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NEEP was founded in 1996 as a poofit whose mission is tserve the Northeast and Midtlantic to
accelerate energy efficiency in the building sector through public policy, program strategies and education. Our
vision is that the region will fully embrace energy efficiency as a cornerstone of sustainable evlengyophelp
achieve a cleaner environment and a more reliable and affordable energy system.

The Regional Evaluation, Measurement and Verification Forum (EM&V Forum or Forum) is a project
facilitated by Northeast Energy Efficiency Partnerships, Inct(NE®@ ¢ KS C2 NHzY Qa LJdzN1J2 &
framework for the development and use of common and/or consistent protocols to measure, verify,

track, and report energy efficiency and other demand resource savings, costs, and emission impacts to
support the role ad credibility of these resources in current and emerging energy and environmental

policies and markets in the Northeast, New York, and the-Midntic region.
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Shelter Analytics, LLIG dedicated to promoting energy efficiency through planning and integrated
design concepts in buildings and businesses. We combine our experience and integrity with innovative
approaches to support and improve bgstactice methods from planning throughnplementation.
http://shelteranalytics.com

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



Northeast Energy Efficiency Partnerships

MID-ATLANTIC

TECHNICAL REFERENCE MANUAL
VERSIOM.O

A Project of the Regional Evaluation, Measurement and Verification Forum

June 2014
Prepared by Shelter Analytics

Facilitated and Managed by Northeast Energy Efficiency Partnerships



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page4 of 350

Table of Contents

PREFACKE ...t eee e et e e e e eeeet ittt et e taeeaeaeeeaeeeesasammmeaaeeaeeeeeeeannnnnnns 7
The Regional EM&YV FOIUM..........uuuiiiiiiiiiiii i s ceeeiiiiisss e e e e e e e e e e s ssnemsnssseeeaeeenssennnnid)
ACKNOWIEAGEMENES ...t er e eeea e e e e e e e e e e e e emmmes 7
Subcommittee for the Mid -Atlantic TRM............oooiiiiiiiiieeerieeeeeeeeeeeeen ]

INTRODUGCTION. ...ttt ieees bbbt e e e e s seete et e e et e e e e e aaaeeeeaeassmmmeaeaeeeeeeas 9
(O 0] 0] (= (PP 10
APPFOACK ..t —————— 10

Task 1: Prioritizati on/Measure SeleCtion. .......ccccccoceeeiiiiiiiiiicceee e 11
Task 2: Development of Deemed IMpacts. ...........oovvivieiiiiiiii i, 12
Task 3: Development of Recommendations for Update. .........cccccoeeeeenenn. 13
Task 4: Delivery of Draft and Final Product. ..........cccoovviiiiiiieeieee 13
LT o) 1 = I TR 14
TRM UPdate HISTOIY ...ccooiiiiiiiiiiiiiee i eeee e eeeea e e e e e e e e e e ean 18

RESIDENTIAL MARKET SECTOR.....cciiiiiiiiiiee ettt mnne e 19

LIgNtiNg ENG USE......iiiiiiiiiie ittt e e e e e e e mmne e 19
General Purpose CFL Screw base, Residential* ............cccccccieiiiiiiiieecennnnnes 19
Specialty CFLs, Residential® ... 30
Hardwired CFL Fixtures (INterior)*  ........eeeeiiiiiiiiiiieie e 39
Hardwired CFL Fixtures (EXIEHON* ..o 49
Solid State Lighting (LED) Recessed Downlight Luminaire* ..................... 55
ENERGY STAR Integrated Screw Based SSL (LED) Lamp*....................... 63

Refrigeration ENA USE .........coooiiiiiiieeeeee e e a e e e 7
[ (T T PRSP SUPPPPTT 77
YT 1[0 T=T = (o] PP PP PP PP P PP PPRPPR 83
Refrigerator Early Replacement ... 90
Refrigerator and Freezer Early Retirement* ..., 94

Heating Ventilation and Air Conditioning (HVAC) End US€ .......ccccoevveieeeeennnnl 99
Central Furnace Efficient Fan MoOtor —.........ccccvviiiiiiiiiiicceeeiiiiieceecccee e 99
LAY 0 [0 T Y 101
ENERGY STAR Central A/CH. ...t ieeee e 105
DUCE SEAIING ...t e e e e e e e e e e e e e s s 112
AIr Source Heat PUMP*® ..o e 123
Ductless Mini-Split Heat PUMP* ... 131
HE GaS BOIIET... ..o e e e e e e e e e e amnns 141
Condensing FUMMACE (QAS) «.vvuuuuiieeeaiieiieiieieeee s eeeeaeeae b 144
Programmable Thermostat* ..........cccccvviiiiiiiieiieeriiiieeeeeee e 146
Room Air Conditioner Early Replacement* ... 148
Room Air Conditioner Early Retirement / Recycling*  ...........ccccoiieiiiiei, 152

Domestic Hot Water (DHW) ENd USE..........cooovuiiiiiiiiiiiiecceiiee e e 156
Low Flow Shower Head*® ..........oouiieiiiiii e 156

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



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANAERISION 4.0/June 2014 Page5 of 350
FAUCET ABTAtOIS™ ... ettt ee e e e e e e e e e e ena e eees 161
Domestic Hot Water Tank Wrap ..........oceiiiiiiiiiee e 166
DHW PIpe INSUIALION ...coviiiiiiiieiieiie e 170
High Efficiency Gas Water Heater ... 173
Heat Pump Domestic Water Heater ..........ccccooiiiiiiiiiiiccce e 176

APPIANCE ENA USE......oiiiiiiiiiieiiieee it 179
ClOthes WASNEI™ ... ...ttt 179
Clothes Washer Early Replacement* .............cccccoiiiiiiiiiieeee e 189
D= 000 1o 1= PP PTPUPPPPRRN 200
ENERGY STAR Air Purifier/Cleanert ........ccccccceiiiiiiiiice e 204

Shell SAVINGS ENG USE.......ouviiiiiiii et eeee e e e e e e e e e 207
y Y= = 11 o 207
Attic/ceiling/roof INSUlation  ......ouveeiiii e 214
Efficient Windows - Energy Star Time of sale ............cccoeiiiiiiiiiiieene e, 220

POOI PUMP ENA USE.....cooeiiiieieie et eeees s e e e e e e e e e e eeeeeeaanannens 222
POOl pPUMP -tWO SPEEA ..o 222
Pool pump -variable Speed .............uuiiiiiiiiiiiiiieee 225

Plug LOAd ENA USE.........uiiiiiiiiiiiiiiiie ettt 228
AdVANCEd POWET SEHD oottt emr e e e e e e 228

COMMERIAL & INDUSTRIAL MARKET SECTQR.......ccciiiiiieeee e 231

LIgNtiNg ENG USE.. ...ttt ettt e e e e e e e mmne s 231
General Purpose CFL Screw base, Retail d Commercial* ........................ 231
High Performance and Reduced Wattage T8 Lighting Equipment .......... 238
TS LIGNTING e 245
LED EXIt SIGN ittt neee s e e ennnnnne 249
Solid State Lighting (LED) Recessed Downlight Luminaire......................... 253
DeIAMPING. ...ceeeieiieeeee e 257
Occupancy Sensordo Wall-, Fixture -, or Remote-Mounted*......................... 260
Daylight DImming Control* ... 264
Advanced Lighting Designd Commercial...............eeeeviiiiiiiieemiiiiiiiieeeeeeee 268
LED Outdoor Pole/Arm- or Wall-Mounted Area and Roadway Lighting......279
LED HighRBay LUMINAITES™..........uuiiiiiiiiiiiiiiiiieeeiiiiieeieeeeee e e e e e e e e e e e e e e e e 284
LED 1x4, 2x2, and 2X4 LUMINAIIES*.........ccoiiiiiiiiieiiiiiimmme ettt 288
LED Parking Garage/Canopy Lightingd Commercial..............c.ccooovvvvvvieeee.. 293

Heating Ventilation and Air Conditioning (HVAC) End Use ............ccccceeiinne 298
High Efficiency Unitary AC .........oiiiiii e eeeee e 298
Variable Frequency Drive (VFD) for HVAC* ... 303
EleCtric Chillers® ... e e e e e e e e 308
(= S =01 [T S 313
(C 1= L U g = o =PTSRS 317
Dual Enthalpy ECONOMIZEI® ......ooiiiiiiiiie e e e 320

Refrigeration ENG USE .........uuiiiiiiiiiiii et sreee e 323

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



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANAERISION 4.0/June 2014 Page6 of 350
ENERGYSTAR Commercial Freezers* ..........ooooiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeiiiinnnns 323
ENERGY STAR Commercial Refrigerator®...........ccccccoeviiiiiiiiicccee e 326

HOt Water ENG USE.......oueiiiiiiiiiie i eeetrene e e e e e e eeeeeeeeennnnes 329
C&l Heat Pump Water Heater ... 329
Plug LOAd ENA USE.........uiiiiiiiiiiiiiiieeeeeeiiie ettt e 332
AdVaNCEd POWET SEHD ittt emmr e e e e e e e 332
APPENDIX. ..ottt eee bttt e et e e e e e e e e e e e e e e e ammnr e e e e e e e n s 334
A.  Supporting Calculation Work Sheets ........ccccceeeiiiiiiiieiiiiceeiiiiie e, 335
B. Recommendation for Process and Schedule for Maintenance and
Update of TRIM CONLENLS .....cooiiieiiiiiiiiiee i eren s e e e e e e 336
C. Description of Unique Measure COUES...........eevviiiiiiiiiiiiieeneeiieeeeeeeeeenn 343
D. Commercial & Industrial Lighting Operating Hours, Coincidence Factors,
aNd Waste Heat FACTOIS.........uuuiiiiiii e eeeeenne e e e e e e e e e eeeeeneees 345

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



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page7 of 350

PREFACE

The Regional EM&V Forum

The Regional EM&V Forum is a project managed and facilitated by Northeast
Energy Efficiency Partner s hitopmyvided nc.
framework for the development and use of common and/or consistent

protocols to measure, verify, track and report energy efficiency and other
demand resource savings, costs and emission impacts to support the role and
credibility of these resou rces in current and emerging energy and
environmental policies and markets in the Northeast and the Mid-Atlantic
region. For more information, see http: www.neep.org/emv -forum.
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INTRODUCTION

This Technical Reference Manual is the outcome of a project conducted for the

Regi onal Evaluation, Measurement and Verific
sponsored by Maryland, Delaware and the District of Columbia. The intent of

the project was to develop and document in detail common assumptions for

approximately thirty prescriptive residential and commercial/industrial electric

energy efficiency measures savings. For each measure, the TRM includes either

specific deemed values or algorithms * for calculating:

1 Gross annual electric energy savings;

T Gross electric summer coincident pea k demand savings;

T 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 imp acts);
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 ofor cost-effectiveness
screening and program planning, tracking, and reporting.

1 Regulatory entities, independent program evaluators, and other parties o}
for evaluating the performance of efficiency programs relative to statutory
goals and facilitating planning and portfolio review; and

1 Markets, suchasPJM6s Rel i ability Pricing Model (it
market) and future carbon markets  dfor 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 all expect i t to be periodically
updated 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. Initial recommendations for a process
by which updates could occur are provided in Appendix B.

! 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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Context

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

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

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

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

1 To inform the potential development of nati onal EM&V protocols.

This is the fourth generation (third up -date) 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-
quidelines. Itis importantto note that b ecause the TRM was developed on a
parallel schedule with the EMV Forum Product A2 (Common Methods Project),
draft A2 materials contributed to the research for the TRM, for measures which
were common to both Forum projects (specifically residenti al and commercial
lighting measures, residential central and commercial unitary air conditioning,
and variable frequency drives).

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, differ ent
budgets and policy objectives exist, and states may have different EM&V
requirements and practices. Given these 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

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177  www.nheep.org
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This section briefly identifies and describes the process used to develop the
TRM. In addition, it provides an ove rview 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 decisionmaking by a subcommittee comprised of project sponsors
and other stakeholders (see the end of this Introduction for a list of
subcommittee members). The subcommittee was responsible for review and
approval of the products generated in each of the tasks neede d 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 CFLs, T8s or superT8s,
some cooling measures, efficient water heaters) likely account for the large
majority (90% or more) of future savings claims from prescriptive measur es
(i.e., those measures effectively characterized by deemed savings).

Measures are selected on the basis of projected or expected savings from
program data by measure type provided by Baltimore Gas and Electric, expert
judgment, and review of other rele vant criteria available from regulatory
filings and the regionds Program Administrat
measures are variations on other measures (e.g. two different efficiency tiers
for room air conditioners). Because 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.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177  www.nheep.org
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Task 2: Development of Deemed Impacts.

Development of t he 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, local,

primary research and data, and information that was developed for the EMV

Forum Product 0A26 (Common Met hods Project).

The comparative analysis itself is n ot always as straightforward as it might

initially seem because the measures included
are sometimes a little different from each other  din efficiency levels

promoted, capacity levels considered, the design of program mecha nisms for

promoting the measures and various other factors. In addition, such variables

may be different in the mid -Atlantic region than in other jurisdictions. 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

issuesdare derived from the mid -Atlantic region

The second stage is development of specific recommendations for assumptions
or assumption 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 crite ria are used in the process of
reviewing the proposed assumptions and establishing consensus on the final
contents of the TRM:

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

1 Accuracy and completeness. The individual assumptions or calculation
protocols are accurate, and measure characterizations capture the full
range of effects on savings.

1 Transparency. The assumptions are considered by a variety of stakeholders
to be transparent dthat is, widely -known, widely accessible, and developed
and refined through an open process that encourages and addresses
challenges from a variety of stakeholders.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177  www.nheep.org
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1 Cost efficiency. The contents of the TRM addressed all inputs that were
well 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 e stimates from the Northeast and other places are provided below
under Intended Uses 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 incorp orated 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:

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

1 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 standards PJM requires, once sponsors have gained
additional experience with the capacity market.

1 Expected time lines required to implement the TRM protocols.

1 Processes stakeholders envision for conducting annual reviews of utility
program savings as well as program evaluations, and therefore what time
frame for TRM updates can accommodate these.

1 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.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177  www.nheep.org
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The final content of the TRM reflects the consensus approval of the resu Its
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 roted 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 PJMdés Reliability Pricing Model and
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 abo ut 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:

T The TRM clearly identifies whether the measu
0ti me o%Xors aleemd,]y retirementd program designs
9 Additional information about the program design is sometimes included in the
measure description because program design can affect savings and other
parameters.
9 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 algori thm. That output is the deemed
assumption. For other measures, prescriptive values are provided for only
some of the variables in the algorithm, with
installedd provided f ordwhidhenemighhaal s . I n thos:
odeemed calculationso rat hedusetsbfétheTRMde e med as:
are expected to use actual efficiency program data (e.g. capacities or rated
efficiencies of central air conditioners) in the formula to compute savings.

2I'n some jurisdictipamsenbum-biséi s Wal ted ©Ohe term oti me
because not all new equipment purchases take place when an older existing piece of
equipment reaches the end of its life.
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Note that the TRM typically provides example calculations for measures
requiring oactual 6 values. These are for il
1 All estimates of savings are annual savings and are assumed to be realized for
each year of the measure life (unless otherwise noted).
f Unlessot her wi se noted, measure |ife is defined
consuming measure, including its equipment life and measure persistence (not
savings persistence)d6 (EMV Forum Glossary).
expected useful life, but the resu Its are not necessarily derived from modeling
studies, and many are from a report completed for New England program
administratorsd and regul atorsd State Progra
used to support the New England Forward Capacity Market M&V plans.
1 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 .
1 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. PIJM&s EE Performance H
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
dtypically provided in a footnote dis 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 w ay is presented
so that values can be bid into the PJIM RPM.
1 Wherever possible, savings estimates and other assumptions are based on mid
Atlantic data. For example, data from a BG&E metering study of residential
central air conditioners was used to estim ate both full load hours and system
peak coincidence factors. However, a number of assumptions dincluding
assumptions regarding peak coincidence factors dare based on New York
and/or New England sources. While this information is not perfectly
transfer able, due to differences in definitions of peak periods as well as
geography and climate and customer mix, it was used because it was the most
transferable and usable source available at the time. *
9 Users will note that the TRM presents engineering equati ons 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

% For more discussion about the transferability of consumption data, see the EMV F orum
Report: Cataloguing Available End-Use and Efficiency Measure Load Data,October 2009 at
http://neep.org/emv  -forum/forum -products-and-guidelines.
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interaction effects between end uses, such as how reductions in waste heat
from many efficiency measure s impacts space conditioning, are not universally
captured in this version of the TRM. *

9 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. While they were beyond the scope of this TRM, it is
recommended that a future version of the TRM may include the baseline
specifications for any whole -building efficiency measures.

91 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 availab le.

9 The TRM anticipates the effects of changes in efficiency standards for some
measures, specifically CFLs and motors.

The following table outlines the terms used to describe programs with respect to when

and how a measure is implemented. The third po rtion of each measure code for each
measure described in this TRM includes the abbreviation of the program type for which
the characterization is intended:

Program | Attributes

Time of Sale | Definition: A program in which the customer is incented to purchase or install
(TOS) 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 progra ms, or CFL giveaways as examples.

Baseline = New equipment.

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

Example: CFL rebate

New Definition: A program that intervenes during building design to support the
Construction | use of more-efficient equipment and construction practices.
(NC) Baseline = Building code or federal standards.
EfficientCase= The programbs | evel of buil

Example: Building shell and mechanical measures
Retrofit (RF) | Definition: A program that upgrades existing equipment before the end of its

useful life.
Baseline = Existing equipment or the existing condition of the building or
equipmentt. A single baseline applies over

Efficient Case = New, premium efficiency equipment above federal and state

* They are captured only for lighting measures.
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Program Attributes

codes and standard industry practice.
Example: Air sealing and insulation
Early Definition: A program that replaces existing equipment before the end of its
Replacement | expected life.
(EREP) Baseline = Dual; it begins as the existing equipment and shifts to new
baseline equipment after the expected life of the existing equipment is
over.
Efficient Case = New, premium efficiency equipment above federal and state
codes and standard industry practice.
Example: Refrigerators, freezers
Early Definition: A program that retires duplicative equipment before its expected
Retirement | life is over.
(ERET) Baseline = The existing equipment, which is retired and not replaced.
Efficient Case = Zero because the unit is retired.
Example: Appliance recycling
Direct Install | Definition: A program where measures are installed during a site visit.
(DI) 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&V 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.
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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
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RESIDENTIAL MARKET SECTOR

Lighting End Use
General Purpose CFL Screw base, Residential *

Unigue Measure Code(s): RS_LT _TOS_CFLSCR0414

Effective Date: June 2014
End Date: TBD

Measure Description

This measure characterizes the installation of a general purpose
compact fluorescent light bulb (CFL) in place of an incandescent bulb. The
measure provides assumptions for two implementation strategies (Time of
Sale/Retail ® and Direct Install), and for two markets (Residential and Multi -
Family).

This characterization is for a general purpose screw based CFL bulb (A-
lamps), and not a specialty bulb (e.g. reflector (PAR) lamps, globes,
candelabras, 3-ways etc).

Definition of Baseline Condition

The baseline is the installation of a n incandescent/halogen light bulb
meeting the standards described in the Energy and Independence and Security
Act of 2007.

Definition of Efficient Condition
The efficient condition is the installation of a compact fluorescent light
bulb.

Annual Energy Savings Algorithm

Version 4 of this TRM introduces a new methodology for calculating the
delta watts in this lighting mea sure; lumen equivalence. This requires the user
to determine the bulb type, wattage and lumen rating of the efficient bulb and
find a baseline bulb with equivalent lumens. Since this methodology requires a

® The utilities might consider evaluating what percenta ge of retail sales end up in commercial
locations, and apply the commercial CFL assumptions to that portion. In the absence of such
data it is appropriate to use the Residential assumptions for all retail sales since they will
represent a significant major ity and result in an appropriately conservative estimate.
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change to the information required to be collected for these measures and a
potentially burden on utilities, the existing and new methodologies are both
provided below. A single methodology should be used for all measures in a
particular utility or program to prevent the potential implication of claiming
whichever methodology provides higher savings.

Delta Watts Multiplier Method:
ek Wh = ((CFLwatts * DeltaMultiplier ) /1000) * ISR * HOURS *
Where:
CFLwatts = CFL Lamp Watts (if known).

DeltaMultiplier = Multiplier to calculate delta watts. Depends
upon bulb wattage and year of replacement :

CFL Delta Watts
Wattage Multiplier
2014 and
Beyond
15 or less 1.83
16-20 1.79
21W+ 1.84

If Compact Fluorescent Watts is unknown use 25.17 from 2013 onwards
as the delta watts (i.e. for ( CFLwatts * DeltaMultiplier )).

See below for remaining variables

® Average wattage of compact fluorescent from RLW study was 15.5W, and the replacement
incandescent bulb was 61.2W. This is a ratio of 3.95 to 1, and the delta watts is equal to the
compact fluoresc ent bulb multiplied by 2.95:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009. Post EISA multipliers are calculated by finding the new delta watts after incandescent

bulb wattage is reduced (from 100W to 72W in 2 012, 75W to 53W in 2013 and 60W to 43W in
2014); see MidAtlantic CFL Adjustments.xls. Note from 2014 on all wattages listed are subject
to EISA and therefore are a lower delta watts multiplier.

" To account for the change in baseline stemming from the Energy Independence and Security
Act of 2007 discussed below. Calculated by dividing 45.7W (delta between 61.2 W and 15.5W
from RLW study referenced above) by the average 20140 Del t a Wat t dronMablet i pl i er 6
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Lumen Equivalence Method:

ek Wh = ((WattsBase- WattsEE) /1000) * ISR * HOURS fWHF@yeat +
(WH FQ:ooI 0 1))
Where:
WattsBase = Based onlumens of CFL bulb®:
Minimum Maximum
Lumens Lumens
5280 6209
3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
WattseEE = Actual wattage of CFL purchased / installed
ISR = In Service Rate or percentage of units rebated that are
installed and operational .
Program In Service Rate
(ISR)
Time of Sale (Retail) 0.92°

Direct Install 0.88%°

8 Base wattage is based upon the post first phase of EISA wattage.
® Starting with a first year ISR of 0.8 8 (based on EmMPOWER Maryland 2d1Evaluation Report;
Chapter 5: Lighting and Appliances) and a lifetime ISR of 0.97 (from Nexus Market Research,

RLW Analytics and GDS Associates study; oONew Engl and

Evaluation, January 20, 2 8@mahihg 9%aat thstadles i tharfirsh g

year replace incandescents (24 out of 56 respondents not purchased as spares; Nexus Market

Research, RLW Analytics, October 2004; ol mpact
Island, and Vermont 2003 ResidentialLi ght i ng Pr o g7).aSR s dtherefdreachldulated6

as 0.88 + (0.43*0.09) = 0.92. See MidAtlantic CFL Adjustments.xls for calculation.
10 Assumption is based on the ENPOWER Maryland 2011 Evaluation Reportiscussed above,
but not adjusted upwards since those people removing bulbs after being installed in Direct

Install program are likely to do so because they dislike them, not to use as replacements.  Only
evaluation we are aware of specifically for Direct Install installation (and persistence) rat  esis
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HOURS = Average hours of use per year
Installation Location Daily Hours Annual Hours

Residential interior and 3.0
in-unit Multi Family
Multi Family Common Areas 16.3
Exterior 45
Unknown™ 3.15
WHFe oo = Waste Heat Factor for Energy to account for cooling

savings from reducing waste heat from efficient lighting.

