expense and complexity of
developing hours-of-use estimates precisely consistent with SEER and IEER.”
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EFLHc = Full load cooling hour value (Table below)
= Dependent on location as below:

Location EFLHc \
Wilmington, DE 719%%0
Baltimore, MD 744221
Washington, DC 935
EFLH4 = Full load heating hour value (Table below)
Location EFLHh \
Wilmington, DE 935222
Baltimore, MD 86623
Washington, DC 822

Summer Coincident Peak kW Savings Algorithm

Time of Sale:
AkW = (BTU/hcool/1000) * ((1/EERBASE) - (1/EEREE)) * CF.
Early Replacement:
AkW for remaining life of existing unit (i.e., measure life less the age of the
existing equipment):
= (BTU/hcoo/1000) * ((1/EEREXIST) — (1/EEREE)) * CF.
AkW for remaining measure life (i.e., measure life less the remaining life of
existing unit):

220 Fyll Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (744 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

221 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31 2013) Residential HVAC
Program.” April 4, 2014, Table 30, page 48.

222 Fyll Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xls)
223 Based on average of 5 utilities, two program years, in Maryland from Navigant Consulting
“EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31,
2013) Residential HVAC Program.” April 4, 2014, table 30, page 48.
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= (BTU/hcoo/1000) * ((1/EERBASE) — (1/EEREE)) * CF.
Where:
CFpim = PJM Summer Peak Coincidence Factor (June to August weekdays
between 2 pm and 6 pm) valued at peak weather
=0.360 for units <135 kBTU/h and 0.567 for units 2135 kBTU/h.??*
CFssp = Summer System Peak Coincidence Factor (hour ending 5pm on
hottest summer weekday).
= 0.588 for units <135 kBTU/h and 0.874 for units 2135 kBTU/h.??*

Annual Fossil Fuel Savings Algorithm

n/a
Annual Water Savings Algorithm

n/a
Incremental Cost

The lifecycle NPV incremental costs for time of sale and early replacement units
are provided in the tables below.??¢ Prescribed values vary depending on the current
building code, the date of installation, and whether the baseline condition is time of sale
or early replacement.??’

Measure Life
The measure life is assumed to be 15 years.??8

Operation and Maintenance Impacts
n/a

224 C&l Unitary HVAC Load Shape Project Final Report, KEMA, 2011. Final values are presented
in Metoyer, Jarred, “Report Revision Memo,” KEMA, August 2011.

225 C&l Unitary HVAC Load Shape Project Final Report, KEMA, 2011. Final values are presented
in Metoyer, Jarred, “Report Revision Memo,” KEMA, August 2011.

226 pefault incremental costs assumptions for water- and evaporatively-cooled ACs, PTACs, and
PTHPs will be addressed in subsequent versions of the TRM, when available. In the interim,
incremental costs for these equipment types should be determined on a site-specific basis.

227 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

228 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007,
http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf.
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Operation and Maintenance Impacts
n/a

Duct Sealing

Unique Measure Code: RS_HV_RF_DCTSLG_0415
Effective Date: June 2015

End Date: TBD

Measure Description
This measure is the sealing of ducts using mastic sealant, aerosol or UL-181
compliant duct sealing tape.

Three methodologies for evaluating the savings associated with sealing the ducts
are provided. The first method is provided only as a tool for prescreening potential
measures involving a careful visual inspection of the duct work, followed by two further
methods that require the use of a blower door either of which can be used to evaluate
savings.

1. Feasibility Evaluation of Distribution Efficiency — this methodology should not
be used for claiming savings but can be a useful tool to help evaluate the
potential from duct sealing. It requires evaluation of three duct characteristics
below, and use of the Building Performance Institutes ‘Distribution Efficiency
Look-Up Table’;
http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf

a. Percentage of duct work found within the conditioned space
b. Duct leakage evaluation
¢. Duct insulation evaluation

2. Modified Blower Door Subtraction — this technique is described in detail on p44
of the Energy Conservatory Blower Door Manual;
http://www.energyconservatory.com/download/bdmanual.pdf
It involves performing a whole house depressurization test and repeating the
test with the ducts excluded.

3. Duct Blaster Testing - as described in RESNET Test 803.7
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http://www.resnet.us/standards/DRAFT Chapter 8 July 22.pdf

This involves using a blower door to pressurize the house to 25 Pascals and
pressurizing the duct system using a duct blaster to reach equilibrium with the
inside. The air required to reach equilibrium provides a duct leakage estimate.

This is a retrofit measure. Evaluators should be aware that there will be an
interaction between this measure and others, e.g. duct sealing, air sealing and insulation
measures. Attempt should be made to account for this interaction where the measures
occur in the same home within the same program period.

Definition of Baseline Condition

The existing baseline condition is leaky duct work within the unconditioned
space in the home.
Definition of Efficient Condition

The efficient condition is sealed duct work throughout the unconditioned space
in the home.

Annual Energy Savings Algorithm

Methodology 1: Feasibility Evaluation of Distribution Efficiency (not for claiming
savings)

Total Annual Savings:
AkWh = Akthooling + AkWhheating

Estimate of Cooling savings from reduction in Air Conditioning Load:

Determine Distribution Efficiency by evaluating duct system before and after
duct sealing using Building Performance Institute “Distribution Efficiency Look-Up Table

n

AkWh cooling = ((((DEafter_ DEbefore)/ DEafter)) * FLHcool * BTUH) / 1,000/
nCool

Where:
DEafter = Distribution Efficiency after duct sealing
DEpefore = Distribution Efficiency before duct sealing
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FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool \
Wilmington, DE 524 2%
Baltimore, MD 542 230
Washington, DC 681
BTUH = Size of equipment in BTUh (note 1 ton = 12,000BTUh)
= Actual
nCool = Efficiency in SEER of Air Conditioning equipment

= agctual. If not available, use®**:

Equipment Type Age of Equipment SEER Estimate \
Central AC Before 2006 10
After 2006 13
Heat Pump Before 2006 10
2006-2014 13
2015 on 14

Illustrative example — do not use as default assumption
Duct sealing in a house in Wilmington DE, with 3-ton SEER 11 central air conditioning
and the following duct evaluation results:

DEpefore =0.80
D Eafter = 0.90

Energy Savings:
AkWheooing = ((0.90 — 0.80)/0.90) * 524 * 36,000) / 1,000 / 11

229 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

230 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

1 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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=191 kWh

Estimate of Heating savings for homes with electric heat (Heat Pump of resistance):

kWhHeating = (((((DEafter - DEbefore)/ DEafter)) * FLHheat * BTUH ) / 1,000,000/
nHeat ) * 293.1

Where:
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat
Wilmington, DE 935232
Baltimore, MD 866233
Washington, DC 822
BTUH = Size of equipment in BTUh (note 1 ton = 12,000BTUh)
= Actual
nHeat = Efficiency in COP of Heating equipment
= agctual. If not available, use®**:
System Age of HSPF cop
Type Equipment Estimate Estimate
Heat Pump | Before 2006 6.8 2.00
2006-2014 7.7 2.26
2015 on 8.2 2.40
Resistance n/a n/a 1.00

Illustrative example — do not use as default assumption
Duct sealing in a 2.5 COP heat pump heated house in Baltimore, MD with the following
duct evaluation results:

232 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xls)
233 Based on average of 5 utilities, two program years, in Maryland from Navigant Consulting
“EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31,
2013) Residential HVYAC Program.” April 4, 2014, table 30, page 48.

234 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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DEpefore =0.80
DEafter = 0.90

Energy Savings:
AkWhpeating = ((((0.90 — 0.80)/0.90) * 866 * 36,000) / 1,000,000
/2.5)*293.1
=406 kWh
Methodology 2: Modified Blower Door Subtraction
Total Annual Savings:

AkWh = Akthooling + AkWhheating

Claiming Cooling savings from reduction in Air Conditioning Load:
a. Determine Duct Leakage rate before and after performing duct sealing:

Duct Leakage (CFMSODL) = (CFM50WhoIe House — CFM50Envelope Only) * SCF
Where:
CFM50whole House = Standard Blower Door test result finding Cubic Feet per
Minute at 50 Pascal pressure differential
CFM50knveiope only = Blower Door test result finding Cubic Feet per Minute at

50 Pascal pressure differential with all supply and return
registers sealed.

SCF = Subtraction Correction Factor to account for
underestimation of duct leakage due to connections
between the duct system and the home. Determined by
measuring pressure in duct system with registers sealed
and using look up table provided by Energy Conservatory.

b. Calculate duct leakage reduction, convert to CFM25p,23> and factor in Supply and
Return Loss Factors

23525 Pascals is the standard assumption for typical pressures experienced in the duct system
under normal operating conditions. To convert CFM50 to CFM25 you multiply by 0.64 (inverse of
the “Can’t Reach Fifty” factor for CFM25; see Energy Conservatory Blower Door Manual).
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Duct Leakage Reduction (ACFM25p,) = (Pre CFM50p. — Post CFM50p,) * 0.64 *
(SLF + RLF)
Where :
SLF = Supply Loss Factor

= % leaks sealed located in Supply ducts * 123¢
Default = 0.5%37

RLF = Return Loss Factor
= % leaks sealed located in Return ducts * 0.5%38
Default = 0.25%%°

c. Calculate Energy Savings:

AMkWheoolng = ((ACFM25p1)/ (Capacity * 400)) * FLHcool * BTUH) / 1000

/ nCool
Where:

ACFM25p, = Duct leakage reduction in CFM25
Capacity = Capacity of Air Cooling system (tons)
400 = Conversion of Capacity to CFM (400CFM / ton)
FLHcool = Full Load Cooling Hours

= Dependent on location as below:

Location FLHcool \

236 Assumes that for each percent of supply air loss there is one percent annual energy penalty.
This assumes supply side leaks are direct losses to the outside and are not recaptured back to
the house. This could be adjusted downward to reflect regain of usable energy to the house
from duct leaks. For example, during the winter some of the energy lost from supply leaks in a
crawlspace will probably be regained back to the house (sometimes 1/2 or more may be
regained). More information provided in “Appendix E Estimating HVAC System Loss From Duct
Airtightness Measurements” from
http://www.energyconservatory.com/download/dbmanual.pdf

237 Assumes 50% of leaks are in supply ducts.

238 Assumes that for each percent of return air loss there is a half percent annual energy
penalty. Note that this assumes that return leaks contribute less to energy losses than do
supply leaks. This value could be adjusted upward if there was reason to suspect that the
return leaks contribute significantly more energy loss than “average” (e.g. pulling return air
from a super-heated attic), or can be adjusted downward to represent significantly less energy
loss (e.g. pulling return air from a moderate temperature crawl space). More information
provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements”
from http://www.energyconservatory.com/download/dbmanual. pdf

239 Assumes 50% of leaks are in return ducts.
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Wilmington, DE 524 240
Baltimore, MD 542 24
Washington, DC 681
BTUH = Size of equipment in BTUh (note 1 ton = 12,000BTUh)
= Actual
nCool = Efficiency in SEER of Air Conditioning equipment
= agctual. If not available, use®*:

Equipment Type Age of Equipment SEER

Estimate
Central AC Before 2006 10
After 2006 13
Heat Pump Before 2006 10
2006-2014 13
2015 on 14

Illustrative example — do not use as default assumption
Duct sealing in a house in Wilmington, DE with 3-ton, SEER 11 central air conditioning
and the following blower door test results:

Before:
CI:IVISOWhole House = 4,800 CFM50
CFMSOEnveIope Only = 4,500 CFM50
House to duct pressure = 45 Pascals
= 1.29 SCF (Energy Conservatory look up
table)
After:

240 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPOWER average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

241 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

242 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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CI:IVISOWhole House = 4,600 CFM50
CFMSOEnveIope Only = 4,500 CFM50
House to duct pressure = 43 Pascals
= 1.39 SCF (Energy Conservatory look up
table)

Duct Leakage at CFM50:

CFM50p. before = (4,800 - 4,500) *1.29
=387 CFM50

CI:IVISODLafter = (4,600 - 4,500) *1.39
=139 CFM50

Duct Leakage reduction at CFM25:

ACFM25p, = (387 — 139) * 0.64 * (0.5 + 0.25)
=119 CFM25

Energy Savings:
AkWheooiing = ((119/ (3 * 400)) * 524 * 36,000) / 1,000/ 11

=170 kWh

Claiming Heating savings for homes with electric heat (Heat Pump):

AkWhyeating = (((ACFM25p, / (Capacity * 400)) * FLHheat * BTUH) / 1,000,000 /
nHeat) * 293.1

Where:
ACFM25p; = Duct leakage reduction in CFM25
Capacity = Capacity of Air Cooling system (tons)
400 = Conversion of Capacity to CFM (400CFM / ton)
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Location FLHheat \
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Wilmington, DE 935243
Baltimore, MD 866°%%4
Washington, DC 822
BTUH = Size of equipment in BTUh (note 1 ton = 12,000BTUh)
= Actual
nHeat = Efficiency in COP of Heating equipment
= agctual. If not available, use®*:

HSPF cop

System Age of
Estimate Estimate

Type Equipment

Heat Pump Before 2006 6.8 2.00
2006-2014 7.7 2.26

2015 on 8.2 2.40

Resistance n/a n/a 1.00

Illustrative example — do not use as default assumption
Duct sealing in a 3-ton 2.5 COP heat pump heated house in Baltimore, MD with the
blower door results described above:

AkWhieatng = (((119 / (3 * 400)) * 866 * 36,000) / 1,000,000 / 2.5) * 293.1

=362 kWh

Methodology 3: Duct Blaster Testing

Total Annual Savings:
AkWh = AkthooIing + AkWhheating

243 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xls)
244 Based on average of 5 utilities, two program years, in Maryland from Navigant Consulting
“EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31,
2013) Residential HVYAC Program.” April 4, 2014, table 30, page 48.

245 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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Claiming Cooling savings from reduction in Air Conditioning Load:

AkWheooling = (((Pre_CFM25 —Post_CFM25)/ (Capacity * 400)) *
FLHcool * BTUH) / 1000 / nCool

Where:
Pre CFM25 = Duct leakage in CFM25 as measured by duct blaster test before
sealing
Post_CFM25 = Duct leakage in CFM25 as measured by duct blaster test after
sealing

All other variables as provided above.
Illustrative example — do not use as default assumption
Duct sealing in a house in Wilmington, DE with 3-ton, SEER 11 central air conditioning

and the following duct blaster test results:

Pre_CFM25 =220 CFM25
Post_CFM25 =80 CFM25

AkWhcooing = (((220 - 80) / (3 * 400)) * 524 * 36,000) / 1,000 /
11

=200 kWh

Claiming Heating savings for homes with electric heat (Heat Pump):

AkWhyeating = (((Pre_CFM25 —Post_CFM25/ (Capacity * 400)) * FLHheat *
BTUH) / 1,000,000 / nHeat) * 293.1

Where:
All other variables as provided above.

Illustrative example — do not use as default assumption

Duct sealing in a 3-ton 2.5 COP heat pump heated house in Baltimore, MD with the duct
blaster results described above:
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AkWhieatng = ((((220 - 80) / (3 * 400)) * 866 * 36,000) / 1,000,000 / 2.5) *
293.1

=426 kWh
Summer Coincident Peak kW Savings Algorithm
AkW = AkWhCooIing/ FLHCOO' * CF

Where:

CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69 %%

CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.66 %%

Annual Fossil Fuel Savings Algorithm
For homes with Fossil Fuel Heating:

Methodology 1: Feasibility Evaluation of Distribution Efficiency (not for claiming
savings)

AMMBTUfOSS” fuel = ((((DEafter_ DEbefore)/ DEafter)) * FLHheat * BTUH )/
1,000,000 / nHeat

Where:
DEqfter = Distribution Efficiency after duct sealing
DEpefore = Distribution Efficiency before duct sealing
FLHheat = Full Load Heating Hours

= 62074

246 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

247 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

248 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 117 of 529
BTUH = Capacity of Heating System
= Actual
nHeat = Efficiency of Heating equipment

= Actual’®. If not available, use 84%>°.
Illustrative example — do not use as default assumption
Duct sealing in a fossil fuel heated house with a 100,000BTUh, 80% AFUE natural gas

furnace, with the following duct evaluation results:

DEpefore =0.80
DEafter =0.90

Energy Savings:
AMMBTU =((0.90 - 0.80)/0.90) * 620 * 100,000) / 1,000,000 / 0.80

=8.6 MMBTU

Methodology 2: Modified Blower Door Subtraction

AMMBTU = (((ACFM25p. / (BTUH * 0.0126)) * FLHheat * BTUH ) / 1,000,000
/ nHeat
Where:
ACFM25p, = Duct leakage reduction in CFM25
BTUH = Capacity of Heating System (BTUh)
= Actual
0.0126 = Conversion of Capacity to CFM (0.0126CFM / BTUh)?*?

technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

249 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test.

250 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.

251 Based on Natural Draft Furnaces requiring 100 CFM per 10,000 BTU, Induced Draft Furnaces
requiring 130CFM per 10,000BTU and Condensing Furnaces requiring 150 CFM per 10,000 BTU
(rule of thumb from http://contractingbusiness.com/enewsletters/cb_imp_43580/). Data
provided by GAMA during the federal rule-making process for furnace efficiency standards,
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FLHheat = Full Load Heating Hours
= 62077
nHeat = Efficiency of Heating equipment

= Actual?®3. If not available, use 84%%>*.
Illustrative example — do not use as default assumption
Duct sealing in a house with a 100,000BTUh, 80% AFUE natural gas furnace and with the
blower door results described above:

Energy Savings:
AMMBTU =(((219/ (100,000 * 0.0126)) * 620 * 100,000) / 1,000,000 / 0.80

=7.3 MMBTU
Methodology 3: Duct Blaster Testing

AMMBTU = (((Pre_CFM25 —Post_CFM25/ (BTUH * 0.0126)) * FLHheat *
BTUH ) / 1,000,000 / nHeat

Where:
All variables as provided above

[llustrative example — do not use as default assumption
Duct sealing in a house with a 100,000BTUh, 80% AFUE natural gas furnace and with the

duct blaster results described above:

Energy Savings:

suggested that in 2000, 32% of furnaces purchased in Maryland were condensing units.
Therefore a weighted average required airflow rate is calculated assuming a 50:50 split of
natural v induced draft non-condensing furnaces, as 126 per 10,000BTU or 0.0126/BTU.

252 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

253 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test.

254 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.
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AMMBTU =(((220- 80/ (100,000 * 0.0126)) * 620 * 100,000) / 1,000,000 /
0.80
= 8.6 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual labor and material
cost.

Measure Life
The measure life is assumed to be 20 years?>>.

Operation and Maintenance Impacts
n/a

255 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.pdf
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Ductless Mini-Split Heat Pump

Unique Measure Code: RS_HV_TOS_MSHP_0518, RS_HV_EREP_ASHP_0518
Effective Date: May 2018

End Date: TBD

Measure Description

This measure relates to the installation of new ENERGY STAR rated ductless
“mini-split” heat pump(s) (DMSHP). A ductless mini-split heat pump (DMSHP) is a type
of heat pump with an outdoor condensing unit connected via refrigerant line to one or
more indoor evaporator coils. Ductless mini-split heat pumps deliver cooling at the
same or higher efficiency as standard central AC units, but can also deliver heat. Further,
since the units do not require ductwork, they avoid duct losses.

This measure could be installed in either an existing or in a new home and the
characterization is designed to allow the calculation of the impact on electric and/or gas
consumption following the installation of a DHP system. The characterization requires
that the program implementer perform a custom calculation to determine how much
existing and supplemental heating and/or cooling load the DHP will replace based on a
combination of billing data, the percentage of conditioned space covered by the
DMSHP, the existing equipment and its hours of operation, proposed hours of
operation, and the size of the conditioned space. Where possible, this should be treated
as a custom measure, due to the number of variables needed, including usage patterns
and types of baseline systems.

Definition of Baseline Condition

The baseline condition for early replacement is the existing heating and cooling
(if applicable) systems within the home. If cooling equipment is not previously present,
it is presumed that some type of cooling equipment would have been installed and the
time of sale baseline described next should be used for the cooling baseline assumption.

The baseline condition in time of sale / new construction is a standard-efficiency
ductless unit meeting the following efficiency standards:
Year |  SEER | EER ~ HSPF |
2015 14 8.52%6 8.2
Definition of Efficient Condition
The efficient condition is an ENERGY STAR ductless heat pump exceeding all of
the following efficiency standards; 15 SEER, 12.5 EER, 8.5 HSPF.

256 Typical EER for units with a SEER of 14 from the AHRI database.
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Annual Energy Savings Algorithm
If displacing/replacing electric heat:

AkWhtota| = Akthoo| + AkWhheat

AkWheoo! = CoolingLoadDHP x (1/SEERbase X (1 + ADLimpr X DLcoor)

— 1/SEERee)

AkWhheat = HeatLoadElectricDHP x (3.412/HSPFpase X (1 + ADLimpr X DLheat)
—3.412/HSPFee)

If displacing/replacing gas heat:

AkWhtotal = Akthoo| - TOtal_kWhheat

AkWhcoo! = CoolingLoadDHP x (1/SEERpase X (1 + ADLimpr X DLcool)
— 1/SEERee)

Total_kWhheat = (HeatLoadGasDHP x 293.1 x 3.412 / HSPFee)

Where:
CoolingLoadDHP
= Cooling load (kWh) that the DHP will now provide
= Actual
SEERbase = Efficiency in SEER of existing Air Conditioner or baseline
ductless heat pump (kBTU cooling/ kWh consumed)
Early Replacement = Use actual SEER rating where it is possible to

measure or reasonably estimate. If unknown assume 112°7

257 Based on ltron and Cadmus unpublished analysis of standard efficiency units by age of unit
from Energy Information Administration, Residential Energy Consumption Survey, 2015, AHRI
historical shipments data (http://www.ahrinet.org/Resources/Statistics/Historical-
Data/Central-Air-Conditioners-and-Air-Source-Heat-Pumps.aspx), and Energy Star historical
shipments data
(https://www.energystar.gov/ia/partners/downloads/unit_shipment data/2015_USD_Summary
Report.pdf?52f9-67a), and mortality curve assumptions drawn from Cory Welch, Estimating
the Useful Life of Residential Appliances, ACEEE Summer Study 2010 paper
(http://aceee.org/files/proceedings/2010/data/papers/1977.pdf).If utilities have specific
evaluation results providing a more appropriate assumption for homes in a particular market or
geographic area, then that should be used.
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for Central AC or 10.7 for Room AC??%. If no cooling exists,
assume 14.0.
Time of Sale / New Construction = 14.0%>°
SEERee = Efficiency i n SEER of efficient ductless heat pump
= Actual (kBTU cooling/ kWh consumed)

HeatLoadElectricDHP
= Heating load (kWh) that the DHP will now provide
= Actual®°

DLcoor =1 if duct leakage applies based on baseline cooling
equipment (0 otherwise)

DLpeat =1 if duct leakage applies based on baseline heating
equipment (0 otherwise)

ADLimpr = Duct loss improvement factor, 0.15

3.412 = Converts 1/HSPF to 1/COP

HSPFbase = Heating Seasonal Performance Factor of existing system
or baseline ductless heat pump for new construction

Early Replacement = Use actual HSPF rating where it is possible

to measure or reasonably estimate.
If unknown assume 3.412°%! for resistance heat, 7.15%¢2 for
ASHP.
Time of Sale / New Construction =8.2263
HSPFee = Heating Seasonal Performance Factor of ENERGY STAR
ductless heat pump?%*
= Actual
HeatlLoadGasDHP = Heating load (MMBTU) that the DHP will now provide
= ActualP®
293.1 = Converts MMBTU to kWh

258 Estimated by converting the minimum standard for Room A/Cs before 2005 (9.7) by 1.1 to
adjust for SEER.

259 Minimum Federal Standard

260 For example with a Manual-J calculation or similar modeling.

261 Assume COP of 1.0 converted to HSPF by multiplying by 3.412.

262 This is estimated based on finding the average HSPF/SEER ratio from the AHRI directory data
(using the least efficient models - SEER 12 and SEER 13) - 0.596, and applying to the existing
ASHP SEER rating assumption of 12.

263 Minimum Federal Standard

264 HSPF ratings for Heat Pumps account for the seasonal average efficiency of the units and are
based on testing within AHRI climate zone 4 which encompasses all of the Mid Atlantic region.
There should therefore be no reason to adjust the rated HSPF for geographic/climate
variances.

265 For example with a Manual-J calculation or similar modeling.
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AFUEexist = Efficiency of existing furnace or boiler
= Use actual AFUE rating where it is possible to measure or
reasonably estimate. If unknown assume 84%2°°.

3.412 = Converts heat pump HSPF in to COP

See example calculations at end of characterization.
Summer Coincident Peak kW Savings Algorithm
AkW = BTUHCool (1/EERbase X (1 + ADLimpr * DLcool)

- 1/EERee))/1,000 x CF
Where:
BTUHcoor = Cooling capacity in BTUs per hour (tons x 12,000BTU/hr
per ton)
= Actual
EERbase = Energy Efficiency Ratio (EER) of Baseline Air Source Heat
Pump
Early Replacement = Use actual EER rating where it is possible to
measure or reasonably estimate.
If unknown assume 9.9%%” for Central AC or 9.7 for Room
AC268.
If no cooling is at the home, make 1/EER = O (resulting in a
negative value i.e. increase in load).
Time of Sale / New Construction = 8.5%69
EERee = Energy Efficiency Ratio (EER) of Efficient ductless heat
pump
= Actual.

266 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.

267 Based on SEER of 11, using a formula to give 9.9 EER. The Federal Standard does not include
an EER requirement, so it is approximated with this formula: (-0.02 * SEER?) + (1.12 * SEER).
See Wassmer, M. (2003), “A Component-Based Model for Residential Air Conditioner and Heat
Pump Energy Calculations,” Master’s Thesis, University of Colorado at Boulder. Note this is
appropriate for single speed units only.

268 Using the assumption of existing unit EER efficiency in the Room Air Conditioner Early
Replacement measure, based on Nexus Market Research Inc, RLW Analytics, December 2005;
“Impact, Process, and Market Study of the Connecticut Appliance Retirement Program: Overall
Report.”

269 Typical EER for DMSHP units with a SEER of 14 from the AHRI database
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DL ool =1 if duct leakage applies based on baseline cooling
equipment (0 otherwise)
ADLimpr = Duct loss improvement factor, 0.15
CF = Coincidence Factor for measure. Assumptions for both

Central AC and Room AC are provided below. The
appropriate selection depends on whether the DHP is being
used similarly to a central AC (thermostatically controlled)
or a room AC (controlled with need). If unknown assume

Room AC.

CFssp Room AC = Summer System Peak Coincidence Factor for Room A/C
(hour ending 5pm on hottest summer weekday)
=0.31727°

CFpim Room AC = PJM Summer Peak Coincidence Factor for Room A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather

=0.3%1

CFssp central AC = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.69 %72

CFpm central AC = PJM Summer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.66 %7

See example calculations at end of characterization.
Annual Fossil Fuel Savings Algorithm

If the existing heating system is gas fired, the savings from the measure
represent the displaced gas heating consumption, and the DHP represents added
electric load.

270 Calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.

271 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008
(http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf).

272 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

273 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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AMMBTU = HeatLoadGasReplaced / AFUEexist * (1 + ADLimpr * DLheat)
Where:
HeatLoadGasReplaced

= Heating load (MMBTU) that the DHP will now provide in
place of gas unit
= ActualP”*

AFUEexist = Efficiency of existing heating system
= Use actual AFUE rating where it is possible to measure or
reasonably estimate. If unknown assume 80%2° for early
retirement, or 80% for replace on burnouts®’®.

DLpeat =1 if duct leakage applies based on baseline heating
equipment (0 otherwise)
ADLimpr = Duct loss improvement factor = 0.15

See example calculations at end of characterization.

Annual Water Savings Algorithm

n/a
Incremental Cost

The lifecycle NPV incremental costs per ton for this measure are provided
below:27’

Unit Size . Earl

(tons) IR Replacez\ent

1 $267 $915
1.5 $400 $1,252
2 $533 $1,588
2.5 $667 $1,925
3 $800 $2,262

274 For example with a Manual-J calculation or similar modeling.

275 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%.

276 This has been estimated assuming that the average efficiency of existing heating systems is
likely to include newer more efficient systems.

277 |tron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Measure and baseline
costs were calculated using hedonic models and data from Itron, 2010 - 2012 WO017 Ex Ante
Measure Cost Study, conducted for the California Public Utility Commission in 2014. Results
are adjusted for inflation and to reflect differences in Maryland labor rates. Calculations, data
and sources are available at http://www.neep.org/file/5549/download?token=S3weM_MA
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Measure Life

The measure life is assumed to be 18 years?’2, If an early replacement measure
results in the removal of existing operating heating or cooling equipment, it is assumed
that it would have needed replacing in 6 years.
Operation and Maintenance Impacts

n/a
Illustrative examples — do not use as default assumption

Early Replacement:

A 1.5 ton, 20 SEER, 14 EER, 12 HSPF, DHP replaces 5000 kWh of existing electric
resistance heat load in a home without existing cooling in Baltimore, MD. DHP is
estimated to provide 2,000kWh of cooling load.