1.12

Building with cooling

Building without 1.0
cooling or exterior

Unknown 1.09'°

Megdal & Associates, 2003; 02002/ 2003 I mpact Evaluati
Pr o g r, whmldestimated 81%.

"BasedonNavi gant Consulting OEmMPOWER Maryl and Draft Fin
Year 4 (June 1, 2012 6 May 31, 2013) Residential Lighting Program. @pril 4, 2014, page 56.

2 Multifamily common area lighting assumption is 16.3 hours per day (5950 hours per year)

based onWi s ¢ o nFedusod Energy Evaluation, ACES Deemed Savings Desk Review,

November 2010. Thisestmat e i s consi stent wit-Ar¢heSgELemmbinc&rea 0
assumption (16.2 hours per day or 5913 annually) fror
Mul tifamily Program | mpa@dt Analysisé, July 2012, p 2

o]
BUpdated results from NmepacBvaludtiondf thetMasRacsusetts; c h, 0 |
Rhode I sl and and Vermont 2003 Residential Lighting Pr
presented in 2005 memo;
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli
vered.pdf
14 For programs where the installation location is unknown (e.g. upstream lighting programs)
the assumption is set conservatively to assume an interior residential bulb.
!5 The value is estimated at 1.12 (calculated as 1 + (0.33/2.8)). 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 2.8 COP (starti ng from standard
assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER2) +
(1.12 * SEER) (from Wassmer, M. (2003) A ComponentBased Model for Residential Air
Conditioner and Heat Pump Energy Calculations. Masters Thess, University of Colorado at
Boulder), converted to COP = EER/3.412 = 2.8COP)
'® The value is estimated at 1.09 (calculated as 1 + (0.78*(0.33/2.8)).  Based on assumption
that 78% of homes hae central cooling (based on BGE Residential Energy Use Survg, Report of
Findings, December 2005; Mathew Greenwald & Associates).
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WHF&yeat = Waste Heat Factor for Energy to account for electric
heating savings from reducing waste heat from efficient
lighting (if fossil fuel heating dsee calculation of heating
penalty in that section) .

=1-(HF [/ Yf9oElacHeat)
If unknown assume 0.894"’

HF = Heating Factor or percentage of light savings that must
be heated

= 479%° for interior or unknown location
= 0% for exterior or unheated location

aqHe at = Efficiency in COP of Heating equipment
= actual. If not available use **:

System Age of HSPF dHe at
Type Equipment Estimate (COP
yp quip Estimate)
Before 2006 6.8 2.00
Heat Pump
After 2006 7.7 2.26
Resistance N/A N/A 1.00
Unknown N/A N/A 1.67%°

%ElecHeat = Percentage of home with electric heat

Heating fuel %ElecHeat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%"

" Calculated using defaults; 1+ ((0.47/1.67) * 0.375) = 0.894

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

% 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 basegan 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.
21 Based onKEMA baseline study for Maryland.
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lllustrative example s ddo not use as default assumption

Delta Watts Multiplier method:
A 13W CFLbulb purchased in 2014 in unknown location:
ek Wh ((13 *1.83)/1000) * 0. 92 * 1100 * (0.894 + (1.09-1))

=23.7 kWh
Lumen Equivalence Method:

A 13W, 780 lumen standard CFLbulb is purchased and installed in an unknown
location:

sek Wh ((43-13)/1000) * 0. 92 * 1100 * (0.894 + (1.09-1))

=29.9 kWh

Summer Coincident Peak kW Savings Algorithm
Delta Watts Multiplier Method:
ek W= ((CFLwatts * DeltaMultiplier ) /1000) * ISR * WHFd * CF
Lumen Equivalence Method:

ek W= ((WattsBase- WattsEB) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
Building with cooling 1.24%*
Building without 1.0

% The value is estimated at 1. 24 (calculated as 1 + (0.66 / 2.8)). 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 PIM coincident definition).
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cooling or exterior

Unknown 1.18%
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence
Factor CF
Residential interior and 0.09“
in-unit Multi Family
Multi Family Common Areas 0.43%
Exterior 0.018%°
Unknown 0.09

lllustrative example s ddo not use as default assumption
Delta Watts Multiplier Method:
A 13W CFLbulb purchased in 2014:

ek W =((13*1.83)/1000) *0.92*1.18 *0.09

= 0.0023 kW
Lumen Equivalence Method:
A 13W, 780 lumen CFLbulb is purchased and installed in an unknown location:
ek W = ((43-13)/ 1000) *0. 92*1.18 * 0.09
= 0.0029 kw
Annual Fossil Fuel Savings Algorithm

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

Delta Watts Multiplier Method:

&MMBt u P¥ mra((((CFLwatts * DeltaMultiplier ) / 1000) * ISR * Hours

% The value is estimated at 1.18 (calculated as 1 + (0.78 * 0.66 / 2.8)).

%4 Based on EmMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and

Appliances.

“Consistent with oLodging Common Areadé coincidence
measure characterization, based on 6Development of
Coincidence Factor Values for EmMPOWER Maryland Commercial Lighting Program Evaluatins,

ltron, 2010606.

% Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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* HF * 0.003412) / (QHeat) *

Lumen Equivalence Method:

&MMB1t u P e n-a(((WattsBase= WattsEE) / 1000) * ISR * Hours * HF *
0.003412) |/ (dHeat) * %HFossil Heat
Where
HF = Heating Factor or percentage of light savings that

must be heated

= 479%® for interior or unknown location

= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBtu
aqHe at =Efficiency of heating system

=7294°
%FossilHeat = Percentage of home with non -electric heat

Electric 0%

Fossil Fuel 100%
Unknown 62.59%"

lllustrative example s ddo not use as default assumption
Delta Watts Multiplier Method:
A 13W CFLbulb purchased in 2014 in an unknown location :

i MMBt uPen ad(f(1*1.83)/1000) * 0. 92 * 1100 * 0.47 *
0.003412/0.72) * 0. 625

=-0.036 MMBtu

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

% 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.

# This has been estimated assuming typical efficiencies of existing heati ng 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/xIs/HC6.9%20Space%20Heating%20in%
20Midwest%2®Region.xIs).

%0 Based onKEMA baseline study for Maryland.
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Lumen Equivalence Method:
A 13W, 780 CFLIumen bulb is purchased and installed in an unknown location:

i MMBt uPen ad({(43-13)/1000) * 0. 92 * 1100 * 0.47 *
0.003412/0.72) * 0. 625

=-0.042 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
For the Retail (Time of Sale) measure, the incremental capital cost is
$1.80 from June 2014°,

For the Direct Install measure, the full cost of $ 3.20° per bulb should be
used plus $5 labor*? for a total measure cost of $ 8.20 per lamp.

Measure Life
The measure life is assumed to be:

Installation Location Measure Life
Residential interior and 5.5
in-unit Multi Family
Multi Family Common Areas 1.0

1 Basedoni ncr ement al costs for 60W equi-2H2WADI7TEX domi nant
Ante Measure Cost Study Draft Reporté, ltron, Februar
%2 |bid. Based on 15W CFL,

33 Assumption based on 15 minutes (including portion of travel time) and $20 per hour.

3 Calculated starting with an average observed life (5.2 years) of compact fluorescent bulbs

with rated life of 8000 hours (8000 hours is the average rated life of ENERGY STAR bulbs
(http://www.energystar.gov/index.cfm?c=cfls.pr crit cfls) ). Observed life is based on Jump

et al oOoWelcome to the Dark Side: The Effect of Switct
increased on/off switching. The 5.2 years is adjusted upwards due to the assumption that 57%

of the 9% not installed in the first year eventually replace CFLs (based on 32 out of 56

respondents purchased as spares; Nexus Market Research, RLW AnalyticsQctober 2004;

Ol mpact Evalwuation of the Massachusetts, Rhode | sl anc
Pr ogr ams 6-4). Measurd life is therefore calculated as (5.2 + (((0.57 * 0. 09)/0. 92) *5.2)

= 5.5 years.

Note, a provision in the Energy Indepe ndence and Security Act of 2007 requires that by January

1, 2020, all lamps meet efficiency criteria of at least 45 lumens per watt, in essence making

the CFL baseline. Therefore after 2014 the measure life will have to be reduced each year to

account for the number of years remaining to 2020. 3
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Exterior 3.7%°
Unknown 55

Operation and Maintenance Impacts

In order to account for the shiftin  baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xIs). The key
assumptions used in this calculation are documented below:

Standard Efficient
Incandescent  Incandescent
Replacement Cost $0.50 $1.40
Component Life®® (years) 0.91% 0.91%
Residential

interior, in -unit
Multi Family or

unknown

Multi Family 0.17 0.17
Common Areas

Exterior 0.60 0.60

The calculated net present value of the baseline replacement costs for CFL
type and installation year are presented below*:

Residential interior and in -unit Multi Family
CFL wattage =~ NPV of

% Based proportionately on the residential assumption and the differing hours of use

(1100/5950 * 5.5 = 1.0).

% |bid. (1100/1643 * 5.5 = 3.7)

37 Based onfor 60W EISA equivalent (dominant bulb) from 6 2 0-2002 WAQ17Ex Ante Measure
Cost Study Draft Repo020140, ltron, February 28,
3 Based on lamp life / assumed annual run hours.

% Assumes rated life of incandescent bulb of 1000 hours.

0 The manufacturers are simply using a regular incandescent lamp with halogen fill gas rather
than Halogen Infrared to meet the standard (as provided by G. Arnold, Optimal Energy and
confirmed by N. Horowitz at NRDC) so the lifetime of these EISA qualified bulbs is assumed to

be 1000 hours.

“! Note, these values have been adjusted by the appropriate In Service Rate dthe Time of Sale
assumption (0.92) is used for the Residential interior and multi -family in unit, the Direct Install
assumption (0.88) for the remaining categories. The discount rate used for these calculations is
5.0%.S e eMidAtlantic CFL adjustments 032014 f or mor e i nformati on.
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baseline
Replacement

21W+

Costs
2014 on
$5.77

16-20W

$5.77

15W and less

$5.77

Multi Family Common Areas

Exterior

NPV of
baseline
Replacement
Costs
CFL wattage 2014 on
21W+ $6.02
16-20W $6.02
15W and less $6.02
NPV of
baseline
Replacement
Costs
CFL wattage 2014 on
21W+ $6.41
16-20W $6.41
15W andless $6.41
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Specialty CFLs, Residential *

Unigue Measure Code(s): RS_LT_TOS_SPECCFL0414

Effective Date: June 2014
End Date: TBD

Measure Description

An ENERGY STAR qualified specialty compact fluorescent bulb is installed
in place of an incandescent specialty bulb. Specialty bulbs defined in this
characterization are exempt of the EISA 2007 standard and include the
following bulb types: three -way, plant light, daylight bulb, bug light, post light,
globes G40, candelabra base, vibration service bulb, decorative candle with
medium or intermediate base, shatter resistant, reflector ( note that the
exemption on reflector bulbs is expected to expire in 2014 for the following
wattage and bulb type s: 45 W (R20 and BR 19); 50W (R30, ER 30, BR 40, and ER
40); 65W (BR30, BR40, and ER 44)).

The measure provides assumptions for two implementation strategies (Time of
Sale/Retail ** and Direct Install), and for two markets (Residential and Multi -
Family).

Definition of Baseline Condition
The baseline condition is a specialty incandescent light bulb.

Definition of Efficient Condition

The efficient condition is an ENERGY STAR qualified specialty CFL bulb
as defined above that is exempt from EISA 2007.

Annual Energy Savings Algorithm

ek Wh WattsBake- WattsEE) /1000) * ISR * HOURS tWHFe&iea + (WHF €00
1)

“2 The utilities might consider evaluating what percentage of retail sales end up in commercial
locations, and apply the commercial CFL assumptions to that portion. In the absence of such
data it is appropriate to use the Residential assumptions for all retail sales since they will
represent a significant majority and result in an appropriately conservative estimate.
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Where:
WattsBase = If actual CFL lumens is known &find the equivalent
baseline wattage from the table below ** use 61.7W if unknown **

Bulb Type Lower Lumen Upper Lumen WattsBase

Range Range

2601 2999 150

StandardSpirals >=2601 3000 5279 200

5280 6209 300

250 449 25

450 799 40

800 1099 60

3-Way 1100 1599 75

1600 1999 100

2000 2549 125

2550 2999 150

90 179 10

Globe 180 249 15

(medium and intermediate bases les

than 750 lumens) 250 349 25

350 749 40

Decorative 70 89 10

(Shapes B, BA, C, CA, DC, F, G, me| 90 149 15

and intermediate bases less than 75| 150 299 25

lumens) 300 749 40

90 179 10

Globe 180 249 15

(candelabra bases less than 1050 250 349 25

lumens) 350 499 40

500 1049 60

70 89 10

Decorative 90 149 15

(Shapes B, BA, C, CA, DC, F, G, 150 599 o5
candelabra bases less than 1050

lumens) 300 499 40

500 1049 60

3 Based on ENERGY STAR equivalence table;

http://www.energystar.gov/index.cfm?c=cfls.pr cfls lumens

4 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage
of 61.7 Watts (KEMA, Inc, The Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell
Analytics, Draft Evaluation Report: Upstream Lighting Program. Prepared for the California
Public Utilities Commission, Energy Division. December 10, 2009)
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Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
400 449 40
Reflector with medium screw bases W 450 499 45
diameter <=2.25" 500 649 50
650 1199 65
640 739 40
740 849 45
850 1179 50
R, PAR, ER, BR, BPAR or similar by 1180 1419 65
shapes with medium screw bases w, 1420 1789 75
diameter >2.5" (*see exceptions beloy 1790 2049 90
2050 2579 100
2580 3429 120
3430 4270 150
540 629 40
630 719 45
720 999 50
R, PAR, ER, BR, BPAR or similar bt 1000 1199 65
ha [ i A
TR o o N
exceptions below) 1520 1729 90
1730 2189 100
2190 2899 120
2900 3850 150
400 449 40
*ER30, BR30, BR40, or ER40 450 499 45
500 6491179° 50
*BR30, BR40, or ER40 650 1419 65
“R20 400 449 40
450 719 45
*All reflector lamps 200 299 20
below lumen ranges specified above 300 399-639"° 30
WattsEE = Actual wattage of energy efficient specialty bulb

purchased, use 15W if unknown*’

> The upper bounds for these categories depends on the lower bound of the next higher
wattage, which varies by bulb type.

6 As above.

" An lllinois evaluation (Energy Effic iency / Demand Response Plan: Plan Year 2 (6/1/2009-
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ISR = In Service Rate or percentage of units rebated that get
installed.

Program In Service Rate

(ISR)
Time of Sale (Retail) 0.92°°
Direct Install 0.88%

HOURS = Average hours of use per year

Installation Location Daily Hours Annual Hours
Residential and 3.0 :
in-unit Multi Family
Multi Family Common Areas 16.3 5,950
Exterior 4.5 1,643

5/31/2010) Evaluation Report: Residential Energy Star ® Lighting

http:/ /ilsag.org/yahoo site admin/assets/docs/ComEd Res Lighting PY2 Evaluation Report 2

010-12-21 Final.12113928.pdf ) reported 13 -17W as the most common specialty CFL wattage

(69% of program bulbs). 2009 California data also reported an average CFL wattage of 15.5

Watts (KEMA, Inc, The Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics,

Draft Evaluation Report: Upstream Lighting Program, Prepared for the California Public Utilities

Commission, Energy Division. December 10, 2009).

“8 Starting with a first year ISR of 0.8 8 (based on EMPOWER Maryland 201Evaluation Report;

Chapter 5: Lighting and Appliances) and a lifetime ISR of 0.97 (from Nexus Market Research,

RLW Analytics and GDS Associates study; Imp&ew Engl and
Evaluation, January 20, 200906) ,%baot thstales m therfirsn g 43 % of t
year replace incandescents (24 out of 56 respondents not purchased as spares; Nexus Market

Research, RLW Analytics, Oct otedassahisetts,Rhallé mpact Eval ue
Il sl and, and Vermont 2003 Resi d#®.nSRiisaghkrefdre cgldulatéedn g Pr ogr ar
as 0.88 + (0.43*0.09) = 0.92. See MidAtlantic CFL Adjustments.xls for calculation.

49 Assumption is based on the EMPOWER Maryland 20t Evaluation Report discussed above,

but not adjusted upwards since those people removing bulbs after being installed in Direct

Install program are likely to do so because they dislike them, not to use as replacements.  Only

evaluation we are aware of spec ifically for Direct Install installation (and persistence) rates is

Megdal & Associates, 2003; 02002/ 2003 I mpact Evalwuati
P r o g r, whiold estimated 81%.

®BasedonNavi gant Consulting OEmMPOWER Maryland Draft Fin
Year 4 (June 1, 2012 0 May 31, 2013) Residential Lighting Program. @pril 4, 2014, page 56.

*1 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 201This

estimate is consistent vAirtela tShpe cCd mmnd2 leofsssmmeanpd Nom (1

day or 5913 annually) from the Cadmus Group | nc., 0Me
Analysisé, HAuly 2012, p 2

2Updated results from Nexus Market Research, ol mpact
Rhode Island and Vermont 2003 Res dent i al Lighting Programs©oé, Final f

presented in 2005 memo;
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| Unknown™ | 3.0 | 1,100 |
WHFe&: oo = Waste Heat Factor for Energy to account for cooling

savingsfrom reducing waste heat from efficient lighting.

Building with cooling 1.12”
Building without 1.0
cooling or exterior
Unknown 1.09>°
WHF&yeat = Waste Heat Factor for Energy to account for electric

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

=1-(HF [/ YrdoElacHeat)
If unknown assume 0.894°°
HF = Heating Factor or percentage of light savings that must be
heated
= 479%’ for interior or unknown location

= 0% for exterior or unheated location

aqHe at =Efficiencyin COP of Heating equipment

http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli
vered.pdf

%3 For programs where the installation location is unknown (e.g. upstre am lighting programs)

the assumption is set conservatively to assume an interior residential bulb.

% The value is estimated at 1.12 (calculated as 1 + (0.33/2.8)). 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 2.8 COP (starting from standard
assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER?2) +
(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), converted to COP = EER/3.412 = 28COP)

% The value is estimated at 1.09 (calculated as 1 + (0.78*(0.33/2.8)).  Based on assumption
that 78% of homes hae central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates).

%% Calculated using defaults; 1+ ((0.47/1.67) * 0.375) = 0.894

" 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 %

System Age of HSPF dHe at
Type Equipment Estimate (COP
yp quip Estimate)
Before 2006 6.8 2.00
Heat Pump
After 2006 7.7 2.26
Resistance N/A N/A 1.00
Unknown N/A N/A 1.67>°

%ElecHeat = Percentage of home with electric heat

Heating fuel %ElecHeat

Electric 100%
Fossil Fuel 0%
Unknown 37.5%"

lllustrative example ddo not use as default assumption

An 800 lumen 15W Globe CFLis purchased and installed in an unknown
location :

ek Wh ((60 - 15) / 1000) * 0. 92 * 1100 * (0.894 + (1.09 81))
=44.8 KWh
Summer Coincident Peak kW Savings Algorithm
ek W= ((WattsBase - WattsEE)/1000) * ISR * WHFd * CF
Where:

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

| Building with cooling 1.24%

%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 thi s minimum, the likely degradation of efficiencies over
time mean that using the minimum standard is appropriate.

%9 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.
€0 Based onKEMA baseline study for Maryland.
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Building without 1.0
cooling or exterior
Unknown 1.18%
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence
Factor CF
Residential interior and 0.09°
in-unit Multi Family
Multi Family Common Areas 0.43*
Exterior 0.018%
Unknown 0.09

lllustrative example d&do not use as default assumption:
An 800 lumen 15W Globe CFLis purchased and installed in an unknown
location :

aek W= ((60 315) / 1000) * 0. 92 * 1.18 * 0.09

= 0.0044 kw

Annual Fossil Fuel Savings Algorithm
Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown
assume62.5% of homesheated with fossil fuel ©°):

&@MMBt u P¥ ma((((WattsBase- WattsEE) / 1000) * ISR * Hours * HF *
0.003412) /| (dHeat) * %Fossil Heat

®1 The value is estimated at 1. 24 (calculated as 1 + (0.66 / 2.8)). 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 PIM coincident definition).

®2 The value is estimated at 1.18 (calculated as 1 + (0.78 * 0.66 / 2.8)).

% Based on EmMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and

Appliances.

“Consistent with oLodging Common Areaé coincidence f &
measure characterization, based on 6Development of | nt e
Coincidence Factor Values for EMPOWER Maryland Commercial Lighting Program Evaluations,

ltron, 20106.

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

% Based onKEMA baseline study for Maryland.

%7 Negative value because this is an increase in heating consumption due to the efficient

lighting.
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Where:

HF = Heating Factor or percentage of light savings that
must be heated
= 4798® for interior or unknown location
= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBtu
aqHe at =Efficiency of heating system
=72%°
%FossilHeat = Percentage of home with non -electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5%"

lllustrative example d&do not use as default assumption
An 800 lumen 15W Globe CFLis purchased and installed in a home with 75%
AFUE gas furnace:

] MMBt uPen alkt ({60 d15)/1000) * 0. 92 * 1100 * 0.47 *
0.003412/0.75) * 1.0

=-0.097 MMBtu
If home heating fuel is unknown:

i MMBt uPen alkt ({60 - 15)/1000) * 0. 92 * 1100 * 0.47 *
0.003412/0.72) * 0. 625

=-0.063 MMBtu

% 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.

% 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/ xIs/HC6.9%20Space%20Heating%20in%
20Midwest%20Region.xIs).

"0 Based onKEMA baseline study for Maryland.
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Annual Water Savings Algorithm
n/a

Incremental Cost
For the Retail (Time of Sale) measure, the incremental capital cost for
this measure is $3.80"%.

For the Direct Install measure, the full cost of $8. 20 should be used plus
$5 labor’ for a total measure cost of $13. 20 per lamp.

Measure Life
The expected measure life is assumed to be:

Installation Location Measure Life
Residential interior and 6.8
in-unit Multi Family
Multi Family Common Areas 1.3
Exterior 467
Unknown 6.8

Operation and Maintenance Impacts

Life of the baseline bulb is assumed to be 0.87 year for Residential
interior and in -unit Multi Family, 0.17 year for multi family common areas and
0.6 year for exterior ’®; baseline replacement cost is assumed to be $ 4.90"".

" Basedond20-2012 WAO017 Ex Ante Measure Cost Study Draft
2014.

2 Assumption based on 15 minutes (including portion of tr avel time) and $20 per hour.

3 The assumed measure life for the specialty bulb measure characterization was reported in

"Residential Lighting Measure Life Study", Nexus Market Research, June 4, 2008 (measure life

for markdown bulbs). Measure life estimate does not distinguish between equipment life and

measure persistence. Measure life includes products that were installed and operated until

failure (i.e., equipment life) as well as those that were retired early and permanently removed

from service for any reason, be it early failure, breakage, or the respondent not liking the

product (i.e., measure persistence).

4 Based proportionately on the residential assumption and the differing hours of use

(1100/5950 * 6.8 = 1.3).

> |bid. (1100/1643 * 6.8 = 4.6)

% Assiming 1000 hour rated life for incandescent bulb  divided by the hours of use assumption.

"Basedon 0 2M11® WAO017 Ex Ante Measure Cost Study Draft
2014.
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Hardwired CFL Fixtures (Interior) *

Unigue Measure Code(s): RS_LT_RTR_CFLFIN 0414 and
RS_LT_INS_CFLINO414

Effective Date: June 2014
End Date: TBD

Measure Description

An ENERGY STAR lighting fixturewvired for exclusive use with pin-based
(including the GU -24 base) compact fluorescent lamps is installed in an interior
residential setting. This measure could relate to either retrofit or new
installation, and for two markets (Residential and Multi -Family).

Definition of Baseline Condition

The baseline condition is a standard incandescent /halogen interior light
fixture meeting the standards described in the Energy and Independence and
Security Act of 2007.

Definition of Efficient Condition
The efficient condition is an ENERGY STAR lightingnterior fixture for
pin-based compact fluorescent lamps.

Annual Energy Savings Algorith m

Version 4 of this TRM introduces a new methodology for calculating the
delta watts in this lighting measure; lumen equivalence. This requires the user
to determine the bulb type, wattage and lumen rating of the efficient bulb and
find a baseline bulb wi th equivalent lumens. Since this methodology requires a
change to the information required to be collected for these measures and a
potentially burden on utilities, the existing and new methodologies are both
provided below. A single methodology should be used for all measures in a
particular utility or program to prevent the potential implication of claiming
whichever methodology provides higher savings.
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Delta Watts Multiplier Method:

ek Wh#lamps * ((CFLwatts * DeltaMultiplier ) /1000) * ISR *
HOURS {WHFgjeat + (WHF&:00 1))

Where:
CFLwatts = CFL Lamp Watts (if known).
DeltaMultiplier = Multiplier to calculate delta watts. Depends
upon bulb wattage and year of replacement
CFL Delta Watts Multiplier

78.

Wattage 2013 2014 and
Beyond
15 or less 2.95 1.83
16-20 1.79 1.79
21W+ 1.84 1.84

If Compact Fluorescent Watts is unknown use 30.1 ”° from 2013 onwards
as the delta watts (i.e. for ( CFLwatts * DeltaMultiplier )).

See below for remaining variables
Lumen Equivalence Method:

&k Wh = #lamps * ((WattsBase- WattsEE) /1000) * ISR * HOURS *
(WHFe&4ear + (WHFe&:00 01))

Where:

WattsBase = Based on lumens of CFL bul®:
Minimum Maximum

Lumens Lumens
5280 6209 300

8 Average wattage of compact fluorescent from RLW study was 15.5W, and the replacement
incandescent bulb was 61.2W. This is a ratio of 3.95 to 1, and the delta watts is equal to the
compact fluorescent bulb multiplied by 2.95:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009. Post EISA multipliers are calculated by finding the new delta watts after incandescent
bulb wattage is reduced (from 100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in
2014); see MidAtlantic CFL Adjustments.xls.

" Calculated by multiplying 48.7 by the average adjustment 2014 percentage adjustment
from table below. This adjustment should be made in 2013 since this is the midpoint of the 3
EISA adjustment years.

8 Base wattage is based upon the post fir st phase of EISA wattage.
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3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
#lamps = Number of lamps in fixture. If unknown, assume 1.
ISR = In Service Rate or percentage of units rebated that get
installed.
=0.95 &
HOURS = Average hours of use per year
Installation Location Daily Hours Annual Hours
Residential interior and 3.0 1,100°
in-unit Multi Family
Multi Family Common Areas 16.3 5,950
Unknown 3.0 1,100
WHFe& o0 = Waste Heat Factor for Energy to account for cooling

savings from reducing waste heat from efficient lighting.

WHFe ool

Building with cooling

1.12%

8'Based on Nexus Market

Research,

Ver mont 2003 Residenti al Lighti

7).

Ol mpact

Eval uati on

ng Progr ams-6, Fi

8 BasedonNavi gant Consul tiyland DraftfEimd EvalATton Réport Evaluation
Year 4 (June 1, 2012 dMay 31, 2013) Residential Lighting Program. @pril 4, 2014, page 56.

8 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 201This

estimate is consistent
day or 5913 annually)
Anal ysisé, Huly 2012,

f
p

vAirtera tStpee ¢G o mnolH12 heodesspaieam pd Nlcom

rom t he
2

Cadmus Group | nc.

8 The value is estimated at 1.12 (calculated as 1 + (0.33/2.8)). 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 2.8 COP (starting from standard
assumption of SEERLO0.5 central AC unit, converted to 9.5 EER using algorithm ( -0.02 * SEER?2) +
(1.12 * SEER) (from Wassmer, M. (2003) A ComponentBased Model for Residential Air
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Building without 1.0
cooling or exterior
Unknown 1.09%
WHF&yeat = Waste Heat Factor for Energy to account for electric

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

=1-(HF / YrloeElacHeat)
If unknown assume 0.894%°

HF = Heating Factor or percentage of light savings that must
be heated

= 479’ for interior or unknown location
= 0% for exterior or unheated location

aqHe at =Efficiency in COP of Heating equipment
= actual. If not available use &

System Age of HSPF G(]C%?D at
Type Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump
After 2006 7.7 2.26
Resistance N/A N/A 1.00
Unknown N/A N/A 1.67%

Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at
Boulder), converted to COP = EER/3.412 = 2.8COP)

% The value is estimated at 1.09 (calculated as 1 + (0.78%(0.33/2.8)).  Based on assumption
that 78% of homes hae central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates).

8 cCalculated using defaults; 1+ ((0.47/1.67) * 0.375) = 0.894

8 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 buildin g configurations in
Wilmington, DE, Baltimore, MD and Washington, DC.

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.

8 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.
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%ElecHeat = Percentage of home with electric heat

Heating fuel %ElecHeat

Electric 100%
Fossil Fuel 0%
Unknown 37.5%"

lllustrative example ddo not use as default assumption
Delta Watts Multiplier method:
A CFLfixture purchased in 2014:
ek Wh ((30.1) / 1000) *0.95* 11 00 * (0.894 + (1.09 81))
=31 kWh
Lumen Equivalence Method:

A 3 x 11W, 600 lumen fixture is purchased and installed in an unknown
location:

ek Wh (3 * ((29-11)/1000)) * 0.95 * 1100 * (0.894 + (1.09 81))

=56 kWh

Summer Coincident Peak kW Savings Algorithm
Delta Watts Multiplier Method:

ek W= (#lamps * (CFLwatts * DeltaMultiplier /1000)) * ISR * WHFd
*CF

Lumen Equivalence Method:
ek W= (#lamps * ((WattsBase- WattsEE) /1000) ) * ISR * WHFd * CF
Where:

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

| Building with cooling 1.24%

% Based onKEMA baseline study for Maryland.
1 The value is estimated at 1. 24 (calculated as 1 + (0.66 / 2.8)). See footnote relating to WHFe
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Building without 1.0
cooling or exterior
Unknown 1.18%
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence
Factor CF

Residential interior and 0.09”

in-unit Multi Family
Multi Family Common Areas 0.43*
Unknown 0.09

lllustrative example ddo not use as default assumption
Delta Watts Multiplier Method:

A CFLfixture purchased in 2014:
ek W=(30.1/1000) *0.95*1.18 * 0.09

= 0.003 kW
Lumen Equivalence Method:
A 3 x 11W, 600 lumen lamp fixture is purchased and installed in an unknown
location:
ek W = (3*((29-11) / 1000)) *0.92* 1.18 * 0.09
= 0.0054 kW

Annual Fossil Fuel Savings Algorithm
Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown assume

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 PIM coincident definition).

92 The value is estimated at 1.18 (calculated as 1 + (0.78 * 0.66 / 2.8)).

% Based on EmMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and

Appliances.
“Consistent with oLodgi ng CorinBornmmeraial 8ceed basecCFlnci denc e
measure characterization, based on 6Devel opment of

Coincidence Factor Values for EMPOWER Maryland Commercial Lighting Program Evaluations,
ltron, 20106.

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

— Y



@ ) REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page45 of 350

62.5% of homes heated with fossil fuel %):
Delta Watts Multiplier Method:

&@MMBt u P® rra (((t#amps * (CFLwatts * DeltaMultiplier ) / 1000))
* | SR * Hours * HF * 0.003412) /[

Lumen Equivalence Method:

&MMBt u P e n-a((((#lgmps *fWattsBase - WattsEE) / 1000)) * ISR *
Hours * HF * 0.003412) / (JdHeat)

Where:

HF = Heating Factor or percentage of light savings that
must be heated
= 479" for interior or unknown location
= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBtu
aqHe at = Efficiency of heating system
=729%8°
%FossilHeat = Percentage of home with non -electric heat
Electric 0%
Fossil Fuel 100%
Unknown 62.5%"

% Based onKEMA baseline study for Mayland.

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

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

% This has been estimated assuming typical efficiencies of existing heating systems weighted
by percentage of homes with non -electric heating (based on Energy Information Admin istration,
2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xIs/HC6.9%20Space%20Heating%20in%
20Midwest%20Region.xIs).

% Based onKEMA baseline study for Maryland.
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lllustrative example ddo not use as default assumption

Delta Watts Multiplier Method:
A CFLfixture purchased in 2013 in an unknown location:

i MMBt u P & n(g30.0)4000) * 0.95 * 1100 * 0.47 * 0.003412/0.72) *
0.625

=-0.044 MMBtu

Lumen Equivalence Method:
A 3 x 11W, 600 lumen lamp fixture is purchased and installed in an unknown
location:

i MMBt u P e n(H3 *t(2@-11)/1000)) * 0.95 * 1100 * 0.47 *
0.003412/0.72) * 0. 625

=-0.079 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for an interior fixture is assumed to be  $32!%.

Measure Life

An additional provision in the Energy Independence and Security Act of
2007 requires that by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, in essence making the CFL baseline.

The measure life of an interior fixture °* will therefore need to be
reduced each year and be equal to the remaining number of years before 2020,

0ENERGY STAR Qualified Lighting Saving3alculator default incremental cost input for

interior fixture

(http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/LightingCalculator.x
Isx?b29955ae&b299-55a€)

191 Measure Life Report, Residential and Commercial/lndustrial Lighting and HVAC Measures,
GDS Associates, June 2007
(http://lwww.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf ) gives 20 years
for an interior fluorescent fixture.
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i.e. for installations in 2012 the measure life should be 8 years, for installations
in 2013 the measure life should be 7 years etc.

Operation and Maintenance Impacts

In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xlIs). The key
assumptions used in this calculation are documented below:

Baseline Efficient
Standard Efficient

Incandescent Incandescent

Replacement Cost

Component Life'™ (years) 0.91'% 0.91'% 7.3
Residential interior,
in-unit Multi Family
or unknown

Multi Family Common 0.17 0.17 1.34
Areas

The calculated net present value of the baseline replacement costs for CFL
type and installation year are presented below %:

Residential interior, in -unit Multi Family or unknown
NPV of
baseline
Replacement

Costs

CFL wattage 2014
21W+ $5.96
16-20W $5.96

192 Based on Northeast Regional Residential Lighting Strategy (RLS) report, prepared by EFG,
D&R International, Ecova and Optimal Energy.

193 1pid.

104 Based on lamp life / assumed annual run hours.

195 Assumes rated life of incandescent bulb of 1000 hours (simplified to 1 year for calculation).
1% The manufacturers are simply using a regular incandescent lamp with halogen fill gas rather
than Halogen Infrared to meet the standard , so the lifetime of thes e EISA qualified bulbs is
assumed to be 1000 hours.

107 Assumes 8000 hours rated life for CFL 8000 hours is the average rated life of ENERGY STAR
bulbs (http://www.energystar.gov/index .cfm?c=cfls.pr crit cfls)

198 Note, these values have been adjusted by the appropriate In Service Rate.
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|15Wandless | $5.96 |

Multi Family Common Areas

NPV of
baseline
Replacement

Costs

CFL wattage 2014
21W+ $30.54
16-20W $30.54
15W and less $30.54
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Hardwired CFL Fixtures (Exterior) *

Unigue Measure Code(s): RS_LT_RTR_CFLFEX0414 and
RS _LT_INS_CFLFEX0414

Effective Date: June 2014

End Date: TBD

Measure Description

An ENERGY STAR lighting fixturewvired for exclusive use with pin-based
compact fluorescent lamps is installed in an exterior residential setting. This
measure could relate to either retrofit or new installation, and for two markets
(Residential and Multi -Family).

Definition of Baselin e Condition

The baseline condition is a standard incandescent /halogen exterior light
fixture meeting the standards described in the Energy and Independence and
Security Act of 2007.

Definition of Efficient Condition
The efficient condition is an ENERGYSTAR lightingexterior fixture for
pin-based compact fluorescent lamps.

Annual Energy Savings Algorithm

Version 4 of this TRM introduces a new methodology for calculating the
delta watts in this lighting measure; lumen equivalence. This requires the us er
to determine the bulb type, wattage and lumen rating of the efficient bulb and
find a baseline bulb with equivalent lumens. Since this methodology requires a
change to the information required to be collected for these measures and a
potentially burden on utilities, the existing and new methodologies are both
provided below. A single methodology should be used for all measures in a
particular utility or program to prevent the potential implication of claiming
whichever methodology provides higher savings.
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Delta Watts Multiplier Method:

ek Wh#lamps * ((CFLwatts * DeltaMultiplier ) /1000) * ISR *

HOURS
Where:
CFLwatts = CFL Lamp Watts (if known).
DeltaMultiplier = Multiplier to calculate delta watts. Depends

upon bulb wattage and year of
replacement *°%:
CFL Delta Watts
Wattage Multiplier
2014 and

Beyond

15 or less 1.83
16-20 1.79
21W+ 1.84

If Compact Fluorescent Watts is unknown use 58.5™° from 2013 onwards
as the delta watts (i.e. for ( CFLwatts * DeltaMultiplier )).

See below for remaining variables

Lumen Equivalence Method:

ek Wh = #lamps * ((WattsBase- WattsEE) /1000) * ISR * HOURS *
WHFe g0 * WHF&4eat
Where:
WattsBase = Based on lumens of CFL bulB*:

109 Average wattage of compact fluorescent from RLW study was 15.5W, and the replacement
incandescent bulb was 61.2W. This is a ratio of 3.95 to 1, and the delta watts is equal to the
compact fluorescent bulb multiplied by 2.95:

RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009. Post EISA multipliers are calculated by finding the new delta watts after incandescent
bulb wattage is reduced (from 100W to 72W in 2012, 75W to 53W in 2013 and 60W to 43W in
2014); see MidAtlantic CFL Adjustments.xls.

10 calculated by multiplying 94.7 by the average adjustment 2014 percentage adjustment
from table below. This adjustment shou Id be made in 2013 since this is the midpoint of the 3
EISA adjustment years.

11 Base wattage is based upon the post first phase of EISA wattage.
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Minimum Maximum
Lumens Lumens WalltS gase
5280 6209 300
3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
#lamps = Number of lamps in fixture. If unknown, assume 1.
ISR = In Service Rate or percentage of units rebated that get
installed
=0.87
HOURS = Average hours of use per year

= 1643 (4.5 hrs per day)**®
lllustrative example ddo not use as default assumption
Delta Watts Multiplier method:

ek Wh ((94.7) / 1000) * 0.87 * 1643

=135 kWh
Lumen Equivalence Method:
A 2 x 23W, 1600 lumen fixture is purchas ed and installed in an unknown
location:

ek Wh (2 * ((72-23)/1000)) * 0.87 * 1643

=138 kWh

112 Consistent with Efficiency Vermont and CT Energy Efficiency Fund; based on Nexus Market

Research, ol mpact Evaluation of the Massachusetts, Rt
Lighting Programsog, Final Repdxt, October 1, 2004, ¢
113 Updated results from above study, presented in 2005 memo;
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli

vered.pdf
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Summer Coincident Peak kW Savings Algorithm

Delta Watts Multiplier Method:
ek W= (#lamps * (CFLwatts * DeltaMultiplier ) /1000) ) * ISR * CF

Lumen Equivalence Method:
ek W= (#lamps * ((WattsBase- WattsEB) /1000) ) * ISR * CF

Where:
CF = Summer Peak Coincidence Factor for measure
=0.018 14

lllustrative example ddo not use as default assumption
Delta Watts Multiplier Method:
ek W=(94.7 /1000) *0.87 * 0.018

= 0.0015 kw

Lumen Equivalence Method:
A 2 x 23W, 1600 lumen lamp fixture is purchased and installed in an unknown
location:

ek W= (2* (72-23) / 1000) * 0.87 * 0.018

= 0.0015 kw

Annual Fossil Fuel Savings Al gorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for an exterior fixture is assumed to be  $17**°,

14 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
"SENERSY STAR Qualified Lighting Savings Calculator default incremental cost input for
exterior fixture

(http://lwww.energystar.gov/ia _ /business/bulk purchasing/bpsavings calc/LightingCalculator.x
Isx?b29955ae&b299-55a€)
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Measure Life

An additional provision in the Energy Independence and Security Act of
2007 requires that by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, in essence making the CFL baseline.

The measure life of an exterior fixture '® will therefore need to be
reduced each year and be equal to the remaining number of years before 2020,
i.e. for installations in 2010 the measure life should be 10 years, for
installations in 2011 the measure life should be 9 years etc.

Operation and Maint enance Impacts

In order to account for the shift in baseline due to the Federal
Legislation discussed above, the levelized baseline replacement cost over the
lifetime of the CFL is calculated (see MidAtlantic CFL Adjustments.xIs). The key
assumptions usedin this calculation are documented below:

Baseline Efficient
Standard Efficient

Incandescent Incandescent

Replacement Cost

Component Life (years) 0.6 0.6™° 4.9
(based on lamp life /
assumed annual run
hours)

The calculated net present value of the baseline replacement costs for CFL
type and installation year are presented below:

1% Measure Life Report, Residential and Commercial/lndustrial Lighting and HVAC Measures,
GDS Associates, June 2007

(http://lwww.ctsavesenergy.org/files/Measure%20Life%20Re port%202007.pdf ) gives 15 years
for an exterior fluorescent fixture.

17 Based on Northeast Regional Residential Lighting Strategy (RLS) report, prepared by EFG,
D&R International, Ecova and Optimal Energy.

18 |pid.

119 Assumes rated life of incandescent bulb of 1000 hours.

120 The manufacturers are simply using a regular incandescent lamp with halogen fill gas rather
than Halogen Infrared to meet the standard ,so the lifetime of these EISA qualified bulbs is
assumed to be 1000 hours.

121 Assumes rated life of 8000 hours.
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NPV of
baseline
Replacement

Costs'?
CFL wattage 2014
21W+ $7.42
16-20W $7.42
15W and less $7.42

122 Note, these values have been adjusted by the appropriate In Service Rate.
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Solid State Lighting (LED) Recessed Downlight
Luminaire *

Unigue Measure Code: RS LT _TOS_SSLDWN414
Effective Date: June 2014
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 (i.e. time of sale). The SSL downlight should
meet the ENERGY STAR Specification for Solid State Luminaire§=. 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. They currently are  not subject to EISA regulations
and so this characterization does not include the baseline shift provided in
other lighting measures.

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 BR -type
incandescent downlight light bulb.

Definition of Efficient Condition

The efficient condition is the purchase and installation of a Solid State
Lighting (LED) Recessed Downlight luminaire.

Annual Energy Savings Algorithm

akWh = (WattsBase- WattsEB /1,000) * ISR * HOURS {WHFgieat

123 ENERGY STAR specification can be viewed here:
http://www .energystar.gov/ia/partners/prod development/new specs/downloads/SSL FinalC

riteria.pdf
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Where:
WattsBase = Connected load of baseline lamp
= Actual if retrofit,  if LED lumens is known &find
the equivalent baseline wattage from the table below
if unknown assume 65W *2°

Page56 of 350

124

Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
40
Reflector with medium screw bases W 450 499 45
diameter <=2.25" 500 649 50
650 1199 65
640 739 40
740 849 45
850 1179 50
R, PAR, ER, BR, BPAR or similar by 1180 1419 65
shapes with medium screw bases wj 1420 1789 75
diameter >2.5" (*see exceptionbelow) 1790 2049 920
2050 2579 100
2580 3429 120
3430 4270 150
540 629 40
630 719 45
720 999 50
R, PAR, ER, BR, BPAR or similar bi 1000 1199 65
srlapes witb ngium screw bases wj 1200 1519 75
RAFYSUSNI B HO®HC
exceptionshelow) 1520 1729 90
1730 2189 100
2190 2899 120
2900 3850 150
*ER30, BR30, BR40, or ER40 400 449 40
’ ’ ' 450 499 45

124 Based on ENERGY STAR equivalence table;
http://www.energystar.gov/index.cim?c=cfls.pr cfls lu mens

125 Baseline wattage based on common 65 Watt BR30 incandescent bulb (e.g.

http://www.destinationlighting.com/storeitem.jhtm|?iid=16926)
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Lower Lumen Upper Lumen WattsBase

Range Range
500 649-1179°° 50
*BR30, BR40, or ER40 650 1419 65
vR20 400 449 40
450 719 45
*All reflector lamps 200 299 20
below lumen ranges specified above 300 399639 30
WattsEE = Connected load of efficient lamp
= Actual. If unknown assume 12w 28
ISR = In Service Rate or percentage of units rebated that
get installed.
=1.0*%°
= Average hours of use per year

Installation Location Daily Hours Annual Hours

Residential interior and 3.0 1,100
in-unit Multi Family
Multi Family Common Areas 16.3 5,950™%"
Unknown 3.0 1,100
WHFe&: o = Waste Heat Factor for Energy to account for

cooling savings from reducing waste heat from
efficient lighting.
WHFecool ‘
| Building with cooling 1.12

126 The upper bounds for these categories depends on the lower bound of the next higher

wattage, which varies by bulb t ype.

127 As above.

128 Energy Efficient wattage based on 12 Watt LR6 Downlight from LLF Inc.
(http://sited.marketsmartinteractive.com/products.htm)

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

0BasedonNavi gant Consulting OEmMPOWER Maryl and Draft Fin
Year 4 (June 1, 2012 dMay 31, 2013) Residential Lighting Program. @pril 4, 2014, page 56.