AkWH = (CoolingLoadDHP x (1/SEERbase - 1/SEERee)) +
(HeatLoadElectricDRP x (3.412/HSPFbase — 3.412/HSPFee))
= (2000 x (0 — 1/20)) + (5000 x (3.412/3.412 — 3.412/12))
= 3,478 kWh
BTUHcoo! X (1/EERbase - 1/EERee))/1,000 x CF
(18,000 x (0 — 1/14)) / 1000) x 0.31
= - 0.40kW
A 2.5ton, 18 SEER, 13.5 EER, 11 HSPF, DHP displaces all of the existing gas heat (78%
AFUE) in a home with central cooling in Baltimore, MD. The heating load is estimated as
40 MMBTU and cooling load of 4000 kWh.
AKWH = (CoolingLoadDHP x (1/SEERbase - 1/SEERee)) -
(HeatLoadGasDHP x 293.1 x 0.85 x (3.412/HSPFee))
= (4000 x (1/11 — 1/18)) - (40 x 293.3 x 0.85 x (3.412/11))
=-2,952 kWh (i.e. this results in an increase in electric
consumption)
AkWssp = (BTUHcool X (1/EERbase - 1/EERee))/1,000 x CF
= (30,000 x (1/9.96 — 1/13.5)) / 1000 x 0.31
=0.24 kW (in the summer you see demand savings)
AMMBTU = HeatLoadGasReplaced / AFUEexist
=40/0.80
=50 MMBTU

AkWssp

278 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
https://library.cee1.org/content/measure-life-report-residential-and-commercialindustrial-
lighting-and-hvac-measures.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 127 of 529

Time of Sale / New Construction
Two 1.5 ton, 18 SEER, 13.5 EER, 11 HSPF, DHPs are installed in a new home in Baltimore,
MD. The estimated heat load is 12,000kWh and the cooling load is 6,000kWh
AkWH = (CoolingLoadDHP x (1/SEERbase - 1/SEERee)) +
(HeatLoadElectricDHP x (3.412/HSPFbase — 3.412/HSPFee))
= (6000 x (1/14 — 1/18)) + (12,000 x (3.412/7.7- 3.412/11))
=1,634kWh
(BTUHcool X (1/EERbase - 1/EERee))/1,000 x CF
(36,000 x (1/11.8 - 1/13.5)) / 1000 x 0.31
=0.12 kW

AkWsssp

HE Gas Boiler

Unique Measure Code: RS_HV_TOS_GASBLR_0415
Effective Date: June 2015
End Date: TBD

Measure Description

This measure characterization provides savings for the purchase and installation
of a new residential sized ENERGY STAR-qualified high efficiency gas-fired boiler for
residential space heating, instead of a new baseline gas boiler. The measure could be
installed in either an existing or new home. The installation is assumed to occur during a
natural time of sale.

Evaluators should be aware that there will be an interaction between this
measure and others, e.g. duct sealing, air sealing and insulation measures. Attempt
should be made to account for this interaction where the measures occur in the same
home within the same program period.

Definition of Baseline Condition

The baseline condition is a boiler that meets the minimum Federal baseline AFUE
for boilers. For boilers manufactured after September 2012, the Federal baseline is 82%
AFUE.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR qualified boiler with an AFUE rating >
90%.

Annual Energy Savings Algorithm
n/a
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Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm

AMMBTU = (EFLHheat * BTUh * ((AFUEee/AFUEbase) - 1)) /1,000,000

Where:
EFLHheat = Equivalent Full Load Heating Hours
Location EFLH
Wilmington, DE 848%7°
Baltimore, MD 620%%0
Washington, DC 528281
BTUH = Input Capacity of Boiler
= Actual
AFUEbase = Efficiency in AFUE of baseline boiler
=82%
AFUEee = Efficiency in AFUE of efficient boiler
= Actual

Illustrative example — do not use as default assumption
The purchase and installation of a 100,000 BTUh input capacity, 90% AFUE boiler in
Maryland:

AMMBTU = (620 * 100,000 * ((0.9/0.82) —1)) /1,000,000

= 6.0 MMBTU

279 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

280 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

281 Full load heating hours derived by adjusting FLHpea: for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.
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Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental costs for this measure are provided below:2%?

Efficiency of Incremental

Boiler (AFUE) Cost
90% $469
92% $513
95% $643
98% $789

Measure Life
The measure life is assumed to be 18 years?%3 .

Operation and Maintenance Impacts
n/a

282 Costs were derived the Residential Furnace Technical support document, 2016 and adjusted
for inflation to represent 2017 dollars
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217

283 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Condensing Furnace (gas)
Unique Measure Code: RS_HV_TOS_GASFUR_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure characterization provides savings for the purchase and installation
of a new residential sized ENERGY STAR-qualified high efficiency gas-fired condensing
furnace for residential space heating, instead of a new baseline gas furnace. The
measure could be installed in either an existing or new home. The installation is
assumed to occur during a natural time of sale.

Evaluators should be aware that there will be an interaction between this
measure and others, e.g. duct sealing, air sealing and insulation measures. Attempt
should be made to account for this interaction where the measures occur in the same
home within the same program period.

Definition of Baseline Condition
The baseline condition is a non-condensing gas furnace with an AFUE of 80% or
81% if weatherized?%4,

Definition of Efficient Condition

The efficient condition is an ENERGY STAR qualified gas-fired condensing furnace
with an AFUE rating > 90%.
Annual Energy Savings Algorithm

n/a. Note, if the furnace has an ECM fan, electric savings should be claimed as

characterized in the “Central Furnace Efficient Fan Motor” section of the TRM.

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm

AMMBTU = (EFLHheat * BTUh * ((AFUEee/AFUEbase) - 1) /1,000,000

284 Current federal minimum. See http://www.regulations.gov/#!documentDetail;D=EERE-2006-
STD-0102-0008.
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Where:
EFLHheat = Equivalent Full Load Heating Hours
Location EFLH \
Wilmington, DE 848%%>
Baltimore, MD 620286
Washington, DC 528287
BTUH = Input Capacity of Furnace
= Actual
AFUEbase = Efficiency in AFUE of baseline Furnace
=0.80
AFUEee = Efficiency in AFUE of efficient Furnace
= Actual

Illustrative example — do not use as default assumption
The purchase and installation of a 100,000 BTUh, 92% AFUE furnace in Maryland:

AMMBTU = (620 * 100,000 * ((0.92/0.8) — 1) /1,000,000
= 9.3 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for this time of sale measure is provided

below.288

285 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/ Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

286 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

287 Full load heating hours derived by adjusting FLHnea: for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

288 |tron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Adapted from
Department of Energy, Residential Furnaces and Boilers Final Rule Technical Support
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Efficiency of Incremental
Furnace (AFUE) Cost
90% $392
92% $429
95% $537
98% $659

Measure Life
The measure life is assumed to be 18 years?®.

Operation and Maintenance Impacts
n/a

Document, 2016, Table 8-2-16. https://www.regulations.gov/document?D=EERE-2014-BT-STD-

0031-0217. Results are adjusted for inflation and to reflect differences in Maryland labor
rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA.

289 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Smart Thermostat

Unique Measure Code: RS_HV_TOS_SMTHRM_0518, RS_HV_RF_SMTHRM_0518
Effective Date: May 2018
End Date: TBD

Measure Description

The Smart Thermostat measure involves the replacement of a manually
operated or conventional programmable thermostat with a “smart” (advanced, wi-fi, or
connected) thermostat as defined below. This measure applies to all residential
applications and may be a time of sale or retrofit measure.

Definition of Baseline Condition
This is defined as a retrofit measure. The baseline equipment is an assumed
(defaulted) mix of manual and programmable thermostats.

Definition of Efficient Condition
The efficient condition is a “smart” thermostat that has earned ENERGY STAR
certification?®® and/or has the following product requirements®*:

1. Automatic scheduling

Occupancy sensing (set “on” as a default)

3. For homes with a heat pump, smart thermostats must be capable of controlling
heat pumps to optimize energy use and minimize the use of backup electric
resistance heat.

4. Ability to adjust settings remotely via a smart phone or online the absence of
connectivity to the connected thermostat (CT) service provider, retain the ability
for residents to locally:

a. view the room temperature,
b. view and adjust the set temperature, and
c. switch between off, heating and cooling.

5. Have a static temperature accuracy £+ 2.0 °F

6. Have network standby average power consumption of < 3.0 W average (Includes
all equipment necessary to establish connectivity to the CT service provider’s

N

29 ENERGY STAR’s qualified products list for smart thermostats:
https://data.energystar.gov/Active-Specifications/ENERGY-STAR-Certified-Smart-
Thermostats/7p2p-wkbf

291 ENERGY STAR Smart Thermostat Specification, from which most requirements based:
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Program%20Requirements
%20for%20Connected%20Thermostats%20Version%201.0_0.pdf
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cloud, except those that can reasonably be expected to be present in the home,
such as Wi-Fi routers and smart phones.)

7. Enter network standby after < 5.0 minutes from user interaction (on device,
remote or occupancy detection)

8. The following capabilities may be enabled through the CT device, CT service or
any combination of the two. The CT product shall maintain these capabilities
through subsequent firmware and software changes.

a. Ability for consumers to set and modify a schedule.

b. Provision of feedback to occupants about the energy impact of their
choice of settings.

c. Ability for consumers to access information relevant to their HVAC
energy consumption, e.g. HVAC run time.

Annual Energy Savings Algorithm

As smart thermostats are control technologies, when possible, heating and cooling
savings should be calculated based on data from installed thermostats.?®> Otherwise,
cooling savings should only be claimed for homes with central air conditioning. Heating
savings may be claimed for homes with electric resistance, heat pump, or non-electric
heating. Where there is more than one smart thermostat installed to control a single
fossil heating system, a per-thermostat adjustment factor is applied to savings
calculations.

When heating and/or cooling consumption is known, use the following algorithms:

AkWh = AkWhheating + AkWhcooling

AkWhhpeating = Elec_Heating_Saving_% x Elec_Heating_kWh

AkWhcool = Cooling_Saving_% x Cooling_kWh

AMMBTU = Fuel_Heating_Saving_% x Fuel_Heating_ MMBTU x QUANT x QUANTafh
Where:

Elec_Heating_Saving_% =6%

Cooling_Saving_% =7%

292 NEEP has developed a Guidance Document detailing methodology to claim savings from
smart thermostats, available here: http://www.neep.org/claiming-savings-smart-thermostats-
guidance-document. This guidance uses the metric developed for the ENERGY STAR
certification to develop geographically and temporally specific savings averages for program
claims. These calculated savings numbers are expected to be more accurate and potentially
yield higher level of savings than the estimates provided in the TRM.
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Fuel_Heating_Saving_% = 6%%%3
Elec_Heating_kWh = actual seasonal electric heat kWh consumption
Cooling_kWh = actual seasonal cooling kWh consumption
Fuel_Heating_ MMBTU = actual seasonal fossil heating MMBTU consumption
QUANT = number of smart thermostats connected to a single fossil heating
system
QUANTafh = adjustment factor for installed measure quantity with heating system
= 1.0 (if QUANT =1);
=.727%% (if QUANT >1)

Where actual heating or cooling energy consumption is not known, use the following
algorithms:

Cooling Savings:

AKWH = CCAP
" SEER

x EFLHc x Cooling_Saving_%

Electric Heat Savings:

HCAPelec

_ AtAPelec . N
AKkWh TISPF x EFLHh x Elec_Heating_Saving %

Fossil heat Savings:

HCAPfuel

AMMBTU = —AFUE X EFLHh x Fuel_Heating_Savingo, x QUANT x QUANTafh

Where:

CCAP = Cooling capacity of existing AC unit, in kBTU/hr.
HCAPelec = Heating capacity of existing electric heat unit, in kBTU/hr.

293 Smart thermostat deemed savings percentages drawn from 2017 literature survey performed
by Joe Loper of Itron, see Smart_Thermostat_Literature_Summary_WORKING022417.xls

294 Cadmus Wi-Fi program evaluation for MA reported gas heat savings per thermostat of 11%
for 1, and 8% for 2. Adjustment factor is based on these findings. 8%/11% = .727 adjustment
factor if >1 wi-fi thermostat is connected to the same heating system.
http://ma-eeac.org/wordpress/wp-content/uploads/Wi-Fi-Programmable-Controllable-
Thermostat-Pilot-Program-Evaluation_Part-of-the-Massachusetts-2011-Residential-Retrofit-Low-
Income-Program-Area-Study. pdf
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HCAPsyel = Heating capacity of existing fossil heat unit, in MMBTU/hr.

SEER = SEER of controlled unit. If unknown use current energy code
requirements for mechanical cooling efficiency.

HSPF = HSPF of controlled unit. If unknown use current energy code
requirements for mechanical heating efficiency. Electric strip
heat = 1.

AFUE = AFUE of controlled unit. If unknown use current energy code
requirements for mechanical heating efficiency.

EFLHcool = Full load hours for cooling equipment. See tables below.

EFLHheat = Full load hours for heating equipment. See tables below

QUANT = number of smart thermostats connected to a single fossil
heating system

QUANTafh = adjustment factor for installed measure quantity with

heating system
= 1.0 (if QUANT = 1);
= .727%% (if QUANT >1)

EFLHheat for Air Source Heat Pump

Location EFLHheat

Wilmington, DE 9352%
Baltimore, MD 866%°7
Washington, DC 822

EFLHheat Gas Furnace and Boiler; Ground Source Heat Pump

295 Cadmus Wi-Fi program evaluation for MA reported gas heat savings per thermostat of 11%
for 1, and 8% for 2. Adjustment factor is based on these findings. 8%/11% = .727 adj factor if >1
wi-fi thermostat is connected to the same heating or cooling system.
http://ma-eeac.org/wordpress/wp-content/uploads/Wi-Fi-Programmable-Controllable-
Thermostat-Pilot-Program-Evaluation_Part-of-the-Massachusetts-2011-Residential-Retrofit-Low-
Income-Program-Area-Study. pdf

2% Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (1195 from the research
referenced below) by the ratio of full load hours in Wilmington, DE (2346) or Washington, DC
(2061) to Baltimore MD (2172) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xls)
297 Based on average of 5 utilities, two program years, in Maryland from Navigant Consulting
“EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31,
2013) Residential HVYAC Program.” April 4, 2014, table 30, page 48.
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Location EFLH
Wilmington, DE 848%%8
Baltimore, MD 620%%°
Washington, DC 528390

EFLHcool for Air Source Heat Pump, split system
Location EHLHcool

Wilmington, DE 719391
Baltimore, MD 744392
Washington, DC 935

EFLHcool for Central AC, ducted split system; GSHP

Location Run Hours
Wilmington, DE 524 303
Baltimore, MD 542 304
Washington, DC 681

298 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

299 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

300 Fyll load heating hours derived by adjusting FLHhea: for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

301 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (744 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

302 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31 2013) Residential HVAC
Program.” April 4, 2014, Table 30, page 48.

303 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

304 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.
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Elec_Heating_kWh, Cooling_kWh, and Fuel_Heating_ MMBTU should be based on local
average consumption for participants targeted by the program. If unknown, use the
following table. Note that the adjustment factor of .727 should be applied to savings if
more than one smart thermostat is connected to the same fossil heating system.

Baseline Energy Consumption

HVAC Replacement? Unknown HVAC Unit Not Replaced HVAC Unit Replaced
CACw/ CACw/
Central Central
State HVAC Types Mixed Heating ASHP Heating ASHP
MD Cooling (kWh) 2,105 1,774 2,435 1,148 1,576
Heating (kWh) 2,296 NA 4,585 NA 3,282
Heating (MMBTU) 30.9 62.0 NA 52.2 NA
DE Cooling (kWh) 2,035 1,715 2,353 1,110 1,523
Heating (kWh) 2,479 NA 4,950 NA 3,543
Heating (MMBTU) 42.3 84.8 NA 71.4 NA
DC Cooling (kWh) 2,645 2,229 3,060 1,442 1,980
Heating (kWh) 2,179 NA 4,352 NA 3,115
Heating (MMBTU) 26.4 52.8 NA 44.5 NA

Demand Savings
The smart thermostat measure as defined here (i.e., without a corresponding demand
reduction program) is assumed to have no demand savings. Smart thermostats with a
demand response program added on top may generate significant demand savings, but
those are not quantified as part of this measure.

Annual Water Savings Algorithm

n/a

Incremental Cost

If the costs are not known, then the incremental cost for a time of sale
replacement is assumed to be $1543% and the incremental cost for a retrofit

305 From NEEP’s 2016 Incremental Cost Study: http://www.neep.org/incremental-cost-
emerging-technology-0, table 3-13 found range of incremental costs to be $80-195 (with
baseline as $54 and using Nest/Ecobee at $249). NEEP’s more recent list of home energy
management systems products (http://neep.org/initiatives/high-efficiency-products/home-
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replacement is assumed to be $208.3% |f thermostats are professionally installed, $50
for labor should be added to the assumed incremental cost.

Measure Life
The measure life is assumed to be 7.5 years. 3%

Operation and Maintenance Impacts
n/a

energy-management-systems) shows a straight average of 68 products at $210 for the cost of
the smart thermostat, bringing the incremental cost assuming $54 for baseline down to $154.
306 From NEEP’s 2016 Incremental Cost Study: http://www.neep.org/incremental-cost-
emerging-technology-0, table 3-13 found range of incremental costs to be $80-195 (with
baseline as $54 and using Nest/Ecobee at $249). NEEP’s more recent list of home energy
management systems products (http://neep.org/initiatives/high-efficiency-products/home-
energy-management-systems) shows a straight average of 68 products at $210 for the cost of
the smart thermostat, bringing the incremental cost assuming $54 for baseline down to $154.
307 Based on professional judgment of TRM technical team and stakeholder consensus. EULs
observed include: 11 years in AR TRM and 10 years in IL TRM, both of which are based on
programmable thermostat EULs. CA workpapers conclude 3-year EUL using persistence
modeling. RTF concludes a 5-year EUL based on CA workpapers and concerns that there is
little basis for assuming long-time persistence of savings, considering past challenges with
manual overrides and “know-how” needed to use wifi-connected devices, including
communicating hardware and software downloading. For discussion, see Northwest Regional
Technical Forum January 2017. https://rtf.nwcouncil.org/measure/connected-thermostats
RTF_ResConnectedTstats_v1.1
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Room Air Conditioner, Early Replacement
Unique Measure Code: RS_HV_EREP_RA/CES_0414

Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the early removal of an existing inefficient Room Air
Conditioner unit from service, prior to its natural end of life, and replacement with a
new ENERGY STAR qualifying unit. This measure is suitable for a Low Income or a Home
Performance program.

Savings are calculated between the existing unit and the new efficient unit
consumption during the assumed remaining life of the existing unit, and between a
hypothetical new baseline unit and the efficient unit consumption for the remainder of
the measure life.

Definition of Baseline Condition

The baseline condition is the existing inefficient room air conditioning unit for
the remaining assumed useful life of the unit, and then for the remainder of the
measure life the baseline becomes a new replacement unit meeting the minimum
federal efficiency standard (i.e. with an efficiency rating of 10.9 CEER3%).

Definition of Efficient Condition

The efficient condition is a new replacement room air conditioning unit meeting
the ENERGY STAR efficiency standard (i.e. with a CEER efficiency rating greater than or
equal to 12.03%9),

Annual Energy Savings Algorithm

Savings for remaining life of existing unit (1st 3 years)
AkWh = (Hours * BTUH * (1/EERexist - 1/CEERee))/1,000

Savings for remaining measure life (next 9 years)
AkWh = (Hours * BTUH * (1/CEERbase - 1/CEERee))/1,000

308 Minimum Federal Standard for most common Room AC type - 8000-14,999 capacity range
with louvered sides.

309 Minimum qualifying for ENERGY STAR most common Room AC type - 8000-14,999 capacity
range with louvered sides.
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Where:
Hours = Run hours of Window AC unit
=325 310
BTUh = Capacity of replaced unit
= Actual or 8,500 if unknown 311
EERexist = Efficiency of existing unit in BTUs per Watt-hour
=98 312
CEERbase = Efficiency of baseline unit in BTUs per Watt-hour
=10.9313
CEERee = Efficiency of ENERGY STAR unit in BTUs per Watt-hour

= Actual or CEER 12 if unknown
Illustrative example — do not use as default assumption
Replacing existing 8,500 BTUh Room AC unit with a new ENERGY STAR unit with CEER
rating of 12:

Savings for remaining life of existing unit (1st 3 years)
AkWh = (325 * 8,500 * (1/9.8— 1/12)) / 1,000

=52 kWh

Savings for remaining measure life (next 9 years)
AkWh = (325 * 8,500 * (1/10.9 — 1/12)) / 1,000

=23 kWh

Summer Coincident Peak kW Savings Algorithm

310 VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.

311 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

312 Minimum Federal Standard for most common room AC type (8000-14,999 capacity range with
louvered sides) per federal standards from 10/1/2000 to 5/31/2014. Note that this value is the
EER value, as CEER were introduced later.

313 Minimum Federal Standard for capacity range.
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Savings for remaining life of existing unit (1st 3 years)
AkW = ((BTUH * (1/EERexist - 1/CEERee))/1000) * CF

Savings for remaining measure life (next 9 years)
AKW = ((BTUH * (1/CEERbase - 1/CEERee))/1000) * CF

Where:

CFssp = Summer System Peak Coincidence Factor for Room A/C (hour
ending 5pm on hottest summer weekday)
=0.313%4

CFpim = PJM Summer Peak Coincidence Factor for Room A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
= 0_3315

Illustrative example — do not use as default assumption
Replacing existing 8,500 BTUh Room AC unit with a new ENERGY STAR unit with CEER
rating of 12.0.

Savings for remaining life of existing unit (1st 3 years)
AkWssp =((8,500 * (1/9.8 -1/12)) / 1,000) * 0.31

=0.0493 kW

Savings for remaining measure life (next 9 years)
AkWssp =((8,500 * (1/10.9-1/12)) / 1,000) * 0.31

=0.0222 kW

Annual Fossil Fuel Savings Algorithm
n/a

314 Calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.

315 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008
(http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf).
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Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this early replacement measure is
provided below.316

Product Type and Class (BTU/hour) Specified by | With Louvered Without
Mid A TRM Sides Louvered Sides

< 8,000 $244 $205

8,000 to 10,999 $361 $311

Without 11,000 to 13,999 $451 $398

Reverse Cycle 14,000 to 19,999 $579 $523

20,000 to 24,999 $692 $692

25,000 to 27,999 $809 $812

>=28,000 $896 $911

<14,000 NA $313

With Reverse >= 14,000 NA $592
Cycle <20,000 $333 NA
>=20,000 S764 NA

Measure Life
The measure life is assumed to be 12 years3!’. Note this characterization also
assumes there is 3 years of remaining useful life of the unit being replaced38.

Operation and Maintenance Impacts

316 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

317 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.

318 Based on Connecticut TRM; Connecticut Energy Efficiency Fund; CL&P and Ul Program
Savings Documentation for 2008 Program Year
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The net present value of the deferred replacement cost (the cost associated with
the replacement of the existing unit with a standard unit that would have occurred in 3
years, had the existing unit not been replaced) should be calculated as:

NPVdeferred replacement cost = (ACtual COSt Of EN ERGY STAR Unlt - $240319) * 86%320.

Note that this is a lifecycle cost savings (i.e. a negative cost).

319 Itron Inremental Cost Review 2017

320 With a discount rate of 5%, the net present value of replacement in year 4 would be 0.95"3
= 0.86.
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Room Air Conditioner, Early Retirement / Recycling
Unique Measure Code: RS_HV_ERET_RA/C_0414

Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the savings resulting from implementing a drop off
service taking existing working inefficient Room Air Conditioner units from service, prior
to their natural end of life. This measure assumes that a percentage of these units will
ultimately be replaced with a baseline standard efficiency unit (note that if it is actually
replaced by a new ENERGY STAR qualifying unit, the savings increment between
baseline and ENERGY STAR should be captured under the ENERGY STAR Room AC Time
of Sale measure).

Definition of Baseline Condition
The baseline condition is the existing inefficient room air conditioning unit.

Definition of Efficient Condition

Not applicable. This measure relates to the retiring of an existing inefficient unit.
A percentage of units however are assumed to be replaced with a baseline new unit and
the savings are therefore reduced to account for these replacement units.

Annual Energy Savings Algorithm

AkWh = ((Hours * BTUH * (1/EERexist))/1,000) -
(%replaced * ((Hours * BTUH * (1/EERnewbase))/ 1,000)

Where:
Hours = Run hours of Window AC unit
= 32532
BTU/hour = Capacity of replaced unit

321 VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.
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= Actual or 8,500 if unknown 322

EERexist = Efficiency of existing unit in BTUs per Watt-hour
= Actual or 9.8 if unknown 3?3

%replaced = Percentage of units dropped off that are replaced in the home
=76% 324

CEERnewbase = Efficiency of new baseline unit in BTUs per Watt-hour
=10.93%

[llustrative example — do not use as default assumption
The turn in of an 8,500 BTUh, 7.7 EER unit:

AkWh = ((325 * 8,500 * (1/9.8))/1,000) -
(0.76 * ((325 * 8,500 * (1/10.9))/1,000)

=89 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = [ (BTUH * (1/EERexist)/1,000) -
(%replaced * BTUH * (1/CEERnewbase)/1,000) ] * CF
Where:
CFssp = Summer System Peak Coincidence Factor for Room A/C (hour
ending 5pm on hottest summer weekday)

322 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

323

Minimum Federal Standard for most common room AC type (8000-14,999 capacity range with
louvered sides) per federal standards from 10/1/2000 to 5/31/2014. Note that this value is the
EER value, as CEER were introduced later.

324 Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and
Market Study of the Connecticut Appliance Retirement Program: Overall Report.” Report states
that 63% were replaced with ENERGY STAR units and 13% with non-ENERGY STAR. However this
formula assumes all are non-ENERGY STAR since the increment of savings between baseline
units and ENERGY STAR would be recorded by the Time of Sale measure when the new unit is
purchased.

325 Minimum Federal Standard for most common Room AC type - 8000-14,999 capacity range
with louvered sides. Note that we assume the replacement is only at federal standard
efficiency for the reason explained above. Current federal standards use CEER while previous
federal standards used EER for efficiency levels.
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=0.313%

CFpim = PJM Summer Peak Coincidence Factor for Room A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.3%%

Illustrative example — do not use as default assumption
The turn in of an 8500 BTUh, 9.8 EER unit:

AkWissp = ((8,500 * (1/9.8))/1,000) * 0.31 -
(0.76 * ((8,500 * (1/10.9))/1,000)) * 0.31

=0.09 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The lifecycle NPV incremental cost for this measure should be the actual
implementation cost for recycling the existing unit, plus $184 to account for the
replacement of 76% of the units.328

Measure Life
The measure life is assumed to be 3 years3?°.

326 Calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.

377 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008
(http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf).

328 The $184 replacement cost was calculated by multiplying the percentage assumed to be
replaced (76%) by the assumed cost of a standard efficiency unit of $242 (=0.76 * $242 = $184).
Cost is from Itron 2017 measure cost update available on NEEP website.

329 3 years of remaining useful life based on Connecticut TRM; Connecticut Energy Efficiency
Fund; CL&P and Ul Program Savings Documentation for 2008 Program Year
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Operation and Maintenance Impacts

The net present value of the deferred replacement cost (the cost associated with
the replacement of those units that would be replaced, with a standard unit that would
have had to have occurred in 3 years, had the existing unit not been replaced) is
calculated as $1583%0.

330 Determined by calculating the Net Present Value (with a 5% discount rate) of the annuity
payments from years 4 to 12 of a deferred replacement of a standard efficiency unit costing
multiplied by the 76%, the percentage of units being replaced (i.e. 0.76 * $170 = $129.2.
Baseline cost from ENERGY STAR calculator;

http://www.energystar.gov/ia/business/bulk _purchasing/bpsavings_calc/CalculatorConsumerR
0omAC.xls)
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Boiler Pipe Insulation

Unique Measure Code: RS_HV_RF_PIPEIN_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure describes adding insulation to un-insulated boiler pipes in un-
conditioned basements or crawlspaces.

Note, the algorithm provided to calculate savings may be used to determine an
appropriate deemed savings value if the programs can provide appropriate average
values for each of the variables.

This is a retrofit measure.

Definition of Baseline Condition
The baseline condition is an un-insulated boiler pipe.

Definition of Efficient Condition
The efficient condition is installing pipe wrap insulation to a length of boiler pipe.

Annual Energy Savings Algorithm
N/A

Summer Coincident Peak kW Savings Algorithm
N/A

Annual Fossil Fuel Savings Algorithm

AMMBTU = (((1/Rexist) = (1/Rnew )) * FLH_heat * C exist * L * AT) / nBoiler
/1,000,000
Where:
Rexist = Pipe heat loss coefficient of uninsulated pipe [(hr-°F-ft?)/BTU]
= 0.5%1
Rnew = Pipe heat loss coefficient of insulated pipe [(hr-°F-ft?)/BTU]

= Actual (0.5 + R value of insulation)

31 Assumption based on data obtained from the 3E Plus heat loss calculation software provided
by the NAIMA (North American Insulation Manufacturer Association) and derived from Table 15
and Table 16 of 2009 ASHRAE Fundamentals Handbook, Chapter 23 Insulation for Mechanical
Systems, page 23.17.
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EFLH heat = Equivalent Full load hours of heating

Location EFLH |
Wilmington, DE 848 3%?
Baltimore, MD 620 333
Washington, DC 528 334
L = Length of boiler pipe in unconditioned space covered by pipe
wrap (ft)
= Actual
Cexist = Circumference of bare pipe (ft) (Diameter (in) * r/12)

= Actual (0.5” pipe = 0.131ft, 0.75” pipe = 0.196ft)

AT = Average temperature difference between circulated heated
water and unconditioned space air temperature (°F) 335
Pipes location Outdoor Reset Controls AT (°F)
Unconditioned Boiler without reset control 110
basement Boiler with reset control 70
Crawlspace Boiler without reset control 120
Boiler with reset control 80
nBoiler = Efficiency of boiler
=0.84 336

332 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

333 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

34 Full load heating hours derived by adjusting FLHheat for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

335 Assumes 160°F water temp for a boiler without reset control, 120°F for a boiler with reset
control, and 50°F air temperature for pipes in unconditioned basements 40°F for pipes in
crawlspaces (Zone 4; NCDC 1881-2010 Normals, average of monthly averages Nov - Apr for
zones 1-3 and Nov-March for zones 4 and 5).

336 Assumed efficiency of existing boilers.
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Illustrative example — do not use as default assumption
Insulating 15 feet of 0.75” pipe with R-3 wrap (0.75” thickness) in a crawl space in
Wilmington, DE with a boiler without reset controls:

/1,000,000

= (((1/0.5) — (1/3.5)) * 848 * 0.196 * 15 * 120) / 0.85 / 1,000,000

=0.63 MMBTU
Annual Water Savings Algorithm
N/A

Incremental Cost

The lifecycle NPV incremental cost for this retrofit measure should be the actual
unit cost plus labor cost. If unknown, the measure cost including material and
installation is assumed to be $3 per linear foot.33”

Deemed Lifetime of Efficient Equipment
The assumed lifetime of the measure is 15 years33%,

Operation and Maintenance Impacts
N/A

337 Consistent with DEER 2008 Database Technology and Measure Cost Data
(www.deeresources.com).

338 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Boiler Reset Controls

Unique Measure Code: RS_HV_RF_BLRRES_0415
Effective Date:
End Date: TBD

Measure Description

This measure relates to improving system efficiency by adding controls to
residential heating boilers to vary the boiler entering water temperature relative to
heating load as a function of the outdoor air temperature to save energy. The water can
be run a little cooler during fall and spring, and a little hotter during the coldest parts of
the winter. A boiler reset control has two temperature sensors - one outside the house
and one in the boiler water. As the outdoor temperature goes up and down, the control
adjusts the water temperature setting to the lowest setting that is meeting the house
heating demand. There are also limits in the controls to keep a boiler from operating
outside of its safe performance range.

Definition of Baseline Condition
Existing condensing boiler in a single family residential setting without boiler
reset controls.

Definition of Efficient Condition

Natural gas single family residential customer adding boiler reset controls
capable of resetting the boiler supply water temperature in an inverse fashion with
outdoor air temperature. The system must be set so that the minimum temperature is
not more than 10 degrees above manufacturer’s recommended minimum return
temperature. This boiler reset measure is limited to existing condensing boilers serving a
single family residence. Boiler reset controls for non-condensing boilers in single family
residences should be implemented as a custom measure, and the cost-effectiveness
should be confirmed.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
AMMBTU = (Savings %) * (EFLHheat * BTUh)/ 1,000,000
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Where:
Savings % = Estimated percent reduction in heating load due to boiler reset
controls being installed
= 5%339
EFLHheat = Equivalent Full Load Heating Hours
Location EFLH \
Wilmington, DE 848340
Baltimore, MD 62034
Washington, DC 528342
BTUH = Input Capacity of Boiler
= Actual

Illustrative example — do not use as default
A boiler reset control is applied to a 80,000 BTUH boiler in Baltimore, MD.

AMMBTU =0.05 * (620 * 80,000)/1,000,000
=2.48 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The cost of this measure is $612343

339 Energy savings factor for residential applications taken from an article published by the
Energy Solutions Center, a consortium of natural gas utilities, equipment manufacturers and
vendors. See: http://cleanboiler.org/learn-about/boiler-efficiency-improvement/efficiency-
index/boiler-reset-control/

340 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

341 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

32 Full load heating hours derived by adjusting FLHheat for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

343 Nexant. Questar DSM Market Characterization Report. August 9, 2006.
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Measure Life
The life of this measure is 15 years34*

Operation and Maintenance Impacts
n/a

344 New York State TRM v4.0, April 2016
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Ground Source Heat Pumps

Unique Measure Code: RS_HV_TOS_GSHPS_0518, RS_HV_NC_GSHPS_0518
Effective Date: May 2018
End Date: TBD
Measure Description

This measure characterizes the installation of an ENERGY STAR qualified Ground
Source Heat Pump (GSHP) either during new construction or at Time of
Sale/Replacement of an existing system(s). The baseline is always assumed to be a new
baseline Air Source Heat Pump. Savings are calculated due to the GSHP providing
heating and cooling more efficiently than a baseline ASHP, and where a desuperheater
is installed, additional Domestic Hot Water (DHW) savings occur due to displacing
existing water heating.

The ENERGY STAR efficiency standards are presented below.
ENERGY STAR Requirements (Effective January 1, 2012)

Product Type Cooling EER \ Heating COP
Water-to-air
Closed Loop 17.1 3.6
Open Loop 21.1 4.1

Water-to-Water
Closed Loop 16.1 3.1
Open Loop 20.1 3.5
Direct Geoexchange3* 16 3.6

Evaluators should be aware that there will be an interaction between this
measure and others, e.g. duct sealing, air sealing and insulation measures.
Comprehensive building efficiency improvements will reduce load and may lead to
downsizing of space conditioning equipment. To properly account for these interactive
effects, energy modeling should be performed and those results should be used for
savings attribution in place of savings algorithms shown here. Effects of HVAC
downsizing can be attributed to either weatherization or HVAC, but not both. Definition
of Baseline Condition
New Construction:

34 Direct GeoExchange (DGX) is defined by Energy Star as: “A geothermal heat pump model in
which the refrigerant is circulated in pipes buried in the ground or submerged in water that
exchanges heat with the ground, rather than using a secondary heat transfer fluid, such as
water or antifreeze solution in a separate closed loop.” See
https://www.energystar.gov/products/heating_cooling/heat_pumps_geothermal/key_product
criteria.
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The baseline equipment is assumed to be an Air Source Heat Pump meeting the
Federal Standard efficiency level; 14 SEER, 8.2 HSPF and 11.83¢ EER. If a desuperheater
is installed, the baseline for DHW savings is assumed to be a Federal Standard electric
hot water heater, with Energy Factor calculated as follows34’:

For <=55 gallons: EF =0.96 — (0.0003 x rated volume in gallons)

For >55 gallons: EF =2.057 —(0.00113 x rated volume in gallons)

If size is unknown, assume 50 gallons; 0.945 EF.
Time of Sale:

The baseline equipment is assumed to be an Air Source Heat Pump meeting the
Federal Standard efficiency level; 14 SEER, 8.2 HSPF and 11.8 EER. If a desuperheater is
installed, the baseline for DHW savings is assumed to be the existing home’s hot water
heater fuel and efficiency.

If electric DHW, and unknown efficiency — assume efficiency is equal to pre 4/2015
Federal Standard:
EF =0.93 —(0.00132 x rated volume in gallons)34¢
If size is unknown, assume 50 gallons; 0.864 EF

If gas water heater, and unknown efficiency — assume efficiency is equal to pre 4/2015
Federal Standard:
EF = (0.67 — 0.0019 x rated volume in gallons)3%°.
If size is unknown, assume 40 gallons; 0.594 EF

If DHW fuel is unknown, assume electric DHW provided above.
Definition of Efficient Condition

346 The Federal Standard does not include an EER requirement, so it is approximated with this
formula: (-0.02 * SEER?) + (1.12 * SEER) Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of
Colorado at Boulder.

347 Minimum Federal Standard as of 4/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf

348 Federal Standard from 2004 until 2015, Federal Register Vol. 66, No. 11/1/17/2001, page
4497,
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_f
r.pdf

349 Federal Standard from 2004 until 2015, Federal Register Vol. 66, No. 11/1/17/2001, page
4497
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_f

r.pdf
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In order for this characterization to apply, the efficient equipment must be a
Ground Source Heat Pump unit meeting the minimum ENERGY STAR efficiency level
standards effective at the time of installation as detailed above.

Annual Energy Savings Algorithm
AkWh = [Cooling savings] + [Heating savings] + [DHW savings]
= [(FLHcool x BTUc x (1/SEERbase— (1/EERp)/1000] +
[FLHheat x BTUh x (1/HSPFpase — (1/(COPp x 3.412)))/1000] + [ElecDHW x
%DHWNDisplaced x (((1/EFeLec) x GPD x Household x 365.25 x yWater x
(Tour = Tiv) x 1.0) / 3412)]

Where:
FLHcool = Full load cooling hours
Dependent on location as below:
Wilmington, DE 524 350
Baltimore, MD 542 351
Washington, DC 681
BTUc = Cooling capacity in BTUs per hour (tons x 12,000BTU/hr)
BTUx = Heating capacity in BTUs per hour (tons x 12,000BTU/hr)
SEERbase = SEER Efficiency of new replacement baseline unit
= 14352
EERk = Full Load EER Efficiency of efficient GSHP unit3>3
= Actual installed
FLHheat = Full load heating hours
Location EFLH |

350 Fyll Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

31 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

352 Minimum Federal Standard as of 1/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf

353 As per Navigant-Cadmus 2017-2018 Deemed Savings Exception memo.
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Wilmington, DE 84834
Baltimore, MD 6203>
Washington, DC 5283%6
HSPFpase =Heating System Performance Factor of new replacement baseline
heating system (kBTU/kWh)
=8.2 357
COPg, = Full Load Coefficient of Performance of efficient unit3>®
= Actual Installed
3.412 = Constant to convert the COP of the unit to the Heating Season
Performance Factor (HSPF).
ElecDHW = 1 if existing DHW is electrically heated
= 0 if existing DHW is not electrically heated
%DHWDisplaced = Percentage of total DHW load that the GSHP will provide

= Actual if known
= If unknown and if desuperheater installed assume 44%3°
= 0% if no desuperheater installed
EFeiec = Energy Factor (efficiency) of electric water heater
For new construction assume federal standard?¢°:
For <=55 gallons: 0.96 — (0.0003 x rated volume in gallons)

354 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf

3% Based on assumption from BG&E billing analysis of furnace program in the ‘90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

356 Full load heating hours derived by adjusting FLHheat for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

357 Minimum Federal Standard as of 1/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf

358 As per Navigant-Cadmus 2017-2018 Deemed Savings Exception memo

39 Assumes that the desuperheater can provide two thirds of hot water needs for eight months
of the year (2/3 * 2/3 = 44%). Based on input from Doug Dougherty, Geothermal Exchange
Organization.

360 Minimum Federal Standard as of 4/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf
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For >55 gallons: 2.057 —(0.00113 x rated volume in
gallons)
If size is unknown, assume 50 gallon; 0.945 EF.

For Time of Sale, if electric DHW use Actual efficiency. If unknown
— assume efficiency is equal to pre 4/2015 Federal Standard:

EF =0.93 - (0.00132 x rated volume in gallons)®?
If size is unknown, assume 50 gallon; 0.864 EF

GPD = Gallons Per Day of hot water use per person
=45.5 gallons hot water per day per household/2.59 people per
household?%?
=17.6
Household = Average number of people per household
=2.53363
365.25 = Days per year
yWater = Specific weight of water
= 8.33 pounds per gallon
Tour = Tank temperature
=125°F
Tin = Incoming water temperature from well or municipal system
=60.9 3%
1.0 = Heat Capacity of water (1 BTU/Ibx°F)
3412 = Conversion from BTU to kWh

Illustrative Example — do not use as default assumption

361 Federal Standard from 2004 until 2015, Federal Register Vol. 66, No. 11/1/17/2001, page
4497,
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_f
r.pdf

362 Based upon email message from Maureen Hodgins, Research Manager for Water Research
Foundation, on August 26, 2014.

363 US Energy Information Administration, Residential Energy Consumption Survey 2009;
http://www.eia.gov/consumption/residential/data/2009/xls/HC9.10%20Household%20Demogra
phics%20in%20South%20Region.xls

364 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.
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New Construction:

For example, a 3-ton unit with Part Load EER rating of 19 and Part Load COP of 4.4 with
desuperheater is installed with a 50-gallon electric water heater in single family house in
Baltimore:

AkWh = [(FLHcool x BTUc x (1/SEERbase — (1/EERpL)/1000] + [(FLHheat x BTUh x
(1/HSPFbase — (1/COPp. x 3.412)))/1000] + [ElecDHW x %DHWNDisplaced x
(((1/ EFELec EXIST) x GPD x Household x 365.25 x yWater x (TOUT - T|N) X 1.0) /
3412)]

AKWh = [(542 x 36,000 x (1/14 — 1/19)) / 1000] + [(620 x 36,000 x (1/8.2 — 1/
(4.4x3.412))) / 1000] + [1 x 0.44 x (((1/0.945) x 17.6 x 2.53 x 365.25 x 8.33
x (125-60.9) x 1)/3412)]

=367+ 1235+ 1185

= 2787 kWh
Summer Coincident Peak kW Savings Algorithm
AkW = (BTUc x (1/EERbase - 1/EERf))/1000) x CF
Where:

EERbase = EER Efficiency of new replacement unit
=11.8%°

EERF = Full Load EER Efficiency of ENERGY STAR GSHP unit 3%°
= Actual

CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69 3¢/

CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.66 3%

365 The Federal Standard does not include an EER requirement, so it is approximated with the
conversion formula from Wassmer, M. 2003 thesis referenced below.

366 As per conversations with David Buss territory manager for Connor Co, the EER rating of an
ASHP equate most appropriately with the full load EER of a GSHP.

367 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

368 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.
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Illustrative Example— do not use as default assumption

New Construction or Time of Sale:
For example, a 3-ton unit with Full Load EER rating of 19:

AkWssp = (36,000 x (1/11.8 — 1/19))/1000) x 0.69
= 0.80 kW

AKWpj = ((36,000 x (1/11 — 1/19))/1000) x 0.66
= 0.76 kW

Annual Fossil Fuel Savings Algorithm
Savings for Time of Sale where existing hot water heater is gas fired:

AMMBTU = [DHW Savings]
=[(1 — ElecDHW) x %DHWDisplaced x (1/ EFgas sase X GPD x
Household x 365.25 x yWater x (Tour — Tin) X 1.0) / 1,000,000)
Where:
EFGas exist = Energy Factor (efficiency) of existing gas water heater
= Actual. If unknown assume efficiency is equal to pre 4/2015
Federal Standard:
=(0.67 — 0.0019 x rated volume in gallons)3®°.
If size is unknown, assume 40 gallons; 0.594 EF

All other variables provided above
Illustrative Example — do not use as default assumption

Time of Sale:

For example, a GSHP with desuperheater is installed with a 40-gallon gas water heater in

single family house in Baltimore

AMMBTU =[(1 — ElecDHW) x %DHWDisplaced x (1/ EFgas sase X GPD x

Household x 365.25 x yWater x (Tour — Tin) x 1.0) / 1,000,000)]
= [(1-0) x 0.44 x (((1/0.594) x 17.6 x 2.53 x 365.25 x 8.33 x (125 -
60.9) x 1)/1,000,000)]
= 6.4 MMBTU

369 Federal Standard from 2004 until 2015, Federal Register Vol. 66, No. 11/1/17/2001, page
4497
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_f

r.pdf
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Annual Water Savings Algorithm
n/a

Incremental Cost

New Construction and Time of Sale: The lifecycle NPV incremental cost should be
the actual installed cost of the Ground Source Heat Pump, including the ground loop
and desuperheater, if installed, (default of $3,957 per ton37?), minus the assumed
installed cost of the baseline equipment ($838 per ton for ASHP3"?),
Measure Life

The expected measure life is assumed to be 20 years3’2.
Operation and Maintenance Impacts

N/A

High Efficiency Bathroom Exhaust Fan

Unique Measure Code(s): RS_HV_TOS_BTHFAN_0415
Effective Date: June 2015
End Date: TBD

Measure Description

This market opportunity is defined by the need for continuous mechanical
ventilation due to reduced air-infiltration from a tighter building shell. In retrofit
projects, existing fans may be too loud, or insufficient in other ways, to be operated as
required for proper ventilation. This measure assumes a fan capacity of 20 CFM rated at
a sound level of less than 2.0 sones at 0.1 inches of water column static pressure. This
measure may be applied to larger capacity, up to 130 CFM, efficient fans with bi-level
controls because the savings and incremental costs are very similar. All eligible

370 Based on data provided to VEIC in ‘Results of Home geothermal and air source heat pump
rebate incentives documented by Illinois electric cooperatives’.

371 Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Measure and baseline
costs were calculated using hedonic models and data from Itron, 2010 - 2012 WO017 Ex Ante
Measure Cost Study, conducted for the California Public Utility Commission in 2014. Results
are adjusted for inflation and to reflect differences in Maryland labor rates. Calculations, data
and sources are available at http://www.neep.org/file/5549/download?token=S3weM_MA.

372 The ground loop has a much longer life, but the compressor and other mechanical
components are the same as an ASHP. Measure Life Report, Residential and
Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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installations shall be sized to provide the mechanical ventilation rate indicated by
ASHRAE 62.2.

Definition of Baseline Condition

New standard efficiency (average CFM/Watt of 3.1373) exhaust-only ventilation
fan, quiet (< 2.0 sones) operating in accordance with recommended ventilation rate
indicated by ASHRAE 62.2374,

Definition of Efficient Condition

New efficient (average CFM/watt of 8.337%) exhaust-only ventilation fan, quiet (<
2.0 sones) Continuous operation in accordance with recommended ventilation rate (20
CFM) indicated by ASHRAE 62.237¢

Annual Energy Savings Algorithm

AkWh = (CFM * (1/nBaseline - 1/nEfficient)/1000) * Hours

Where:

CFM = Nominal Capacity of the exhaust fan
=20 CFM377

nBaseline = Average efficacy for baseline fan
= 3.1 CFM/Watt3’8

nEffcient = Average efficacy for efficient fan
= 8.3 CFM/Watt3"?

Hours = assumed annual run hours,

= 8760 for continuous ventilation.

373 VEIC analysis looking at average baseline fan (i.e. non-Brushless Permanent Magnet)
efficacies at static pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50
CFM.

374 On/off cycling controls may be required of baseline fans larger than 50CFM.

375 VEIC analysis looking at average efficient fan (i.e. Brushless Permanent Magnet) efficacies at
static pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50 CFM.

376 Bi-level controls may be used by efficient fans larger than 50 CFM

37720 CFM is used with continuous bathroom ventilation in ASHRAE 62.2. Note that 50CFM is the
closest available fan size to ASHRAE 62.2 Section 4.1 Whole House Ventilation rates based upon
typical square footage and bedrooms.

378 VEIC analysis looking at average baseline fan (i.e. non-Brushless Permanent Magnet)
efficacies at static pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50
CFM.

379 VEIC analysis looking at average efficient fan (i.e. Brushless Permanent Magnet) efficacies at
static pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50 CFM.
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AkWh = (20 * (1/3.1— 1/8.3)/1000) * 8760
=35.4 kWh

Summer Coincident Peak kW Savings Algorithm
AkW = (CFM * (1/nBaseline - 1/nEfficient)/1000) * CF
Where:
CF = Summer Peak Coincidence Factor
= 1.0 (continuous operation)
Other variables as defined above
AkW =(20 * (1/3.1-1/8.3)/1000) * 1.0

=0.0040 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
For this time of sale measure, the incremental cost per installed fan is $43.5030,

Measure Life
The expected measure life is assumed to be 19 years38L.

Operation and Maintenance Impacts
N/A

380 VEIC analysis using cost data collected from wholesale vendor;

http: //www.westsidewholesale.com/.

381 Conservative estimate based upon GDS Associates Measure Life Report “Residential and C&l
Lighting and HVAC measures” 25 years for whole-house fans, and 19 for thermostatically-
controlled attic fans.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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ENERGY STAR Ceiling Fan

Unique Measure Code: RS_HV_TOS_ESCFN_0415, RS_HV_NC_ESCFN_0415
Effective Date: June 2015
End Date: TBD

Measure Description

A ceiling fan/light unit meeting the ENERGY STAR efficiency specifications is
installed in place of a model meeting the federal standard. ENERGY STAR qualified
ceiling fan/light combination units are over 60% more efficient than conventional
fan/light units, and use improved motors and blade designs3®2.

Due to the savings from this measure being derived from more efficient
ventilation and more efficient lighting, and the loadshape and measure life for each
component being very different, the savings are split in to the component parts and
should be claimed together. Lighting savings should be estimated utilizing the ENERGY
STAR Integrated Screw Based SSL screw-in measure.

Definition of Baseline Equipment
The baseline equipment is assumed to be a standard fan with EISA qualified
incandescent or halogen light bulbs.

Definition of Efficient Equipment
The efficient equipment is defined as an ENERGY STAR certified ceiling fan with
integral LED bulbs.

Annual Energy Savings Algorithm
AkWh = Akthan + AkWhLight

AkWhan = [Days * FanHours * ((%LoWbase * WattsLoWpase) + (%Medpase *
WattsMedbase) + (%Highpase ¥ WattsHighpase))/1000 ] - [Days *
FanHours * ((%Lowes * WattsLowes) + (%Medes * WattsMedes) +
(%Highes * WattsHighes))/1000]

389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
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AkW hiight = ((WattsBase - WattsEE)/1000) * ISR * HOURS * (WHFepeat +
(WHFeCool - 1))

See ENERGY STAR Integrated Screw Based SSL screw-in measure (assume ISR = 1.0)

Where3®3:
Days = Days used per year
= Actual. If unknown use 365.25 days/year
FanHours = Daily Fan “On Hours”
= Actual. If unknown use 3 hours
%LoWpgse = Percent of time spent at Low speed of baseline

=40%

WattsLowpsse = Fan wattage at Low speed of baseline
= Actual. If unknown use 15 watts

%Medpase = Percent of time spent at Medium speed of baseline
=40%

WattsMedpase = Fan wattage at Medium speed of baseline
= Actual. If unknown use 34 watts

%Highpase = Percent of time spent at High speed of baseline
=20%

WattsHigheese = Fan wattage at High speed of baseline
= Actual. If unknown use 67 watts

%LowES = Percent of time spent at Low speed of ENERGY STAR
=40%

WattsLowes = Fan wattage at Low speed of ENERGY STAR
= Actual. If unknown use 6 watts

%MedEs = Percent of time spent at Medium speed of ENERGY STAR
=40%

389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
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WattsMedes = Fan wattage at Medium speed of ENERGY STAR
= Actual. If unknown use 23 watts

%Highes = Percent of time spent at High speed of ENERGY STAR
=20%

WattsHighes = Fan wattage at High speed of ENERGY STAR
= Actual. If unknown use 56 watts

For ease of reference, the fan assumptions are provided below in table form:

Percent of Time at Given Speed 40% 40% 20%
Conventional Unit Wattage 15 34 67
ENERGY STAR Unit Wattage 6 23 56

AW 9 11 11

If the lighting WattsBase and WattsEE is unknown, assume the following
WattsBase =3x43=129 W

WattsEE =1x42=42W

Deemed savings if using defaults provided above:

AkWhfan =[365.25 * 3 * ((0.4 * 15) + (0.4 * 34)+(0.2 * 67))/1000] —
[365.25 * 3 *((0.4 * 6)+(0.4 * 23)+(0.2 * 56))/1000]
=36.2-25.0
=11.2 kWh

AKW hiight =((129 — 42)/1000) * 1.0 * 898 * (0.899 + (1.09-1))
= 77.3 kWh

AkWh =11.2+77.3
= 88.5 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWFan + Aleight

AKWean = ((WattsHighpase - WattsHighes)/1000) * CFfan
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DKW ight = ((WattsBase - WattsEE) /1000) * ISR * WHFd * CFlight
See General Purpose CFL Screw Based, Residential measure (assume ISR = 1.0)
Where:

CFfanssp = Summer System Peak Coincidence Factor (hour ending 5pm on
hottest summer weekday)
=0.313%%

CFfanpm = PJM Summer Peak Coincidence Factor (June to August weekdays
between 2 pm and 6 pm) valued at peak weather
=0.33%

CFlight = Summer Peak coincidence factor for lighting savings

Installation Location Coincidence Factor
CF
Residential interior and Utility Peak CF 0.082386
in-unit Multi Family PJM CF 0.084387

Deemed savings if using defaults provided above:
Akaan ssp = ((67'56)/1000) * 0.31
=0.0034 kW

AkWiight ssp =((129 - 42)/1000) * 1.0 * 1.17 * 0.082
=0.0083 kW

AkWssp = 0.0034 + 0.0083
=0.012 kW

AkWtan pim = ((67-56)/1000) * 0.3

389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
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=0.0033 kW

AkWight pim  =((129 — 42)/1000) * 1.0 * 1.18 * 0.084
= 0.0086 kW

DKW pjm = 0.0033 +0.0086
= 0.012 kW

Annual Fossil Fuel Savings Algorithm
Heating penalty from improved lighting:

AMMBTUPenalty = - ((((WattsBase - WattsEE) / 1000) * ISR * Hours * HF *
0.003412) / nHeat) * %FossilHeat

See General Purpose CFL Screw Based, Residential measure (assume ISR = 1.0)

Deemed savings if using defaults provided above:

AMMBTUPenalty  =-((((129 — 42) / 1000) * 1.0 * 898 * 0.47 * 0.003412) /
0.84) * 0.625
=-0.09

Annual Water Savings Algorithm
n/a

Incremental Cost

For this time of sale measure, the Incremental cost per unit is assumed to be
$46.388

Measure Life
The measure life is assumed to be 15 years.

Operation and Maintenance Impacts
See the ENERGY STAR Integrated Screw Based SSL LED Measure.

389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
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Domestic Hot Water (DHW) End Use

Low Flow Shower Head

Unique Measure Code(s): RS_WT_DI_SHWRHD_ 0518, RS_WT_TOS_SHWRHD_ 0518
Effective Date: May 2018

End Date: TBD

Measure Description
This measure relates to the installation of a low flow (<2.0 GPM) showerhead in
a home. This is a retrofit direct install measure or a new installation.

Definition of Baseline Condition

The baseline is a standard showerhead using 2.5 GPM. For direct install
programs, utilities may choose to measure the actual flow rate of the existing
showerhead and use that in the algorithm below

Definition of Efficient Condition

The efficient condition is an energy efficient shower head with a lower GPM flow
than required by code. If baseline flow is not measured in the program, then the rated
flow can be used for the efficient condition. However, if actual measured flow rates of
the baseline fixtures are used in a direct install program, then the actual measured flow
rate of the installed efficient aerators should be used as well.

Annual Energy Savings Algorithm
If electric domestic water heater:
AkWH3& = ((GPMbase - GPMlow) x Timeshower X # people x

Showersperson x days/year / ShowerHeads/home) x 8.3 x
(TEMPsh - TEMPin) / DHW Recovery Efficiency / 3,412

Where:
GPMbase = Gallons Per Minute of baseline showerhead
=2.53% or actual flow rate if recorded
GPMlow = Gallons Per Minute of low flow showerhead

389 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.

3% The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads
at 2.5 gallons per minute (gpm).
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= Rated flow rate of unit installed or actual flow rate if
baseline flow rate used.