131 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 201This

estimate is consistent vAirtela tShpe cCd mmnd2 leofsssmmeanpd Nom (1
day or 5913 annually) from the Cadmus Group | nc., 0Me
Analysisé, Huly 2012, p 2

132 The value is estimated at 1.12 (calculated as 1 + (0.33/2.8)). 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),
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Building without 1.0
cooling or exterior
Unknown 1.09"%°
WHF&yeat = Waste Heat Factor for Energy to account for electric

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

=1-(HF [/ Y¥r&eElacHeat)

If unknown assume 0.8943

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

aqHe at =Efficiency in COP of Heating equipment

= actual. If not available use °¢;
System Age of HSPF G(]C%?D at
Type Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump
After 2006 7.7 2.26
Resistance N/A N/A 1.00
Unknown N/A N/A 1.67%7

assuming typical cooling system operating efficiency of 2.8 COP (starting from standard
assumption of SEERL0.5 central AC unit, converted to 9.5 EER using algorithm ( -0.02 * SEER2) +
(1.12 * SEER) (from Wassmer, M. (2003) A ComponentBased Model for Residential Air
Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at
Boulder), converted to COP = EER/3.412 = 2.8COP)

133 The value is estimated at 1.09 (calculated as 1 + (0.78*(0.33/2.8)).  Based on assumption
that 78% of homes hae central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005 Mathew Greenwald & Associates).

134 Calculated using defaults; 1+ ((0.47/1.67) * 0.375) = 0.894

135 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.

136 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 sydem 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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%ElecHeat = Percentage of home with electric heat

Heating fuel %ElecHeat

Electric 100%
Fossil Fuel 0%
Unknown 37.5%>

lllustrative example ddo not use as default assumption
Residential interior and in -unit Multi Family
akWh = ((65-12)/1,000) * 1.0 *1100* (0.894 + (1.09 61))
=57.4 kWh

Multi Family Common Areas
akWh = ((65 - 12) / 1,000) * 1.0 * 5950 *(0.894 + (1.09 61))

= 310.3 kWh

Summer Coincident Peak kW Savings Algorithm
akW = ((WattsBase- WattsEE) /1000) * ISR * WHFd * CF

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

Building with cooling 1.24%%
Building without 1.0
cooling or exterior

Unknown 1.18%°

137 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.
138 Based onKEMA baseline study for Maryland.

139 The value is estimated at 1. 24 (calculated as 1 + (0.66 / 2.8)). 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 PIJM ¢ oincident definition).

10 The value is estimated at 1.18 (calculated as 1 + (0.78 * 0.66 / 2.8)).
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CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence
Factor CF
Residential interior and 0.09"
in-unit Multi Family

Multi Family Common Areas 0.43'%

Exterior 0.018'%
Unknown 0.09

lllustrative example ddo not use as default assumption
akW =((650612)/1,000)* 1.0*1.18 *0.09

= 0.0056 kW

Annual Fossil Fuel Savings Algorithm
Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown
assume62.5% of homes heated with fossil fuel):

&MMB t u P¥n=aI((t{(WattsBase - WattsEB / 1000) * ISR * Hours * HF
* 0.003412) |/ (QHeat) * %Fossil He:

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
aqHe at = Efficiency of heating system
=7204%

141 Based on EMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and

Appliances.

“Consistent with oLodgi ng Co rinmommerbial Scaew baseoOFIn ci dence f
measure characterization, based on 6Development of I
Coincidence Factor Values for EMPOWER Maryland Commercial Lighting Program Evaluations,

ltron, 20106.

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

144 Negative value because this is an increase in heating consumption due to the efficient

lighting.

145 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.

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



@ ) REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page61 of 350

%FossilHeat = Percentage of home with non-electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5045%"

lllustrative example d&do not use as default assumption
A luminaire in a home with 75% AFUE gas furnace:

] MMBt uPen alkt ({65 812)/1000) * 1.0 * 1100 * 0.47 *
0.003412/0.75) * 1.0

=-0.12 MMBtu
If home heating fuel is unknown:

i MMBt uPen alt ({65 - 12)/1000) * 1.0 * 1100 * 0.47 *
0.003412/0.72) * 0. 625

=-0.081 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

If the implementation strategy allows the collection of actual costs, or
an appropriate average, then that should be used. If not, t he incremental cost
for this measure is assumed to be $61*%,

146 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/xIs/HC6.9%20Space%20Heating%20in%
20Midwest%20Region.xIs).

147 Based onKEMA baseline study for Maryland.

148 Based on VEIC product review, April 2011. Baseline bulbs available in $3-$5 range, and SSL
bulbs available in $50-$80 range. Incremental cost of $61 therefore assumed ($4 for the
baseline bulb and $65 for the SSL). Note, this product is likely to fall r apidly in cost, so this
should be reviewed frequently. Product review, November 2012 and March 2014 suggests
incremental cost estimate is still appropriate and wide range of costs available.
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The measure life is assumed to be 20 yrs for Residential and Multi Family
in-unit, and 4.2 years for Multi Family common areas **°.

Operation and Maintenance Impacts

The levelized baseline replacement cost over the lifetime of the

SSL is calculated (see MidAtlantic CFL Adjustments 032014xIs). The key
assumptions used in this calculation are documented below:

BRtype
Incandescent

Replacement Cost

$4.00

Component Life™®

(years)

Residential interior
and in-unit Multi
Family or unknown.

1.7%1

Areas

Multi Family Common

0.34%°

The calculated net present value of the baseline replacement costs is $ 27.80
for Residential interior and in -unit Multi Family and $ 151.72 for Multi Family

common areas.

199 The ENERGY STAR Spec for SSL Recessed Downlights requires luminaires to maintain >=70%
initial light output for 25,000 hrs in a residential application. Measure life is

for Residentialand multi family in -unit, and calculated as 4.2 years (25000/5950) for multi

family common area;

capped at 20 years

http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/SSL_FinalC

riteria.pdf

150 Based on lamp life / assumed annual run hours.
151 Assumes rated life of BR incandescent bulb of 2000 hours, based on product review. Lamp

life is therefore 2000/1 100 = 1.8 years.
152 Calculated as 2000/5950 = 0.34 years.
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ENERGY STAR Integrated Screw Based SSL
(LED) Lamp*

Unigue Measure Code: RS LT _TOS_SSLDWN414

Effective Date: June 2014
End Date: TBD

Measure Description

This measure describes savings from the purchase and installation of an
ENERGY STAR Integrated Screw Based SSL (LED) Lamp (specification effective
August 2010) in place of an incandescent lamp. This measure is brok en down in
to Omnidirectional (e.g. A -Type lamps), Decorative (e.g. Globes and
Torpedoes) and Directional (PAR Lamps, Reflectors, MR16). Further, the
Omnidirectional are broken down in to <10W and >=10W and Directional Lamps
in to <15W and >=15W categoriesto best reflect the delta wattage in each
range. The ENERGY STAR specification can be viewed here:
http://www.energysta r.gov/ia/partners/product specs/program regs/Integral

LED Lamps Program Requirements.pdf?elaibe93

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

Definition of Baseline Condition
The baseline wattage is assumed to be an incandescent bulb installed in
a screw-base socket.

Definition of Efficient Condition
The high efficiency wattage is assumed to be an ENERGY STAR qualified
Integrated Screw Based SSL (LED) Lamp.

Annual Energy Savings Algorithm

Version 4 of this TRMintroduces a new methodology for calculating the
delta watts in this lighting measure; lumen equivalence. This requires the user
to determine the bulb type, wattage and lumen rating of the efficient bulb and
find a baseline bulb with equivalent lumens. Sin ce this methodology requires a
change to the information required to be collected for these measures and a
potentially burden on utilities, the existing and new methodologies are both
provided below. A single methodology should be used for all measures in a
particular utility or program to prevent the potential implication of claiming
whichever methodology provides higher savings.
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Delta Watts Multiplier Method:

akWh = ((LEDwatts * DeltaMultiplier) /1,000) * ISR * HOURS *
(WH Fe-leat + (WH FQZooI 0 1))

Where:
LEDwatts = LED Lamp Watts (if known).
If unknown assume 14.5W (replacing 60W
incandescent) >3
DeltaMultiplier = Multiplier to calculate delta watts. Depends upon

bulb type, wattage and year of replacement >

Omnidirectional Lamps

Pre-EISA  Post2012-2014 EISA  Post 2020 EISA CFL

Incandescent Incandescent Baseline baseline
Baseline
Nominal Minimum LED Delta Watts Baseline Year Delta  Baseline Delta
wattage of initial light ~Wattage™® Multiplier ~ wattage  of Watts  wattage  Watts
lamp to be output of (<10W - change Multiplier (45 Multiplier
replaced LED lamp 50 Im/W, Im/W)
(watts) (lumens) >=10W -
55 Im/W)
25 200 4.0 5.3 25 n/a 5.3 25 5.3
35 325 6.5 4.4 35 n/a 4.4 35 4.4
40 450 9.0 3.4 29 2014 2.2 10.0 0.1
3.1 43 2014 2.0 17.8 0.2
2.8 53 2013 1.7 24.4 0.2
2.4 72 2012 15 35.6 0.2
2.4 125 n/a 2.4 125 2.4
2.2 150 n/a 2.2 150 2.2

153 Average wattage of replacement incandescent bulb was 61.2W. LED wattage from table

below.

RLW Analytics, New England Residential Lighting Markdown mpact Evaluation, January 20,

2009.

14 Based on ENERGY STAR specification standardSe e 60 ESTAR I ntegrated Screw S
for details.

135 Wattage is calculated using the details of the ENERGY STAR specification linked in the
measure description. For LED <10W the minimum luminous efficacy is 50 lumens per watt, for
>=10W it is 55 lumens per watt.

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014

Decorative Lamps
Nominal Minimum
wattage of
lamp to be

LED Wattage Delta Watts
initial light (40 Im/W) Multiplier
output of

replaced

(watts)

LED lamp

(lumens)

7.5

4.3

12.5

3.8

Directional Lamps
Nominal
wattage of

lamp to be
replaced

(watts)

Minimum
initial light

output of

LED lamp

(lumens)

LED Wattage
(<=20/8" diameter
- 40 Im/W,

>20/8" diameter

45 Im/W)

Delta Watts
Multiplier

25 250 6.3 3.0
35 350 8.8 3.0
40 400 10.0 3.0
60 600 15.0 3.0
16.7 3.5
22.2 3.5
27.8 3.5
33.3 3.5

Page 65 of 350

See below for remaining variables

Lumen Equivalence Method:

ek Wh = ((WattsBase- WattsEE) /1000) * ISR * HOURS fWHF@yea; +

(WHFex o0 01))

Where:
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WattsBase = If actual LED lumens is known d&find the equivalent

156.

baseline wattage from the table below
If unknown assume 14.5W"’

Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
250 309 25
310 749 29
750 1049 43
Standard Spirals 1050 1489 53
1490 2600 72
2601 2999 150
3000 5279 200
5280 6209 300
250 449 25
450 799 40
800 1099 60
3-Way 1100 1599 75
1600 1999 100
2000 2549 125
2550 2999 150
90 179 10
medium and irﬁl?rt1)1e diate b | 180 249 15
medu §1an 75% Iuiweig) EEE 250 349 25
350 749 40
Decorative 70 89 10
(Shapes B, BA, C, CA, DC, F, G, me{ 90 149 15
and intermediate bases less than 75 150 299 25
lumens) 300 749 40
90 179 10
Globe 180 249 15
(candelabra bases less than 1050 250 349 25
lumens) 350 499 40
500 1049 60

1% Based on ENERGY STAR equivalence table;
http://www.energystar.gov/index.cim?c=cfls.pr cfls lumens

Northeast Energy Efficiency Partnerships

91 Hartwell Avenue Lexington, MA 02421

157 Average wattage of replacement incandescent bulb was 61.2W. LED wattage from delta
watts table
RLW Analytics, New England Rsidential Lighting Markdown Impact Evaluation, January 20,
20009.
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Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
70 89 10
Decorative 90 149 15
(Shapes B, BA, C, CA, DC, F, G, 150 599 55
candelabra bases less than 1050
lumens) 300 499 40
500 1049 60
400 449 40
Reflector with medium screw bases 450 499 45
diameter <=2.25" 500 649 50
650 1199 65
640 739 40
740 849 45
850 1179 50
R, PAR, ER, BR, BPAR or similar by 1180 1419 65
shapes with medium screw bases wj 1420 1789 75
diameter >2.5" (*see exceptions beloy 1790 2049 920
2050 2579 100
2580 3429 120
3430 4270 150
540 629 40
630 719 45
720 999 50
R, PAR, ER, BR, BPAR or similar bt 1000 1199 65
sklapes Witb ngium screw bases wi 1200 1519 75
RAIFI YSUSNI B H®PHC
exceptions below) 1520 1729 90
1730 2189 100
2190 2899 120
2900 3850 150
400 449 40
*ER30, BR30, BR40, or ER40 450 499 45
500 6491179°° 50
*BR30, BR40, or ER40 650 1419 65
“R20 400 449 40
450 719 45
*All reflector lamps 200 299 20

138 The upper bounds for these categories depends on the lower bound of the next higher
wattage, which varies by bulb type.
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Lower Lumen Upper Lumen WattsBase

Range Range
below lumen ranges specified above 300 399639 30
ISR = In Service Rate or percentage of units rebated that
get installed.
= 0.95'°
HOURS = Average hours of use per year
Installation Location Daily Hours Annual Hours
Residential interior and 3.0 1,100
in-unit Multi Family
Multi Family Common Areas 16.3 5,950"%°
Exterior 4.5 1,643"°
Unknown 3.0 1,100""
WHFe oo = Waste Heat Factor for Energy to account for cooling
savings from reducing waste heat from efficient lighting.
WHFecqol ‘
| Building with cooling 1.12"°

159 As above.

10 Based upon recommendation in NEEP EMV Emerging Tech Rearch Report.

®¥1BasedonNavi gant Consulting OEmMPOWER Maryl and Draft Fin
Year 4 (June 1, 2012 8 May 31, 2013) Residential Lighting Program. @pril 4, 2014, page 56.

162 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 201This

estimate is consistent vAirtela tShpe cCd mmibrR redesgeanpd Nom  (

day or 5913 annually) from the Cadmus Group I nc., 0M:e
Analysisoé6é, Huly 2012, p 2

¥ypdated results from Nexus Market Research, ol mpact
Rhode Island and Vermont 2003 Res dent i al Li ghting Programs§g, Final F

presented in 2005 memo;
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli
vered.pdf

164 Based on EMPOWER Maryland 2011Evaluation Report; Chapter 5: Resideia Lighting and
Appliances.

185 The value is estimated at 1.12 (calculated as 1 + (0.33/2.8)). Based on cooling loads
decreasing by 33% of the lighting savings (average result from REMRate modeling of several
different building configurations in Wilmingt on, DE, Baltimore, MD and Washington, DC),
assuming typical cooling system operating efficiency of 2.8 COP (starting from standard
assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER2) +
(1.12 * SEER) (from WassmerM. (2003); A Component-Based Model for Residential Air
Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at
Boulder), converted to COP = EER/3.412 = 2.8COP)
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Building without 1.0
cooling or exterior
Unknown 1.09™°°
WHF&yeat = Waste Heat Factor for Energy to account for electric

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

=1- ((HF/ QJH e)& %ElecHeat)

If unknown assume 0.894¢"

HF = Heating Factor or percentage of light savings that must
be heated
= 47%°8 for interior or unknown location
= 0% for exterior or unheated location

aqHe at =Efficiency in COP of Heating equipment

= actual. If not available use °°
System Age of HSPF G(]C%?D at
Type Equipment Estimate Estimate)
Before 2006 6.8 2.00
Heat Pump
After 2006 7.7 2.26
Resistance N/A N/A 1.00
Unknown N/A N/A 1.677°

%ElecHeat = Percentage of home with electric heat

1% The value is estimated at 1.09 (calculated as 1 + (0.78*(0. 33/2.8)). Based on assumption
that 78% of homes hae central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates).

167 Calculated using defaults; 1+ ((0.47/1.67) * 0.375) = 0.894

188 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.

189 These default system efficiencies a re 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.

170 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 assum ption 50% are units from before 2006 and 50% after.
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Heating fuel %ElecHeat
Electric 100%
Fossil Fuel 0%
Unknown 37.5%"

lllustrative example ddo not use as default assumption

Delta Watts Multiplier Method:
A 15W omnidirectional LED lamp is installed in a residential interior location in
2014.

akWh = ((15 * 2.0)/ 1,000) * 0.95 * 1100 * (0.894 + (1.09 1))
=30.8 kWh

Lumen Equivalence Method:
A 10W 550 lumen LEDdirectional lamp with medium screw bases diameter
<=2.25"is installed in a residential interior location in 201 4.

akWh = ((50 - 10)/ 1,000) * 0.95 * 1100 * (0.894 + (1.09 81))
= 41.1 KWh

Baseline Adjustment

Currently the EISA legislation only applies to omnidirectional bulbs, with
Decorative and Directional being exceptions. If additional legislation is passed,
this TRM will be adjusted accordingly.

To account for these new standards, the savings for this m easure should
be reduced to account for the higher baselines in 2012 - 2014 and 2020. The
following table shows the calculated adjustments for each measure type '

Minimum initial light
output of LED lamp ;

(lumens) in 2020
200 100%

325 100%

Mid life Adjustment

"1 Based onKEMA baseline study for Maryland.
See HBESTAR I ntegr abdx4 S¢séwfB8L dleamp | s .
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450 5%
800 11%
1,100 13%
1,600 15%
2,000 100%
2,600 100%

Summer Coincident Peak kW Savings Algorithm
Delta Watts Multiplier Method:
akW = ((LEDwatts * DeltaMultiplier) /1000) * ISR * WHFd * CF
Lumen Equivalence Method:

ek W= ((WattsBase- WattsEE) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
Building with cooling 1.24'73
Building without 1.0
cooling or exterior
Unknown 1.18'"
CF = Summer Peak Coincidence Factor for measure
Installation Location Coincidence
Factor CF
Residential interior and 0.09*"°
in-unit Multi Family
Multi Family Common Areas 0.43'7°

13 The value is estimated at 1. 24 (calculated as 1 + (0.66 / 2.8)). 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 PIM coincident definition).

4 The value is estimated at 1.18 (calculated as 1 + (0.78 * 0.66 / 2.8)).

175 Based on EMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and
Appliances.
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Exterior 0.018"7
Unknown 0.09

lllustrative example ddo not use as default assumption

Delta Watts Multiplier Method:
A 15W omnidirectional LED lamp is installed in a residential interior location in
2014:

akW = ((15 * 2.0)/ 1,000) * 0.95 * 1.18 * 0.11
= 0.0037 kKW

Lumen Equivalence Method:
A 10W 550 lumen LEDdirectional lamp with medium screw bases diameter
<=2.25"is installed in a residential interior location in 201 4.

akW = ((50 10)/ 1,000) * 0.95 * 1.18 * 0.11

= 0.0049 kW

Annual Fossil Fuel Savings Algorithm
Heating Penalty if Fossil Fuel heated home (if heating fuel is unknown
assume62.5% of homes heated with fossil fuel):

Delta Watts Multiplier Method:
®@MMBt u P¥® a | ((§LEDwatts * DeltaMultiplier) / 1000) * ISR *
Hours * HF * 0.003412)) (QHeat ) * %Fossil Heat

Lumen Equivalence Method:
&MMBt u P e n-d(((tvattsBase= WattsEE) / 1000) * ISR * Hours * HF *
0.003412) |/ dHeat) * %WFossil Heat

"Consistent with oLodging Common Areaé coincidence f
measurecharact eri zation, based on 6Development of I nterior
Coincidence Factor Values for EMPOWER Maryland Commercial Lighting Program Evaluations,

ltron, 20106.

Y7 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstat e New York.

178 Negative value because this is an increase in heating consumption due to the efficient

lighting.
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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
aqHe at =Efficiency of heating system
=72%4%
%FossilHeat = Percentage of home with non -electric heat

Heating fuel %FossilHeat

Electric 0%
Fossil Fuel 100%
Unknown 62.5% "

lllustrative example ddo not use as default assumption

Delta Watts Multiplier Method:
A 15W omnidirectional LED lamp is installed in in 2014 in a home with unknown
heating fuel :

i MMBt u P e n(A5 *2y0)/ 1,000) * 0.95 * 1100 * 0.47 * 0.003412/0.72)
*0.625

=- 0.044 MMBtu

Lumen Equivalence Method:

A 10W 550 lumen LEDdirectional lamp with medium screw bases diameter
<=2.25"is installed in a residential interior location  with unknown heating fuel
in 2014.

i MMBt u P e n(0-t1§)/ 1,000) * 0.95 * 1100 * 0.47 * 0.003412/0.72) *
0.625

79 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.

180 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/consump tion/residential/data/2009/xIs/HC6.9%20Space%20Heating%20in%
20Midwest%20Region.xIs).