# people = Number of people per household, if unknown, use 2.53
391
Timeshower = 7.8 minutes®%?
Showersperson =Average showers per person per day
=0. 6393
days/year = Days shower used per year
=365
ShowerHeads/home = Average number of showers in the home
=1.33%
8.3 = Constant to convert gallons to Ibs
TEMPsh = Assumed temperature of water used for shower
=105
TEMPin = Assumed temperature of water entering house
=60.9 3%
DHW Recovery Efficiency = Recovery efficiency of electric water heater
=0.98 3%

3412 = Constant BTU per kWh

391 US Energy Information Administration, Residential Energy Consumption Survey;
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc9.7.php

392 Table 6. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013. The study compared shower
length by single-family and multifamily populations, finding no statistical difference in showering
times. For the energy-saving analysis, the study used the combined single-family and multifamily
average shower length of 7.8 minutes. Per Pennsylvania TRM-2016

393 Table 8. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013. For each shower fixture
metered, the evaluation team knew the total number of showers taken, duration of time
meters remained in each home, and total occupants reported to live in the home. From these
values average showers taken per day, per person was calculated. The study compared showers
per day, per person by single-family and multifamily populations, finding no statistical
difference in the values. For the energy-saving analysis, the study used the combined single-
family and multifamily average showers per day, per person of 0.6. Per Pennsylvania TRM-2016
394 Table 9; Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013

395 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.

39 Electric water heater have recovery efficiency of 98%:
http://www.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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Illustrative example — do not use as default assumption
For a 2.0GPM rated showerhead:

AKWH = ((2.5-2.0) x 7.8 x 2.53 x 365 / 1.3) x 8.3 x (101 - 60.9) / .98 / 3412
=276 kWh

Note, utilities may consider whether it is appropriate to claim kWh savings from the
reduction in water consumption arising from this measure. The kWh savings would be in
relation to the pumping and wastewater treatment. See water savings for
characterization.

Summer Coincident Peak kW Savings Algorithm
AkW = AkWh/hours * CF

Where:
Hours = Average number of hours per year spent using shower head

=Timeshower X # people x Showersperson/ 60 x days /year
=7.8x2.53x0.6/60x 365
=72 hours

CF = Summer Peak Coincidence Factor for measure
=0.00371 3%

Illustrative example — do not use as default assumption
For a 2.0GPM rated showerhead:

AkW =276/72 *0.00371
=0.014 kW
Annual Fossil Fuel Savings Algorithm

If fossil fuel domestic water heater:

397 Calculated as follows: Assume 9% showers take place during peak hours (based on:
http://www.aquacraft.com/Download_Reports/DISAGGREGATED-HOT_WATER_USE. pdf)
9% * 7.42 minutes per day (11.6 *2.56 / 1.6 / 2.5 = 7.42) = 0.668 minutes

= 0.668 / 180 (minutes in peak period) = 0.00371
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AMMBTU =

((GPMbase - GPMlow) x Timeshower X # people x Showersperson %
days/year / ShowerHeads/home) x 8.3 x (TEMPsh -
TEMPin) / Gas DHW Recovery Efficiency / 10°

Where:
Gas DHW Recovery Efficiency = Recovery efficiency of gas water heater
=0.80 3%
All other variables As above

Illustrative example — do not use as default assumption
For a 2.0GPM rated showerhead:

AMMBTU  =((2.5-2.0)x7.8x2.53x365/1.3) x 8.3 x (101 - 60.9) /
.80/ 106

=1.23 MMBTU
Annual Water Savings Algorithm
Water Savings = ((GPMbase - GPMlow) x Timeshower X # people x

Showersperson x days/year / ShowerHeads/home) / 748

Where:
748 = Constant to convert from gallons to CCF
All other variables  as above

Illustrative example — do not use as default assumption
For a 2.0GPM rated showerhead:

Water Savings = ((2.5—-2.0) x 7.8 x 2.53 x 365 / 1.3) / 748

=3.7 CCF

398Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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kWh Savings from Water Reduction

The kWh savings from the waste reduction characterized above is now estimated.
Please note that utilities’ must be careful not to double count the monetary benefit of
these savings within cost effectiveness testing if the avoided costs of water already
include the associated electric benefit.

AkWhwater =2.07 kWh/CCF * AWater (CCF)

Illustrative example — do not use as default assumption
For a 2.0GPM rated showerhead:

Akthater = 2.07 * 3.7
=7.7 kWh

Incremental Cost

As a retrofit measure, the lifecycle NPV incremental cost will be the actual cost
of installing the new showerhead. As a time of sale measure, the lifecycle NPV
incremental cost is assumed to be $2.3%°

Measure Life
The measure life is assumed to be 10 years.*%

Operation and Maintenance Impacts

When a retrofit measure, there would be a very small 0&M benefit associated
with the deferral of the next replacement, but this has conservatively not been
characterized.

Faucet Aerators

Unique Measure Code(s): RS_WT_DI_FAUCET_0518 and RS_WT_TOS_FAUCET_0518
Effective Date: May 2018

End Date: TBD

399 Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.

400 Consistent with assumptions provided on page C-6 of Measure Life Report, Residential and
Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 175 of 529

Measure Description
This measure relates to the installation of a low flow (<1.5 GPM) faucet aerator
in a home. This could be a retrofit direct install measure or a new installation.

Definition of Baseline Condition

The baseline is a standard faucet aerator using 2.2 GPM. For direct install
programs, utilities may choose to measure the actual flow rate of the existing aerator
and use that in the algorithm below

Definition of Efficient Condition

The efficient condition is an energy efficient faucet aerator using rated GPM of
the installed aerator. If actual flow rates of the baseline fixtures are used in a direct
install program, then the actual flow rate of the installed aerators should be used as
well.

Annual Energy Savings Algorithm
If electric domestic water heater:

AkWH?01 =

(((GPMpase X Throttlepase) — (GPMiow X Throttlejow)) X Timeraucet X #people x
days/year x DR) x 8.3 x (Temps - Tempin ) / DHW Recovery
Efficiency / 3412

Where:

GPMbase = Gallons Per Minute of baseline faucet
=2.24%2 or actual flow rate if recorded

GPMlow = Gallons Per Minute of low flow faucet
= Rated flow rate of unit installed or actual flow rate if baseline
flow rate used.

# people = Average number of people per household
=2.53403

401 Note, the algorithm and variables are provided as documentation for the deemed savings
result provided which should be claimed for all faucet aerator installations.

402 |n 1998, the Department of Energy adopted a maximum flow rate standard of 2.2 gpm at 60
psi for all faucets: 63 Federal Register 13307; March 18, 1998.

403 US Energy Information Administration, Residential Energy Consumption Survey;
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc9.7.php
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Timefaucet = 3 minutes*%
gals/day/person = Average gallons per day used by faucet per person

= Timefaucet* GPMpase
= if unknown, use 6.6
days/y = Days faucet used per year
=365
DR = Percentage of water flowing down drain (if water is collected in
a sink, a faucet aerator will not result in any saved water)
= 50% for kitchens, 70% for bathrooms
Throttlepsse =83%

Throttlejow = 95%4%%°
8.3 = Constant to convert gallons to Ibs

TEMPft= Assumed temperature of water used by faucet
= 93 kitchen, 86 bathroomsError! Bookmark not defined.

TEMPin = Assumed temperature of water entering house
= 60.9 406
DHW Recovery Efficiency = Recovery efficiency of electric water heater
=0.98 47
0.003412 = Constant to converts MMBTU to kWh

Illustrative example — do not use as default assumption
For a 1.5 GPM rated aerator in a kitchen:
AKWH = (((2.2 x .83) — (1.5 x.950)) x3x2.53 x 365 x.5) x 8.3 x (93 —60.9)
/0.98 /3412

=44 kWh

404 Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator Meter Study.
For Michigan Evaluation Working Group. June 2013. If aerator location is known, use the
corresponding kitchen/bathroom value. If unknown, use 3 min/person/day as the average length
of use value, which is the total for the household: kitchen (4.5 min/person/day) + bathroom (1.6
min/person/day) = 6.1 min/person/day/2. Via Pennsylvania TRM

405 Schultdt, Marc, and Debra Tachibana, "Energy Related Water Fixture Measurements:
Securing the Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy
Efficiency in Buildings,” 2008, page 1-265.

406 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.

407 See http://www.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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Note, utilities may consider whether it is appropriate to claim kWh savings from the
reduction in water consumption arising from this measure. The kWh savings would be in
relation to the pumping and wastewater treatment. See water savings for
characterization.

Summer Coincident Peak kW Savings Algorithm
AkW = AkWh/hours * CF

Where:
Hours = Average number of hours per year spent using faucet
= #people x Timefaucet /60 * 365
=2.53x3/60 * 365
= 46 hours
CF = Summer Peak Coincidence Factor for measure
=0.00262 408

Illustrative example — do not use as default assumption
For a 1.5 GPM rated aerator:
AkW =44 /46 * 0.00262
=0.025 kW
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater, MMBTU savings provided below:
AMMBTU = (((GPMbase X Throttlebase) - (GPMIQW X Throttlelow)) X
Timerfaucet X #people x days/year x DR) x 8.3 x (Temps: - Tempin ) /
DHW Recovery Efficiency / 10°
Where:

Gas DHW Recovery Efficiency = Recovery efficiency of gas water heater
=0.80 %%

408 Calculated as follows: Assume 13% faucet use takes place during peak hours (based on:
http://www.aquacraft.com/Download_Reports/DISAGGREGATED-HOT_WATER_USE. pdf)
13% * 3.6 minutes per day (10.9 * 2.56 / 3.5 / 2.2 = 3.6) = 0.47 minutes

= 0.47 / 180 (minutes in peak period) = 0.00262

409 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW
units of 70-87%. Average of existing units is estimated at 75%.
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All other variables As above

Illustrative example — do not use as default assumption
For a 1.5 GPM rated aerator:
AMMBTU  =(((2.2x.83)—(1.5 x.950) x 3 x 2.53 x 365 x.5) x 8.3 x (93 —
60.9) /0.75 / 10°

=0.19732MMBTU
Annual Water Savings Algorithm

Water Savings = ((GPMyase X Throttlepase) — (GPMiow X Throttleow)) x
Timerfaucet X #people x days/year x DR) / 748

Where:
748 = Constant to convert from gallons to CCF
All other variables ~ same as above

[llustrative example — do not use as default assumption

For a 1.5 GPM rated aerator installed in a kitchen:
Water Savings = ((2.2 x .83) — (1.5 x.950)) x 3 x 2.53 x 365 x .5 / 748

=0.0.743 CCF
kWh Savings from Water Reduction
The kWh savings from the waste reduction characterized above is now estimated.
Please note that utilities’ must be careful not to double count the monetary benefit of
these savings within cost effectiveness testing if the avoided costs of water already

include the associated electric benefit.

AkWhwater#® = 2.07 kWh/CCF * AWater (CCF)

410 This savings estimate is based upon VEIC analysis of data gathered in audit of DC Water
Facilities, MWH Global, “Energy Savings Plan, Prepared for DC Water.” Washington, D.C., 2010.
See DC Water Conservation.xlsx for calculations and DC Water Conservation Energy
Savings_Final.doc for write-up. This is believed to be a reasonably proxy for the entire region.
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Illustrative example — do not use as default assumption
For a 1.5 GPM rated aerator:
AkWhuwater = 2.07 kWh/CCF * 0.743 CCF
=2.79 kWh

Incremental Cost
As a retrofit measure, the incremental cost will be the actual cost of installing
the new aerator. As a time of sale measure, the incremental cost is assumed to be $2.411

Measure Life

The measure life is assumed to be 10 years.**?
Operation and Maintenance Impacts

When a retrofit measure, there would be a very small 0&M benefit associated
with the deferral of the next replacement, but this has conservatively not been
characterized.

411 Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.
412 California DEER Effective Useful Life (EUL) Table - 2014 Update
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Domestic Hot Water Tank Wrap
Unique Measure Code(s): RS_WT_RF_HWWRAP_0113
Effective Date: June 2014

End Date: TBD

Measure Description

This measure relates to a Tank Wrap or insulation “blanket” that is wrapped
around the outside of a hot water tank to reduce stand-by losses. This measure applies
only for homes that have an electric water heater that is not already well insulated.

Definition of Baseline Condition
The baseline condition is a standard electric domestic hot water tank without an
additional tank wrap.

Definition of Efficient Condition
The efficient condition is the same standard electric domestic hot water tank
with an additional tank wrap.

Annual Energy Savings Algorithm
AkWh = ((UbaseAbase - UinsuIAbase) * AT * HOUFS) / (3412 * ﬂDHW)

Where:

AkWh = Gross customer annual kWh savings for the measure

Ubpase = Overall heat transfer coefficient prior to adding tank wrap
(BTU/Hr-F-ft?)
= See table below. If unknown assume 1/8 43

Uinsul = Overall heat transfer coefficient after addition of tank wrap
(BTU/Hr-F-ft2)
= See table below. If unknown assume 1/18 414

Abase = Surface area of storage tank prior to adding tank wrap (square

feet)

= See table below. If unknown assume 23.18 4>

413 Assumptions are from Pennsylvania Public Utility Commission Technical Reference Manual
(PA TRM) for a poorly insulated 40 gallon tank

414 Assumes an R-10 tank wrap is added.

415 Assumptions from PA TRM for a 40-gallon tank. Area values were calculated from average
dimensions of several commercially available units, with radius values measured to the center
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Ainsul = Surface area of storage tank after addition of tank wrap (square
feet)
= See table below. If unknown assume 25.31 416

AT = Average temperature difference between tank water and
outside air temperature (°F)
= 60°F 417

Hours = Number of hours in a year (since savings are assumed to be
constant over year).
= 8760

3412 = Conversion from BTU to kWh

nDHW = Recovery efficiency of electric hot water heater
=0.98 418

The following table has default savings for various tank capacity and pre and post R-
VALUES.

Capacity Rbase Rinsul Abase (ft2) AkWh

(gal)
30 8 16 19.16 171 0.019
30 10 18 19.16 118 0.014
30 12 20 19.16 86 0.010
30 8 18 19.16 194 0.022
30 10 20 19.16 137 0.016
30 12 22 19.16 101 0.012
40 8 16 23.18 207 0.024
40 10 18 23.18 143 0.016
40 12 20 23.18 105 0.012
40 8 18 23.18 234 0.027
40 10 20 23.18 165 0.019
40 12 22 23.18 123 0.014
50 8 16 24.99 225 0.026
50 10 18 24.99 157 0.018
50 12 20 24.99 115 0.013
50 8 18 24.99 255 0.029

of the insulation. Area includes tank sides and top to account for typical wrap coverage.

416 |bid.

417 Assumes 125°F water leaving the hot water tank and average temperature of basement of
65°F.

418 NREL, National Residential Efficiency Measures Database,
http://www.nrel.gov/ap/retrofits/measures.cfm?gld=6&ctld=40
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50 10 20 24.99 180 0.021
50 12 22 24.99 134 0.015
80 8 16 31.84 290 0.033
80 10 18 31.84 202 0.023
80 12 20 31.84 149 0.017
80 8 18 31.84 327 0.037
80 10 20 31.84 232 0.027
80 12 22 31.84 173 0.020
419

If tank specifics are unknown assume 40 gallons as an average tank size
from adding R-10 to a poorly insulated R-8 tank:

, and savings

AkWh = ((23.18/8 — 23.18/18) * 60 * 8760) / (3412 * 0.98)
=253 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/8760

Where:
AkWh = kWh savings from tank wrap installation
8760 = Number of hours in a year (since savings are assumed to be
constant over year).

The table above has default savings for various tank capacity and pre and post R-VALUES.

420

If tank specifics are unknown assume 40 gallons as an average tank size**°, and savings

are from adding R-10 to a poorly insulated R-8 tank:
AkW =253 /8760

=0.029 kW

419 DOE, “Residential Heating Products Final Rule Technical Support Document,” Table 3.2.13,
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule

ch3.pdf
420 DOE, “Residential Heating Products Final Rule Technical Support Document,” Table 3.2.13,

http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule

ch3.pdf
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Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this retrofit measure is the actual cost of
installing the tank wrap. If unknown assume $35 average cost.*??

Measure Life
The measure life is assumed to be 5 years.*??

Operation and Maintenance Impacts
n/a

421 Based on VEIC online product review.
422 Conservative estimate that assumes the tank wrap is installed on an existing unit with 5
years remaining life.
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DHW Pipe Insulation

Unique Measure Code: RS_WT_RF_PIPEIN_0711
Effective Date: June 2014
End Date: TBD

Measure Description

This measure describes adding insulation to un-insulated domestic hot water
pipes. The measure assumes the pipe wrap is installed to the first elbow of the hot
water carrying pipe.

Note, the algorithm provided to calculate savings may be used to determine an
appropriate deemed savings value if the programs can provide appropriate average
values for each of the variables.

This is a retrofit measure.

Definition of Baseline Condition
The baseline condition is un-insulated hot water carrying copper pipes.

Definition of Efficient Condition
To efficiency case is installing pipe wrap insulation to the first elbow of the hot
water carrying copper pipe.

Annual Energy Savings Algorithm

If electric domestic hot water tank:

AkWh = ((1/Rexist —1/Rnew) * (L * C) * AT * 8,760)/ nDHW / 3413

Where:
Rexist = Assumed R-value of existing uninsulated piping
=1.0%%
Rnew = R-value of existing pipe plus installed insulation
= Actual

423 Navigant Consulting Inc., April 2009; “Measures and Assumptions for Demand Side
Management (DSM) Planning; Appendix C Substantiation Sheets”, p77, presented to the Ontario
Energy Board:

http://www.oeb.gov.on.ca/OEB/_Documents/EB-2008-
0346/Navigant_Appendix_C_substantiation_sheet_20090429.pdf
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Length = Length of piping insulated
= Actual

Circumference = Circumference of piping
= Actual (0.5” pipe = 0.13ft, 0.75” pipe = 0.196ft)

AT = Temperature difference between water in pipe and ambient air
= 65°F 424

8,760 = Hours per year

nDHW = DHW Recovery efficiency (nDHW)
=0.98 4%

3413 = Conversion from BTU to kWh

Illustrative example — do not use as default assumption
Insulating 4 feet of 0.75” pipe with R-3.5 wrap:

AkWh =((1/1.0-1/4.5) * (4 * 0.196) * 65 * 8,760)/ 0.98 / 3,413
=104 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/8,760

Illustrative example — do not use as default assumption
Insulating 4 feet of 0.75” pipe with R-3.5 wrap:

AkW =104 /8,760
=0.012 kW
Annual Fossil Fuel Savings Algorithm

If fossil fuel DHW unit:

AMMBTU = ((1/Rexist — 1/Rnew) * (L * C) * AT * 8,760) / nDHW /1,000,000

424 Assumes 130°F water leaving the hot water tank and average temperature of basement of
65°F.

425 Electric water heaters have recovery efficiency of 98%:
http://www.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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Where:
nDHW = Recovery efficiency of gas hot water heater
=0.75 426

Illustrative example — do not use as default assumption
Insulating 4 feet of 0.75” pipe with R-3.5 wrap:

AMMBTU = ((1/1.0 — 1/4.5) * (4 * 0.196) * 65 * 8,760)/ 0.75 / 1,000,000
= 0.46 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this retrofit measure should be the actual
cost of material and labor. If this is not available, assume $3 per foot of insulation®?’.

Measure Life
The measure life is assumed to be 15 years*?,

Operation and Maintenance Impacts
n/a

426 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW
units of 70-87%. Average of existing units is estimated at 75%

427 Consistent with DEER 2008 Database Technology and Measure Cost Data
(www.deeresources.com).

428 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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High Efficiency Gas Water Heater
Unique Measure Code: RS_WT_TOS_GASDHW_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure describes the purchase of a high efficiency gas water heater
meeting or exceeding ENERGY STAR criteria for the water heater category provided
below, in place of a new unit rated at the minimum Federal Standard. The measure
could be installed in either an existing or new home. The installation is assumed to occur
during a natural time of sale.

Definition of Baseline Condition
The baseline condition is a new conventional gas storage water heater rated at
the federal minimum?4%°.

For 20 - 55 gallons: EF =0.675 - (0.0015 * rated volume in gallons)
For 55 - 100 gallons: EF =0.8012 — (0.00078 * rated volume in gallons)

If size is unknown, assume 40 gallons; 0.615 EF.
Definition of Efficient Condition

The efficient condition is a new high efficiency gas water heater meeting or
exceeding the minimum efficiency Energy Star qualification criteria provided below?3°:

Water Heater Type Energy
Factor

High Efficiency Gas 0.67

Storage

Gas Condensing 0.80

Whole Home Gas Tankless 0.82

Annual Energy Savings Algorithm
n/a

429 The Baseline Energy Factor is based on the Federal Minimum Standard for water heaters sold
on or after April 16 2015. This ruling can be found here:
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf

430 http://www.energystar.gov/index.cfm?c=water_heat.pr_crit_water_heaters
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Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm

AMMBTU = (1/ EFbase - 1/EFefﬁcient) * (GPD * Househ0|d * 365.25 *
yWater * (Tour— Tin) * 1.0 )/1,000,000

Where:
EF_Baseline = Energy Factor rating for baseline equipment
For <=55 gallons: 0.675—(0.0015 * tank_size)
For > 55 gallons: 0.8012 - (0.00078 * tank size)
= If tank size unknown assume 40 gallons and EF_Baseline of
0.615

EF_Efficient = Energy Factor Rating for efficient equipment

= Actual. If Tankless whole-house multiply rated efficiency by
0.91%%, If unknown assume values in look up in table below

Water Heater Type EF_Efficient

Condensing Gas Storage 0.80

Gas Storage 0.67
Tankless whole-house 0.82*0.91=0.75
GPD = Gallons Per Day of hot water use per person

431 The disconnect between rated energy factor and in-situ energy consumption is markedly
different for tankless units due to significantly higher contributions to overall household hot
water usage from short draws. In tankless units the large burner and unit heat exchanger must
fire and heat up for each draw. The additional energy losses incurred when the mass of the
unit cools to the surrounding space in-between shorter draws was found to be 9% in a study
prepared for Lawrence Berkeley National Laboratory by Davis Energy Group, 2006. “Field and
Laboratory Testing of Tankless Gas Water Heater Performance” Due to the similarity (storage)
between the other categories and the baseline, this derating factor is applied only to the
tankless category.
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= 45.5 gallons hot water per day per household/2.53people per
household**?

=17.6

Household = Average number of people per household
=2.53%3

365.25 = Days per year, on average

yWater = Specific Weight of water

= 8.33 pounds per gallon

Tout = Tank temperature
= 125°F

Tin = Incoming water temperature from well or municipal system
= 60.9 34

1.0 = Heat Capacity of water (1 BTU/Ib*°F)

Illustrative example — do not use as default assumption
For example, installing a 40 gallon condensing gas storage water heater, with an energy
factor of 0.82 in a single family house:

AMMBTU  =(1/0.615 - 1/0.82) * (17.6 * 2.53 * 365.25* 8.33 * (125 — 60.9) *
1) / 1,000,000
=3.53 MMBTU

Annual Water Savings Algorithm
n/a

432 US Energy Information Administration, Residential Energy Consumption Survey 2009;
http://www.eia.gov/consumption/residential/data/2009/xls/HC9.10%20Household%20Demogra
phics%20in%20South%20Region.xls

433 |bid

434 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.
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Incremental Cost
The lifecycle NPV incremental cost for this time of sale measure is dependent on
the type of water heater as listed below.

Incremental
Water heater Type -
Gas Storage $15943>
Condensing gas storage $685436
Tankless whole-house unit S407437

Measure Life

The measure life is assumed to be 13 years*3,
Operation and Maintenance Impacts

n/a

435 |tron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Measure and baseline
costs were calculated using hedonic models and data from Itron, 2010 - 2012 WO017 Ex Ante
Measure Cost Study, conducted for the California Public Utility Commission in 2014. Results
are adjusted for inflation and to reflect differences in Maryland labor rates. Calculations, data
and sources are available at http://www.neep.org/file/5549/download?token=S3weM_MA.

43¢ Source for cost info; DOE, 2010 Residential Heating Products Final Rule Technical
Support Document, Table 8.2.14
(http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_
finalrule_ch8.pdf)

437 |tron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Measure and baseline
costs were calculated using hedonic models and data from Itron, 2010 - 2012 WO017 Ex Ante
Measure Cost Study, conducted for the California Public Utility Commission in 2014. Results
are adjusted for inflation and to reflect differences in Maryland labor rates. Calculations, data
and sources are available at http://www.neep.org/file/5549/download?token=S3weM_MA.

438 Based on ACEEE Life-Cycle Cost analysis; http://www.aceee.org/node/3068#lcc
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Heat Pump Domestic Water Heater
Unique Measure Code(s): RS_WT_TOS_HPRSHW_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure relates to the installation of a Heat Pump domestic water heater in
place of a standard electric water heater in conditioned space. This is a time of sale
measure.

Definition of Baseline Condition
The baseline condition is assumed to be a new electric water heater meeting
federal minimum efficiency standards*°:

For <=55 gallons: 0.96 — (0.0003 * rated volume in gallons)
For >55 gallons: 2.057 — (0.00113 * rated volume in gallons)

Definition of Efficient Condition
The efficient condition is a heat pump water heater.

Annual Energy Savings Algorithm

AkWh = (((1/EFBASE— l/EFEFF|c|ENT) * GPD * Household * 365.25 * yWater
* (Tour—Tin) * 1.0) / 3412) + kWh_cooling - kWh_heating

Where:

EFgase = Energy Factor (efficiency) of standard electric water heater
according to federal standards*#°:

For <=55 gallons: 0.96 — (0.0003 * rated volume in gallons)

439 Minimum Federal Standard as of 4/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf

440 Minimum Federal Standard as of 4/1/2015;
http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf
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For >55 gallons: 2.057 - (0.00113 * rated volume in gallons)
=0.945 for a 50 gallon tank, the most common size for HPWH
EFeericient = Energy Factor (efficiency) of Heat Pump water heater
= Actual. If unknown assume 2.0 44
GPD = Gallons Per Day of hot water use per person

=45.5 gallons hot water per day per household/2.53 people per

household**?
=17.6
Household = Average number of people per household
=253
365.25 = Days per year
yWater = Specific weight of water
= 8.33 pounds per gallon
Tour = Tank temperature
=125°F
Tin = Incoming water temperature from well or municiple system

441 Efficiency based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_hea
ters/WaterHeaterDraftCriteriaAnalysis. pdf

442 Email message from Maureen Hodgins, Research Manager for Water Research Foundation, to
TAC/SAG, August 26, 2014. Describes water usage for a house size of 2.59 people.

443 US Energy Information Administration, Residential Energy Consumption Survey 2009;
http://www.eia.gov/consumption/residential/data/2009/xls/HC9.10%20Household%20Demogra
phics%20in%20South%20Region.xls
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=60.9 44
1.0 = Heat Capacity of water (1 BTU/Ib*°F)
3412 = Conversion from BTU to kWh
kWh_cooling** = Cooling savings from conversion of heat in home to
water heat

= (((1/ EFnew * GPD * Household * 365.25 * yWater * (Tour
—Tw) *1.0)/ 3412) * LF * 33% / COPcooy)

Where:

LF = Location Factor
= 1.0 for HPWH installation in a conditioned space
= 0.5 for HPWH installation in an unknown location
= 0.0 for installation in an unconditioned space

33% = Portion of removed heat that results in cooling
savings#4®

COPcooL = COP of central air conditioning

= Actual, if unknown, assume 3.08 (10.5 SEER /
3.412)

444 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.

44 This algorithm calculates the heat removed from the air by subtracting the HPWH electric
consumption from the total water heating energy delivered. This is then adjusted to account
for location of the HP unit and the coincidence of the waste heat with cooling requirements,
the efficiency of the central cooling and latent cooling demands.

446 REMRate determined percentage (33%) of lighting savings that result in reduced cooling
loads for several different building configurations in Wilmington, DE, Baltimore, MD and
Washington, DC (lighting is used as a proxy for hot water heating since load shapes suggest
their seasonal usage patterns are similar).
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kWh_heating = Heating cost from conversion of heat in home to water
heat (dependent on heating fuel)

For Natural Gas heating, kWh_heating = 0
For electric heating:

= ((((1/ EFnew * GPD * Household * 365.25 * yWater *
(Tour—Tiv) * 1.0) / 3412)) * LF * 47%) / COPar

Where:
47% = Portion of removed heat that results in increased
heating load*"’
COPHeat = COP of electric heating system
= actual. If not available, use**8:
Heat Pump Before 2006 6.8 2.00
After 2006 — 2014 | 7.7 2.26
(default)
2015 on 8.2 2.40
Resistance N/A N/A 1.00

Prescriptive savings based on defaults provided above:

AkWH electric resistance heat =(((1/0.945-1/2.0) * 17.6 * 2.53 * 365.25 * 8.33 *
(125 - 60.9) * 1.0) / 3412) + kWh_cooling -
kWh_heating

447 REMRate determined percentage (47%) of lighting savings that result in increased heating
loads (lighting is used as a proxy for hot water heating since load shapes suggest their seasonal
usage patterns are similar).

4“8 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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kWh_cooling =((1/2.0* 17.6 * 2.53 * 365.25 * 8.33 *
(125-60.9) * 1.0) / 3412) * 0.5 * 0.33) / 3.08) *
1.33

=90.7 kWh

KWh_heating =((1/2.0 * 17.6 * 2.53 * 365.25 * 8.33 *
(125 —60.9) * 1.0) / 3412) * 0.5 * 0.47) / 1.0

=299.1 kWh
AKWH electric resistance heat =1420.7 +90.7 — 299.1

=1212.3 kWh

AKWH heat pump heat = (((1/0.945— 1/2.0) * 17.6 * 2.53 * 365.25 * 8.33 *
(125-60.9) * 1.0) / 3412) + kWh_cooling -
kWh_heating

kWh_cooling =90.7 kWh

KWh_heating = ((1/2.0 * 17.6 * 2.53 * 365.25 * 8.33 *
(125 - 60.9) * 1.0) / 3412) * 0.5 * 0.47) / 2.0

=149.5 kWh

AkWH heat pump heat =1420.7 + 90.7 — 149.5
=1361.9 kWh

AKWH fossil fuel heat = (((1/0.945—-1/2.0) * 17.6 * 2.53 * 365.25 * 8.33 *
(125-60.9) * 1.0) / 3412) + kWh_cooling -
kWh_heating

kWh_cooling =90.7
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kWh_heating =0
AkWH fossil fuel heat =1420.7+90.7-0
=1511.4 kWh

Summer Coincident Peak kW Savings Algorithm
AkW =0.17 kW 449

Annual Fossil Fuel Savings Algorithm

AMMBTU  =-(((1/ EFnew * GPD * Household * 365.25 * yWater * (Tour — Tin)
*1.0) / 3412) * LF * 47% * 0.003412) / (nHeat * % Natural Gas)

Where:
AMMBTU = Heating cost from conversion of heat in home to water heat for
homes with Natural Gas heat.*°
0.003412 = conversion factor (MMBTU per kWh)
nHeat = Efficiency of heating system

= Actual.** If not available, use 84%.%*?

449 Based on a chart showing summer weekday average electrical demand on page 10 of FEMP
Study “Field Testing of Pre-Production Prototype Residential Heat Pump Water Heaters”
(http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf). Using data points from the
chart, the average delta kW in heat pump mode during the peak hours compared to resistance
mode is 0.17kW.

40 This is the additional energy consumption required to replace the heat removed from the
home during the heating season by the heat pump water heater.

41 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test. The Distribution Efficiency can be estimated via a
visual inspection and by referring to a look up table such as that provided by the Building
Performance Institute: (http://www.bpi.org/files/pdf/DistributionEfficiencyTable-
BlueSheet.pdf ) or by performing duct blaster testing.

42 This has been estimated assuming typical efficiencies of existing heating systems weighted
by percentage of homes with non-electric heating (based on Energy Information Administration,
2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%
20Midwest%20Region.xls).

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org


http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf
http://www.cee1.org/gov/led/led-ace3/ace3led.pdf
http://www.cee1.org/gov/led/led-ace3/ace3led.pdf

@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 197 of 529
% Natural Gas = Factor dependent on heating fuel:
Heating System %Natural Gas
Electric resistance or heat 0%
pump
Natural Gas 100%
Unknown heating fuel*3 62.5%

Other factors as defined above
Prescriptive savings based on defaults provided above:
AMMBTU for fossil fuel heated homes:

AMMBTU  =-((1/2.0 * 17.6 * 2.53 * 365.25 * 8.33 * (125 - 60.9) *
1.0) / 3412)) * 0.5 * 0.47 * 0.003412) / (0.72 * 1.0)

=-1.21MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for the time of sale measure is provided

below.**
Efficiency Incremental Cost per
Size Factor Unit
40 Gallon H P
Wat:r a:atift i 2 $1,338
60 Gallon H P
Wat:r E:atzzrit P 2.2 $2,253

453 Based on KEMA baseline study for Maryland.

454 Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017. Measure and baseline
costs were calculated using hedonic models and data from Itron, 2010 - 2012 WO017 Ex Ante
Measure Cost Study, conducted for the California Public Utility Commission in 2014. Results
are adjusted for inflation and to reflect differences in Maryland labor rates. Calculations, data
and sources are available at http://www.neep.org/file/5549/download?token=S3weM_MA.
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Measure Life
The expected measure life is assumed to be 13 years.*>>

Operation and Maintenance Impacts
n/a

45 DOE, 2010 Residential Heating Products Final Rule Technical Support Document, Page 8-52
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule

ch8.pdf
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Thermostatic Restrictor Shower Valve

Unique Measure Code: RS_HV_RF_GSHPS_0415, RS_HV_NC_GSHPS_0415
Effective Date: June 2015

End Date: TBD

Measure Description

The measure is the installation of a thermostatic restrictor shower valve in a
single or multi-family household. This is a valve attached to a residential showerhead
which restricts hot water flow through the showerhead once the water reaches a set
point (generally 95F or lower).

This measure was developed to be applicable to the following program types: RF,
NC, DI. If applied to other program types, the measure savings should be verified.

Definition of Baseline Condition
The baseline equipment is the residential showerhead without the restrictor
valve installed.

Definition of Efficient Condition
To qualify for this measure the installed equipment must be a thermostatic

restrictor shower valve installed on a residential showerhead.

Annual Energy Savings Algorithm

AkWh = %ElectricDHW * ((GPM_base_S * L_showerdevice) *
Household * SPCD * 365.25 / SPH) * EPG_electric
Where:
%ElectricDHW = proportion of water heating supplied by electric

resistance heating

DHW fuel %ElectricDHW

Electric 100%
Natural Gas 0%
Unknown 24%%6

436 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for Mid Atlantic Region. If utilities have specific evaluation results providing a
more appropriate assumption for homes in a particular market or geographic area, then that
should be used.
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GPM _base_ S = Flow rate of the basecase showerhead, or actual if
available
Program GPM
Direct-install, device only 2.547
New Construction or direct install of | Rated or actual flow
device and low flow showerhead of program-installed
showerhead
L _showerdevice = Hot water waste time avoided due to thermostatic

restrictor valve

= 0.89 minutes*?®

Household = Average number of people per household
=2.56 %9
SPCD = Showers Per Capita Per Day
=0.6%°
365.25 = Days per year, on average.
SPH = Showerheads Per Household so that per-showerhead

savings fractions can be determined

= 1.6

47 The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads
at 2.5 gallons per minute (gpm).

458 Average of the following sources: ShowerStart LLC survey; “ldentifying, Quantifying and
Reducing Behavioral Waste in the Shower: Exploring the Savings Potential of ShowerStart”, City
of San Diego Water Department survey; “Water Conservation Program: ShowerStart Pilot
Project White Paper”, and PG&E Work Paper PGECODHW113.

459 US Energy Information Administration, Residential Energy Consumption Survey;
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc3demographics/pdf/tablehc11
.3.pdf

460 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum
dated June 2013, directed to Michigan Evaluation Working Group.

461 Estimate based on review of a number of studies:
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EPG_electric = Energy per gallon of hot water supplied by electric

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric
*3412)

=(8.33 *1.0 * (105 - 60.9)) / (0.98 * 3412)

=0.11kWh/gal
8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat Capacity of water (BTU/Ib-°)

ShowerTemp = Assumed temperature of water
= 105F 462

SupplyTemp = Assumed temperature of water entering house

=60.9 463

RE _electric = Recovery efficiency of electric water heater
=98% 464

3412 = Constant to convert BTU to kWh

Illustrative Example - do not use as default assumption
For example, a direct installed valve in a home with electric DHW:

a. Pacific Northwest Laboratory; "Energy Savings from Energy-Efficient Showerheads: REMP
Case Study Results, Proposed Evaluation Algorithm, and Program Design Implications”
http://www.osti.gov/bridge/purl.cover.jsp;jsessionid=80456EFO0AAB94DB204E848BAE65F1997p
url=/10185385-CEKZMk/native/

b. East Bay Municipal Utility District; "Water Conservation Market Penetration Study"
http://www.ebmud.com/sites/default/files/pdfs/market_penetration_study_0.pdf

462 Based on “Water and Energy Wasted During Residential Shower Events: Findings from a Pilot
Field Study of Hot Water Distribution Systems”, Jim Lutz, Lawrence Berkeley National
Laboratory, September 2011.

463 Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4
(June 1, 2012 - May 31, 2013) Residential Retrofit Programs.” April 4, 2014, Appendix E, page
66.

464 Electric water heaters have recovery efficiency of 98%:
http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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AkWh =1.0*(2.5*0.89 * 2.56 * 0.6 * 365.25 / 1.6) * 0.11
=86 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = AkWh/Hours * CF

Where:
Hours = Annual electric DHW recovery hours for wasted showerhead use
prevented by device

= ((GPM_base_S * L_showerdevice) * Household * SPCD * 365.25
/SPH ) * 0.74645 / GPH

GPH = Gallons per hour recovery of electric water heater
calculated for 59.1 temp rise (120-60.9), 98% recovery
efficiency, and typical 4.5kW electric resistance storage
tank.

=30.0
Hours =((2.5*0.89) * 2.56 * 0.6 * 365.25 /1.6) * 0.746 /30
=19.4 hours
CF = Coincidence Factor for electric load reduction

=0.0015%°

46574.6% is the proportion of hot 120F water mixed with 60.1F supply water to give 105F
shower water.

466 Calculated as follows: Assume 11% showers take place during peak hours (based on:

http: //www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-
Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf). There are 65 days in the
summer peak period, so the percentage of total annual use in peak period is 0.11%65/365 =
1.96%. The number of hours of recovery during peak periods is therefore assumed to be 1.96% *
19.4 = 0.38 hours of recovery during peak period, where 19.4 equals the annual electric DHW
recovery hours for showerhead use prevented by the device. There are 260 hours in the peak
period so the probability you will see savings during the peak period is 0.38/260 = 0.0015

467 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for Mid Attlantic Region. If utilities have specific evaluation results providing a
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Illustrative example — do not use as default assumption
For example, a direct installed valve in a home with electric DHW:

AkW =86/19.4* 0.0015
=0.007 kW
Annual Fossil Fuel Savings Algorithm

AMMBTU = %FossilDHW * ((GPM_base_S * L_showerdevice)*
Household * SPCD * 365.25 / SPH) * EPG_gas

Where:

%FossilDHW = proportion of water heating supplied by Natural Gas heating

DHW fuel %Fossil_DHW

Electric 0%
Natural Gas 100%
Unknown 76%%7
EPG gas = Energy per gallon of Hot water supplied by gas
=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_gas *
1,000,000)
=0.00065 MMBTUBTU/gal

RE_gas= Recovery efficiency of gas water heater

= 75% For SF homes*t®

more appropriate assumption for homes in a particular market or geographic area, then that
should be used.

467 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for Mid Attlantic Region. If utilities have specific evaluation results providing a
more appropriate assumption for homes in a particular market or geographic area, then that
should be used.

468 DOE Final Rule discusses Recovery Efficiency with an average around 0.76 for Gas Fired
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1,000,000 = Converts BTUs to MMBTU
Other variables as defined above.

Illustrative example — do not use as default assumption
For example, a direct installed valve in a home with gas DHW:

AMMBTUBTU =1.0 * ((2.5 * 0.89) * 2.56 * 0.6 * 365.25 / 1.6) * 0.00065
=0.51 MMBTU

Water impact Descriptions and calculations

ACCF = ((GPM_base_S * L_showerdevice) * Household * SPCD * 365.25
/ SPH) / 748
Where:
748 = Constant to convert from gallons to CCF

Other variables as defined above

Illustrative example — do not use as default assumption
For example, a direct installed valve:

ACCF = ((2.5 * 0.89) * 2.56 * 0.6 * 365.25/ 1.6) / 748
= 1.0 CCF

Measure Life

The expected measure life is assumed to be 10 years. 46°
Incremental Cost

The lifecycle NPV incremental cost for this time of sale measure is the actual
measure cost or $30%7C if not available.

Storage Water heaters and 0.78 for standard efficiency gas fired tankless water heaters up to
0.95 for the highest efficiency gas fired condensing tankless water heaters. These numbers
represent the range of new units however, not the range of existing units in stock. Review of
AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%.
Average of existing units is estimated at 75%.

469 Assumptions based on NY TRM, Pacific Gas and Electric Company Work Paper
PGECODHW113, and measure life of low-flow showerhead

470 Based on actual cost of the 5S-1002CP-SB Ladybug Water-Saving Shower-Head adapter from
Evolve showerheads.
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Operation and Maintenance Impacts
N/A

Water Heater Temperature Setback
Unique Measure Code: RS_WT_RF_WHTSB_0415

Effective Date: June 2015

End Date: TBD

Measure Description

This measure relates to turning down an existing hot water tank thermostat
setting that is at 130 degrees or higher. Savings are provided to account for the resulting
reduction in standby losses. This is a retrofit measure.

Definition of Baseline Equipment

The baseline condition is a hot water tank with a thermostat setting that is 130
degrees or higher. Note if there are more than one DHW tanks in the home at or higher
than 130 degrees and they are all turned down, then the savings per tank can be
multiplied by the number of tanks.

Definition of Efficient Equipment
The efficient condition is a hot water tank with the thermostat reduced to no
lower than 120 degrees.

Annual Energy Savings Algorithm
For homes with electric DHW tanks:

Akwh?#71 = (UA * (Tpre — Tpost) * Hours) / (3412 * RE_electric)
Where:
U = Overall heat transfer coefficient of tank (BTU/Hr-°F-ft?).

= Actual if known. If unknown assume R-12, U = 0.083

471 Note this algorithm provides savings only from reduction in standby losses. VEIC considered
avoided energy from not heating the water to the higher temperature but determined that the
potential impact for the three major hot water uses was too small to be characterized;
Dishwashers are likely to boost the temperature within the unit (roughly canceling out any
savings), faucet and shower use is likely to be at the same temperature so there would need to
be more lower temperature hot water being used (cancelling any savings) and clothes washers
will only see savings if the water from the tank is taken without any temperature control.
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A = Surface area of storage tank (square feet)

= Actual if known. If unknown use table below based on capacity
of tank. If capacity unknown assume 50 gal tank; A = 24.99 ft?

Capacity A (ft2)7

(gal)
30 19.16
40 23.18
50 24.99
80 31.84
Tpre = Actual hot water setpoint prior to adjustment.
=135 degrees default
Tpost = Actual new hot water setpoint, which may not be lower than 120
degrees
=120 degrees default
Hours = Number of hours in a year (since savings are assumed to be

constant over year).

= 8760

3412 = Conversion from BTU to kWh

RE electric = Recovery efficiency of electric hot water heater
=0.98 473

472 Assumptions from Pennsylvania TRM. Area values were calculated from average dimensions
of several commercially available units, with radius values measured to the center of the
insulation.

473 Electric water heaters have recovery efficiency of 98%:
http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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The deemed savings assumption, where site specific assumptions are not available
would be as follows:

AkWh = (UA * (Tpre — Tpost) * Hours) / (3412 * RE_electric)
= (((0.083 * 24.99) * (135 — 120) * 8760) / (3412 * 0.98)
=81.5 kWh

Summer Coincident Peak kW Savings Algorithm
AkW = AkWh / Hours

Where:
Hours = 8760

The deemed savings assumption, where site specific assumptions are not available
would be as follows:

AKW = (81.5/ 8760)
= 0.0093 kW

Annual Fossil Fuel Savings Algorithm
For homes with gas water heaters:

AMMBTU = (U * A * (Tpre — Tpost) * Hours) / (1,000,000 * RE_gas)
Where
1,000,000 = Converts BTUs to MMBTU (BTU/MMBTU)
RE gas = Recovery efficiency of gas water heater
=0.754"

The deemed savings assumption, where site specific assumptions are not available
would be as follows:

AMMBTU = (U * A * (Tpre — Tpost) * Hours) / (1,000,000 * RE_gas)

474Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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= (0.083 * 24.99 * (135 — 120) * 8760) / (1,000,000 * 0.75)

=0.36 MMBTU

Annual Water Savings Algorithm
N/A

Incremental Cost
The lifecycle NPV incremental cost of this retrofit measure is assumed to be $5
for contractor time.

Deemed Lifetime of Efficient Equipment
The assumed lifetime of the measure is 2 years.

Operation and Maintenance Impacts
N/A
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Appliance End Use

Clothes Washer

Unique Measure Code(s): RS_LA_TOS_CWASHES_0415, RS_LA_TOS_CWASHT2_0415,
RS_LA_TOS_CWASHT3_0415, RS_LA_TOS_CWASHME_0415

Effective Date: June 2015
End Date: TBD

Measure Description
This measure relates to the purchase (time of sale) and installation of a clothes

washer exceeding either the ENERGY STAR/CEE Tier 1, ENERGY STAR Most Efficient/CEE

Tier 2 or CEE Tier 3 minimum qualifying efficiency standards presented below:

Integrated Modified Energy Integrated Water Factor
F IMEF IWF
Efficiency Level FrontaCtor ( ) ( )
Loading Top Loading  Front Loading Top Loading
ENERGY STAR, CEE Tier >=2.38 >=2.06%7° <=3.7 <=4.3%76
1
ENERGY STAR Most >=2.74 >=2.74 <=3.2 <=3.2
Efficient, CEE TIER 2
CEETIER 3 >=2.92 >=2.92 <=3.2 <=3.2

ENERGY STAR has a new draft specification version 8.0 expected to go into effect
as of January 1, 2018477, Once this specification is in place, front loading clothes washers
will need a minimum IMEF of 2.76 and a maximum IWF of 3.2. Top loading washers are
unaffected.

The Integrated Modified Energy Factor (IMEF) measures energy consumption of
the total laundry cycle (washing and drying). It indicates how many cubic feet of laundry
can be washed and dried with one kWh of electricity and the per-cycle standby and off
mode energy consumption; the higher the number, the greater the efficiency.

475 CEE does not distinguish between front loading and top loading, and requires a minimum
IMEF of 2.38 in both cases

476 CEE does not distinguish between front loading and top loading, and requires a maximum
IWF of 3.7 in both cases

477
https://www.energystar.gov/sites/default/files/asset/document/Final%20Draft%20ENERGY%20
STAR%20Version%208.0%20Clothes%20Washer%20Cover%20Memo.pdf
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The Integrated Water Factor (IWF) is the number of gallons needed for each
cubic foot of laundry. A lower number indicates lower consumption and more efficient
use of water.

Definition of Baseline Condition

The baseline efficiency is determined according to the Integrated Modified
Energy Factor (IMEF) that takes into account the energy and water required per clothes
washer cycle, including energy required by the clothes dryer per clothes washer cycle
and standby/off mode consumption. The federal baseline changes as of January 1, 2018.
The baseline for before and after January 1, 2018 is defined in the table below:

Integrated Modified Energy Integrated Water Factor
F IMEF IWF
Efficiency Level FrontaCtor ( ) ( )
Loading Top Loading  Front Loading Top Loading
Before Jan 1, 2018 1.84 1.29 4.7 8.4
After Jan 1, 2018 1.84 1.57 4.7 6.5

Definition of Efficient Condition

The efficient condition is a clothes washer meeting either the ENERGY STAR/CEE
Tier 1, ENERGY STAR Most Efficient/CEE Tier 2 or CEE TIER 3 efficiency criteria presented
above.

Annual Energy Savings Algorithm

AkWh = [(Capacity * 1/IMEFbase * Ncycles) * (%CWhbase + (%DHWbase *
%Electric. DHW) + (%Dryerbase * %Electric_Dryer)] - [(Capacity *
1/IMEFeff * Ncycles) * (%CWeff + (%DHWeff * %Electric. DHW) +
(%Dryereff * %Electric_Dryer)]

Where
Capacity = Clothes Washer capacity (cubic feet)
= Actual. If capacity is unknown assume average 3.45 cubic
feet?’8
IMEFbase = Integrated Modified Energy Factor of baseline unit

478 Based on the average clothes washer volume of all units that pass the new Federal Standard
on the California Energy Commission (CEC) database of Clothes Washer products accessed on
08/28/2014.
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= Values provided in table below

IMEFeff = Integrated Modified Energy Factor of efficient unit
= Actual. If unknown assume average values provided
below.
Integrated Modified Energy Factor (IMEF) Welghtmgm
Efficiency Level . Percentages
Front Top Loading Weighted Front Top
Loading Average Loading Loading
Federal Standard >=1.84 >=1.29 >=1.66 67% 33%
ENERGY STAR, CEE Tier 1 >=2.38 >=2.06 >=2.26 62% 38%
ENERGY STAR Most Efficient, >=2.74 >=2.74 >=2.74 98% 2%
CEETIER 2
CEETIER 3 >=2.92 n/a >=2.92 100% 0%
Ncycles = Number of Cycles per year
= 254480
%CW = Percentage of total energy consumption for Clothes
Washer operation
%DHW = Percentage of total energy consumption used for water
heating
%Dryer = Percentage of total energy consumption for dryer
operation

(dependent on efficiency level — see table below)

Percentage of Total Energy

Consumption®®!
%CW | %DHW  %Dryer
Federal Standard 8% 31% 61%

479 Weighting percentages are based on available product from the CEC database accessed on
08/28/2014.

480 Metered data from Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 - May 31, 2013) Appliance Rebate Program.” March 21, 2014,
page 36.

481 The percentage of total energy consumption that is used for the machine, heating the hot
water or by the dryer is different depending on the efficiency of the unit. Values are based on
a weighted average of top loading and front loading units (based on available product from the
CEC Appliance database) and consumption data from Life-Cycle Cost and Payback Period Excel-
based analytical tool, available online at:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/docs/rcw_dfr_lcc_st
andard.xlsm. See “2015 Clothes Washer Analysis.xls” for the calculation.
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ENERGY STAR, CEE Tier 1 8% .23% 69%
ENERGY STAR Most
Efficient, CEE TIER 2 14% 10% 76%
CEETIER 3 14% 10% 76%
%Electric DHW = Percentage of DHW savings assumed to be
electric
Electric 100%
Fossil Fuel 0%
Unknown 65%°%82
%Electric_Dryer = Percentage of dryer savings assumed to be
electric
Electric 100%
Fossil Fuel 0%
Unknown 79%*%83

The prescriptive kWH savings based on values provided above where DHW and Dryer
fuels are unknown is provided below*8:

AkWH
Efficiency Level Weighted
Top
Average
ENERGY STAR, CEE Tier 1 112.7 84.2 102.2
ENERGY STAR Mos; Efficient, CEE TIER 145.0 145.0 145.0
CEETIER 3 160.9 n/a 160.9

482 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for Mid Atlantic States.

483 Default assumption for unknown is based on percentage of homes with electric dryer from
EIA Residential Energy Consumption Survey (RECS) 2009 for Mid Atlantic States.

484 Note that the baseline savings for all cases (Front, Top and Weighted Average) is based on
the weighted average baseline IMEF (as opposed to assuming Front baseline for Front efficient
unit). The reasoning is that the support of the program of more efficient units (which are
predominately front loading) will result in some participants switching from planned purchase
of a top loader to a front loader.
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The unit specific kWh savings when DHW and Dryer fuels are known is provided below:

Efficiency

Level Dryer/DHW Gas Combo Weighted
Average
Electric Dryer/Electric DHW 160.0 104.9 140.1
ENERGY STAR, Electric Dryer/Gas DHW 59.8 79.7 66.3
CEE Tier 1 Gas Dryer/Electric DHW 101.7 47.8 82.6
Gas Dryer/Gas DHW 1.5 22.5 8.8
Electric Dryer/Electric DHW 208.4 210.7 208.5
ENERGY STAR Electric Dryer/Gas DHW 74.5 1383 76.0
Most Efficient, -
CEE TIER 2 Gas Dryer/Electric DHW 129.7 99.1 129.1
Gas Dryer/Gas DHW -4.1 26.7 -3.5
Electric Dryer/Electric DHW 228.1 n/a 228.1
Electric Dryer/Gas DHW 92.4 n/a 92.4
CEETIER 3 -
Gas Dryer/Electric DHW 134.4 n/a 134.4
Gas Dryer/Gas DHW -1.4 n/a -1.4

Note, utilities may consider whether it is appropriate to claim kWh savings from the
reduction in water consumption arising from this measure. The kWh savings would be in
relation to the pumping and wastewater treatment. See water savings for
characterization.

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/Hours * CF

Where:
Hours = Assumed Run hours of Clothes Washer
=265 %55
CF = Summer Peak Coincidence Factor for measure
=0.029 8¢

The prescriptive kW savings based on values provided above where DHW and
Dryer fuels are unknown is provided below:

485 Metered data from Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 - May 31, 2013) Appliance Rebate Program.” March 21, 2014,
page 36.

48 |bid.
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Efficiency Level Weighted
Average
ENERGY STAR, CEE Tier 1 0.012 0.009 0.011
ENERGY STAR Most Efficient, CEE TIER 2 0.016 0.018 0.016
CEE TIER 3 0.018 n/a 0.018

The unit specific kW savings when DHW and Dryer fuels are known is provided below:

Efficienc
Level : Dryer/DHW Fuel Combo Weighted
Average

Electric Dryer/Electric DHW 0.018 0.011 0.015
ENERGY STAR, Electric Dryer/Fuel DHW 0.007 0.009 0.007
CEE Tier 1 Fuel Dryer/Electric DHW 0.011 0.005 0.009
Fuel Dryer/Fuel DHW 0.000 0.002 0.001
Electric Dryer/Electric DHW 0.023 0.023 0.023
ENERGY STAR Electric Dryer/Fuel DHW 0.008 0.015 0.008

Most Efficient, -
CEE TIER 2 Fuel Dryer/Electric DHW 0.014 0.011 0.014
Fuel Dryer/Fuel DHW 0.000 0.003 0.000
Electric Dryer/Electric DHW 0.025 n/a 0.025
Electric Dryer/Fuel DHW 0.010 n/a 0.010

CEETIER 3 -
Fuel Dryer/Electric DHW 0.015 n/a 0.015
Fuel Dryer/Fuel DHW 0.000 n/a 0.000

Annual Fossil Fuel Savings Algorithm

AMMBTU = [(Capacity * 1/IMEFbase * Ncycles) * ((%DHWbase * %Natural
Gas_DHW * R_eff) + (%Dryerbase * %Gas _Dryer)] - [(Capacity *
1/IMEFeff * Ncycles) * ((%DHWeff * %Natural Gas_DHW * R_eff) +
(%Dryereff * %Gas_Dryer)] * MMBTU_convert

Where:
R_eff = Recovery efficiency factor
=1.31%7

487 To account for the different efficiency of electric and Natural Gas water heaters (gas water
heater: recovery efficiencies ranging from 0.74 to 0.85 (0.78 used), and electric water heater
with 0.98 recovery efficiency
(http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water_ Heat
Recovery_Guidelines.pdf ). Therefore, a factor of 0.98/0.78 (1.26) is applied.
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MMBTU _convert = Conversion factor from kWh to MMBTU
=0.003413

%Natural Gas_DHW = Percentage of DHW savings assumed to be
Natural Gas

DHW fuel %Natural
Gas_DHW
Electric 0%
Natural Gas 100%
Unknown 35%7%88

%Gas_Dryer = Percentage of dryer savings assumed to be Natural Gas

Dryer fuel %Gas_Dryer
Electric 0%
Natural Gas 100%
Unknown 6%8°

Other factors as defined above

The prescriptive MMBTU savings based on values provided above where DHW and
Dryer fuels are unknown is provided below:

AMMBTU
Efficiency Level Weighted
Top
Average
ENERGY STAR, CEE Tier 1 0.16 0.05 0.12
ENERGY STAR Most Efficient, CEE TIER 2 0.22 0.13 0.22
CEE TIER 3 0.22 n/a 0.22

The unit specific MMBTU savings when DHW and Dryer fuels are known is provided
below:

488 Default assumption for unknown fuel is based on percentage of homes with gas DHW from
EIA Residential Energy Consumption Survey (RECS) 2009 for Mid Atlantic States.

489 Default assumption for unknown is based on percentage of homes with gas dryer from EIA
Residential Energy Consumption Survey (RECS) 2009 for Mid Atlantic States.
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AMMBTU

Weighted

Top Average

Electric Dryer/Electric DHW 0.00 0.00 0.00

ENERGY STAR, Electric Dryer/Gas DHW 0.43 0.11 0.32
CEE Tier 1 Gas Dryer/Electric DHW 0.20 0.19 0.20
Gas Dryer/Gas DHW 0.63 0.30 0.51

ENERGY STAR Electric Dryer/Electric DHW 0.00 0.00 0.00
Most Efficient Electric Dryer/Gas DHW 0.58 0.31 0.57
CEE TIER 2 Gas Dryer/Electric DHW 0.27 0.38 0.27
Gas Dryer/Gas DHW 0.84 0.69 0.84

Electric Dryer/Electric DHW 0.00 n/a 0.00

CEE TIER 3 Electric Dryer/GaTs DHW 0.58 n/a 0.58
Gas Dryer/Electric DHW 0.32 n/a 0.32

Gas Dryer/Gas DHW 0.90 n/a 0.90

Annual Water Savings Algorithm
AWater (CCF) = (Capacity * (IWFbase - IWFeff)) * Ncycles / 748
gallons/CCF

Where
IWFbase

= Integrated Water Factor of baseline clothes washer

= Values provided below (gallons/CF of washer capacity)
IWFeff = Integrated Water Factor of efficient clothes washer(gallons/CF

of washer capacity)

= Actual. If unknown assume average values provided

below.
|WF490
Efficiency Level Front Top Weighted
Loading | Loading Average
Federal Standard 4.7 8.4 5.92
ENERGY STAR, CEE Tier 1 3.7 4.3 3.93
ENERGY STAR Most
Efficient, CEE TIER 2 3.2 35 3.21
CEETIER 3 3.2 3.2 3.2

4% Based on relevant specifications as of March 2015. Weighting percentages are based on
available product from the CEC database accessed on 08/28/2014.
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The prescriptive water savings for each efficiency level are presented below:

AWater (ccf per year)
Efficiency Level Front Loading To;.) Weighted
Loading Average
ENERGY STAR, CEE Tier 1 2.6 1.9 2.3
ENERGY STAR Most Efficient, CEE TIER 2 3.2 2.8 3.2
CEETIER 3 3.2 6.9 3.2

kWh Savings from Water Reduction

The kWh savings from the waste reduction characterized above is now estimated.
Please note that utilities’ must be careful not to double count the monetary benefit of
these savings within cost effectiveness testing if the avoided costs of water already
include the associated electric benefit.