181 Based onKEMA baseline study for Maryland.
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=-0.058 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

If the implementation strategy allows the collection of actual
an appropriate average, then that should be used. If not, t
for this measure is presented below

costs, or
he incremental cost

Lamp Costs

- Incremental Cost
.~ Baselne

Efficient

EISA

EISA
2012-2014
Compliant

LED
Wattage

EISA 2020 Incande
Compliant  scent

2012-
2014
Compliant

Incande

LED
scent

Compliant

EISA 2020

Omni- $28.29 n/a
directional >=10W | $34.42 n/a $1.41 $3.19 n/a $33.01 $31.23
Decorative All $23.64 | $3.40 n/a n/a $20.24 n/a n/a
Directional <15W | 1$48.10 | $6.16 n/a n/a $41.94 n/a n/a
>=15W | $57.94 | $6.47 n/a n/a $51.47 n/a n/a

Measure Life
The measure life is assumed to be:

Measure Life
R.eS|d.ent|aI Multi
interior, Famil
in-unit Multi y
Common

Family or
y Areas
unknown

. 183
Rated Life Exterior

Omnidirectional . 15.2
Decorative 15,000 14 2.5 9.1
Directional 25,000 20 4.2 15.2

A1l costs b&ddd® OMAONZ0OIEX Ante Measure Cost St
February 28,2014.See o0l tron Lighting I ncremental Cost . x

183 The ENERGY STAR Spec for Integrated Screw Based SSL bulbs requires lamps to maintain
>=70% initial light output for 25,000 hrs in a residential application for omnidirectional and
directional bulbs, and 15,000 hrs for decorative bulbs. Lifetime capped at 20 years.
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Operation and Maintenance Impacts

For Decorative and Directional bulbs, without a baseline shift, the  following
component costs and lifetimes will be used to calculate O&M savings:

Lamp Lifetime 84

Baseline Residential

Lamp Type Lam interior,
e Cos? in-unit Multi
Family and

unknown

Multi
Family

Exterior
Common

Decorative
Directional <15W
Directional
>=15W

For Omni-directional bulbs, to account for the shift in baseline due to the

Federal Legislation, the levelized baseline replacement cost over the lifetime

ofthe LEDiscalculated ( see O6ESTAR I ntegrated Screw SSL
assumptions used in this calculation are documented below:

EISA

EISA 2020

c0loRa0Ta Compliant

Compliant
Replacement Cost <10W $2.86

Replacement Cost >=10W $1.41 $3.19
8,000 (for
Residential Interior
Component Life (hours) 1000 and Exterior)

10,000 (for MF
Common Areas}®®

The calculation results in the following assumptions of equivalent annual
baseline replacement cost:

NPV of baseline

184 Assumes incandescent baseline lamp life of 1000 hours.
185 Assumed higher lamp life for instances with longer run hours and therefore less switching.
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Replacement
Costs

Location =20 2014
Wattage

Residential
interior,

in-unit Multi

Family and
unknown

Multi Family

Common Areas

©
c
el
—
O
g
=
8
c
£
O

Exterior

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



@ J| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014

Refrigeration End Use

Freezer *

Unigue Measure Code(s): RS_RF_TOS_FREEZER414
Effective Date: June 2014
End Date: TBD

Measure Description

Page 77 of 350

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 defined in the table below (note, AV is the freezer

Adjusted Volume and is calculated as 1.73*Total Volume):

Product Category

Volume
(cubic feet)

Federal Baseline
Maximum Energy
Usage in

Assumptions up to September 2014

ENERGY STAR
Maximum Energy
Usage in

186

 Assumptions after September 2014

Federal Baseline
Maximum
Energy Usage in

ENERGY STAR
Maximum Energy
Usage in
kWh/year **°

kWh/year &’

kWh/year &

kWh/year &°

Upright Freezers 775 or
with Manual ‘ 7.55*AV+258.3 6.795*AV+232.47 | 5.57*AV +193.7 5.01*AV + 174.3
Defrost greater
Upright Freezers 775 or
with Automatic ' 12.43*AV+326.1 | 11.187*AV+293.49| 8.62*AV + 228.3 7.76*AV + 205.5
Defrost greater
Chest Freezers and
all other Freezers 7.75 or 9.88*AV+143.7 | 8.892*AV+129.33 | 7.29*AV +107.8 | 6.56*AV + 97.0
except Compact greater
Freezers
Compact Upright <7.75and
Freezers with <=36 inches 9.78*AV+250.8 7.824*AV+200.64 | 8.65*AV + 225.7 7.79*AV + 203.1
Manual Defrost in height
Compact Upright <7.75and
Freezers with <=36 inches 11.40*AV+391 9.12*AV+312.8 10.17*AV + 351.9 | 9.15*AV + 316.7
Automatic Defrost in height
Compact Chest <7.75and
<=36 inches 10.45*AV+152 8.36*AV+121.6 9.25*AV + 136.8 8.33*AV + 123.1
Freezers in height

Definition of Baseline Condition

186 http://www.energystar.gov/ia/products/appliances/refrig/NAECA calculation.xls?c827

-f746

187 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/43

188 hitp://www.energystar.gov/ia/products/appliances/refrig/NAECA calculation.xls?c827

-f746

189 http://www1.eere.energy.gov/buildings/applia
190

nce_standards/product.aspx/productid/43

http://www.energystar.gov/products/specs/sites/products/files/ENERGY%20STAR%20Final%20
Version%205.0%20Residential%20Refrigerators%20and%20Freezers%20Specification.pdf

Northeast Energy Efficiency Partnerships

91 Hartwell Avenue Lexington, MA 02421

P: 781.860.9177

www.neep.org



http://www.energystar.gov/ia/products/appliances/refrig/NAECA_calculation.xls?c827-f746
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Type.xls?c827-f746

@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page 78 of 350

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. Note that the
Federal Standard will increase on September 1, 2014.

Definition of Efficient Condition
The efficient equipment is defined as a freezer meeting the efficiency
specifications of ENERGY STAR, as defined below and calculated above:

Equipment Volume Criteria
Full Size Freezer 7.75 cubic feet or At least 10% more energy
greater efficient than the

minimum federal
government standard

(NAECA).
Compact Freezer Less than 7.75 cubic At least 20% more energy
feet and 36 inches or efficient than the
less in height minimum federal
government standard
(NAECA).

Note that the ENERGY STAR level will increase in line with the Federal
Standard increase on September 1, 2014.

Annual Energy Savings Algorithm

&k Wh kWhgase - 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.
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lllustrative example ddo not use as default assumption

A 12 cubic foot Upright Freezers with Manual Defrost before September
2014:

DKWh =(7.55 * (12 * 1.73) + 258.3) 8(6.795 * (12 * 1.73) +
232.47)

=359.50323.6

=41.5 kWh

If volume is unknown, use the following default values:

Assumptions up to Assumptions after -
Product Volume September 2014 September 2014 Weighting

for unknown

191
Category Used kWh kKWh  configuration

KWhgase KWhestar Savings KWhgase KWhestar Savings

Upright
Freezers with
Manual
Defrost
Upright
Freezers with
Automatic
Defrost
Chest
Freezers and
all other

Freezers 27.9 419.6 377.6 42.0 311.4 280.2 31.2 40.5%
except
Compact
Freezers
Compact
Upright
Freezers with 10.4 352.3 281.9 70.5 467.2 420.6 46.6 10.0%
Manual
Defrost

27.9 469.1 422.2 46.9 349.2 314.2 35.0 0.0%

27.9 673.2 605.9 67.3 469.0 422.2 46.8 39.5%

91 volume is based on ENERGY STAR Calculator assumption of 16.14%average volume,
converted to Adjusted volume by multiplying by 1.73.
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Compact
Upright
Freezers with 10.4 509.3 407.5 101.9 635.9 572.2 63.7 6.0%
Automatic
Defrost
Compact
Chest 10.4 260.5 208.4 52.1 395.1 355.7 39.4 4.0%
Freezers
If configuration is unknown assume 58.8 kWh'% for installations before
September 1, 2014 and 41.2kWh for installations after September 1, 2014 .
Summer Coincident Peak kW Savings Algorithm
] kW=(ea®ekWh/ 8760) * TAF * LSAF
Where:
TAF = Temperature Adjustment Factor
=1.231%
LSAF = Load Shape Adjustment Factor
=1.15"
lllustrative example d&do not use as default assumption
A 12 cubic foot Upright Freezers with Manual Defrost installed before
September 1, 2014:
192 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%ompact (2007 annual shipments p3-26) and product

class market shares from pages 917and9-2 4. See

OFreezer

def aul t

193 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 uncooled
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.

19 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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Dkw =415/ 8760*1.23 *1.15
= 0.0067 kW

If volume is unknown, use the following default values:

Assumptions Assumptions
up to after
September September

Product Category 2014 2014

kW Savings kW Savings

Upright Freezers with
Manual Defrost
Upright Freezers with
Automatic Defrost
Chest Freezers and all
other Freezers except 0.0068 0.0050
Compact Freezers
Compact Upright

0.0076 0.0057

0.0109 0.0076

Freezers with Manual 0.0114 0.0075
Defrost
Compact Upright
Freezers with 0.0164 0.0103

Automatic Defrost
Compact Chest
Freezers

0.0084 0.0064

If configuration is unknown assume 0.0095 kW for installations before
September 1, 2014 and 0.0067kW for installations after September 1, 2014.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is $35°°.

19 Based on review of data from the Northeast Regional ENERGY STAR Consumer Products
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Measure Life
The measure life is assumed to be 12 years™®.

Operation and Maintenance Impacts
n/a

Initiatve . 02009 ENERGY STAR Appliances Practices Report o,
December 2009.

19 Energy Star Freezer Calculator;

http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/applianc e calculator
XIsx?a8fb-c882&a8fb-c882
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Unigue Measure Code(s): RS_RF_TOS_REFRIG_0414

Effective Date: June 2014
End Date: TBD

Measure Description
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This measure relates to the purchase and installation of a new
refrigerator meeting either ENERGY STAR or Consortium for Energy Efficiency
(CEE) TIER 2 specifications (defined as requiring >= 20% or >= 25% less energy
consumption than an equivalent unit me eting federal standard requirements
respectively). The algorithms for calculating Federal Baseline and ENERGY STAR
consumption are provided below (note, Adjusted Volume is calculated as the fresh
volume + (1.63 * Freezer Volume). This is a time of sale measure characterization.

Assumptions up to September 2014

Product Category

Usage in
kWh/year **

1. Refrigerators and

Federal Baseline
Maximum Energy

ENERGY STAR

Maximum Energy

Usage in
kWh/year %

Federal Baseline
Maximum Energy

Usage in
kWh/year *%°

Assumptions after September 2014

ENERGY STAR
Maximum Energy
Usage in
kWh/year 2%

partial automatic defrost

Refrigerator -freezers with 8.82*AV+248.4 7.056*AV+198.72 6.79AV + 193.6 6.11*AV +174.2
manual defrost
2. Refrigerator -Freezer- | g gounvioaga | 7.056*AV+198.72 | 7.99AV + 2250 | 7.19 * AV + 202.5

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

9.80*AV+276

7.84*AV+220.8

8.07AV + 233.7

7.26 * AV + 210.3

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

4.91*AV+507.5

3.928*AV+406

8.51AV + 297.8

7.66 * AV + 268.0

197 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/43

198 hitp://www.energystar.gov/ia/products/appliances/refrig/NAECA calculation.xls?c827

-f746

199 http://www1.eere.energ y.gov/buildings/appliance_standards/product.aspx/productid/43
200

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

4.60*AV+459

3.68*AV+367.2

8.85AV + 317.0

7.97 * AV + 285.3

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

10.20*AV+356

8.16*AV+284.8

8.40AV + 385.4

7.56 * AV + 355.3

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

10.10*AV+406

8.08*AV+324.8

8.54AV + 432.8

7.69* AV + 397.9

Note CEE Tier 2 standard criteria is 25% less consumption than a new baseline unit. It
is assumed that after September 2014 when the Federal Standard and ENERGY STAR
specifications change, the CEE Tier 2 will remain set at 25% less that the new baseline

assumption.

Definition of Baseline Condition
The baseline condition is a new refrigerator meeting the minimum

federal efficiency standard for refrigerator efficiency

Note that the Federal Standard will increase on September 1, 2014.

Definition of Efficient Condition

The efficient condition is a new refrigerator meeting eit

as presented above.

her the ENERGY

STAR or CEE TIER 2 efficiency standardas presented above. Note that the

Federal Standard will increase on September 1, 2014.

Annual Energy Savings Algorithm

ek Wh = |IOMWWhBA S E
Where:
kKWhBASE
in algorithm provided in table above.
kKWhEE

lllustrative example &do not use as default assumption

= Annual energy consumption of baseline unit as calculated

= Annual energy consumption of energy efficient unit
as calculated in algorithm provided in table above.

A 14 cubic foot Refrigerator and 6 cubic foot Freezer, with automatic defrost with

side-mounted freezer without through -the-door ice service, installed before

September 2014

Northeast Energy Efficiency Partnerships
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DKWh =((4.91 * (14 + (6 * 1.63))) +507.5) 3((3.928 * (14 +
(6 * 1.63))) + 406)
= 624.3 3499.4
= 124.9 kWh

If volume is unknown, use the following defaults, based on an assumed
Adjusted Volume of 25.8%°*:

Assumptions prior to September 1 %, 2014 Assumptions after September 1 %, 2014

New New Efficient New New Efficient
Baseline UEGee Baseline UEGe
U E%ASE UEQASE

ENERGY CEE | ENERGY CEE T2 ENERGY CEE | ENERGY CEE
STAR T2 STAR STAR T2 STAR T2

475.7 380.5 356.8 95.1 118.9 368.6 331.6 276.4 36.9 92.1 0.27

Product Category

Weighting (%)

1. Refrigerators
and Refrigerator -
freezers with
manual defrost

2. Refrigerator -
Freezer--partial 475.7 380.5 356.8 95.1 118.9 430.9 387.8 323.2 43.1 107.7 0.27

automatic defrost

3. Refrigerator -
Freezers--
automatic defrost
with top -mounted
freezer without 528.5 422.8 396.4 105.7 132.1 441.7 397.4 331.2 44.3 110.4 | 57.45
through-the-door
ice service and
all-refrigerators --
automatic defrost

21 \y/olume is based on the ENERGY STAR calculator average assumption of 14.75 ¥tfresh
volume and 6.76 ft * freezer volume.
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4. Refrigerator -
Freezers-
automatic defrost
with side -
mounted freezer
without through -
the-door ice
service

634.0 507.2 475.5 126.8 158.5 517.1 465.4 387.8 51.7 129.3 1.40

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

577.5 462.0 433.2 1155 144.4 545.1 490.7 408.8 54.4 136.3 | 16.45

6. Refrigerator -
Freezers--
automatic defrost
with top-mounted 618.8 495.1 464.1 123.8 154.7 601.9 550.1 451.4 51.7 150.5 0.27
freezer with
through-the-door
ice service

7. Refrigerator -
Freezers-
automatic defrost

with side - 666.3 533.0 499.7 133.3 166.6 652.9 596.1 489.6 56.8 163.2 | 24.10
mounted freezer
with through -the-
door ice service

If configuration is unknown assume 114.5 kWh% for ENERGY STAR and 143.1
kWh for CEE T2 forinstallations before September 1, 2014 and 49.1 kWh for
ENERGY STAR and 127.9 kWh for CEE i installations after September 1,
2014.

Summer Coincident Peak kW Savings Algorithm

ek W= (ekWh/8760) * TAF * LSAF

292 ynknown 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-STD0012-0128). Projected

product class market shares frompages9-12 f or year 2014. See ORefrigeratc
for more details.
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Where:
TAF = Temperature Adjustment Factor
=1.23°%
LSAF = Load Shape Adjustment Factor
=1.15%

If volume is unknown, use the following defaults:

Assumptions
after
September
Product Category standard change 201‘C‘h5;‘;’]‘”gard
=W & kgW
"ENERGY .__ ., ENERGY CEE

STAR CEE T2 STAR T2

Assumptions
prior to
September 2014

1. Refrigerators and
Refrigerator -freezers 0.014 0.018 0.006 | 0.014
with manual defrost

2. Refrigerator -Freezer-

-partial automatic 0.014 0.018 0.007 | 0.016
defrost
3. Refrigerator -
Freezers-automatic
defrost with top -
mounted freezer
without through -the-
door ice service and all -
refrigerators --automatic
defrost
4. Refrigerator -
Freezers-automatic
defrost with side -
mounted freezer
without through -the-
door ice service

0.016 0.020 0.007 | 0.017

0.019 0.024 0.008 | 0.019

203 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 urcooled
space.

204 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and
Verification of Residential Refrigerator Energy Us e, 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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5. Refrigerator -
Freezers-automatic
defrost with bottom -

mounted freezer
without through-the-

door 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

0.017 0.022 0.008 | 0.021

0.019 0.023 0.008 | 0.023

0.020 0.025 0.009 | 0.025

If configuration is unknown assume 0.017 kW for ENERGY STAR and 0.022 kW
for CEE T2 for installations before September 1, 2014 and 0.007 kW for ENERGY
STAR and 0.019 kW for CEE T2 fomstallations after September 1, 2014.

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 $26 for an
ENERGY STAR uAf and $140 for a CEE Tier 2 unit.?%

Measure Life
The measure life is assumed to be 12 Years?®’

®Based o0n20022MANAIDExAnteMeaur e Cost Study Draft Reporto6,
2014.See ORefrigerator Default Calcs. x|l sxbé6.

®Based on Department of Energy, OTECHNI CAL REPORT:
Conservation Standards for Residential Refrigerator-Fr eezer s6, Oct ober 2005.

207 From ENERGY STAR calculator:

http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/appliance calculator
Xlsx?5035d681&5035d681
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Operation and Maintenance Impacts
n/a
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Refrigerator Early Replacement *

Unigue Measure Code(s): RS_RF_RTR_REFRIG0414
Effective Date: June 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 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.

This is a retrofit measure.
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, or CEE TIER 2 efficiency standards (ditned as 20% or 25% above federal
standards respectively).
Annual Energy Savings Algorithm
Remaining life of existing unit (first 4 years %)

&k Wh = kOoWWHEER | ST

Remaining measure life (next 8 years)

ek Wh = |OMWhBEA S E

208 Assumed to be 1/3 of the measure life.
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Where:
KWhEXIST = Annual energy consumption of existing unit
=1146°%

KWhBASE = Annual energy consumption of new baseline unit
=572.3 for units prior to September 2014
= 511.7 for units after September 2014 2*°

KWhEE = Annual energy consumption of ENERGY STAR unit
= 457.8 for units prior to September 2014
= 462.6 for units after September 2014 2

Or= Annual energy consumption of CEE Tier 2 unit

=429.2 for units prior to September 2014
= 383.8 for units after September 2014 22

Equivalent

e Equivalent
- . First 4 Remaining e _I_|fe Weighted
Efficient unit Savings
specification years il Adjustment Average
&k Wh &k Wh Annual
(after 4 Savinad®
aving
years)
Assumptions prior ENERGY STAR 688.2 1145 16.6% 344.0
to September 2014 | CEE T2 716.8 143.1 20.0% 372.6
Assumptions after ENERGY STAR 683.4 49.1 7.2% 302.9
September 2014 CEET2 762.2 127.9 16.8% 381.7

Summer Coincident Peak kW Savings Algorithm

209 Based on EmPower 201 Interim Evaluation Report Cha pter 5: Lighting and Appliances,
Table 15, p33. This suggests an average UEC of 1146kWh.

20 kWh assumptionsbased on using the NAECA algothms 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 fttp://www.regulations.gov/#!documentDetail;D=EERE -
2008-BT-STD0012-0128). Projected product class market shares from pages 9 -12 for year 2014.
e O6Refrigerator default calcs. x|l sd for more details
21 KkWh assumptionsbased on using the ENERGY STAR algorithms in each product class and
calculating a weighted average of the different configurations.

212 K\Wh assumptionsbased on 25% less than baseline onsumption and calculating a weighted
average of the different configurations.

213 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 Val ue 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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ek W= (e&ekWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23%"
LSAF = Load Shape Adjustment Factor
=1.15°"°

Equivalent
Mid Life
Savings

Equivalent

Weighted
Average
Annual
Savings

First 4 Remaining
years 8 years
ek W ek W

Efficient unit
specification Adjustment

(after 4

Assumptions prior | ENERGY STAlF 0.111 0.018 16.6% 0.056
to September 2014 | CEE T2 0.116 0.023 20.0% 0.060
Assumptions after | ENERGY STAlF 0.110 0.008 7.2% 0.049
September 2014 CEE T2 0.123 0.021 16.8% 0.062

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The initial full measure cost for an Energy Star refrigerator is assumed to
be $748 and Tier 2 is $862. The avoided replacement cost (after 4 years) of a
baseline replacement refrigerator is $ 722.%°

214 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.

215 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).

1 Full ENERGY STAR and baseline costs basedn 6 2012 WA017 Ex Ante Measure Cost

Study Draft Report o, IStromm RefebtrourarDye f2a8u,l t2 0Cladl.cs. x| s x
Tier 2 cost is based upon incremental cost estimate derived from 0 TECHNI CAL REPORT: Anal
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Measure Life
The measure life is assumed to be 12 Years. ?*’

Operation and Maintenance Impacts
n/a

of Amended Energy Conservation Standards for Residential Refrigerator-Fr eez er s 6 .
http://wwwl.eere.energy.gov/buildings/appliance standards/pdfs/refrigerator report 1.pdf
217 From ENERGY STAR calculator:

http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/appliance calculator
XIsx?5035d681&5035d681
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Refrigerator and Freezer Early Retirement *

Unigue Measure Code(s): RS _RF_ERT_REFRIQ)414,
RS _RF_ERT_FREEZB414

Effective Date: June 2014

End Date: TBD

Measure Description

This measure involves the removal of an existing inefficient
refrigerator 28 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 ~ 2*.
Definition of Baseline Condition

The existing refri gerator 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 forretired refrigerators are based upon a linear

regression model using the following coefficients 2
Estimate

Independent Variable Description

Coefficient
Intercept 0.582
Age (years) 0.027

18 This measure assumes a mix of primary and secondary refrigerators will be replaced. By
definition, the refrigerator in a househol d&s

kitcher

househol dés demand for refrigeration is the primary r

refrigerators in the househo Id that satisfy supplemental needs for refrigeration are referred to

as secondary refrigerators.

%19 Note that the hypothetical nature of this measure implies a significant amount of risk and
uncertainty in developing the energy and demand impact estimat es.

’Navigant Consulting OEmMPOWER Maryland Draft
(June 1, 2012 6 May 31, 2013) Appliance Recycling Program. 6 Mar ch 21 ,2. 2014,
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Pre-1990 (=1 if manufactured pre-

1990) 1.055
Size (cubic feet) 0.067
Dummy: Single Door (=1 if single door) -1.977
Dummy: Side-by-Side (= 1 if side -by-

side) 1.071

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

(= 1 if primary unit) 0.605
Interaction: Located in  Unconditioned

Space x HDIB65.25 -0.045
Interaction: Located in Unconditioned

Space x CDIB65.25 0.020

ek Wh[0.582 + (Age *0.027) + (Pre-1990 *1.055) + (Size *0.067) + (Single-
Door *-1.977) + (Side-by-side * 1.071) + (Primary * 0.605) + (HDD'365.25
* Unconditioned * -0.045) + (CDD365.25 * Unconditioned * 0.020)] *
365.25 * Part Use Factor

Where:
HDD = Heating Degree Days
= dependent on location . Use actual for location or
defaults below %%
Location Heating Degree  HDD / 365.25
DEVA]
(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 %%
Location Cooling Degree CDD / 365.25

%21 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
222 i

Ibid.
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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 0.89 2%

lllustrative example dcan 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:

sk Wh [0.582 + (15.36 * 0.027) + (0.14 * 1.055) + (19.36 * 0.067)
+(0.3*-1.977) + (0.03 * 1.071) + (0.7 * 0.605) + (1.25 * -0.045) +
(4.72 * 0.020)] * 365.25 * 0.89

=761 kWh

Freezers:

Energy savings for freezers are based upona linear regression
model using the following coefficients 2%*

Independent Variable Description Estimate Coefficient
Intercept -0.892

Age (years) 0.038
Pre-1990 (=1 if manufactured pre -1990) 0.695

Size (cubic feet) 0.129
Chest Freezer Configuration (=1 if chest 0.35
freezer)

223 Based onEmPower DRAFT 2010 Interim Evaluation Report Chapter 5: Lighting and

Appliances.
2"Navigant Consulting ©0EmPO€Wim&fon RepartEvalaatiah Yéardaft Final E

(June 1, 2012 6 May 31, 2013) Appliance Recycling Program. 6 Mar ch 21 ,3. 2014, page 3
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Interaction: Located in Unconditioned Space x 0.070
HDD'365.25
Interaction: Lo cated in Unconditioned Space x -0.031
CDD'365.25

ek Wh[-0.892 + (Age *0.038) + (Pre-1990 *0.695) + (Size *
0.129) + (Chest Freezer *0.35) + (HDD$365.25 *
Unconditioned * 0.070) + (CDD£365.25 * Unconditioned * -
0.031)] * 365.25 * Part Use Factor

lllustrative example dcan 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:

sk Wh [-0.892 + (19.59 * 0.038) + (0.29 * 0.695) + (14.34 * 0.129)
+(0.24 * 0.35) + (0.46 * 0.070) + (1.76 * -0.031)] * 365.25 *
0.89

= 639 kWh

Summer Coincident Peak kW Savings Algorithm

ek W= (e&kWh/8760) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.23%°
LSAF = Load Shape Adjustment Factor
= 1.066%%°

25 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 assuning 78%of refrigerators are in cooled space ( based on BGEEnergy Use Survey,
Report of Findings, December 2005; Mathew Greenwald & Associates) and 22% in uncooled
space.