Akthater491 = 2.07 kWh * AWater (CCF)

Using the default assumptions provided above, the prescriptive water savings for
each efficiency level are presented below:

AkWhwater
Efficiency Level Top WASLg:;thd
ENERGY STAR, CEE Tier 1 5.4 3.9 4.8
ENERGY STAR Most Efficient, CEE TIER 2 6.6 5.9 6.6
CEETIER 3 6.6 14.4 6.6

Incremental Cost
The lifecycle NPV incremental cost for this time of sale measure is provided in
the table below: %2

“1 This savings estimate is based upon VEIC analysis of data gathered in audit of DC Water
Facilities, MWH Global, “Energy Savings Plan, Prepared for DC Water.” Washington, D.C., 2010.
See DC Water Conservation.xlsx for calculations and DC Water Conservation Energy
Savings_Final.doc for write-up. This is believed to be a reasonably proxy for the entire region.
42 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
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Front Top
Purchase Date Efficiency Level Loading Loading
Before Jan 1, ENERGY STAR, CEE Tier 1 S17 S17
2018 ENERGY STAR Most Efficient, CEE
TIER 2 »28 »28
CEETIER 3 $34 S34
ENERGY STAR, CEE Tier 1 17 21
After Jan 1, 2018 5 I 2 2
ENERGY STAR Most Efficient, CEE $28 $50
TIER 2
CEETIER 3 $34 NA

Measure Life
The measure life is assumed to be 14 years 43,

Operation and Maintenance Impacts
n/a

2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

493 Based on DOE Life-Cycle Cost and Payback Period Excel-based analytical tool, available
online at:
http://www/1.eere.energy.gov/buildings/appliance_standards/residential/docs/rcw_dfr_lcc_st
andard.xlsm
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Clothes Washer, Early Replacement

Unique Measure Code(s): RS_LA_EREP_CWASHES_0415, RS_LA_
EREP_CWASHT2_0415, RS_LA_ EREP_CWASHT3_0415, RS_LA_ EREP_CWASHME_0415

Effective Date: June 2015
End Date: TBD

Measure Description
This measure relates to the early removal of an existing inefficient clothes
washer from service, prior to its natural end of life, and replacement with a new unit
exceeding either the ENERGY STAR/CEE Tier 1, ENERGY STAR Most Efficient / CEE Tier 2
or CEE Tier 3 minimum qualifying efficiency standards presented below.

Integrated Modified Energy Integrated Water Factor
F IMEF IWF
Efficiency Level FrontaCtor ( ) ( )
Loading Top Loading  Front Loading Top Loading
ENERGY STAR, CEE Tier >=2.38 >=2.06%* <=3.7 <=4.3%5
1
ENERGY STAR Most >=2.74 >=2.74 <=3.2 <=3.2
Efficient, CEE TIER 2
CEETIER 3 >=2.92 >=2.92 <=3.2 <=3.2

The Integrated modified energy factor (MEF) measures energy consumption of
the total laundry cycle (washing and drying). It indicates how many cubic feet of laundry
can be washed and dried with one kWh of electricity and the per-cycle standby and off
mode energy consumption; the higher the number, the greater the efficiency.

The Integrated Water Factor (IWF) is the number of gallons needed for each
cubic foot of laundry. A lower number indicates lower consumption and more efficient
use of water.

Savings are calculated between the existing unit and the new efficient unit
consumption during the assumed remaining life of the existing unit, and between a
hypothetical new baseline unit and the efficient unit consumption for the remainder of
the measure life.

494 CEE does not distinguish between front loading and top loading, and requires a minimum
IMEF of 2.38 in both cases

495 CEE does not distinguish between front loading and top loading, and requires a maximum
IWF of 3.7 in both cases
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Definition of Baseline Condition

The baseline condition is the existing inefficient clothes washer for the remaining
assumed useful life of the unit, assumed to be 5 years*®®, and then for the remainder of
the measure life (next 9 years) the baseline becomes a new replacement unit meeting
the minimum federal efficiency standard presented above.

The existing unit efficiency is assumed to be 1.0 IMEF for front loaders and 0.84
IMEF for top loaders. This is based on the Federal Standard for clothes washers from
2004 - 2015; 1.26 MEF converted to IMEF using an ENERGY STAR conversion tool copied
in to the reference calculation spreadsheet “2015 Mid Atlantic Early Replacement
Clothes Washer Analysis.xls”. The Integrated Water Factor is assumed to be 8.2 IWF for
front loaders and 8.4 for top loaders, based on a similar conversion of the 2004 Federal
Standard 7.93WF.

The new baseline unit is consistent with the Time of Sale measure.

The baseline assumptions are provided below:
Integrated Modified Energy Factor Integrated Water Factor (IWF)

Efficiency Level (IMEF)
Front Loading Top Loading  Front Loading ‘ Top Loading
Existing unit 1.0 0.84 8.2 8.4
Federal Standard before
Jan 1, 2018 1.84 1.29 4.7 8.4
Federal Standard after 1.84 1.57 4.7 6.5
Jan 1, 2018

Definition of Efficient Condition

The efficient condition is a clothes washer meeting either the exceeding ENERGY STAR/
CEE Tier 1, ENERGY STAR Most Efficient / CEE Tier 2 or CEE Tier 3 standards as of
1/1/2015 as presented in the measure description.

Annual Energy Savings Algorithm
(see ‘2015 Mid Atlantic Early Replacement Clothes Washer Analysis.xlIs’ for detailed
calculation)

4% Based on 1/3 of the measure life.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 221 of 529

AkWh = [(Capacity * 1/IMEFbase * Ncycles) * (%CWbase + (%DHWbase *
%Electric_DHW) + (%Dryerbase * %Electric_Dryer)] - [(Capacity *
1/IMEFeff * Ncycles) * (%CWeff + (%DHWeff * %Electric. DHW) +
(%Dryereff * %Electric_Dryer)]

Where
Capacity = Clothes Washer capacity (cubic feet)
= Actual. If capacity is unknown assume average 3.45 cubic
feet?”
IMEFbase = Integrated Modified Energy Factor of baseline unit
= Values provided in table below
IMEFeff = Integrated Modified Energy Factor of efficient unit
= Actual. If unknown assume average values provided
below.
Efficiency Level Integrated Modified Energy Factor (IMEF) Weighting
Percentages*®®
Front Top Loading Weighted Front Top
Loading Average Loading Loading
Existing Unit4° 1.0 0.84 n/a>%° n/a n/a
Federal Standard >=1.84 >=1.29 >=1.66 67% 33%
ENERGY STAR, CEE Tier 1 >=2.38 >=2.06 >=2.26 62% 38%
ENERGY STAR Most Efficient, >=2.74 >=2.74 >=2.74 98% 2%
CEETIER 2
CEETIER 3 >=2.92 n/a >=2.92 100% 0%
Ncycles = Number of Cycles per year
= 254501
%CW = Percentage of total energy consumption for Clothes
Washer operation

497 Based on the average clothes washer volume of all units that pass the new Federal Standard
on the California Energy Commission (CEC) database of Clothes Washer products accessed on
08/28/2014.

498 Weighting percentages are based on available product from the CEC database.

499 Existing units efficiencies are based upon an MEF of 1.26 , the 2004 Federal Standard,
converted to IMEF using an ENERGY STAR conversion tool.

500 For early replacement measures we will always know the configuration of the replaced
machine.

01 Metered data from Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 - May 31, 2013) Appliance Rebate Program.” March 21, 2014,
page 36.
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%DHW = Percentage of total energy consumption used for water
heating
%Dryer = Percentage of total energy consumption for dryer
operation

(dependent on efficiency level — see table below)

Percentage of Total Energy
Consumption°?

%CW \ %DHW \ %Dryer

Federal Standard 8% 31% 61%
ENERGY STAR, CEE Tier 1 8% 23% 69%
ENERGY STAR Most Efficient, CEE
TIER 2 14% 10% 76%
CEE TIER 3 14% 10% 77%
%Electric DHW = Percentage of DHW savings assumed to be
electric
Electric 100%
Fossil Fuel 0%
%Electric_Dryer = Percentage of dryer savings assumed to be
electric
Electric 100%
Fossil Fuel 0%

Using the default assumptions provided above, the prescriptive savings for each
configuration are presented below.

92 The percentage of total energy consumption that is used for the machine, heating the hot
water or by the dryer is different depending on the efficiency of the unit. Values are based on
a weighted average of top loading and front loading units (based on available product from the
CEC Appliance database) and consumption data from Life-Cycle Cost and Payback Period Excel-
based analytical tool, available online at:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/docs/rcw_dfr_lcc_st
andard.xlsm.
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Remaining life of Remaining Equivalent
existing unit measure life Mid Life Weighted
Efficienc first 5 years next 9 years Adjustment Average Annual
Level . DivEHREMIEE[Cabe ( AkV\‘IIH ) ( Ak\A‘IIH ) j Sagvings
Front Top szzgtgzd Front Top Front Top
Electric Dryer/Electric DHW 488.7 655.6 140.1 29% 21% 292.6 365.6
ENERGY Electric Dryer/Gas DHW 316.3 397.0 66.3 21% 17% | 1756 | 2109
ST_'?'E'RClEE Gas Dryer/Electric DHW 208.4 305.1 82.6 40% 27% 137.6 180.0
Gas Dryer/Gas DHW 36.0 46.5 8.8 25% 19% 20.7 25.3
ENERGY STAR Electric Dryer/Electric DHW 556.5 723.4 208.5 37% 29% 360.7 433.7
Most Electric Dryer/Gas DHW 325.5 406.2 76.0 23% 19% 185.1 2204
Efficient, CEE Gas Dryer/Electric DHW 254.6 351.4 129.1 51% 37% 184.0 226.3
TIER 2 Gas Dryer/Gas DHW 236 34.2 -3.5 -15% | -10% 8.4 13.0
Electric Dryer/Electric DHW 576.1 743.0 228.1 40% 31% 380.3 453.3
CEE TIER 3 Electric Dryer/Gas DHW 341.9 422.6 924 27% 22% 201.5 236.8
Gas Dryer/Electric DHW 259.9 356.7 134.4 52% 38% 189.3 231.6
Gas Dryer/Gas DHW 25.7 36.3 -1.4 -5% -4% 104 15.1

Summer Coincident Peak kW Savings Algorithm

AkW = AkWh/Hours * CF

Where:
Hours = Assumed Run hours of Clothes Washer
=265 503
CF = Summer Peak Coincidence Factor for measure
=0.029 %%

Using the default assumptions provided above, the prescriptive savings for each
configuration are presented below.

503 Metered data from Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 - May 31, 2013) Appliance Rebate Program.” March 21, 2014,
page 36.

504 |bid.
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Remaining life of Remainin-g o Equi.valent

existing unit (first measure life |\-/|Id Life Weighted
Efficiency S . 5 years) AkW (next 9 Adjustment Average- Annual

Level years) AkW Savings

Top szieg:geed Front Top
Electric Dryer/Electric DHW 0.053 0.072 0.015 29% 21% 0.033 0.042
ENERGY STAR, Electric Dryer/Fuel DHW 0.035 | 0.043 0.007 21% | 17% | 0020 | 0.024
CEE Tier 1 Fuel Dryer/Electric DHW 0.023 0.033 0.009 40% 27% 0.016 0.021
Fuel Dryer/Fuel DHW 0.004 0.005 0.001 25% 19% 0.002 0.003
Electric Dryer/Electric DHW 0.061 0.079 0.023 37% 29% 0.041 0.050
ENERGY STAR Electric Dryer/Fuel DHW 0.036 | 0.044 0.008 23% | 19% | 0021 | 0.025
Mg;li_:lfgeznt, Fuel Dryer/Electric DHW 0.028 0.038 0.014 51% 37% 0.021 0.026
Fuel Dryer/Fuel DHW 0.003 0.004 0.000 -15% -10% 0.001 0.001
Electric Dryer/Electric DHW 0.063 0.081 0.025 40% 31% 0.043 0.052
Electric Dryer/Fuel DHW 0.037 0.046 0.010 27% 22% 0.023 0.027
CEETIER3 Fuel Dryer/Electric DHW 0.028 0.039 0.015 52% 38% 0.022 0.026
Fuel Dryer/Fuel DHW 0.003 0.004 0.000 -5% -4% 0.001 0.002

Annual Fossil Fuel Savings Algorithm

Break out savings calculated in Step 1 of electric energy savings (MEF savings)
and extract Natural Gas DHW and Natural Gas dryer savings from total savings:

AMMBTU = [(Capacity * 1/IMEFbase * Ncycles) * ((%»DHWbase * %Natural
Gas_DHW * R_eff) + (%Dryerbase * %Gas _Dryer)] - [(Capacity *
1/IMEFeff * Ncycles) * ((%DHWeff * %Natural Gas_ DHW * R_eff) +
(%Dryereff * %Gas_Dryer)] * MMBTU_convert

Where:
R_eff = Recovery efficiency factor
=1.26°%
MMBTU _convert = Convertion factor from kWh to MMBTU

505 To account for the different efficiency of electric and Natural Gas hot water heaters (gas
water heater: recovery efficiencies ranging from 0.74 to 0.85 (0.78 used), and electric water
heater with 0.98 recovery efficiency
(http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water Heat
Recovery_Guidelines.pdf ). Therefore a factor of 0.98/0.78 (1.26) is applied.
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=0.003413

%Natural Gas_DHW = Percentage of DHW savings assumed to be
Natural Gas

DHW fuel %Natural
Gas_DHW
Electric 0%
Natural Gas 100%

%Gas_Dryer = Percentage of dryer savings assumed to be Natural Gas
Dryer fuel %Gas_Dryer

Electric 0%

Natural Gas 100%

Other factors as defined above

Using the default assumptions provided above, the prescriptive savings for each
configuration are presented below.

Remaining life of Remaining
existing unit (first 5 measure life

Equivalent
Mid Life Adjustment Weighted Average

years) (next 9 years) )
Efficiency Level Configuration AMMBTU AMMBTU Annual Savings
Front Top vxsﬁ:t;d Top
Electric Dryer/Electric DHW 0.00 0.00 0.00 n/a n/a 0.00 0.00
ENERGY STAR, Electric Dryer/Gas DHW 0.74 1.11 0.32 43% 29% 0.50 0.66
CEE Tier 1 Gas Dryer/Electric DHW 0.96 1.20 0.20 20% 16% 0.53 0.63
Gas Dryer/Gas DHW 1.70 2.31 0.51 30% 22% 1.03 1.30
Electric Dryer/Electric DHW 0.00 0.00 0.00 n/a n/a 0.00 0.00
:ﬂﬁif;ﬁﬁf Electric Dryer/Gas DHW 0.99 1.36 0.57 57% 42% 0.76 0.92
CEE TIER 2 Gas Dryer/Electric DHW 1.03 1.27 0.27 26% 21% 0.60 0.71
Gas Dryer/Gas DHW 2.02 2.63 0.84 42% 32% 1.36 1.62
Electric Dryer/Electric DHW 0.00 n/a 0.00 n/a n/a 0.00 0.00
Electric Dryer/Gas DHW 1.01 1.38 0.58 58% 42% 0.77 0.93
CEETIER 3 Gas Dryer/Electric DHW 1.08 1.32 0.32 30% 24% 0.65 0.76
Gas Dryer/Gas DHW 2.09 2.70 0.90 43% 34% 1.42 1.69

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 226 of 529

Annual Water Savings Algorithm
AWater (CCF) = (Capacity * (IWFbase - IWFeff)) * Ncycles / 748

gallons / CCF
Where
WFbase = Integrated Water Factor of baseline clothes washer
= Values provided below
WFeff = Integrated Water Factor of efficient clothes washer

= Actual. If unknown assume average values provided below.

|WF506
Efficiency Level
Front Top Weighted
Loading Loading Average
Existing>?’ 8.2 8.4 n/a>%®
Federal Standard 4.7 8.4 5.92
ENERGY STAR, CEE Tier 1 3.7 4.3 3.9
ENERGY STAR Most Efficient,
CEE TIER 2 3.2 3.5 3.21
CEETIER 3 3.2 3.3 3.2

Using the default assumptions provided above, the prescriptive water savings for
each efficiency level are presented below>%:

506 Based on relevant specifications as of March 2015. Weighting percentages are based on
available product from the CEC database.

307 Existing units efficiencies are based upon an WF of 7.93 which was the previous new
baseline assumption - converted to IWF using an ENERGY STAR conversion tool copied in to the
“2015 Mid Atlantic Early Replacement Clothes Washer Analysis.xls” worksheet.

%8 For early replacement measures we will always know the configuration of the replaced
machine.

599 Water Factor is the number of gallons required for each cubic foot of laundry. For ENERGY
STAR and CEE Tiers 2 and 3 the average WF of units in the following evaluation are used;
Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June
1, 2012 - May 31, 2013) Appliance Rebate Program.” March 21, 2014, page 36. For baseline and
ENERGY STAR Most Efficient the average WF of the post 1/1/2011 units available in each
classification is used (based on data pulled from the California Energy Commission Appliance
Efficiency Database http://www.appliances.energy.ca.gov/)
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Remaining life of Remaining .
existing unit (first 5 measure life Equivalent
gears) (next 9 years) Mid Life Weighted
AW ¥ f AW y f Adjustment Average Annual
Efficiency Level ater (ccf per ater (ccf per Savings
year) year)
Weighted
T
Average op
Existing n/a n/a n/a n/a n/a 0.00 0.00
Federal Standard n/a n/a n/a n/a n/a 0.00 0.00
ENERGY STAR, CEE Tier 1 53 5.2 2.3 47% 44% 3.5 3.6
ENERGY STAR Most Efficient, CEE TIER 2 5.8 6.1 3.2 54% 52% 4.3 4.4
CEETIER 3 5.9 6.1 3.2 54% 52% 4.4 4.5

kWh Savings from Water Reduction

The kWh savings from the waste reduction characterized above is now estimated.
Please note that utilities’ must be careful not to double count the monetary benefit of

these savings within cost effectiveness testing if the avoided costs of water already
include the associated electric benefit.

AkWhyater?© = 2.07 kWh * AWater (CCF)

Using the default assumptions provided above, the prescriptive water savings for
each efficiency level are presented below:

Remaining
measure life Equivalent
(next 9 Mid Life . :
. Weighted Average
years) Adjustment Annual Savings
AWater (ccf :

per year)

Weighted
Top Average Front Top

Remaining life of
existing unit (first 5
years)
Efficiency Level AWater (ccf per

year)

Existing n/a n/a n/a n/a n/a n/a n/a

510 This savings estimate is based upon VEIC analysis of data gathered in audit of DC Water
Facilities, MWH Global, “Energy Savings Plan, Prepared for DC Water.” Washington, D.C., 2010.
See DC Water Conservation.xlsx for calculations and DC Water Conservation Energy

Savings_Final.doc for write-up. This is believed to be a reasonably proxy for the entire region.
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Federal Standard n/a n/a n/a n/a n/a n/a n/a
ENERGY STAR, CEE Tier 1 11 10.8 4.8 47% 44% 7.2 7.5
ENERGY STAR Most Efficient, CEE TIER 2 12.1 12.6 6.6 54% 52% 9.0 9.2
CEETIER 3 12.1 12.6 6.6 54% 52% 9.0 9.2
Incremental Cost
The lifecycle NPV incremental cost for this early replacement measure is
provided in the table below: 51
Front Top
Purchase Date Efficiency Level Loading Loading
Before Jan 1, ENERGY STAR, CEE Tier 1 S444 $348
2018 ENERGY STAR Most Efficient, CEE <455 $378
TIER 2
CEETIER 3 $461 NA
ENERGY STAR, CEE Tier 1 444 354
After Jan 1, 2018 — > >
ENERGY STAR Most Efficient, CEE
$455 $455
TIER 2
CEETIER 3 $427 NA

Measure Life
The measure life is assumed to be 14 years
have a remaining life of 5 years®!3,

512 3nd the existing unit is assumed to

Operation and Maintenance Impacts
n/a

11 Costs are from Itron, Mid-Atlantic TRM Version 7.0 Incremental Costs Update, 2017.
Measure and baseline costs were calculated using hedonic models and data from Itron, 2010 -
2012 WOO017 Ex Ante Measure Cost Study, conducted for the California Public Utility
Commission in 2014. Results are adjusted for inflation and to reflect differences in Maryland
labor rates. Calculations, data and sources are available at
http://www.neep.org/file/5549/download?token=S3weM_MA

512 Based on DOE Life-Cycle Cost and Payback Period Excel-based analytical tool, available
online at:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/docs/rcw_dfr_lcc_st
andard.xlsm

313 Based on 1/3 of the measure life.
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Dehumidifier

Unique Measure Code(s): RS_AP_TOS_DEHUMID_0113
Effective Date: June 2014

End Date: TBD

Measure Description

This measure relates to the purchase (time of sale) and installation of a dehumidifier
meeting the minimum qualifying efficiency standard established by the current ENERGY
STAR (Version 4.0)°4 in place of a unit that meets the minimum federal standard
efficiency.

Definition of Baseline Condition
The baseline for this measure is defined as a new dehumidifier that meets the
Federal Standard efficiency standards as defined below:

Federal Standard

Capacity Criteria
(pints/day) (L/kWh)>*>
Up to 35 >1.35
>35to <45 >1.50
>45to <54 >1.60
>54t0<75 >1.70
>75t0<185 >2.50

Definition of Efficient Condition
To qualify for this measure, the new dehumidifier must meet the ENERGY STAR
standards version 4.0 effective 10/25/2016°1¢ as defined below:

Capacity ENERGY STAR Criteria
(pints/day) (L/kWh)
<75 22.00
75 to <185 >2.80

514 Energy Star Version 4.0 became effective 10/25/16

515 The Federal Standard for Dehumidifiers changed as of October 2012;
https://www.federalregister.gov/articles/2010/12/02/2010-29756/energy-conservation-
program-for-consumer-products-test-procedures-for-residential-dishwashers#h-11

Sohttps: //www.energystar.gov/products/spec/dehumidifiers_specification_version_4_0_pd
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Qualifying units shall be equipped with an adjustable humidistat control or shall require
a remote humidistat control to operate.

Annual Energy Savings Algorithm

AkWh = Capacity * 0.473 / 24 * Hours * (1 / (L/kWh_Base)— 1 / (L/kWh_Eff))

Where:
Capacity
0.473
24
Hours

L/kWh

= Capacity of the unit (pints/day)

= Constant to convert Pints to Liters
= Constant to convert Liters/day to Liters/hour
= Run hours per year

=1632°

= Liters of water per kWh consumed, as provided in tables

above

Annual kWh results for each capacity class are presented below using the average of the
capacity range. If the capacity of installed units is collected, the savings should be
calculated using the algorithm. If the capacity is unknown, a default average value is

provided:
Annual kWh
Capacit S:::Z:Id ENERGY
A Capacity Criteria STAR Criteria  Federal ENERGY Savines
Used Standard STAR &
(pints/day) S
2 L/kWh 2 L/kWh
s (L/kWh) (2 L/kwh)

<25 20 1.35 2.0 477 322 155
> 25to0 <35 30 1.35 2.0 715 482 232
> 35 to <45 40 1.5 2.0 858 643 214
>45to<54 50 1.6 2.0 1005 804 201

517 Based on 68 days of 24-hour operation; ENERGY STAR Dehumidifier Calculator

http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator

Xlsx?f3f7-6a8b&f3f7-6a8b
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>54t0<75 65 1.7 2.0 1230 1045 184
>75t0< 185 130 2.5 2.8 1673 1493 179
Average 46 1.51 2.0 983 740 240

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/Hours * CF

Where:
Hours = Annual operating hours
= 1632 hours>18
CF = Summer Peak Coincidence Factor for measure
=0.37°1

Capacity

(pints/day) Range

<25 0.035
>25to0<35 0.053
> 35 to <45 0.049
>45t0<54 0.046
>54to0<75 0.042

>751t0< 185 0.041
Average 0.054

Annual Fossil Fuel Savings Algorithm
n/a

518 Based on 68 days of 24-hour operation; ENERGY STAR Dehumidifier Calculator
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator

Xlsx?f3f7-6a8b&f3f7-6a8b

519 Assume usage is evenly distributed day vs. night, weekend vs. weekday and is used between
April through the end of September (4392 possible hours). 1632 operating hours from ENERGY
STAR Dehumidifier Calculator. Coincidence peak during summer peak is therefore 1632/4392 =
37.2%
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Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this time of sale measure is $5°2°.

Measure Life

The measure life is assumed to be 12 years.>?!
Operation and Maintenance Impacts

n/a

Dehumidifier, Early Retirement / Recycling
Unique Measure Code(s): RS_AP_ERET_DEHUMID_0518

Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the savings resulting from removing an existing, operating
dehumidifier from service prior to its natural end of life. The program should target, but
not be limited to, dehumidifiers put into service prior to June 2019. If the unit is
replaced rather than retired, savings should be based on the Dehumidifier Time-of-Sale
measure.

Definition of Baseline Condition
The baseline condition is the existing inefficient dehumidifier.

Definition of Efficient Condition
The existing inefficient dehumidifier is removed from service and not replaced.

Energy Savings Algorithm

520 Based on available data from the Department of Energy’s Life Cycle Cost analysis
spreadsheet:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/docs/lcc_dehumidifi
er.xls

521 ENERGY STAR Dehumidifier Calculator
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator
Xlsx?f3f7-6a8b&f3f7-6a8b
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Remaining life kWh savings =

Capacity x% x hours xm x (Service Life — Existing Age)
Where:
Capacity = Capacity of the unit (pints/day)
0.473 = Constant to convert Pints to Liters
24 = Constant to convert Liters/day to Liters/hour
Hours = Run hours per year
=1632°%2
L/kWh = Liters of water per kWh consumed, as provided in table

below. Values reflect a manufacture date range that
coincides with timing of federal efficiency standards.
Service Life =12
Existing Age = age of existing unit

Annual kWh savings results for each capacity class are presented in the table below
reflecting two recent federal standards as baseline. If the capacity of installed units is
collected, the savings should be calculated using the algorithm. If the capacity is
unknown, a default average value is provided. If the unit being removed is Energy Star
labeled, custom calculation will be required.

Annual kWh Savings

2007 2012 Mfr date
Capacity  Capacity of Federal Federal Mfr date between
(pints/day) existing Standard Standard before Oct Nov 2012
Range unit (2 (2 2012 and June
L/kWh)*%2  L/kWh)>?* 2019
<25 20 1 1.35 643 477
>25t0<35 30 1.2 1.35 804 715

522 Based on 68 days of 24-hour operation; ENERGY STAR Dehumidifier Calculator
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/appliance_calculator
Xlsx?f3f7-6a8b&f3f7-6a8b

523 The Federal Standard for Dehumidifiers as of October 2007;
https://www.gpo.gov/fdsys/pkg/USCODE-2016-title42/html/USCODE-2016-title42-chap77-
subchaplll-partA-sec6295.htm

524 The Federal Standard for Dehumidifiers as of October 2012;
https://www.federalregister.gov/articles/2010/12/02/2010-29756/energy-conservation-
program-for-consumer-products-test-procedures-for-residential-dishwashers#h-11
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Where:
kWh
Hours

CF

= annual kWh savings
= Annual operating hours
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>35to <45 40 1.3 1.5 990 858
<
>4stos 50 13 16 1237 1005
54
<
g 5‘;5“’ = 65 1.5 1.7 1394 1230
>75to<
185 130 2.25 2.5 1858 1673
Average 56 1.43 1.67 1260 1077
Summer Coincident Peak kW Savings Algorithm
AKWh
AKW =
Hours

= 1632 hours>?
= Summer Peak Coincidence Factor for measure
=0.37°%
Capacity AkW
(pints/day) before
Range 2012
<25 0.146 0.108
> 25 to <35 0.182 0.162
> 35 to <45 0.224 0.194
>45to <54 0.280 0.228
>54t0<75 0.316 0.279
>75t0<185 0.421 0.379
Average 0.262 0.225

525 Based on 68 days of 24-hour operation; ENERGY STAR Dehumidifier Calculator
https://www.energystar.gov/sites/default/files/asset/document/appliance_calculator.xlsx

Northeast Energy Efficiency Partnerships
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526 Assume usage is evenly distributed day vs. night, weekend vs. weekday and is used between
April through the end of September (4392 possible hours). 1632 operating hours from ENERGY

STAR Dehumidifier Calculator. Coincidence peak during summer peak is therefore 1632/4392 =
37.2%
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Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
n/a

Measure Life
n/a

Operation and Maintenance Impacts
n/a
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ENERGY STAR Air Purifier/Cleaner

Unique Measure Code(s): RS_AP_TOS_AIRPUR_0414
Effective Date: June 2014
End Date: TBD

Measure Description

An air purifier (cleaner) is a portable electric appliance that removes dust and fine
particles from indoor air. This measure characterizes the purchase and installation of a
unit meeting the efficiency specifications of ENERGY STAR in place of a baseline model.