2% 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, using the average Existing Units Summer Profile for hours ending 15
through 18.
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lllustrative example dcan 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 :
ek W=761/8760 * 1.23 * 1.066

=0.114 kW

Freezer:
ek W=639/8760 *1.23 * 1.066

=0.114 kW
Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure will be the a ctual cost associated

with the removal and recyling of the secondary refrigerator .

Measure Life
The measure life is assumed to be 8 Years %%’

Operation and Maintenance Impacts
n/a

"KEMA OResidential refrigerator ,r280dycling

ninth
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Heating Ventilation and Air Conditioning (HVAC) End Use

Central Furnace Efficient Fan Motor

Unigue Measure Code(s): RS_HV_RTR_FANMTR_0510 and
RS HV_TOS FANMTR)510

Effective Date: June 2014

End Date: TBD

Measure Description
This measure involves the installation of a high efficiency brushless
per manent magnet fan motor (BPM or ECM), her
fan motoré. This measure could apply to fan
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, although
the savings estimations below relate only to the efficiency gains associated
with an upgrade to the efficient fan motor.
For homes that install an efficient furnace f an and have central A/C,
both the cooling and heating savings values should be included.

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

Heating Season kWh Savings from efficient fan motor = 241kWh %2

Cooling Season kWh Savings from efficient fan motor = 178kWh#*°

The average heating savings from Scott Pigg (Energy
by New Furnaces: A Wi sconsi n 6&1,68dober 203uis4&&Wh. Techni c al
An estimate for Mid-Atlantic is provided by multiplying this by the ratio of heating degree days

in Baltimore MD compared to Wisconsin (4704 / 7800).

The average cooling savings from Scott Pigg (Energy
by New Furnaces: A Wi sconsin F1, &dtobber03uisA0o, Techni cal
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Summer Coincident Peak kW Savings Algorithm

ek W0

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 $200.2%!

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

Operation and Maintenance Impacts
n/a

95kWh. An estimate for Mid-Atlantic is provided by multiplying by the ratio  of full load cooling
hours in Baltimore compared to Southern Wisconsin (1050/487). Full load hour estimates from:
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorConsumerR
00mAC.xls

Z0geewriteupin Navi gant Co POWHRMarylapd Dyalft Final Evaluation Report
Evaluation Year 4 (June 1, 2012 8§ May 31, 2013) Residential HYACProgram. @&pril 4, 2014, page
38-39.

%1 sachs and Smith, April 2003; Saving Energy with Efficient Furnace Air Handlers: A Status
Update and Program Recommendations.
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Window A/C*

Unigue Measure Code(s): RS_HV_TOS_RACES 0414 and
RS _HV_TOS RACT2 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 either the ENERGY STAR or CEE TIER2
minimum qualifying efficiency specifications presented below:

Federal Federal
Standard Standard SI'EI'IXEVRV%T EQEARIS M
Product Type and Class with without I d thout CEE TIR
(Btu/hour) louvered louvered OUVELE W 2 (EER)
sides sides sides !ouvered
(EER) (EER) (EER)  sides (EER)
< 8,000 11.0 10.0 11.2 10.4 11.6
Without 8,000 to 10,999 10.9 9.6 11.3 9.8 11.8
Reverse 11,000 to 13,999 10.9 9.5 11.3 9.8 11.8
Cycle 14,000 to 19,999 10.7 9.3 11.2 9.8 11.6
20,000 to 24,999 9.4 9.4 9.8 9.8 10.2
>=25,000 9.0 9.4 9.8 9.8 10.2
With <14,000 9.8 9.3 10.4 9.8 11.8
Reverse | 14,000 to 19,999 9.8 8.7 104 9.2 11.6
Cycle >=20,000 9.3 8.7 9.8 9.2 10.2
Casement only 9.5 10.0
CasementSlider 10.4 10.9

Definition of Baseline Condition
The baseline condition is a window AC unit that meets the minimum
federal efficiency standards as of June 1, 2014**? presented above.

232 Although the Federal baseline presented does not come in to effect until June 2014,
(http://www1.eere.energy.gov/buildings/appliance st andards/product.aspx/productid/41 )
according to ENERGY STAR Shipment Data the estimated market penetration of ENERGY STAR
v2.0 Room AC went from 33% in 2010 to 62% in 2011 and 58% in 2012. The new Federal Standard
level is equivalent to ENERGY STAR v2.0 ad with the market preparing for the Standard

change it is appropriate to use the updated rating from the start of the year.
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Definition of Efficient Condition

The baseline condition is a window AC unit that meets either the
ENERGY STA®.0 as of October 1, 2013 or CEE TIER efficiency standards
presented above.

Annual Energy Savings Algorithm
ek WH = ( Hdour $(1/EERIEaseu 1/EERee))/1000

Where:

Hours = Run hours of Window AC unit
=325 233

Btu/hour = Sze 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 %%

EERbase = Efficiency of baseline unit in Btus per Watt -hour
= Actual (see table above)
If average deemed value required use 10.9 2*°

EERee = Efficiency of ENERGY STAR unitn Btus per Watt -hour
= Actual
If average deemed value required use 11.3 2% for an

ENERGY STAR unit ot1.8 for CEE Tier 2 %%

Using deemed values above:
aKWHeNERGY STAR

23 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 3 25 FLH
for Room AC.

%34 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

235 Minimum Federal Standard for most common Room AC type38000-14,999 capacity range
with louvered sides.

2% Minimum qualifying for ENERGY STARnost common Room AC type38000-14,999 capacity
range with louvered sides.

27 Minimum qualifying for CEE Tier 2 most common Room AC type38000-14,999 capacity range
with louvered sides.
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= (325* 8500 * (1/10.9 31/ 11.3)) / 1000
= 9.0 kWh

aKWHceeTiER?2
= (325 * 8500 * (1/10.9 31/11. 8)) / 1000
=19.3 kWh

Summer Coincident Peak kW Savings Algorithm

ek W= Btu/hour * (1/EERbase- 1/EERee))/1000 * CF

Where:
CF = Summer Peak CoincidenceFactor for measure
Ckssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.31 %8
Choam = PJMSummer Peak Coincidence Factor for Central A/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.3%%

Using deemed values above:
aKWENERGY STABSP
= (8500 *(1/10.9 61/11.3)) / 1000 * 0. 31
=0.009 kW
KWCEETIER 1SSP
= (8500 * (1/10.9 61/11. 8)) / 1000 * 0. 31
=0.018 kW

KWENERGY STARIM
= (8500 * (1/10.9 81/11.3)) / 1000 * 0. 30

=0.008 kW

KWCEETIER 1PIM
= (8500 * (1/10.9 81/11. 8)) / 1000 * 0. 30
=0.018 kW

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

239 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%20G rid
/117_RLW_CF%20Res%20RAC.pdf).
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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 $40 for an
ENERGY STAR unit and $80 for a CEE TIRRunit . %4°

Measure Life
The measure life is assumed to be 12 years.?**

Operation and Maintenance Impacts
n/a

240 Based on field study conducted by Efficiency Vermont .

241 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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ENERGY STAR Central A/€

Unigue Measure Code(s): RS_HV_TOS_CENA/C0414,
RS_HV_RTR_CENA/C 414

Effective Date: June 2014

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 EERRating
Federal Standard 13 11
ENERGY STAR 14.5 12

This measure could relate to :

a) Time of Sale dthe installation of a new Central AC system meeting
ENERGY STAR specificationgplacing an existing unit at the end of
its useful life or the installation of a new systemina new home.

b) Early Replacement dthe 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 assumedremaining life of the
existing unit, and between new baseline unit and efficient unit
consumption for the remainder of the measure life.

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
measure life.

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

Annual Energy Savings Algorithm

Time of Sale:

ek WH = (Btuhour §(1/SEERbase 1/SEERee))/1000

Early replacement %

&k WH f or remai nin
= ((Hours *Btu/hour * (1/SEERexist- 1/SEERee))/1000)

g |

fe of

ek WH f or measuas life (nexgl2 years):
= ((Hours *Btu/hour * (1/SEERbase- 1/SEERee))/1000)

Where:
Hours = Full load cooling hours
Dependent on location as below:
Wilmington, DE 524 -
Baltimore, MD 542 **
Washington, DC 681
Btu/ Hour = Size of equipment in Btu / hour (note 1 ton =

12,000Btu/hour )
= Actual installed

existing u

SEERbase = Seasonal Energy Efficiency Ratio Efficiency of baseline

unit

%42 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
practice, the screening tools used may either require a First Year savings (using the first

equation) and then a

onumber

(new baseline to efficient). In

of

years to

would be the (new base to efficient saving s)/(existing to efficient savings).
23 Fyll Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying the EmPower average Marylandfull 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:/lwww.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xIs)
44 Based onaverage of 5 utilities in Maryland from Navi gan't
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 dMay 31, 2013) Residential HVAC

Program. @pril 4, 2014, table 30, page 48.

Consul ti
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=13 245
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 10.0

SEERee = Seasonal Energy Efficiency Ratio Efficiency of ENERGY
STAR unit
= Actual installed
lllustrative example ddo not use as default assumption
Time of Sale example: a 3 ton unit with SEER rating of 14.5, in Baltimore:
ek WH (542 * 36000 * (1/13 61/14.5)) / 1000
= 155 kWh

Early Replacement example: a 3 ton unit with SEER rating of 14.5 replaces an
existing unit in Baltimore:

ek Wrefbr first 6 years) = (542 * 36000 * (1/10 §1/14.5)) / 1000
= 606 kWh
ek W(br next 12 years) = (542 * 36000 * (1/13 61/14.5)) / 1000

=155 kWh

Summer Coincident Peak kW Savings Algorithm
Time of Sale:
&k W= Btu/hour * (1/EERbase- 1/EERee)/1000 * CF

Early replacement:

245 Minimum Federal Standard.

248 \EIC estimate based on Department of Energy Federal Standard between 1992 and 2006. If
utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used.
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akW for remaining life of existing unit (1st 6 years):
= Btu/hour * (1/EERexist - 1/EERee)/1000 * CF
akW for remaining measure life (next 12 years):

= Btu/hour * (1/EERbase - 1/EERee)/1000 * CF

Where:

EERbase = Energy Efficiency Ratio Efficiency of baseline unit
=11.2 %

EERexist = EER Efficiency of existing unit
= Azctsual EER of unit should be used, if EER is unknown, use
9.2%

EERee = Energy Efficiency Ratio Efficiency of ENERGY STAR unit
= Actual installed

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

Choam = PJMSummer Peak Coincidence Factor for Central A/C

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

lllustrative example d&do not use as default assumption
Time of Sale example: a 3 ton unit with EER rating of 12:

ek Y = (36000 * (1/11.2 31/12)) / 1000 * 0. 69
= 0.15 kW

ek M = (36000 * (1/11.2 81/12)) / 1000 * 0. 66
= 0.14 KW

%47 The federal Standard does not currently include an EER component. The value is
approximated based on the SEER standard (13) and equals EER 11.2. To perform this calculation
we are using this formula: ( -0.02 * SEER2) + (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).

248 Based on SEER of 10,0, using formula above to give 9.2 EER.

*9BasedonBG& O Devel opment of Residential Load Profiler f
Heat Pumpsdé research, the Maryland Peak Definition coc¢
*0BasedonBG& O Devel opment of Residential Load Profiler f
Heat Pumpso6 research, the PJM Peak Definition coincic
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Early Replacement example: a 3 ton unit with SEER rating of 14.5 replaces an

existing unit in Baltimore:
akW for remaining life of existing unit (1st 6 years):

ek W = (36000 * (1/9.2 31/12)) / 1000 * 0. 69
= 0.63 kW

ek M = (36000 * (1/9.2 31/12)) / 1000 * 0. 66
= 0.60 kW

akW for remaining measure life (next 12 years):

ek W = (36000 * (1/11.2 81/12)) / 1000 * 0. 69
= 0.15 kW

ek M = (36000 * (1/11.2 81/12)) / 1000 * 0. 66
= 0.14 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
Time of Sale:
The incremental cost for this measure is provided below: %*

Efficiency Level Cost per

Ton
SEER 14 $95
SEER 15 $181
SEER 16 $273
SEER 17 $365
SEER 18 $458
SEER 19 $550

%1 Costs based upon average cost per ton from 0 2 0-2002 WA017 Ex Ante Measure Cost Study
Dr aft R é&gndebruary 28,1 2014. Note SEER 17 and 18 are extrapolated from other data

points.
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SEER 20 $642
SEER 21 $734

Early replacement:

The incremental capital cost for this measure is the actual cost of removing the
existing unit and installing the new one. If this is unknown, assume (note these
costs are per ton of unit capacity) %

Full Retrofit Cost
(including labor)

Efficiency per Ton of
(SEER) Capacity ($/ton)
14 $2,286
15 $2,403
16 $2,495
17 $2,588
18 $2,680
19 $2,772
20 $2,864
21 $2,956

Assumed deferred cost (after 6 years) of replacing existing equipment with new
baseline unit is assumed to be $2,185 per ton *>*. This cost should be discounted
to present value using the utilities discount rate.

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

Remaining life of existing equipment is assumed to be 6 years °.

%2 Costs based upon average cost per tonfor Equipment and Labor from Itron Measure Cost
Study Results Matrix Volume 1 (part of 6 2 0-2002 WAO017 Ex Ante Measure Cost StudDraft
Reporté, Itron, )February 28, 2014

223 |bid.

%4 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

255 Assumed to be one third of effective useful life
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Operation and Maintenance Impacts
n/a
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Duct Sealing

Unigue Measure Code: RS_HV RTR DCTSLGO0711
Effective Date: June 2014
End Date: TBD

Measure Description
This measure is the sealing of ducts using mastic sealant or metal tape.

Two methodologies for estimating the savings associate from sealing the
ducts are provided. The first method requires the use of a blower door and the
second requires careful inspection of the duct work.

1. Modified Blower Door Subtraction dthis technique is described in detail
on p44 of the Energy Conservatory Blower Door Manual;
http://www.energyconservatory.com/download/bdmanual.pdf

2. Evaluation of Distribution Efficiency  dthis methodology requires the
evaluation of three duc t characteristics below, and use of the Building
Performance I nstitutes 6Wd stablbeaud;i on Ef f i
http://www.bpi.org/files/pdf/DistributionEfficiencyTable -BlueSheet.pdf

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

This is a retrofit measure.
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

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


http://www.energyconservatory.com/download/bdmanual.pdf
http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf

. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page 113 of 350

Cooling savings from reduction in Air Conditioning Load:

Methodology 1: Modified Blower Door Subtraction
a. Determine Duct Leakage rate before and after performing duct sealing:

DUCt Leakage (CFMSBL) = (CFMSQ{hme HouseacFMSanempe On|y) * SCF

Where:
CFM5Qyhole House = Standard Blower Door test result finding Cubic
Feet per Minute at 50 Pascal pressure differential
CFM5@uveiope 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 CFM25,*°and factor in Supply
and Return Loss Factors

Duct Leakage Reduction KCFM25%)) = (Pre CFM5@,_ 0 Post CFM5@,) * 0.64 *
(SLF + RLF)
Where:
SLF = Supply LossFactor

= % leaks sealed located in Supply ducts * 12>

Default = 0.5 28

2025 pascals is the standard assumption for typical pressures experienced in the d uct system
under normal operati ng conditions. To convert CFM50 to CFM25 you multiply by 0.64 (inverse of
the 0Candt Reach Fi,;beegnergyfCansdrvatory Blower DdoRVdrual).

257 Assumes that for each percent of supply air loss there is one percent annual energy penalty.

This assumessupply 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 pr ovi ded i n OAppendix E Estimating HVAC
Airtightness Measurementsoé6 from
http://www.energyconservatory.com/download/dbmanual.pdf
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RLF = Return Loss Factor
= % leaks sealed located in Return ducts * 0.
Default = 0.25 2¢°

259
5

c. Calculate Energy Savings:

a&KWheooing = ((KCFM5p))/ (Capacity * 400)) * FLHcool * BtuH)/

1000/ QCo o |
Where:
kKCFM25p. = 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:
Wilmington, DE 524 <
Baltimore, MD 542 2%
Washington, DC 681
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
aiCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available use 2%

28 Assumes 50% of laks are in supply ducts.

29 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 ene rgy losses than do

supply leaks. This value could be adjusted upward if there was reason to suspect that the

returnleaks contri bute significantly more energy | oss than
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 O0OAppendix E Estimating HVAC eSmnytssts®&m Loss
from http://www.energyconservatory.com/download/dbmanual.pdf

20 Assumes 50% of laks are in return ducts.

%1 Fyll Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by

multiplying the EmPower average Marylandfull 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:/lwww.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xIs)

%2 Based onaverage of 5 utilities in Maryland from Navi gant Consulting O0EmMPOWER
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 dMay 31, 2013) Residential HVAC

Program. @pril 4, 2014, table 30, page 48.

23 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
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Age of Equipment SEER Estimate
Before 2006 10
After 2006 13

lllustrative example d&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:
CFMSQ\[hme House = 4,800 CFM50
CFMS@nvelope Only = 4,500 CFM50
House to duct pressure =45 Pascals
= 1.29 SCF (Energy Conservatory look
up table)
After:
CFMSQ\[hme House = 4,600 CFM50
CFMSane|0pe Only = 4, 500 CFM50
House to duct pressure =43 Pascals
= 1.39 SCF (Energy Conservatory look
up table)
Duct Leakage at CFM50
CFMS@L before = (4,800 64,500) * 129
= 387 CFM50
CFM5Q)_ ater = (4,600 64,500) * 1.39
= 139 CFM50
Duct Leakagereduction at CFM25:
kKCFM25%, = (3870139 *0.64 * (0.5 +0.25)
=119 CFM25

Energy Savings:
akWh =((119/ (3 *400)) *5 24 * 36,000) / 1,000/ 11

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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=170 kWh

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

akWh = (((kCFM5p. / (Capacity * 400)) * FLHheat * BtuH) /
1,000,000/ QHeat) * 293.1

Where:
kCFM25p. = 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:
Wilmington, DE 9357
Baltimore, MD 866°°°
Washington, DC 822

BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual
aHeat = Efficiency in COP of Heating equipment
= actual. If not available use “°%
System Age of HSPF COP

Type Equipment Estimate  Estimate
Heat Before 2006 6.8 2.00

Pump After 2006 7.7 2.26
Resistance n/a n/a 1.00

%4 Full Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by

mu ti plying BG&Eds full l oad hours determined for Bal
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.energ ystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xIs)

#°>Based onaverage of 5 utilities, two program years, in Maryland from  Navigant Consulting

OEMPOWER Maryland Draft Final Evaluatidvay3Report Eval.l
2013) Residential HYACProgram. @pril 4, 2014, table 30, page 48.

%% These default system efficiencies are based on the applicable minimum Federal Standards

In 2006 the Federal Standard for Heat Pumpswas 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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lllustrative example ddo 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:

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

293.1

= 362 kWh

Methodology 2: Evaluation of Distribution Efficiency

Cooling savings from reduction in Air Conditioning Load:

Page 117 of 350

Determine Distribution Efficiency by evaluating duct system before and
Perfor manc

after duct sealing usi
Look-Up Tabl eéd

ng

Bu

il ding

ﬂ(Wh coo"ng = ((((Daﬂer 6DE)ef0re)/ DEafter )) * FLHCOOI * BtUH) /

1,000/ Q]Co o |

Where:

DEitter = Distribution Efficiency after duct sealing
DEseore = Distribution Efficiency before duct sealing

FLHcool = Full Load Cooling Hours

= Dependent on location as below:

ilmington, DE

Location FLHcool
W 524 “°

Baltimore, MD

542 %8

Washington, DC

681

BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)

= Actual

aiCool = Efficiency in SEER of Air Conditioning equipment

= actual. If not available use

269.

%7 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:/lwww. energystar.gov/ia/business/bulk purchasing/bpsavings_calc/Calc_CAC.xIs)

%8 Based onaverage of 5 utilities in Maryland from Navi gan't
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 dMay 31, 2013) Residential HVAC

Program. @pril 4, 2014, table 30, page 48.

Consulting O0EmMPOWER
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Before 2006

Page 118 of 350

Age of Equipment SEER Estimate

10

After 2006

13

lllustrative example ddo 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:

DByefore =0.80
DEtter =0.90
Energy Savings:

akWh = ((0.90 50.80)/0.9 0) * 524 * 36,000) / 1,000/ 11

=191 kWh

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

kWh = (((((DEsster O DByefore)! DE afier)) * FLHheat * BtuH) /
1,000,000/ QHeat ) * 293.1
Where:
FLHheat = Full Load Heating Hours
= Dependent on location as below:
Wilmington, DE 935°"
Baltimore, MD 866°""
Washington, DC 822
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)

9 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.

270 Fyll Load Heating Hours assumptions for Wilmington, DE and Washington, DC calculated by
mul tiplying BGS&E dtermihed fol Ballimore (1195 foom the resgagch
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:/lwww.energystar.gov/ia/business/bulk_purchasi  ng/bpsavings_calc/ASHP_Sav_Calc.xls)
1 Based onaverage of 5 utilities, two program years, in Maryland from  Navigant Consulting

OEMPOWER Maryland Draft Final

Evaluatiavay3Report

2013) Residential HYACProgram. @pril 4, 2014, table 30, page 48.
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= Actual

gHeat = Efficiency in COP of Heating equipment
= actual. If not available use *’%

Page 119 of 350

System Age of HSPF COP
Type Equipment Estimate  Estimate
Heat Before 2006 6.8 2.00
Pump After 2006 7.7 2.26

Resistance n/a n/a 1.00

lllustrative example ddo 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:

DBoefore = 0.80
DEfter =0.90

Energy Savings:

akWh = ((((0.90 30.80)/0.9 0) * 866 * 36,000) / 1,000,000 /
2.5)*293.1

=406 kWh

Summer Coincident Peak kW Savings Algorithm

akW = akWh / FLHcool * CF
Where:
CFkssp = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
=0.69 ?"
Choam = PJMSummer Peak Coincidence Factor for Central A/C

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

=0.662%"

2’2 These default system efficiencies are based on the applicable minimum Federal Standards
In 2006 the Federal Standard for Heat Pumpswas adjusted. While one would expect the
average system efficiency to be higher than th is minimum, the likely degradation of

efficiencies over time mean that using the minimum standard is appropriate.
"Based on BG&E oDevel opment
Heat Pumpso6 research,
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Annual Fossil Fuel Savings Algorithm

For homes with Fossil Fuel Heating:

Methodology 1: Modified Blower Door Subtraction

aMMBTU = (((KCFMR5p,/ (BtuH * 0.0126)) * FLHheat * BtuH ) /
1,000,000 / QHeat

Where:
kKCFM25p. = Duct leakage reduction in CFM25
BtuH = Capacity of Heating System (Btuh)
= Actual
0.0126 = Conversion of Capacity to CFM (0.0126CFM / Btuh)?”
FLHheat = Full Load Heating Hours
= 620°"°
aHeat = Efficiency of Heating equipment

= Actual®’’. If not available use 84% 32’8,

lllustrative example d&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:

“"Based on BG&E oDevelopment of Residential Load Prof
Heat Pumpso6 research, the PJM Peak Definition coincic
275 Based on Natural Draft Furnaces requiring 100 CFM per 10,000BTU, Induced Draft Furnaces

requiring 130CFM per 10,000BTUand 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,

suggesed that in 2000, 32% of furnaces purchased in Maryland were condensing units.

Therefore a weig hted 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.

276 Based on assumption from BG&E billing analysis of furnace program in the '90s, from
conversation with Mary Straub; 6 Eval uati on of the High efficiency hea
technical reportdé, June 1995. For other wutilities off
adjustment may be appropriate to this FLHheat assumption.

?"deally, the System Efficiency should be obtained either by recording the AFUE of the unit,

or performing a steady state efficiency test.

2’8 The equipment efficiency default is based on data provided by GAMA during the federal

rule-making process for furnace efficiency stan dards, 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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Energy Savings:
aMMBTU  =(((219/ (100,000 * 0.0126)) * 620 *100,000)/ 1,000,000
/0.80
=7.3 MMBtu

Methodology 2: Evaluation of Distribution Efficiency

1,000,000 / dHeat

Where:
DEifter = Distribution Efficiency after duct sealing
DEefore = Distribution Efficiency before duct sealing
FLHheat = Full Load Heating Hours
= 620°"°
BtuH = Capacity of Heating System
= Actual
aHeat = Efficiency of Heating equipment

= Actual®®°. If not available use 84% 8.

lllustrative example d&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:

DByefore =0.80
Daﬂer = O 90

Energy Savings:
aMMBTU  =((0.9000.80)/0.9 0) * 620 *100,000 )/ 1,000,000 /
0.80

219 Based on assumption from BGEE billing analysis of furnace program in the '90s, from
conversation with Mary Straub; 6 Eval uati on of the High efficiency hea
technical reportdé, June 1995. For other wutilities off
adjustment may be appropriate to this FLHheat as sumption.

20 deally, the System Efficiency should be obtained either by recording the AFUE of the unit,

or performing a steady state efficiency test.

%1 The equipment efficiency default is based on data provided by GAMAduring 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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= 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 to seal the ducts.

Measure Life
The measure life is assumed to be 20 years’®.

Operation and Maintenance Impacts
n/a

282 \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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Air Source Heat Pump *

Unigue Measure Code: RS_HV TOS ASHP 0414, RS_HV_RTR ASHP 0414,
Effective Date: June 2014
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 7.7 13 11
ENERGY STAR 8.2 14.5 12

This measure could relate to :

a) Time of Sale dthe installation of a new Air Source Heat Pump
system meeting ENERGY STAR specificationgeplacing an existing
unit at the end of its useful life or the installation of a new system
in a new home.

b) Early Replacement dthe early removal of existing functioning
electric heating and cooling 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
asumed remaining life of the existing unit, and between new
baseline unit and efficient unit consumption for the remainder of
the measure life.

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 as defined ab ove for the remainder of the
measure life.

283 HSPF, SEER and EER refer to Heiaig Seasonal Performance Factor, Seasnal Energy
Efficiency Ratio and Energy Efficiency Ratio, respectively.
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The efficient condition is an Air Source Heat Pump split system that

meets the ENERGY STAR standards defined above.

Annual Energy Savings Algorithm

Time of Sale:

akWH = (FLHcool * BtuH * (1/SEERbase 1/SEERee))/1,000 +

(FLHheat * BtuH * (1/HSPFbased 1/HSPFee))/1,000

Early replacement %

&k WH for remaining

(FLHheat * BtuHyeat * (1/HSPFexist 8 1/HSPFee))/1,000

ek WH f or remaining

me

fe of

asur e

existing u
= (FLHcool * BtuHcoo * (1/SEERXiSt - 1/SEERee))/1,000 +

i fe (next

= (FLHcool * BtuHcoo * (1/SEERbase 1/SEERee))/1,000 + (
FLHheat * BtuHyeat* (1/HSPFbased 1/HSPFee))/1,000

Where:
FLHcool = Full Load Cooling Hours

= Dependent on location as below:

Wilmington, DE

719 “°

Location FLHcool

Baltimore, MD

744 °%°

Washington, DC

935

%4 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)
practice, the screening tools used may either require a First Year savings (using the first

equation) and then a Onumber
would be the (new base to efficient savings)/(existing to efficient

multiplying the EmPower average Marylandfull load hours determined for

of

years to

S avings).
285 Fyll Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by

.In

adjustmento

Maryland (744 from

the research referenced below) by the ratio of full load hours in Wilmington, DE (1,01 5) or
Washington, DC (1,320) to Baltimore MD (1,050) from the ENERGY STAR calculator.

(http:/lwww.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xIs)
% Based onaverage of 5 utilities in Maryland from Navi gan't
Draft Final Evaluation Report Evaluation Year 4 (June 1, 2012 dMay 31, 2013) Residential HVAC

Program. @pril 4, 2014, table 30, page 48.

Consulting OEmMPOWER
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BtuHcool = Cooling capacity of Air Source Heat Pump (1 ton =
12,000Btuh)
= Actual

SEERbase = Seasonal Energy Efficiency Ratio of baseline Air
Source Heat Pump
— 13287

SEERXist = 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 ex isting cooling
system:

Existing Cooling System SEERXist “*®
Air Source Heat Pump or 10.0
Central AC
No central cooling **° Make 061/ SEE
SEERee = Seasonal Energy Efficiency Ratio of efficient Air
Source Heat Pump
= Actual
FLHheat = Full Load Heating Hours

= Dependent on location as below:

Location FLHheat

Wilmington, DE 9357
Baltimore, MD 866°7*
Washington, DC 822

87 Minimum Federal Standard

288 \/EIC estimate based on Department of Energy Federal Standard between 1992 and 2006. If

utilities have specific evaluation results providing a more appropriate assumption for homes in

a particular market or geographical area then that should be used.

289t 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.

29 Fyll Load Heating Hours assumptions for Wilmington, DE and Washington, DC cdculated by
multiplying BG&Eds full | oad hours determined for Bal
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.xIs)

“1Based onaverage of 5 utilities, two program years, in Maryland from  Navigant Consulting

OEMPOWER Maryland Draft Final Evalvuatlpavay3Report Evall
2013) Residential HYACProgram. @pril 4, 2014, table 30, page 48.
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BtuHueat = Heating capacity of Air Source Heat Pump (1 ton =
12,000Btuh)
= Actual

HSPFbase = Heating SeasonalPerformance Factor of baseline
Air Source Heat Pump
=7.7%%

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:

Existing Heating System HSPF_exist
5.96 “

Air Source Heat Pump

Electric Resistance 3.41°%
HSPFee = Heating Seasonal Performance Factor of efficient
Air Source Heat Pump
= Actual

lllustrative example ddo not use as default assumption
Time of Sale example: a 3 ton unit with a SEER rating of 14.5 and HSPF of 8.4
in Baltimore, MD:

akWH = (744 * 36,000 * (1/ 13 - 1/ 14.5))/1 ,000 + (866 * 36,000 *
(1/7.7 31/ 8.4))/1 ,000

=550 kWh
Early Replacement example: a 3 ton unit with a SEER rating of 14.5 and HSPFof

8.4 in Baltimore, MD is installed replacing an existing working Central AC
system with a SEER rating of 10and electric resistance heating :

292 Minimum Federal Standard

293 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.

294 This is estimated based on finding the average HSPF/SEER ratio from the AHRI directory data
(using the least efficient models OSHER 12 and SEER 13)0.596, and applying to the existing
ASHP SEER rating assumption of 10.0.

2% Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF.
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sek Wfbr first 6 years) = (744 * 36,000 * (1/ 10 - 1/ 14.5))/1 ,000
+ (866 * 36,000 * (1/ 3.41 81/ 8.4))/1 ,000

= 6,262 kWh
sk Wbr remaining 7 years) = (744 * 36,000 * (1/ 13 -
1/14.5))/1 ,000 + (866 * 36,000 * (1/ 3.41 9
1/8.4))/1 ,000
= 5,644 kWh

Summer Coincident Peak kW Savings Algorithm

Time of Sale:
akW = BtuHc.o * (1/EERbase- 1/EERee))/1,000 * CF

Early replacement:
akW for remaining life of existing unit (1st 6 years):
= BtuHcoo * (1/EERexist - 1/EERee)/1000 * CF
akW for remaining measure life (next 12 years):

= BtuHco0 * (1/EERbase - 1/EERee)/1000 * CF

Where:
EERbase = Energy Efficiency Ratio (EER) of Baseline Air
Source Heat Pump
=11.2 **°
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 convertusing the equation:

EER= (-0.02 * SEER) + (1.12 * SEER)*’

2% The federal Standard does not currently include an EER component. The value is
approximated based on the SEER standard (13) and equals EER 11.2. To perform this calculation
we are using this formula: ( -0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (20D3A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations.
Masters Thesis, University of Colorado at Boulder).
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If SEER rating unavailable use:

Existing Cooling System EERexist **°

Air Source Heat Pump or 9.2
Central AC
No central cooling “* Ma k e 0€lx iESEtR
EERee = Energy Efficiency Ratio (EER) of Efficient Air
Source Heat Pump
= Actual

If EER is unknown, calculate based on formula
presented above.

Ckssp = Summer System Peak Coincidence Factor for
Central A/C (hour ending 5pm on hottest summer
weekday)
=0.69 3%

Choam = PIJMSummer Peak Coincidence Factor for Central

A/C (June to August weekdays between 2 pm and 6
pm) valued at peak weather
=0.66 "

lllustrative example ddo not use as default assumption
Time of Sale example: a 3 ton unit with EER rating of 12.0 in Baltimore, MD:

aKWssp = 36,000 * (1/11.2 - 1/12))/1 ,000 *0.69
= 0.15 kW
Early Replacement example: a 3 ton unit with a SEER rating of 14.5 and HSPF of
8.4 in Baltimore, MD is installed replacing an existing w orking Central AC

system with a SEER rating of 10 and electric resistance heating:

akW for remaining life of existing unit (1st 6 years):

27 From Wassmer, M. (2003). A ComponentBased Model for Residential Air Conditioner and

Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder.

2% Estimated by converting the SEER 10 assumption using the algorithm provided.

29 f ther e 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.

%WBased on BG&E oDevelopment of Residenntheisaid Load Prof
Heat Pumps ¢ r aryland PeakiDefinitioh ainchence factor is 0.69.

MBased on BG&E oDevelopment of Residential Load Prof
Heat Pumpso6 research, the PJM Peak Definition coincic
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KW ssp = 36,000 * (1/9.2 - 1/12))/1 ,000 *0.69
= 0.63 kW

akW for remaining measure life (next 12 years):

KW ssp = 36,000 * (1/ 11 - 1/12))/1 ,000 *0.69
= 0.15 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is provided in the table below
Note these incremental costs are per ton of capacity, so for example a 3 ton,
15 SEER unit would have an incremental cost of $822.

302

Efficiency Incremental
(SEER) Cost per Ton of
Capacity
14 $208
15 $378
16 $548
17 $737
18 $918

Early replacement: The capital cost for this measure is the actual cost of
removing the existing unit and installing the new one. If this is unknown,
assume the following (note these costs are per ton of unit capacity) 3%

392 Costs based upon average cost per ton from 6 2 0-2002 WA017 Ex Ante Measure Cost Study
Draft Report 6, | 20X4 oNiote SEHER b7 rand 48 aye exr8pplated from other data
points.

393 Costs based upon average cost per tonfor Equipment and Labor from Itron Measure Cost
Study Results Matrix Volume 1 (part of 6 2 0-2002 WAOQ17 Ex Ante Measure Cost Study Draft
Reporto, | tron, ) RaedSEERLT gnd PB&re ex@apdated from other data
points.
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Full Retrofit Cost
(including labor)

Efficiency per Ton of
(SEER) Capacity ($/to n)
14 $2,355
15 $2,544
16 $3,120
17 $3,309
18 $3,614

Assumed deferred cost (after 6 years) of replacing existing equipment with new
baseline unit is assumed to be $2,166 per ton of capacity ***. This cost should be
discounted to present value using the utilities discount rate.

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

Operation and Maintenance Impacts
n/a

304 (i
Ibid.
3% 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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Ductless Mini-Split Heat Pump*

Unigue Measure Code: RS_HV TOS MSHP 0414, RS_HV_RTR ASHP 0414
Effective Date: June 2014
End Date: TBD

Measure Description
This measure relates to the installation of new ENERGY STAR rated
ductl essploimti & i h(g éOHP).p u mp

This measure could be installed in either an existing or in a new home
and the characterization is designed to allow th e calculation of the impact on
electric and/or gasconsumption following the installation of a DHP system . The
characterization requires that the program implementer perform a custom
calculation to determine how much existing heating and/or cooling load the
DHP will replace.

Definition of Baseline Condition

The baseline condition for early replacement is the existing heating and
cooling (if applicable) systems within the home. If the customer does not
currently have cooling in the home but is lookin g for a cooling solution, the
time of sale baseline described next should be used for the cooling load.

The baseline condition in time of sale / new construction is a standard-
efficiency ductless unit meeting the following efficiency standards:

Year  SEER EER HSPF
2014 13 10 7.7
2015 14 8.5 8.2

Definition of Efficient Condition
The efficient condition is an ENERGY STAR ductless heat pump exceeding
all of the following efficiency standards; 14.5 SEER, 12 EER, 8.2 HSPF.

Annual Energy Savings Algorithm

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page 132 of 350

If displacing/replacing electric heat:

akWH = Cooling savings from increased efficiency +
Electric heating savings from increased efficiency

= (CoolingLoadDHP* (1/SEERbase 1/SEERee)) +
(HeatLoadElectric DHP* (3.412/HSPFase 63.412/ HSPIEe)

If displacing/replacing gas heat:

akWH = Cooling savings from increased efficiency -
New Electric heating load

= (CoolingLoadDHP* (1/SEERbase 1/SEERee))-
(HeatLoadGasDHP* 293.1 * 0.85 * (3.412/ HSPFee)))

Where:

CoolingLoadDHP
= Cooling load (kwh) that the DHP will now provide

= Actual

SEERbase = Efficiency in SEER ofexisting Air Conditioner or
baseline ductless heat pump

Early Replacement = Use actual SEER rating where it is possible
to measure or reasonably estimate. If unknown
assume 10.G°° for Central AC or 8.5 for Room AC 3.
If no cooling exists but the customer is looking for a
cooling solution, assume 13.0. If no cooling exists or
was planned at the home, make 1/SEER =0
(resulting in a negative value i.e. increase in cooling
load).

308 \/EIC estimate based on Department of Energy Federal Standard between 1992 and 2006. If
utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used.

397 Estimated by converting the assumption of existing unit EER efficiency in the Room Air
Conditioner Early Replacement measure (7.7EER) in to SEER using the assumption
EERASEER/ 1.1
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Time of Sale / New Construction =13.0°%%

SEERee = Efficiency in SEER of efficient ductless heat pump
= Actual

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

3.412 = Converts 1/HSPF to 1/COP

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

Early Replacement = Use actual HSPFating where it is
possible to measure or reasonably estimate.
If unknown assume 3.412%'° for resistance heat,
5.96°'" for ASHP

Time of Sale / New Construction =7.7 %2
HSPFee = Heating Seasonal Performance Factor of ENERGY
STAR ductless heat pump3*
= Actual

HeatLoadGaDHP = Heating load (MMBtu) that the DHP will now
provide

= Actual®**

398 Minimum Federal Standard

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

310 Assume COP of 1.0 converted to HSPF by multiplying by 3412.

311 This is estimated based on finding the average HSPF/SEER ratio from the AHRI directory data
(using the least efficient models 8SEER 12 and SEER 18).596, and applying to the existing
ASHP SEER rating assumption of 10.0.

312 Minimum Federal Standard

313 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 geographical/climate
variances.
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293.1 = Converts MMBtu to kWh
0.85 = Factor to reduce consumption by 15% to account

for elimination of duct losses
AFUEeXist = Efficiency of existing Furnace

= Use actual AFUErating where it is possible to

measure or reasonably estimate. If unknown assume
789%™,

3.412 = Converts heat pump HSPF in to COP

See example calculations at end of characterization.

Summer Coincident Peak kW Savings Algorithm

akW = BtuHcoo * (1/EERbase- 1/EERee))/1,000 * CF

Where:
BtuHcool = Cooling capacity of ductless heat pump (1 ton =
12,000Btuh)
= 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 9.13 for Central AC or 7.7 for
Room AGY.

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

31> This has been estimated assumingthat the average efficienc y of existing heating systems is

likely to include newer more efficient systems.

316 Based on converting the SEER 10 to EER using the assumptioBE ER4 SEER/ 1. 1

317 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;

ol mpact, Process, and Market Study of the Connecticut
Report. 6
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If no cooling is at the home, make 1/EER =0
(resulting in a negative value i.e. increase in load).

Time of Sale / New Construction =11.2%8
EERee = Energy Efficiency Ratio (EER) of Efficient ductless
heat pump
= Actual.
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

(controll ed with need). If unknown assume Room

AC.

CFssproom AC = Summer System Peak Coincidence Factor for Room
A/C (hour ending 5pm on hottest summer weekday)
=0.313%°

CFpamRroom 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%°

CFssreentral ac = Summer System Peak Coincidence Factor for Central A/C
(hour ending 5pm on hottest summer weekday)
= 0.69 3%

318 The federal Standard does not currently include an EER component. The value is

approximated based on the SEER standard (13) and equals EER 11.2. To pedrm this calculation

we are using this formula: ( -0.02 * SEER2) + (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).

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

assumption for PIM.

320 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%20G rid
/117_RLW_CF%20Res%20RAC.pdf).

%1BasedonBG& oODevel opment of Residential Load Profiler
Heat Pumpsdé research, the Maryland Peak Definition
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CFeamcentral ac = PIMSummer Peak Coincidence Factor for Central A/C
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
= 0.66 °*

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.

aVIMBtu = HeatLoadGasReplaced / AFUEexist
Where:
HeatLoadGasReplaced
= Heating load (MMBtu) that the DHP will now
provide in place of gas unit
= Actual®®
AFUEexist = Efficiency of existing heating system

= Use actual AFUErating where it is possible to
measure or reasonably estimate. If unknown assume
78967,

See example calculations at end of characterization.

Annual Water Savings Algorithm
n/a

Incremental Cost

Early Replacement: the actual full cost of the DHP installation should be used

2Based on BG&E oDevelopment of Residential Load Prof
HeatPumps 6 research, the PJM Peak Definition coincidence
323 For example with a Manual-J calculation or similar modeling.

324 This has been estimated assumingthat the average efficienc y of existing heating systems is

likely to include newer more effic ient systems.
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if available, if not defaults are provided in the table below:

Unit Size Early
Replacement:
Full Install Cost®®
1-Ton $3,000
1.5-Ton $3750
2-Ton $4,500
2.5-Ton $5,250
3-Ton $6,000

If the DHP installation results in the early removal of existing operating heating
or cooling equipment (that otherwise would have needed to be replaced in the
future) then the deferred replacement of that equipment should be accounted
for. This d eferred replacement cost should be estimated based on the existing
equipment or the following defaults can be used:

Central AC - $2,185 per ton 3%,

Central Ducted Air Source Heat Pump - $2,166 per ton %%’
Furnace - $2,311 3%

Boiler - $3,834 **°

The deferred replacement cost shoul d be di scoassumiegd t o t O«
it would have occurred in 6 years (3 ™ of measure life) and subtracted from the
full DHP install cost presented above.

325 Based upon review of Ductless Heat Pumps for Residential Customers in Connecticut, Swift,
Joseph R and Rebecca A. Meyer, The Connecticut Light & Power Company, 2010 ACEEE Summer
Study on Energy Efficiency in Buildings (2-292). Also supported by findings in NEEP
Northeast/Mid -Atlantic Air -Source Heat Pump Market Strategies Report, January 2014 and
NEEPIncremental Cost Study Phase Two Final Report, January 2013. If existing heating and
cooling load is replaced at the end of its life, then a  baseline cost should be determined and
subtracted from the full install cost.

326 Costs based upon average cost per tonfor Equipment and Labor from Itron Measure Cost
Study Results Matrix Volume 1 (part of 0 2 0-2002 WAO017 Ex Ante Measure Cost Study Draft
Reporté6é, Itron, )February 28, 2014

327 |bid.

328 Bojler and Furnace Costs derived from Page E3 of Appendix E of Residential Furnaces and
Boilers Final Rule Technical Support Document:
http://www1.eere.energy.gov/buildings/appliance standards/residential/fb tsd 0907.html

Plus $300 labor estimate based on Itron Measure Cost Study ResultsMatrix Volume 1.

329 |bid. Labor estimated as $500.
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Time of Sale / N ew construction : an estimated incremental cost from a SEER
13 baseline is provided below:

Unit Size Time of Sale / New

Construction:
Incremental
Cost®°
1-Ton $603
1.5-Ton $624
2-Ton $601
2.5-Ton $600
3-Ton $600

Measure Life

The measure life is assumed to be 18 years®'. If an early replacement
measure results in the removal of existing operating heating or cooling
equipment, it is assume d that it would have needed replacing in 6 years.

Operation and Maintenance Impacts
n/a

lllustrative example s ddo not use as default assumption
Early Replacement:
A 1.5 ton, 20 SEER, 14 EER, 12 HSPF, DHEplaces 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.

330 |ncremental costs against a SEER 13 minisplit as presented in NEEPIncremental Cost Study
Phase Two Final Report, January 2013. Results for 1 and 1.5 ton are based upon 21 SEER (most
represented) and 18 SEER for 2 ton (only value provided). Values for 2.5 and 3 ton are assumed
consistent with the other sizes.