Definition of Baseline Condition
The baseline equipment is assumed to be a conventional non-ENERGY STAR unit with
consumption estimates based upon EPA research on available models, 2011°%’.

Definition of Efficient Condition
The efficient equipment is defined as an air purifier meeting the efficiency specifications
of ENERGY STAR as provided below.

e Must produce a minimum 50 Clean Air Delivery Rate (CADR) for Dust>?® to be
considered under this specification.

e Minimum Performance Requirement: = 2.0 CADR/Watt (Dust)

e Standby Power Requirement: = 2.0 Watts Qualifying models that perform
secondary consumer functions (e.g. clock, remote control) must meet the
standby power requirement.

e UL Safety Requirement: Models that emit ozone as a byproduct of air cleaning
must meet UL Standard 867 (ozone production must not exceed 50ppb)

Annual Energy Savings Algorithm

527 ENERGY STAR Appliance Savings Calculator;
http://www.energystar.gov/buildings/sites/default/uploads/files/appliance_calculator.xlsx?72
24-046c=8&7224-__046ceiling_fan_calculator_xlsx=&a0f2-2e6f&a0f2-2e6f

528 Measured according to the latest ANSI/AHAM AC-1 (AC-1) Standard
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AKWh = kWhgase - KWhestar

Where:
kWhgase = Baseline kWh consumption per year>?
= see table below
kWhestar = ENERGY STAR kWh consumption per year>3°

= see table below

Baseline Unit ENERGY STAR

Clean Air

Delivery Rate CADR usc?d in Energy. Unit Ener.gy
(CADR) calculation Consumption Consumption
(kWh/year) (kWh/year)

CADR 51-100 75 441 148 293
CADR 101-150 125 733 245 488
CADR 151-200 175 1025 342 683
CADR 201-250 225 1317 440 877
CADR Over 250 275 1609 537 1072

Summer Coincident Peak kW Savings Algorithm
AkW = AkWh/Hours * CF

Where:
AkWh = Gross customer annual kWh savings for the measure

Hours = Average hours of use per year

529 Based on assumptions found in the ENERGY STAR Appliance Savings Calculator;
Efficiency 1.0 CADR/Watt, 16 hours a day, 365 days a year and 1W standby power.
530 |bid.

Efficiency 3.0 CADR/Watt, 16 hours a day, 365 days a year and 0.6W standby power.
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= 5840 hours>3!

CF = Summer Peak Coincidence Factor for measure
=0.67°32

Clean Air Delivery Rate AkW
CADR 51-100 0.034
CADR 101-150 0.056
CADR 151-200 0.078
CADR 201-250 0.101
CADR Over 250 0.123

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The lifecycle NPV incremental cost for this time of sale measure is $0.°33

Measure Life
The measure life is assumed to be 9 years>3*.

Operation and Maintenance Impacts
There are no operation and maintenance cost adjustments for this measure.>3>

331 Consistent with ENERGY STAR Qualified Room Air Cleaner Calculator; 16 hours a day, 365
days a year.

532 Assumes appliance use is equally likely at any hour of the day or night.

533 ENERGY STAR Appliance Savings Calculator, which cites “EPA research on available models,
2012”

534 ENERGY STAR Appliance Savings Calculator; Based on Appliance Magazine, Portrait of the
U.S. Appliance Industry 1998.

535 Some types of room air cleaners require filter replacement or periodic cleaning, but this is
likely to be true for both efficient and baseline units and so no difference in cost is assumed.
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Clothes Dryer

Unique Measure Code(s): RS_AP_TOS_CLTDRY_0415
Effective Date: June 2015

End Date: TBD

Measure Description

This measure relates to the installation of a residential clothes dryer meeting the
ENERGY STAR criteria. ENERGY STAR qualified clothes dryers save energy through a
combination of more efficient drying and reduced runtime of the drying cycle. More
efficient drying is achieved through increased insulation, modifying operating conditions
such as air flow and/or heat input rate, improving air circulation through better drum
design or booster fans, and improving efficiency of motors. Reducing the runtime of
dryers through automatic termination by temperature and moisture sensors is believed
to have the greatest potential for reducing energy use in clothes dryers>3¢. ENERGY STAR
provides criteria for both gas and electric clothes dryers.

Definition of Baseline Condition
The baseline condition is a clothes dryer meeting the minimum federal
requirements for units manufactured on or after January 1, 2015.

Definition of Efficient Condition
Clothes dryer must meet the ENERGY STAR criteria, as required by the program.

Annual Energy Savings Algorithm

AkWh = (Load/CEFbase — Load/CEFeff) * Ncycles * %Electric
Where:

Load = The average total weight (Ibs) of clothes per drying cycle.
If dryer size is unknown, assume standard.

536 ENERGY STAR Market & Industry Scoping Report. Residential Clothes Dryers. Table 8.
November 2011.
http://www.energystar.gov/ia/products/downloads/ENERGY_STAR_Scoping_Report_Residentia
_Clothes_Dryers.pdf
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Dryer Size " load (Ibs.)’¥ |
Standard 8.45
Compact 3
CEFbase = Combined energy factor (CEF) (lbs/kWh) of the baseline

unit is based on existing federal standards energy factor and
adjusted to CEF as performed in the ENERGY STAR

analysis®3®. If product class unknown, assume electric,
standard.
Product Class CEFbase (Ibs/kWh)
Vented Electric, Standard (> 4.4 ft3) 3.11
Vented Electric, Compact (120V) (< 4.4 ft3) 3.01
Vented Electric, Compact (240V) (<4.4 ft3) 2.73
Ventless Electric, Compact (240V) (<4.4 ft3) 2.13
Vented Gas 2.84°%
CEFeff = CEF (Ibs/kWh) of the ENERGY STAR unit based on ENERGY

STAR requirements.”*° If product class unknown, assume
electric, standard.

Product Class —CEFeff (Ibs/kWh) |
Vented or Ventless Electric, Standard (> 4.4 ft3) 3.93
Vented or Ventless Electric, Compact (120V) (< 4.4 ft3) 3.80
Vented Electric, Compact (240V) (< 4.4 ft3) 3.45
Ventless Electric, Compact (240V) (< 4.4 ft3) 2.68
Vented Gas 3.48°4
Ncycles = Number of dryer cycles per year

537 Based on ENERGY STAR test procedures.
https://www.energystar.gov/index.cfm?c=clothesdry.pr_crit_clothes_dryers

538 ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis

539 Federal standards report CEF for gas clothes dryers in terms of lbs/kWh. To determine gas
savings, this number is later converted to therms.

540 ENERGY STAR Clothes Dryers Key Product Criteria.
https://www.energystar.gov/index.cfm?c=clothesdry.pr_crit_clothes_dryers

541 Federal standards report CEF for gas clothes dryers in terms of lbs/kWh. To determine gas
savings, this number is later converted to therms.
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=311 cycles per year.”*
%Electric = The percent of overall savings coming from electricity

Clothes Dryer Fuel Type %Electric >

Electric 100%

Gas 16%
Product Class _ Algorithm AkWh
Vented or Ventless Electric, Standard (> 4.4 ft3) =((8.45/3.11-8.45/3.93) * 311 * 100%) 176.3
Vented or Ventless Electric, Compact (120V) (< 4.4 ft3) =((3/3.01-3/3.80) * 311 * 100%) 64.4
Vented Electric, Compact (240V) (< 4.4 ft3) =((3/2.73-3/3.45) * 311 * 100%) 713
Ventless Electric, Compact (240V) (< 4.4 ft3) =((3/2.13-3/2.68) * 311 * 100%) 89.9
Vented Gas = ((8.45/2.84 — 8.45/3.48) * 311 * 16%) 27.2

Summer Coincident Peak kW Savings Algorithm

AkW = AkWh/Hours * CF

Where:
AkWh = Energy Savings as calculated above
Hours = Annual run hours of clothes dryer.
=290 hours per year.>*
CF = Summer Peak Coincidence Factor for measure
=2.9%%
Product Class \ Algorithm AkW
Vented or Ventless Electric, Standard (= 4.4 ft3) =176.3/290 * 0.029 0.018
Vented or Ventless Electric, Compact (120V) (< 4.4 ft3) =64.4/290 * 0.029 0.006

%2 Ecova, ‘Dryer Field Study’, Northwest Energy Efficiency Alliance (NEEA) 2014.

343 %Electric accounts for the fact that some of the savings on gas dryers comes from electricity
(motors, controls, etc). 16% was determined using a ratio of the electric to total savings from
gas dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis.

44 Assumes average of 56 minutes per cycle based on Ecova, ‘Dryer Field Study’, Northwest
Energy Efficiency Alliance (NEEA) 2014

54 Consistent with coincidence factor of Clothes Washers; Metered data from Navigant
Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 -
May 31, 2013) Appliance Rebate Program.” March 21, 2014, page 36.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org




. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018

Page 242 of 529

Vented Electric, Compact (240V) (< 4.4 ft3)

=71.3/290 * 0.029

0.007

Ventless Electric, Compact (240V) (< 4.4 ft3)

=89.9/290 * 0.029

0.009

Vented Gas

=27.2/290 * 0.029

0.003

Annual Fossil Fuel Savings Algorithm

Natural gas savings only apply to ENERGY STAR vented gas clothes dryers.

Where:

AMMBTU
%Gas

Product Class

MMBTU_convert

=0.003413

= (Load/CEFbase — Load/CEFeff) * Ncycles * MMBTU_convert *

= Conversion factor from kWh to MMBTU

= Percent of overall savings coming from gas

Electric

Clothes Dryer Fuel Type = %Gas %

Gas

Algorithm

AMMBTU

Vented or Ventless Electric, Standard (= 4.4 ft3) n/a 0
Vented or Ventless Electric, Compact (120V) (< 4.4 ft3) n/a 0
Vented Electric, Compact (240V) (< 4.4 ft3) n/a 0
Ventless Electric, Compact (240V) (< 4.4 ft3) n/a 0
Vented Gas =(8.45/2.84 — 8.45/3.48) * 311 * 0.003413 * 0.84 0.49

Annual Water Savings Algorithm

n/a

346 %Gas accounts for the fact that some of the savings on gas dryers comes from electricity
(motors, controls, etc). 84% was determined using a ratio of the gas to total savings from gas
dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis.
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Incremental Cost
The lifecycle NPV incremental cost for a time of sale ENERGY STAR clothes dryer
is assumed to be $75.>

Measure Life
The expected measure life is assumed to be 14 years>*,

Operation and Maintenance Impacts
n/a

47 Energy Star Appliance Calculator, which cites “Cadmus Research on available models, July
2016.”

548 Based on an average estimated range of 12-16 years. ENERGY STAR Market & Industry
Scoping Report. Residential Clothes Dryers. November 2011.
http://www.energystar.gov/ia/products/downloads/ENERGY_STAR_Scoping Report_Residentia
LClothes_Dryers.pdf
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Dishwasher

Unique Measure Code(s): RS_AP_TOS_DISHWAS_0415
Effective Date: June 2015

End Date: TBD

Measure Description

A dishwasher meeting the efficiency specifications of ENERGY STAR is installed in
place of a model meeting the federal standard. This measure is only for standard
dishwashers, not compact dishwashers. A compact dishwasher is a unit that holds less
than eight place settings with six serving pieces.

Definition of Baseline Condition
The baseline for this measure is defined as a new dishwasher that meets the
Federal Standard efficiency standards as defined below>%:

Dishwasher Maximum Maximum

Type kWh/year gallons/cycle
Standard 307 5.0

Definition of Efficient Condition
To qualify for this measure, the new dishwasher must meet the ENERGY STAR
standards version 6.0 as defined below:
Dishwasher Maximum Maximum

Type kWh/year gallons/cycle
Standard 270 3.50

Annual Energy Savings Algorithm

AkWh?>>° = ((kWhgase - kWhestar) * (%kWh_op + (%kWh_heat *
%Electric_DHW )))
Where:
kWhgase = Baseline kWh consumption per year

9 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/67
550 The Federal Standard and ENERGY STAR annual consumption values include electric
consumption for both the operation of the machine and for heating the water that is used by
the machine.
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=307 kWh
kWhestar = ENERGY STAR kWh annual consumption = 270
%kWh _op = Percentage of dishwasher energy consumption used for unit
operation
=1-56%>1
=44%
%kWh_heat = Percentage of dishwasher energy consumption used for water
heating
= 56%552
%Electric DHW = Percentage of DHW savings assumed to be electric
Electric 100%
Natural Gas 0%
Unknown 65%>°3
DHW Fuel Algorithm AkWh
Electric =((307 - 270) * (0.44 + (0.56 * 1.0))) 37
Unknown | = ((307 - 270) * (0.44 + (0.56 * 0.65))) 29.7

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/Hours * CF
Where:

Hours = Annual operating hours>*

>51 ENERGY STAR Dishwasher Calculator, see ‘EnergyStarCalculatorConsumerDishwasher.xls’.
52 |bid.

553 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for South Region, data for the Mid-Atlantic region.

554 Assuming one and a half hours per cycle and 140 cycles per year therefore 210 operating
hours per year; 140 cycles per year is based on a weighted average of dishwasher usage in Mid-
Atlantic region derived from the 2009 RECs data;
http://205.254.135.7/consumption/residential/data/2009/

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org


http://mn.gov/commerce/energy/images/ElectricFoodService_v03.2.xls

. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 246 of 529
=210 hours
CF = Summer Peak Coincidence Factor
= 2.6% >
DHW Fuel Algorithm AkW
Electric =37/210 * 0.026 0.0046
Unknown =29.75/210 * 0.02 0.0037

Annual Fossil Fuel Savings Algorithm

AMMBTU = (kWhgase - kWhestar) * %kWh_heat * %Natural Gas_DHW * R_eff
*0.003413
Where
%kWh_heat =% of dishwasher energy used for water heating
=56%

%Natural Gas_DHW = Percentage of DHW savings assumed to be Natural Gas

DHW fuel %Natural
Gas_DHW
0%
Natural Gas 100%
Unknown 35%°>>¢

555 Based on 8760 end use data for Missouri, provided to VEIC by Ameren for use in the Illinois
TRM. The average DW load during peak hours is divided by the peak load. In the absence of a
Mid Atlantic specific loadshape this is deemed a reasonable proxy since loads would likely be
similar.

556 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey
(RECS) 2009 for South Region, data for the states of Delaware, Maryland, West Virginia and the
District of Columbia. If utilities have specific evaluation results providing a more appropriate
assumption for homes in a particular market or geographic area, then that should be used.
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R_eff = Recovery efficiency factor
=1.31°7
0.003413 = factor to convert from kWh to MMBTU

ENERGY STAR | DHW Fuel Algorithm

Specification

6.0 Gas =(307 - 270) * 0.56 * 1.0 * 1.31 * 0.003413 | 0.09

6.0 Unknown =(307-270) *0.56 * 0.35 * 1.31 * 0.003413 | 0.03

Annual Water Savings Algorithm

ACCF = (Watergase - Watererr) * GalToCCF
Where

Waterggse = annual water consumption of conventional unit
=700 gallons>8

Waterger = annual water consumption of efficient unit:

ENERGY STAR Specification WaterEFF (gallons)
6.0 490°>>°

GalToCCF = factor to convert from gallons to CCF

=0.001336

557 To account for the different efficiency of electric and Natural Gas water heaters (gas water
heater: recovery efficiencies ranging from 0.74 to 0.85 (0.75 used to account for older existing
units)), and electric water heater with 0.98 recovery efficiency
(http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water Heat
Recovery_Guidelines.pdf ). Therefore, a factor of 0.98/0.75 (1.31) is applied.

558 Assuming 5 gallons/cycle (maximum allowed) and 140 cycles per year based on a weighted
average of dishwasher usage in the Mid-Atlantic Region derived from the 2009 RECs data;
http://205.254.135.7/consumption/residential/data/2009/

559 Assuming 3.50 gallons/cycle (maximum allowed) and 140 cycles per year based on a
weighted average of dishwasher usage in the Mid-Atlantic Region derived from the 2009 RECs
data; http://205.254.135.7/consumption/residential/data/2009/
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ENERGY STAR Algorithm

Specification

6.0 = (700 —490) * 0.001336 0.28

Incremental Cost
The lifecycle NPV incremental capital cost for this time of sale measure is SO,

Measure Life
The measure life is assumed to be 10 yearsss:,

Operation and Maintenance Impacts
n/a

>0 Energy Star Appliance Calculator, which cites “Cadmus Research on available models, July
2016.”

61 ENERGY STAR Dishwasher Calculator, see ‘EnergyStarCalculatorConsumerDishwasher.xls’.
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Shell Savings End Use

Air sealing

Unique Measure Code: RS_SL_RF_AIRSLG_0711
Effective Date: June 2014

End Date: TBD

Measure Description

This measure characterization provides a method of claiming both heating and
cooling (where appropriate) savings from the improvement of a residential building’s
air-barrier, which together with its insulation defines the thermal boundary of the
conditioned space.

The measure assumes that a trained auditor, contractor or utility staff member is
on location, and will measure and record the existing and post air-leakage rate using a
blower door in accordance with industry best practices®®>. Where possible, the
efficiency of the heating and cooling system used in the home should be recorded, but
default estimates are provided if this is not available.

This is a retrofit measure.
Definition of Baseline Condition

The existing air leakage prior to any air sealing work should be determined using
a blower door.
Definition of Efficient Condition

Air sealing materials and diagnostic testing should meet all program eligibility
qualification criteria. The post air sealing leakage rate should then be determined using
a blower door.

Annual Energy Savings Algorithm

Total Annual Savings

AkWh = AkthooI + AkWhheat

562 See BPI Building Analyst and Envelope Professional standards,
http://www.bpi.org/standards_approved.aspx

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org


http://www.bpi.org/standards_approved.aspx

. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 250 of 529

Cooling savings from reduction in Air Conditioning Load:

AkWheoo! = [(((CFM50Exist — CFM50New) / N-cool) *60 * CDH *
DUA * 0.018) / 1,000 / nCool] * LM

Where:
CFM50exist = Blower Door result (CFMso) prior to air sealing
= actual
CFMnew = Blower Door result (CFMsg) after air sealing
= actual
N-cool = conversion from CFM s to CFMnaturar®
= dependent on location and number of stories:>%
. N_cool (by # of stories)
Location
1 1.5 2 3
Wilmington, DE 38.4 34.0 31.2 27.6
Baltimore, MD 38.4 34.0 31.2 27.6
Washington, DC 40.3 35.7 32.7 29.0
CDH = Cooling Degree Hours>%®
= dependent on location:

Location Cooling Degree
Hours

(75°F set point)

%63 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location and exposure of the home to wind, based on methodology
developed by Lawrence Berkeley Laboratory (LBL). Since there is minimal stack effect due to
low delta T, the height of the building is not included in determining n-factor for cooling
savings.
http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html#94011122

564 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location and # of stories. These were developed by applying the LBNL
infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air
Leakage Performance for Detached Single-Family Residential Buildings; Sherman, 1986; page v-
vi, Appendix page 7-9) to the reported wind speeds and outdoor temperatures provided by the
NRDC 30 year climate normals. For more information see Bruce Harley, CLEAResult “Infiltration
Factor Calculations Methodology.doc”.

565 Derived by summing the delta between the average outdoor temperature and the base set
point of 75 degrees (above which cooling is assumed to be used), each hour of the year. Hourly
temperature data obtained from TMY3 data (http://rredc.nrel.gov/solar/old_data/nsrdb/1991-
2005/tmy3/by_state_and_city.html)
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Wilmington, DE 7,514
Baltimore, MD 9,616
Washington, DC 13,178

DUA = Discretionary Use Adjustment>%®

=0.75
0.018 = The volumetric heat capacity of air (BTU/ft3°F)
nCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available, use®®’:

Age of Equipment SEER Estimate

Before 2006 10
After 2006 13

LM = Latent Multiplier to account for latent cooling demand>®

Location LM
Wilmington, DE 4.09
Baltimore, MD 3.63
Washington, DC 3.63

[llustrative example — do not use as default assumption
A single story home in Wilmington, DE with a 12 SEER Air Conditioning unit, has pre and
post blower door test results of 3,400 and 2,250.

AKWhcoo = [(((3,400 — 2,250) / 38.4) *60 * 7,514 *
0.75 * 0.018) / 1,000 / 12] * 4.09

=62.1 kWh

%66 To account for the fact that people do not always operate their air conditioning system
when the outside temperature is greater than 75°F. Based on Energy Center of Wisconsin, May
2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation of Recent Field
Research”, p31.

%7 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

568 Derived by calculating the sensible and total loads in each hour. For more information see Bruce
Harley, CLEAResult “Infiltration Factor Calculations Methodology.doc”.
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Heating savings for homes with electric heat (Heat Pump or resistance):

AKWhheat = ((((CFM50Exist — CFM50New) / N-heat) * 60 * 24 * HDD
* 0.018) / 1,000,000 / nHeat) * 293.1

Where:
N-heat = conversion from CFMsp to CFMatural
= Based on location and number of stories>®°:
N_heat (by # of stories)
Location
1.5 2 3
Wilmington, DE 24.5 21.7 19.9 17.6
Baltimore, MD 25.1 22.3 20.4 18.1
Washington, DC 25.7 22.7 20.8 18.5
HDD = Heating Degree Days
= dependent on location®”°
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957

569 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location and # of stories. These were developed by applying the LBNL
infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air
Leakage Performance for Detached Single-Family Residential Buildings; Sherman, 1986; page v-
vi, Appendix page 7-9) to the reported wind speeds and outdoor temperatures provided by the
NRDC 30-year climate normals. For more information, see Bruce Harley, CLEAResult
“Infiltration Factor Calculations Methodology.doc”.

570 The 10-year average annual heating degree day value is calculated for each location, using a
balance point for heating equipment use of 60 degrees (based on data obtained from
http://academic.udayton.edu/kissock/http/Weather/citylistUS.htm). The 60-degree balance
point is used based on a PRISM evaluation of approximately 600,000 Ohio residential single
family customers showing this is the point below which heating is generally used.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P:781.860.9177 www.neep.org


http://academic.udayton.edu/kissock/http/Weather/citylistUS.htm

. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 253 of 529

nHeat = Efficiency in COP of Heating equipment
= actual. If not available, use®’:

System Age of HSPF cop
Type Equipment Estimate  Estimate®’?
Heat Pump Before 2006 6.8 2.00
After 2006 7.7 2.26
Resistance n/a n/a 1.00
293.1 = Converts MMBTU to kWh

Illustrative example — do not use as default assumption
A two-story home in Wilmington, DE with a heat pump with COP of 2.5, has pre and
post blower door test results of 3,400 and 2,250.

AkWheat = [(((3,400 — 2,250) / 24.5) *60 * 24 * 3,275 * 0.018) /
1,000,000 / 2.5] * 293.1

=467.1 kWh
Summer Coincident Peak kW Savings Algorithm

Achool = AkWh / FLHCOOI * CF

Where:
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool \
Wilmington, DE 524 473

71 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time means that using the minimum standard is appropriate.

572 To convert HSPF to COP, divide the HSPF rating by 3.413.

573 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
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Baltimore, MD 542 >74
Washington, DC 681
CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69°"

CFpm = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.66°7°

Illustrative example — do not use as default assumption
A single story home in Wilmington, DE with a 12 SEER Air Conditioning unit, has pre and
post blower door test results of 3,400 and 2,250.

AkW =62.1/524*0.69

=0.08 kW

Annual Fossil Fuel Savings Algorithm

For homes with Fossil Fuel Heating:

AMMBTU = (((CFM50Exist — CFM50New) / N-heat) *60 * 24 * HDD *
0.018) / 1,000,000 / nHeat

Where:
N-heat = conversion from CFMsp to CFMnatural
= Based on location and number of stories>’’:

Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

74 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

575 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

376 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

577 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is
dependent on geographic location and # of stories. These were developed by applying the LBNL
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N_heat (by # of stories)

Location

1.5 2
Wilmington, DE 24.5 21.7 19.9 17.6
Baltimore, MD 25.1 22.3 204 18.1
Washington, DC 25.7 22.7 20.8 18.5
HDD = Heating Degree Days

= dependent on location®”®

Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
nHeat = Efficiency of Heating equipment (equipment efficiency *

distribution efficiency)

= actual”. If not available, use 84% for equipment
efficiency and 78% for distribution efficiency to give
66%°%.

infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air
Leakage Performance for Detached Single-Family Residential Buildings; Sherman, 1986; page v-
vi, Appendix page 7-9) to the reported wind speeds and outdoor temperatures provided by the
NRDC 30-year climate normals. For more information, see Bruce Harley, CLEAResult
“Infiltration Factor Calculations Methodology.doc”.

578 The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http://www.engr.udayton.edu/weather/). The 60 degree balance point is used
based on a PRISM evaluation of approximately 600,000 Ohio residential single family customers
showing this is the point below which heating is generally used.

57 |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test. The Distribution Efficiency can be estimated via a
visual inspection and by referring to a look up table such as that provided by the Building
Performance Institute: (http://www.bpi.org/files/pdf/DistributionEfficiencyTable-
BlueSheet.pdf) or by performing duct blaster testing.

580 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%. The
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Illustrative example — do not use as default assumption
A single story home in Wilmington, DE with a 70% heating system efficiency, has pre and
post blower door test results of 3,400 and 2,250.

AMMBTU = (((3,400 — 2,250) / 24.5) *60 * 24 * 3,275 * 0.018) /
1,000,000 / 0.7

=5.7 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this retrofit measure should be the actual installation
and labor cost to perform the air sealing work.

Measure Life
The measure life is assumed to be 15 yrs°8L,

Operation and Maintenance Impacts
n/a

distribution efficiency default is based on assumption that 50% of duct work is inside the
envelope, with some leaks and no insulation. VEIC did not have any more specific data to
provide any additional defaults.

81 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Attic/ceiling/roof insulation
Unique Measure Code: RS_SL_RF_ATTICI_0711
Effective Date: June 2014

End Date: TBD

Measure Description

This measure characterization is for the installation of new insulation in the
attic/roof/ceiling of a residential building. The measure assumes that an auditor,
contractor or utility staff member is on location, and will measure and record the
existing and new insulation depth and type (to calculate R-values), the surface area of
insulation added, and where possible the efficiency of the heating and cooling system
used in the home.

This is a retrofit measure.

Definition of Baseline Condition

The existing insulation R-value should include the total attic floor / roof
assembly. An R-value of 5 should be assumed for the roof assembly plus the R-value of
any existing insulation®82, Therefore, if there is no insulation currently present, the R-
value of 5 should be used.

Definition of Efficient Condition

The new insulation should meet any qualification criteria required for
participation in the program. The new insulation R-value should include the total attic
floor /roof assembly and include the effective R-value of any existing insulation that is
left in situ.

Annual Energy Savings Algorithm

Savings from reduction in Air Conditioning Load:

AkWh = ((1/Rexist —1/Rnew) * CDH * DUA * Area) / 1,000 / nCool *
Adjcool

582 The R-5 assumption for roof assembly is based on J.Neymark & Associates and National
Renewable Energy Laboratory, June 2009; “BESTEST-EX Interim Test Procedure” p27. The attic
floor and roof should be modeled as a system including solar gains and attic ventilation, and R-
5 is the standard assumption for the thermal resistance of the whole attic/roof system.
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Where:
Rexist = R-value of roof assembly plus any existing insulation
= actual (minimum of R-5)
Rnew = R-value of roof assembly plus new insulation
= actual
CDH = Cooling Degree Hours
= dependent on location:

583

Location Cooling Degree
Hours
(75°F set point)
Wilmington, DE 7,514
Baltimore, MD 9,616
Washington, DC 13,178
DUA = Discretionary Use Adjustment®®*
=0.75
Area = square footage of area covered by new insulation
= actual
nCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available, use*®’:

Age of Equipment SEER Estimate

Before 2006 10
After 2006 13

Adjcool = 0.8586
[llustrative example — do not use as default assumption

%83 Derived by summing the delta between the average outdoor temperature and the base set
point of 75 degrees (above which cooling is assumed to be used), each hour of the year. Hourly
temperature data obtained from TMY3 data (http://rredc.nrel.gov/solar/)

584 To account for the fact that people do not always operate their air conditioning system
when the outside temperature is greater than 75°F. Based on Energy Center of Wisconsin, May
2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation of Recent Field
Research”, p31.

%85 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

586 From Illinois TRM, 9 as demonstrated in two years of metering evaluation by Opinion
Dynamics. Adjusts savings derived through engineering algorithms to actual savings measured in
field.
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Insulating 1200 square feet of attic from R-5 to R-30 in a home with a 12 SEER central
Air Conditioning unit in Baltimore, MD.

AKWh = ((1/5 - 1/30) * 9,616 * 0.75 * 1,200) / 1,000/ 12 * 0.8
= 96 kWh

Savings for homes with electric heat (Heat Pump or resistance):

AkWh = (((1/Rexist — 1/Rnew) * HDD * 24 * Area) / 1,000,000 / nHeat) * 293.1 *
Adjheat

HDD = Heating Degree Days
= dependent on location®®”
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
1,000,000 = Converts BTU to MMBTU
nHeat = Efficiency in COP of Heating equipment
= actual. If not available, use*®:

System Age of HSPF copP
Type Equipment Estimate Estimate
Heat Pump Before 2006 6.8 2.00
After 2006 7.7 2.26
Resistance n/a n/a 1.00
293.1 = Converts MMBTU to kWh

587 The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http://academic.udayton.edu/kissock/http/Weather/citylistUS.htm). The 60
degree balance point is used based on a PRISM evaluation of approximately 600,000 Ohio
residential single family customers showing this is the point below which heating is generally
used.

%88 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate.
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Adjheat =0.6°%

Illustrative example — do not use as default assumption
Insulating 1200 square feet of attic from R-5 to R-30 in a home with a 2.5COP Heat
Pump in Baltimore, MD.

AKWh = (((1/5 — 1/30) * 3457 * 24 * 1,200) / 1,000,000 / 2.5) * 293.1 * 0.6
=1,167 kWh

Summer Coincident Peak kW Savings Algorithm
AkW = AkWh / FLHcool * CF

Where:
FLHcool = Full Load Cooling Hours
= Dependent on location as below:
Location FLHcool \
Wilmington, DE 524 >0
Baltimore, MD 542 >%1
Washington, DC 681

CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69°%?

CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather

589 From Illinois TRM, 9 as demonstrated in two years of metering evaluation by Opinion
Dynamics

59 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

91 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

%92 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.
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=0.66 >
Illustrative example — do not use as default assumption
Insulating 1200 square feet of attic from R-5 to R-30 in a home with a 12 SEER central
Air Conditioning unit in Baltimore, MD.
AkW =96/542 * 0.69
=0.12 kW

Annual Fossil Fuel Savings Algorithm

AMMBTU = ((1/Rexist — 1/Rnew) * HDD * 24 * Area) / 1,000,000 /
nHeat * Adjheat

Where:
HDD = Heating Degree Days
= dependent on location®**
Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957
nHeat = Efficiency of Heating equipment (equipment efficiency *

distribution efficiency)

593 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

%4 The 10-year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on data
obtained from http://academic.udayton.edu/kissock/http/Weather/citylistUS.htm). The 60-
degree balance point is used based on a PRISM evaluation of approximately 600,000 Ohio
residential single family customers showing this is the point below which heating is generally
used.
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= actual®. If not available, use 84% for equipment
efficiency and 78% for distribution efficiency to give 66%>°°.

Adjheat =0.60°%7
Illustrative example — do not use as default assumption
Insulating 1200 square feet of attic from R-5 to R-30 in a home with a 75% efficiency
heating system in Baltimore, MD.
AMMBTU =((1/5-1/30) * 3457 * 24 * 1,200) / 1,000,000 / 0.75 * .60

=13 MMBTU

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this retrofit measure should be the actual installation

and labor cost to perform the insulation work.

Measure Life
The measure life is assumed to be 25 years®.

Operation and Maintenance Impacts

5% |deally, the System Efficiency should be obtained either by recording the AFUE of the unit,
or performing a steady state efficiency test. The Distribution Efficiency can be estimated via a
visual inspection and by referring to a look up table such as that provided by the Building
Performance Institute: (http://www.bpi.org/files/pdf/DistributionEfficiencyTable-
BlueSheet.pdf) or by performing duct blaster testing.

%% The equipment efficiency default is based on data provided by GAMA during the Federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%. The
distribution efficiency default is based on assumption that 50% of duct work is inside the
envelope, with some leaks and no insulation. VEIC did not have any more specific data to
provide any additional defaults.

97 From Illinois TRM, 9 as demonstrated in two years of metering evaluation by Opinion
Dynamics. Factor adjusts predicted values from engineering estimates to better match the
actual values as measured in the field.

%8 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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n/a
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Efficient Windows - Energy Star, Time of Sale
Unique Measure Code(s): RS_SL_TOS_WINDOW_0510

Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the purchase of Energy Star Windows (u-0.32; SHGC-0.40
minimum requirement for North Central region) at natural time of replacement or new
construction outside of the Energy Star Homes program. This does not relate to a
window retrofit program. Measure characterization assumes electric heat- either
resistance or heat pump.

Definition of Baseline Condition
The baseline condition is a standard double pane window with vinyl sash, (u-
0.49 SHGC-0.58).

Definition of Efficient Condition
The efficient condition is an ENERGY STAR window (u-0.32; SHGC-0.40 minimum
requirement for North Central region).

Annual Energy Savings Algorithm °>%°

Heating kWh Savings (Electric Resistance) =356 kWh per 100 square feet window
area

Heating kWh Savings (Heat Pump COP 2.0) =194 kWh per 100 square feet window
area

Cooling kWh Savings (SEER 10) = 205 kWh per 100 square feet window
area
Summer Coincident Peak kW Savings Algorithm

AkWcooling = AKWREM * CF

5% Based on REMRate modeling of New Jersey baseline existing home moved to Baltimore
climate with electric furnace or air source heat pump HSPF 2.0, SEER 10 AC. Ducts installed in
un-conditioned basement. Duct leakage set at RESNET/HERS qualitative default.
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Where:

AKWREM = Delta kW calculated in REMRate model
=0.12 kW per 100 square feet window area

CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69 5%

CFpm = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.66 %1

AkWssp cooling =0.12 * 0.69

= 0.083 kW per 100 square feet of windows
AkWopyym cooling =0.12 *0.66

= 0.079 kW per 100 square feet of windows

Annual Fossil Fuel Savings Algorithm
n/a for homes with electric heat.

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this time of sale measure is assumed to be $2.20 square

foot of windows. %02

Measure Life

600 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.

601 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

602 $33 per 15 square-foot window. Energy Star for Windows, Doors and Skylights Version 6.0
Criteria Revision, Review of Cost Effectiveness Analysis, July 2013, p. 6. Accessed April 25,
2017 at https://www.energystar.gov/sites/default/files/ESWDS-
ReviewOfCost_EffectivenessAnalysis.pdf.
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The measure life is assumed to be 25 years.?%3

Operation and Maintenance Impacts
n/a

603 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Crawl Space Insulation and Encapsulation
Unique Measure Code(s): RS_SL_RF_CRLINS_0616

Effective Date: June 2016

End Date: TBD

Measure Description

This measure relates to the insulation and/or encapsulation to a crawl space under
a single family home. This measure also allows for the possibility that the crawl space will
be encapsulated. This encapsulation in effect changes the crawlspace from an
unconditioned space to a conditioned space, thus eliminating losses from any duct work
that may run through the space.

Definition of Baseline Condition
The baseline depends on site specific conditions. However, it is most likely to be
an unencapsulated, uninsulated crawlspace.

Definition of Efficient Condition
The efficient condition is a crawlspace that is insulated and/or encapsulated.

Annual Energy Savings Algorithm®*

AkWh = kthooIing + kWhheating + kKWhaucts
Where:
kWhcooling = reduction in cooling requirement. Only applicable to homes with
central cooling

=((1/R_Old_AG—1/(R_Old_AG +R_Added_AG)) *
L Basement_Wall * H Basement_Wall AG * (1-Framing_Factor)
* CDH * DUA) /(1000 * nCool) * Adjsasementcool

Where:

R _Old_AG =R _Value of foundation wall above grade
= Actual, if unknown assume 1.0%%°

04 When possible, energy savings should be determined through a custom analysis such as
building simulation. If that option is not feasible, savings may be estimated using the
algorithms in this section

605 1448 ORNL Builders Foundation Handbook, crawl space data from Table 5-5: Initial Effective
R-values for Uninsulated Foundation System and Adjacent Soil, 1991,
http://www.ornl.gov/sci/roofs+walls/foundation/ORNL_CON-295. pdf
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R _Added AG = R-Value of additional insulation
L Basement_Wall = Length of basement wall around the insulated perimeter
H_Basement_Wall AG = Height of basement wall above grade
Framing_Factor = Adjustment to account for area of framing if cavity
insulation

= 0% if spray foam or rigid foam
=25% if studs and cavity insulation®%
24 = converts days to hours
CDH = Cooling Degree Hours607
= dependent on location:

Location Cooling Degree
Hours
(75°F set point)
Wilmington, DE 7,514
Baltimore, MD 9,616
Washington, DC 13,178
DUA = Discretionary Use Adjustment, to account for the fact
that people do not always operate AC when conditions call
for it.
=0.75%%
nCool = Efficiency in SEER of Cooling Equipment.

= Actual. If unknown use®%:

Age of Equipment SEER Estimate

Before 2006 10
After 2006 13

606 ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building
Envelopes (904-RP),” Table 7.1

607 Derived by summing the delta between the average outdoor temperature and the base set
point of 75 degrees (above which cooling is assumed to be used), each hour of the year. Hourly
temperature data obtained from TMY3 data (http://rredc.nrel.gov/solar/)

608 This factor's source is: Energy Center of Wisconsin, May 2008 metering study; “Central Air
Conditioning in Wisconsin, A Compilation of Recent Field Research”, p31.

0% These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Central AC was adjusted. While one would expect the average
system efficiency to be higher than this minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.
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Adjsasementcool = Adjustment to take into account prescriptive algorithms
overclaiming savings
= 80%°1°
kWhheating -Reduction in annual heating requirement, if electric heat

(resistance or heat pump)
= (k Whae + kWhBG) *Aijasement
Where:

kWhae = Savings from insulation on walls or crawlspaces above
grade
=((1/R_Old_AG — 1/(R_Old_AG + R_Added)) *
L Basement_Wall * H_Basement_Wall _AG * (1-
Framing_Factor) * HDD * 24) /(3412 * nHeat)

kWhge = Savings from insulation on walls or crawlspaces below
grade
=((1/R_Old_BG - 1/(R_0OIld_BG + R_Added)) *
L Basement_Wall * H_Basement_Wall_BG * (1-
Framing_Factor) * HDD * 24) /(3412 * nHeat)

Where:

HDD = Heating Degree Days

= Dependent on location:®*

Location Heating Degree Days
(60°F set point)
Wilmington, DE 3,275
Baltimore, MD 3,457
Washington, DC 2,957

3412 = Converts kWh to BTU

610 As determined by Illinois Technical Resource Manual

611 The 10 year average annual heating degree day value is calculated for a number of
locations, using a balance point for heating equipment use of 60 degrees (based on
data obtained from http://academic.udayton.edu/kissock/http/Weather/citylistUS.htm). The 60
degree balance point is used based on a PRISM evaluation of approximately 600,000
Ohio residential single family customers showing this is the point below which heating
is generally used.
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nHeat = Efficiency of Heating system, in COP. If not available,
use®?:
System Age of HSPF cop
Type Equipment Estimate Estimate
Heat Pump Before 2006 6.8 2.00
After 2006 7.7 2.26
Resistance n/a n/a 1.00
R_Old_BG = R-Value of Wall below Grade
= Dependent on depth of foundation®'3
Depth below grade
(ft) 0 1 2 3 4 5 6 7 8
Earth R-value 2.44 4.5 6.3 8.4 | 10.44 | 12.66 | 14.49 17 20
C;’Ii":ge Earth R- 244 | 316| 3.79| 4.40| 497| 553 | 607| 660 7.13

Total Below Grade R-
value (earth + R-1.0
foundation) default 3.44 4.47 5.41 6.41 7.42 8.46 9.46 | 10.53 | 11.69

H_Basement_Wall_BG = Height of basement wall below grade

Adjasementheat = Adjustment to account for prescriptive algorithms
overclaiming savings
= 60951

kWhaycts = electric savings from loss of duct leaks, if more than 50%

of ducts are in a conditioned area
= kWhauct_cool + KWhduct_heat

And:
kWHhuct cool = Hours_Cool * BTU/Hour * (1 /SEER) * Duct_Factor /
1000
kWhauct heat = Hours_Heat * BTU/Hour * (1/HSPF) * Duct_Factor /
1,000
Where:

12 These default system efficiencies are based on the applicable minimum Federal Standards.
In 2006 the Federal Standard for Heat Pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of
efficiencies over time mean that using the minimum standard is appropriate

613 Adapted from Table 1, page 24.4, of the 1977 ASHRAE Fundamentals Handbook

614 As determined by the Illinois Technical Resource Manual.
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Hours_Cool = Full load cooling hours

Dependent on location as below:

Location Run Hours

Wilmington, DE 524 61>
Baltimore, MD 542 616
Washington, DC 681
BTU/Hour = Size of equipment in BTU/hour (note 1 ton =
12,000BTU/hour)
= Actual installed
SEER = Seasonal Efficiency of conditioning equipment
= qactual installed
Duct_Factor =Factor to account for elimination of duct losses from
encapsulation
=0.05

Hours_Heat = Full Load Heating Hours
= Dependent on location as below:

Location FLHheat \
Wilmington, DE 935617
Baltimore, MD 866618
Washington, DC 822

615 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Maryland full load hours determined for Maryland (542 from
the research referenced below) by the ratio of full load hours in Wilmington, DE (1,015) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)

616 Based on average of 5 utilities in Maryland from Navigant Consulting “EmPOWER Maryland
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 - May 31, 2013) Residential HVAC
Program.” April 4, 2014, table 30, page 48.

gs_calc/ASHP_Sav_Calc.xls)

, table 30, page 48.
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HSPF = Heating Seasonal Performance Factorof heating
equipment
= Actual

Illustrative examples — do not use as default assumption

A single family home in Wilmington is getting its crawlspace insulated with R-13 spray
foam and encapsulated. The crawlspace currently has an R-value of 2.25, and a
significant portion of the home’s ductwork runs through the crawlspae. The house has a
20x25 footprint, and the crawl space walls are 7 feet tall, 3 of which are above
grade.The HVAC unit is a heat pump with 13 SEER and 2.26 COP.

AkWh = kthooIing + kWhheating + KWhgucts

KWheooiing = ((1/2.25 = 1/ (2.25 +13)) * (20*2 + 25%2) * 3 * (1-0) * 7514 *
0.75) / (1,000 * 13) * 0.8
=35 kWh

KWhheatng = ([((1/2.25 — 1/(2.25+13)) * (20%2 + 25*2) *3 * (1-0) * 3275 * 24 )

/(3412 * 2.26) 1 + [ ((1/(6.42+2.25) — 1/(6.42 + 2.25 + 13)) *
(20%2+25%2) * 4 * (1-0) * 3275 * 24) / (3412 * 2.26) ]) * 0.6
= 722 kWh

KWhauycts =524 * 36,000 * (1/13) * 0.05 / 1000 + 935 * 36,000 * (1/8) * 0.05
/ 1,000
= 283 kWh

AKWh =35+ 722 + 283
= 1,040 kWh

Summer Coincident Peak kW Savings Algorithm

AkW = kWhcooiing / Hours_Cool * CF
Where:
CFssp = Summer System Peak Coincidence Factor for Central A/C (hour
ending 5pm on hottest summer weekday)
=0.69 °%¢

619 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the Maryland Peak Definition coincidence factor is 0.69.
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CFpim = PJM Summer Peak Coincidence Factor for Central A/C (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.66 %20

[llustrative examples — do not use as default assumption

For the house described above:
AkW =35/524 * 0.69
= 0.046 kW

Annual Fossil Fuel Savings Algorithm
If Natural Gas heating:

Atherms = (thermsac + thermsge) * Adjsasement +thermsguct
Where:

thermsac = Savings from insulation on walls or crawlspaces above
grade
=((1/R_Old_AG — 1/(R_OIld_AG + R_Added)) *
L _Basement_Wall * H_Basement_Wall_AG * (1-
Framing_Factor) * HDD * 24) / (100,067 * nHeat)
thermsgs = Savings from insulation on walls or crawlspaces below
grade
= ((1/R_Old_BG - 1/(R_OId_BG + R_Added)) *
L Basement_Wall * H_Basement_Wall BG * (1-
Framing_Factor) * HDD * 24) / (100,067 * nHeat)
thermsquct - Hours_Heat * BTU/Hour * AFUE * Duct_Factor / 100,000
Where:

Hours_heat = Equivalent Full Load Heating Hours
Location EFLH
Wilmington, DE 848621

620 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the PJM Peak Definition coincidence factor is 0.66.

621 Based on simulation model as described in ODC Delaware Technical Resource Manual, April
30, 2012; http://www.dnrec.delaware.gov/energy/information/otherinfo/Documents/EM-and-
V-guidance-documents/DELAWARE_TRM_August%202012.pdf
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Baltimore, MD 62022
Washington, DC 528623
nHeat = Efficiency of Heating equipment (equipment efficiency *

distribution efficiency)

= actual®®. If not available, use 84% for equipment
efficiency and 78% for distribution efficiency to give
66%°%°.

Other factors as defined above
[llustrative examples — do not use as default assumption
For the house described above, but with a central furnace:

Atherms = (thermsac + thermsgg) » Adjasement +thermsauyct

thermsac =((1/2.25 - 1/(2.25+13)) * (20*2+25%2) * 3 * (1-0) * 3275
*24) /(100,067 * 0.66)
=122 therms

thermsse = ((1/(2.25+6.42)-1/(2.25+6.42+13)) * (20*2+25%2) * 4 *
(1-0) * 3275 * 24 ) / (100,067 * 0.66)
=30 therms

622 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; “Evaluation of the High efficiency heating and cooling program,
technical report”, June 1995. For other utilities offering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

623 Full load heating hours derived by adjusting FLHnea: for Baltimore, MD based on Washington,
DC HDD base 60°F: 620 *2957/3457 = 528 hours.

624 1deally, the System Efficiency should be obtained either by recording the AFUE of
the unit, or performing a steady state efficiency test. The Distribution Efficiency can
be estimated via a visual inspection and by referring to a look up table such as that
provided by the Building Performance Institute:
(http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf) or by
performing duct blaster testing.

25 The equipment efficiency default is based on data provided by GAMA during the federal
rule-making process for furnace efficiency standards, suggesting that in 2000, 32% of furnaces
purchased in Maryland were condensing units. Assuming an efficiency of 92% for the condensing
furnaces and 80% for the non-condensing furnaces gives a weighted average of 83.8%. The
distribution efficiency default is based on assumption that 50% of duct work is inside the
envelope, with some leaks and no insulation. VEIC did not have any more specific data to
provide any additional defaults.
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thermsgyct =848 * 100,000 * .84 * 0.05 / 100,000
=36 therms
Atherms =(122 + 30) *0.6 + 36
=127

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this retrofit measure should be the actual installation
and labor cost to perform the insulation work.

Measure Life
The expected measure life is assumed to be 25 years.5%¢

Operation and Maintenance Impacts
n/a

626 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, 2007.
http://www.energizect.com/sites/default/files/Measure%20Life%20Report%202007.
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Pool Pump End Use

Pool pump-two speed

Unique Measure Code: RS_PP_TOS_PPTWO_0711
Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the purchase of a two speed swimming pool pump
capable of running at 50% speed and being run twice as many hours to move the same
amount of water through the filter. The measure could be installed in either an existing
or new swimming pool. The installation is assumed to occur during a natural time of
sale.

Definition of Baseline Condition

The baseline condition is a standard efficiency, 1.36 kW electric pump operating
5.18 hours per day.
Definition of Efficient Condition

The efficient condition is an identically sized two speed pump operating at 50%
speed (50% flow) for 10.36 hours per day.
Annual Energy Savings Algorithm

AkWh = kWhBase - kWhTwo Speed 627

Where:
kWhsggse = typical consumption of a single speed motor in a cool climate
(assumes 100 day pool season)
=707 kWh
kWhtwospeed = typical consumption for an efficient two speed pump motor
=177 kWh

AkWh =707 -177

=530 kWh

627 Based on INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR RESIDENTIAL POOL PUMPS,
SCE Design & Engineering; Phase1: Demand Response Potential DR 09.05.10 Report
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Summer Coincident Peak kW Savings Algorithm
AkW = (kWBase - kWTwo Speed) * CF 628

Where:
kWsgase = Connected load of baseline motor
=1.36 kW
kW1two speed = Connected load of two speed motor = 0.171 kW
CFssp = Summer System Peak Coincidence Factor for pool pumps (hour
ending 5pm on hottest summer weekday)
=0.20%%°

CFpim = PJM Summer Peak Coincidence Factor for pool pumps (June to
August weekdays between 2 pm and 6 pm) valued at peak

weather
=0.275%

AKW ssp = (1.3-0.171) * 0.20
=0.23 kW

AKW ssp = (1.3-0.171) * 0.27

=0.31 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

628 All factors are based on data from INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR
RESIDENTIAL POOL PUMPS, SCE Design & Engineering; Phase1: Demand Response Potential DR
09.05.10 Report

629 Derived from Pool Pump and Demand Response Potential, DR 07.01 Report, SCE Design and
Engineering, Table 16

630 |bid.
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The incremental cost for this time of sale measure is assumed to be $S175 for a
two speed pool pump motor®3’,

Measure Life
The measure life is assumed to be 10 yrs®32,

Operation and Maintenance Impacts
n/a

631 Based on review of Lockheed Martin pump retail price data, July 2009.
632 VEIC estimate.
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Pool pump-variable speed
Unique Measure Code: RS_PP_TOS_PPVAR_0711
Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes the purchase of a variable speed swimming pool pump
capable of running at 40% speed and being run two and a half times as many hours to
move the same amount of water through the filter. The measure could be installed in
either an existing or new swimming pool. The installation is assumed to occur during a
natural time of sale.

Definition of Baseline Condition
The baseline condition is a standard efficiency, 1.36 kW electric pump operating
5.18 hours per day.

Definition of Efficient Condition
The efficient condition is an identically sized variable speed pump operating at
40% flow for 13 hours per day.

Annual Energy Savings Algorithm

AkWh = kWhBase - kWhVariable Speed 633

Where:
kWhsggse = typical consumption of a single speed motor in a cool climate
(assumes 100 day pool season)
=707 kWh
kWhvariable speed = typical consumption for an efficient variable speed pump
motor
=113 kWh

AkWh =707 -113

=594 kWh

633 Based on INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR RESIDENTIAL POOL PUMPS,
SCE Design & Engineering; Phase1: Demand Response Potential DR 09.05.10 Report
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Summer Coincident Peak kW Savings Algorithm
AkW = (kWBase - kWTwo Speed) * CF 634

Where:

kWsgase = Connected load of baseline motor
=13 kW

kWtwo speed = Connected load of variable speed motor
=0.087 kw

CFssp = Summer System Peak Coincidence Factor for pool pumps (hour
ending 5pm on hottest summer weekday)
=0.20%°

CFpim = PJM Summer Peak Coincidence Factor for pool pumps (June to
August weekdays between 2 pm and 6 pm) valued at peak
weather
=0.27%¢

AKW ssp = (1.3-0.087) * 0.20
=0.24 kW

AKW ssp = (1.3-0. 087) * 0.27
=0.34 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

634 All factors are based on data from INTEGRATION OF DEMAND RESPONSE INTO TITLE 20 FOR
RESIDENTIAL POOL PUMPS, SCE Design & Engineering; Phase1: Demand Response Potential DR
09.05.10 Report

635 Derived from Pool Pump and Demand Response Potential, DR 07.01 Report, SCE Design and
Engineering, Table 16

636 |bid.
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The incremental cost for this time of sale measure is assumed to be $549 for a
variable speed pool pump motor®%’.

Measure Life
The measure life is assumed to be 10 yrs®3%,

Operation and Maintenance Impacts
n/a

637 Assumption used in Energy Star pool pump calculator, based on “EPA research on available
models, 2013.” Accessed April 25, 2017 at
https://www.energystar.gov/products/other/pool_pumps.

638 VEIC estimate.
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Plug Load End Use

Tier 1 Advanced Power Strip
Unique Measure Code: RS_PL_TOS_APS_0711
Effective Date: June 2014

End Date: TBD

Measure Description

This measure describes savings associated with the purchase and use of a
Current-Sensing Master/Controlled Advanced Power Strip (APS). These multi-plug
power strips have the ability to automatically disconnect specific connected loads
depending upon the power draw of a control load, also plugged into the strip. Power is
disconnected from the switched (controlled) outlets when the control load power draw
is reduced below a certain adjustable threshold, thus turning off the appliances plugged
into the switched outlets. By disconnecting, the standby load of the controlled devices,
the overall load of a centralized group of equipment (i.e. entertainment centers and
home office) can be reduced.

This measure characterization provides a single prescriptive savings assumption
based on office and entertainment savings from a 2011 NYSERDA Advanced Power Strip
Research Report and weightings and in service rates based on EmPower evaluations.

Definition of Baseline Condition

The assumed baseline is a standard power strip that does not control any of the
connected loads.
Definition of Efficient Condition
The efficient case is the use of a Current-Sensing Master/Controlled Advanced Power
Strip.

Annual Energy Savings Algorithm

AkWh = (kWhoffice ¥ Weightingoffice + kWhent * Weightingent) * ISR

Where:
kWhoffice = Estimated energy savings from using an APS in a home
office
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=31.0 kWh®3?
Weightingoffice = Relative penetration of computers
= 41%°%40
kWhent = Estimated energy savings from using an APS in a home

entertainment system
= 75.1 kWh&4

Weightingent = Relative penetration of televisions
= 59%642

ISR = In service rate
= 89%643

AkWh =(31*41%+75.1 * 59%) * 89%
=50.7 kWh
Summer Coincident Peak kW Savings Algorithm

AkW = AkWh / Hours * CF

Where:

639 NYSERDA 2011, Advanced Power Strip Research Report, http://www.nyserda.ny.gov/ -
/media/Files/EERP/Residential/Energy-Efficient-and-ENERGY-STAR-Products/Power-
Management-Research-Report.pdf. Note that estimates are not based on pre/post metering but
on analysis based on frequency and consumption of likely products in active, standby and off
modes. This measure should be reviewed frequently to ensure that assumptions continue to be
appropriate.

640 EmPower 2012 Residential Retrofit evaluation

641 NYSERDA 2011, Advanced Power Strip Research Report

642 EmPower 2012 Residential Retrofit evaluation

643 EmPower EY6 QHEC Survey data.
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Hours = Annual hours when controlled standby loads are turned off
=6,35164
CF = Coincidence Factor
= 0.8645
AW =(50.7/6,351) * 0.8
=0.0064 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $1864.

Measure Life
The measure life is assumed to be 4 years®.

Operation and Maintenance Impacts
n/a

644 EmPower 2012 Residential Retrofit evaluation

645 |bid

646 |ILSAG 2015 Analysis

47 David Rogers, Power Smart Engineering, October 2008: "Smart Strip electrical savings and
usability”, p22. Assumes that the unit can only take one surge and then needs to be replaced.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 8/May 2018 Page 285 of 529

ENERGY STAR Air Cleaner

Unique Measure Code(s): RS_AP_TOS_RPPAPU_0616
Effective Date: June 2016
End Date: TBD

Measure Description

An air cleaner is a portable electric appliance that removes dust and fine particles
from indoor air. This measure characterizes the purchase and installation of a unit
meeting the efficiency specifications of ENERGY STAR in place of a baseline model. Note
that this characterization only specifies gross savings. It is up to the individual program
administrators and stakeholders to use proper net to gross ratios.

Definition of Baseline Condition
The baseline equipment is assumed to be a standard non-ENERGY STAR unit.

Definition of Efficient Condition
The efficient equipment is defined as an air cleaner meeting the efficiency
specifications of ENERGY STAR as provided below®*8,

e Clean Air Delivery Rate (CADR)/Watt Requirement: Must be equal to or greater
than 2.0 CADR/Watt (Dust).

e UL Safety Requirements for Ozone Emitting Models: Measured ozone shall not
exceed 50 parts per billion.

e Standby Power Requirements: Measured standby power shall not exceed 2
Watts.

Annual Energy Savings Algorithm