31 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

https://neep.org/Assets/uploads/ files/lemv/iemv -library/measure_life. GDS%5B1%5D.pdf
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akWH = (CoolingLoadDHP* (1/SEERbase 1/SEERee)) +
(HeatLoadElectricDRP* (3.412/H SPFbased
3.412/HSPFee)

= (2000 * (0 31/20)) + (5000 * (3.412/ 3.4 &
3.412/12))
= 3,496 kWh
aKWssp = BtuHcoo * (1/EERbase- 1/EERee))/1,000 * CF
= (18,000 * (0 61/14)) / 1000) * 0. 31
= - 0.40kW
A 2.5 ton, 18 SEER, 13.5 EER, 11 HSPF, DHP displaces all of existing gas heat

(78% AFUE)N a home with central cooling in Baltimore, MD. The heating load is
estimated as 40 MMBtuand cooling load of 4000 kwWh.

akWH = (CoolingLoadDHP* (1/SEERbase- 1/SEERee))-
(HeatLoadGasDHP * 293.1 * 0.85 *3.412/HSPFee))

= (4000 * (1/10 31/18)) - (40 * 293.3 * 0.85 *
(3.412/11))

=-2,915kWh (i.e. this results in an increase in
electric consumption)
aKWssp = BtuHcoo * (1/EERbase- 1/EERee))/1,000 * CF
= (30,000 * (1/9.1 81/13.5))/1000) * 0. 31
= 0.33 kW (in the summer you see demand savings)
aMMBtu = HeatLoadGasReplaced / AFUEexist

=40/0.78

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



@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANIERSION 4.0/June 2014 Page 140 of 350

=51.3 MMBtu

Time of Sale / New Construction
Two 1.5 ton, 18 SEER, 13.5 EER, 11 HSPF, DHP is installed in a new home in
Baltimore, MD. The estimated heat load is 12,000kWh and the cooling load is
6,000kWh
akWH = (CoolingLoadDHP* (1/SEERbase 1/SEERee)) +
(HeatLoadElectricDHP * (3.412/HSPFbased 3.412/HSPFee)
= (6000* (1/13 61/18)) + (12,000 * (3.412/7.7 &
3.412/11))

=1,723 kWh

akWissp = BtuHcoo * (L/EERDbase- 1/EERee))/1,000 * CF
= (36,000 * (1/11.2 31/13.5))/ 1000) * 0. 31

=0.17 kw
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HE Gas Boller

Unigue Measure Code: RS_HV_TOS GASBLR113
Effective Date: June 2014
End Date: TBD

Measure Description

This measure characterization provides savings for the purchase and
installation of a new residential sized ENERGY STARqualified high efficiency
gasired boiler for residential space heating, instead of a new baseline gas
boiler. The measure could be ins talled 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 boiler that meets the minimum Federal
baseline AFUE for boilers. The Federal baseline for boilers manufactured before
September 2012 was 80% AFUE. For boilers manufactured after September
2012, the Federal baseline is 82% AFUE.

Year ~ Baseline AFUE
2012 80%
2013 on 82%

Definition of Efficient Condition
The efficient condition is an ENERGY STAR qualified boiler with an AFUE
rating O 85 %.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
aVMMBtu = (FLHheat * (Btuh/AFUEbase Btuh/AFUEee)) /1,000,000
Where:

FLHheat = Full Load Heating Hours
= 620°%

332 Based on assumption from BG&E billing analysis of furnace program in the '90s, from

conversation with Mary Straub; OEvaluation of

t

he

Hi

(
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BtuH = Capacity of Boiler
= Actual
AFUEbase = Efficiency in AFUE of baseline boiler
Year ~ Baseline AFUE
2012 80%
2013 on 82%
AFUEee = Efficiency in AFUE of efficient boiler
= Actual

lllustrative example ddo not use as default assumption
The purchase and installation of a 100,000 Btuh, 90% AFUE boiler in 2013:

aMMBtu = (620 * (100,000/0.82 8100,000/0.9)) /2,000,000
= 6.7 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental install cost for this measure is provided below %%
Efficiency of Incremental  Incremental
Boiler (AFUE)  Cost 2012 Cost 2013
85%- 90% $934 $725
91% + $1481 $1272

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

technical r e9950 Rort other utilltiasrofering this measure, a Heating Degree Day
adjustment may be appropriate to this FLHheat assumption.

333 Costs derived from Page E13 of Appendix E of Residential Furnaces and Boilers Final Rule
Technical Support Document:

http://www1.eere.energy.gov/buildings/appliance standards/residential/pdfs/fb fr tsd/appe
ndix_e.pdf

VEIC believes it is reasonable to assume that the cost provided from this study for an 85% unit
is appropriate for units in the 85 -90% AFUE range and the cost for the 91% unit can be used for
91+% units. This is based on the observation that most of the products available in the 85 -90
range are in the lo wer end of the range, as are those units available above 91% AFUE.

334 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.
http://lwww.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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Operation and Maintenance Impacts
n/a
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Condensing Furnace (gas)

Unigue Measure Code: RS_HV_TOS_GASFUR113
Effective Date: June 2014
End Date: TBD

Measure Description

This measure characterization provides savings for the purchase and
installation of a new residential sized ENERGY STARualified high efficiency
gasfired 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.

Definition of Baseline Condition

e The baseline condition is a non-condensing gas furnace with an AFUE of
80 96,

Definition of Efficient Condition
The efficient condition is an ENERGY STAR qualified gasfired condensing
furnace withan AFUE r ati ng O 90 %.

Annual Energy Savings Algorithm

n/a. Note, if the furnace has an ECM fan, electric savings should be
claimed as characterizedin t heCemt r al Furnace Efficient Fan
of the TRM.

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
aVIMBtu = (FLHheat * (Btuh/AFUEbase- Btuh/AFUEee)) /1,000,000

Where:
FLHheat = Full Load Heating Hours

3% The Federal baseline for furnaces is actually 78%, although it becomes 80% in May 2013.
Experience suggests a suitable market baseline is 80% AFUE.
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= 6207°

BtuH = Capacity of Furnace
= Actual

AFUEbase = Efficiency in AFUE of baseline Furnace
=0.80

AFUEee = Efficiency in AFUE of efficient Furnace
= Actual

lllustrative example ddo not use as default assumption
The purchase and installation of a 100,000 Btuh, 92% AFUE furnace:

aMMBtu = (620 * (100,000/0.8 &100,000/0.92)) /1,000,000
= 10.1 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is provided below 3":

Efficiency of Incremental
Furnace Cost
(AFUE)
90% $630
92% $802
96% $1,747

Measure Life
The measure life is assumed to be 18 years®®,

Operation and Maintenance Impacts
n/a

33 Based on assumption from BG&E billing analysis of furnace program in the '90s, from

conversationwithMar y Straub; OEvaluation of the High efficien
technical reportdé, June 1995. For other wutilities off
adjustment may be appropriate to this FLHheat assumption.

337 Costs derived from Page E3 of Appendix E of Residential Furnaces and Boilers Final Rule

Technical Support Document:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/fb_tsd_0907.html

338 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,

GDS Associates, June 2007.

http://lwww.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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Programmable Thermostat *

Unigue Measure Code: RS_HV RTR PRGTHE 0711
Effective Date: June 2014
End Date: TBD

Measure Description

Programmable Thermostats can save energy through the advanced
scheduling of setbacks to heating setpoints. Typical usage reduces the heating
setpoint during times of the day when occupants are usually not at home ( e.g.
work hours) or during the night.

Note, savings are only provided for the reduction in heating load for
fossil fuel fired heating systems. A literature review could not find any
appropriate defensible source of cooling savings from programmable
thermostats. It is inappropriate to assume a similar pattern of savings from
setting your thermostat down during the heating season and up during the
cooling season.

This is a retrofit measure.
Definition of Baseline Condition

A gandard, non -programmable thermostat for central heating system
(baseboard electric is excluded from this characterization ).
Definition of Efficient Condition

A programmable thermostat is installed and programmed by a
professional.

Annual Energy Savings Algorithm
n/a

Summer Coincident Peak kW Savings Algorithm
n/a

Annual Fossil Fuel Savings Algorithm
aMMBtu = (Savings %) x [leat Consumption)

Where:

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



‘ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANAERSION 4.0/June 2014 Page 147 of 350

Savings % = Estimated percent reduction in heating load due to
programmable thermostat
= 6.8%°%°

Heat Consumption = Annual Home Heating Consumption (MMBtu)
=50.1 3%

aMMBtu =0.068 * 50.1
= 3.41 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure should be the actual unit cost and
if installed via program administrators should also include labor cost 3**.

Measure Life
The measure life is assumed to be 10 years®?

Operation and Maintenance Impacts
n/a

392007, RLW Analytics, oValidating the Impact of Prog
3050.1 MMBtu heating consumption is estimated based on the MD Residential Baseline

Database, subtracting Base load from Base + Heat.

¥'The range of costs observed in VEI C#Gforthevi ew of oth
unit, $100 for labor. In the absence of actual program costs, this cost could be used.

342 Measure Life Repat, Residential and Commercial/lndustrial Lighting and HVAC Measures,

GDS Associates, June 2007.

http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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Room Air Conditioner Early Replacement *

Unigue Measure Code: RS_HV RTR 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 Perfor mance 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 remain der of the measure life.

This is a retrofit measure.

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 m easure life the baseline becomes a new replacement unit
meeting the minimum federal efficiency standard (i.e. with an efficiency rating
of 10.9EER®).

Definition of Efficient Condition

The efficient condition is a new replacement room air conditioning un it
meeting the ENERGY STAR efficiency standard (i.e. with an efficiency rating
greater than or equal to 11.3 3*%).

Annual Energy Savings Algorithm

Savingsfor remaining life of existing unit (1st 3 years)
akWh = (Hours * BtuH * (1/EERexist- 1/EERee))/1,000

343 Minimum Federal Standard for most common Room AC type38000-14,999 capacity range
with louvered sides.

344 Minimum qualifying for ENERGY STARnost common Room AC type38000-14,999 capacity
range with louvered sides.

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANAERSION 4.0/June 2014 Page 149 of 350

Savingsfor remaining measure life (next 9 years)

akWh = (Hours * BtuH * (1/EERbase- 1/EERee))/1,000
Where:

Hours = Run hours of Window AC unit
= 3253

Btuh = Capacity of replaced unit
= Actual or 8,500 if unknown 34

EERexist = Efficsiency of existing unit in Btus per Watt -hour
=7.7 3%

EERbase = Efficiency of baseline unit in Btus per Watt -hour
=10.9 38

EERee = Efficiency of ENERGY STAR unitn Btus per Watt -hour
= Actual

lllustrative example ddo not use as default assumption
Replacing existing 8,500 Btuh Room AC unit with a new ENERGY STAR unit with
EER rating 0f11.3:

Savingsfor remaining life of existing unit (1st 3 years)

akWh = (325 * 8,500 * (1/7.7 81/ 11.3)) / 1,000
= 114 kWh
Savingsfor remaining measure life (next 9 years)
akWh = (325 * 8,500 * (1/10.9 81/11.3)) / 1,000
=9 kWh

345 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.xIs) at

31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH

for Room AC.

346 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor

Study Residential Room Air Conditioners, June 23, 2008.

“"Based on Nexus Market Research Inc, RLW Analytics,
Mar ket Study of the Connecticut Appliance Retirement
348 Minimum Federal Standard for capacity range.
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Summer Coincident Peak kW Savings Algorithm

Savingsfor remaining life of existing unit (1st 3 years)
akW = ((BtuH * (1/EERexist - 1/EERee))/1000) * CF

Savingsfor remaining measure life (next 9 years)
akW = ((BtuH * (1/EERbase- 1/EERee))/1000) * CF

Where:
Ckssp = Summer System Peak Coincidence Factor forRoomA/C
(hour ending 5pm on hottest summer weekday)
=0.313%°
Choam = PJM Summer Peak Coincidence Factor forRoomA/C

(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.3%°

lllustrative example d&do not use as default assumption
Replacing existing 8,500 Btuh Room AC unit with a new ENERGY STAR unitvith
EER rating of 11.3.

Savingsfor remaining life of existing unit (1st 3 years)

akWssp =((8,500 * (1/7.7 81/11.3))/1,000) *0.31
=0.11 kw
Savingsfor remaining measure life (next 9 years)
akWssp = ((8,500 * (1/ 10.9 81/11.3)) / 1,000) * 0.31
= 0.0086 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm

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

30 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%20G rid
/117_RLW_CF%20Res%20RAC.pdf).
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n/a

Incremental Cost
The incremental cost fo r this measure should be the actual cost of the
replacement unit and any cost of installation labor

Note, the deferred baseline replacement cost is presented under
Operation and Maintenance Impacts.

Measure Life

The measure life is assumed to be 12 years®™. Note this characterization
also assumes there is 3 years of remaining useful life of the unit being
replaced>*.

Operation and Maintenance Impacts

The net present value of the deferred replacement cost (the cost
associated with the replacement of the exis ting unit with a standard unit that
would have occurred in 3 years, had the existing unit not been replaced) should
be calculated as:

NPVieferred replacement cost = (Actual Cost of ENERGY STAR unit $40°%%) * 6996,

Note that this is a lifecycle cost savin gs (i.e. a negative cost).

%1 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,
GDS Associates, June 2007.

http://lwww.ctsavesen ergy.org/files/Measure%20Life%20Report%202007.pdf

%2 Based on Connecticut TRM; Connecticut Energy Efficiency Fund; CL&P and Ul Program
Savings Documentation for 2008 Program Year

%3 Incremental cost of ENERGY STAR unit over baseline unit; consistent with Time of Sale Room
AC measure.

%4 69% is the ratio of 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. The calculation is
done in this way to allow the use of th e known ENERGY STAR replacement cost to calculate an
appropriate baseline replacement cost.
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Room Air Conditioner Early Retirement /
Recycling*

Unigue Measure Code: RS_HV ERT 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 measyre

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 replace d
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) -
(%oreplaced * ((Hours * BtuH * (1/EERnewbase))/
1,000)

Where:
Hours = Run hours of Window AC unit
= 325%°

3% 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
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Btu/hour = Capacity of replaced unit
= Actual or 8,500 if unknown *°

EERexist = Efficiency of existing unit in Btus per Watt -hour
= Actual or 7.7 if unknown *’

%replaced = Percentage of units dropped off that are replaced in the
home
— 76%358

EERnewbase= Efficiency of new baseline unit in Btus per Watt -hour
=10.9%°

lllustrative example ddo not use as default assumption
The turn in of an 8,500 Btuh, 7.7 EER unit:

akWh = ((325* 8,500 * (1/ 7.7))/1 ,000) -
(0.76 * ((325 * 8,500 * (1/ 10.9))/1 ,000)

=166 kWh

Summer Coincident Peak kW Savings Algorithm

akW = ((BtuH * (1/EERexist))/1,000) -
(Y%replaced * ((BtuH * (1/EERNnewbase))/1,000) * CF
Where:
Ckssp = Summer System Peak Coincidence Factor forRoomA/C
(hour ending 5pm on hottest summer weekday)
=0.31 3%

31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.

5 Based on maximum capacity average from RLW Report: Final Report Coincidence Factor
Study Residential Room Air Conditioners, June 23, 2008.

®"Based on Nexus Market Research Inc, RLW Analytics,
Mar ket Study of the Connecticut Appliance Retirement
®Based on Nexus Market Research Inc, RLW Adalytics,
Mar ket Study of the Connecticut Appliance Retirement

that 63% were replaced with ENERGY STAR units and 13% with nGENERGY STAR. However this
formula assumes all are non-ENERGY STAR since the increment of savingsdiween baseline

units and ENERGY STAR would be recorded by the Time of Sale measure when the new unit is
purchased.

¥9 Minimum Federal Standard for most common Room AC type 38000-14,999 capacity range

with louvered sides. Note that we assume the replacement is only at federal standard efficiency
for the reason explained above.

30 calculated by multiplying the ratio of SSP:PJM for the Central AC measure (0.69:0.66) to the
assumption for PJM.
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Choam = PJM Summer Peak Coincidence Factor forRoomA/C
(June to August weekdays between 2 pm and 6 pm) valued
at peak weather
=0.3%*

lllustrative example ddo not use as default assumption
The turn in of an 8500 Btuh, 7.7 EER unit:

akWssw = (8,500 * (1/ 7.7))/1 ,000) -
(0.76 * ((8,500 * (1/ 10.9))/1 ,000) *0.31

=0.16 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure should be the actual
implementation cost for recycling the existing unit , plus $129 to account for
the replacement of 76%of the units 2.

Measure Life
The measure life is assumed to be 3 years®®,

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

31 Consistent with coincidence factors found in:

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

362 $129 replacement cost is calculated by multiplying the percentage assumed to be replaced 8
76% by the assumed cost of a standard efficiency unit of $170 (ENERGY STAR calculator;
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calculat  orConsumerR
00mAC.xls); 0.76 * 170 = $129.2.

363 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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standard unit that would have had to have occurred in 3 years, had the exist ing
unit not been replaced) is calculated as $89.36 3%

364 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 taulator;

http://www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/CalculatorConsumerR
00mMAC .xl9
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Domestic Hot Water (DHW) End Use

Low Flow Shower Head *

Unigue Measure Code(s): RS_WT_INS SHWRHD 0414 and
RS _WT TOS SHWRHD 0414

Effective Date: June 2014

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 showerhead using rated
GPMof installed showerhead . If actual flow rates of baseline is used in a direct
install program then actual flow rate of the installed efficient showerhead
should be used.

Annual Energy Savings Algorithm
If electric domestic water heater :

ek WH = ((((GPMbase- GPMlow) / GPMbase) * # people *
gals/day * days/year ) / SH/home * 8.3 * (TEMPsh -
TEMPIn) / 1,000,000) / DHW Recovery Efficiency /
0.003412

Where:
GPMbase = Gallons Per Minute of baseline showerhead

3% Note, the algorithm and variabl es are provided as documentation for the deemed savings
result provided which should be claimed for all showerhead installations.
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= 2.5 3% or actual flow rate if recorded

GPMlow = Gallons Per Minute of low flow showerhead
= Rated flow rate of unit installed or actual flow rate if
baseline flow rate used.

# people = Average number of people per household
=2.56 %'

gals/day = Average gallons per day used for showering
=11.6%®

daysly = Days shower used per year
= 365

Showers/home = A\é(%rage number of showers in the home
=1.6

8.3 = Constant to convert gallons to lbs

TEMPsh = Assumed temperature of water used for shower
= 105 Error! Bookmark not defined.

TEMPIn = Assumed temperature of water entering house
=60.9 °"°

DHW Recovery Efficiency = Reco?\,/gry efficiency of electric water heater

=0.98
0.003412 = Constant to convert MMBtu to kWh

%% The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads

at 2.5 gallons per minute (gpm).

37 USs Energy Information Administration, Residential Energy Consumption Survey;
http://www.eia.doe.gov/iemeu/recs/recs2005/hc2005 _tables/hc3demographics/pdf/tablehcl11
.3.pdf

3% Most commonly quoted value of gallons of water used per person per day (including in  U.S.
Environment al Protection Agency®f6s oOwater sensed6 docur
http://www.epa.gov/watersense/docs/home_suppstat508.pdf )

39 Estimate based on review of a number of studies:

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=80456 EFO0AAB94DB204E848BAE65F1997p
url=/10185385-CEkZMk/native/

b. East Bay Municipal Utility District; "Water Cons ervation Market Penetration Study"
http://www.ebmud.com/sites/default/files/pdfs/market_penetration_study_0.pdf

SO EYDI EOUW" @n@)‘lMlEFU/I@aU 03 ftEhdl Eddilation Report
Evaluation Year 4 (June 1, 2012 8 May 31, 2013) Residential Retrofit Programs . 6 Apri | 4, 2014
Appendix E, page 66.

371 Electric water heater have recovery efficiency of 98%:
http://lwww.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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lllustrative example ddo not use as default assumption
For a 2.0GPM rated showerhead:

ek WH((((2.5 82.0)/2.5)*2.56 * 11.6 * 365 ) / 1.6 * 8.3 * (105 -60.9) /
1,000,000) / 0.98 / 0.003412

= 148 kWh
Note, utiliti es 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

ek W= &ekWh/ hours * CF

Where:

Hours = Average number of hours per year spent using shower
head
= (Gallperson * # people * 365) / SH/home / GPM / 60
=(11.6*2.56*365)/1.6/2.5/60
= 45 hours

CF = Summer Peak Coincidence Factor for measure
=0.00371%"

lllustrative example ddo not use as default assumption
For a 2.0GPM rated showerhead:

ek W=148/45*0.00371
= 0.0122 kW
Annual Fossil Fuel Savings Algorithm

If fossil fuel domestic water heater:

372 Calculated as follows: Assume 9% showers take place during peak hours (based on:
http://www.aquacraft. com/Download_Reports/IDISAGGREGATEBOT_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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&MMBt & ((GPMbase- GPMlow) / GPMbase) * # people *
gals/day * days/year)) / SH/home * 8.3 * (TEMPsh -
TEMPIn) / 1,000,000) / Gas DHW Recovery Efficiency

Where:
Gas DHW Recovery Efficiency = Recovery efficiency of electric water
heater
=0.75°%"
All other variables As above

lllustrative example ddo not use as default assumption
For a 2.0GPM rated showerhead:

&eMMBt u=((250620)/25)*256*11.6*365)/1.6*8.3*
(105-60.9) / 1,000,000) / 0.75
=0.661 MMBtu
Annual Water Savings Algorithm

Water Savings = (((GPMbase GPMlow) / GPMbase) * # people *
gals/day * days/year ) / SH/home /748

Where:
748 = Constant to convert from gallons to CCF
All other variables As above

lllustrative example ddo not use as default assumption
For a 2.0GPM rated showerhead:

Water Savings= (2.5 82.0) / 2.5) * 2.56 * 11.6 * 365)) / 1.6 /
748

=1.81 CCF

kWh Savings from Water Reduction

3Review of AHRI Directory suggests range of recovery efficiency ratings for ne w Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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The kWh savings from the waste reduction characterized above is now

esti mat ed. Pl ease note that wutilitiesd must
monetary benefit of these savings within cost effectiveness testing if the

avoided costs of water already inc lude the associated electric benefit.

N2’ =207kWh* Wat er (CCF)

lllustrative example d&do not use as default assumption
For a 2.0GPM rated showerhead:

N 2ufer =2.07*1.81
=3.7KWh

Incremental Cost

As a retrofit measure, the incremental cost will be the a ctual cost of
installing the new showerhead. As a time of sale measure, the incremental cost
is assumed to be $6.37

Measure Life
The measure life is assumed to be 10 years.3®

Operation and Maintenance Impacts

When a retrofit measure, there would be a very small O&M benefit
associated with the deferral of the next replacement,  but this has
conservatively not been characterized.

374 This savings estimate is based upon VEIC analysis of data gathered in audit of DC Water

Facilities, MWH Gl obal, O0OEnergy Savings Pl an, Prepar e
See DC Water Conservation.xlsx for calculations and DC Water ConservationEnergy

Savings_Final.doc for write -up. This is believed to be a reasonably proxy for the entire region.

»Navigant Consulting, Ontario Energy Board, OMeasur
Management (DSM) Planningé6, April 2009.

376 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://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_ GDS%5B1%5D. piif
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Faucet Aerators *

Unigue Measure Code(s): RS_WT_INS_FAUCET0414 and
RS WT_TOS_FAUCET0414

Effective Date: June 2014

End Date: TBD

Measure Description

This measure relates to the installation of a low flow ( QL.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 baseline is used in a direct
install program then actual flow rate of the installed aerator should be used.

Annual Energy Savings Algorithm
If electric domestic water heater :

ek WH = (((GPMbase- GPMlow) / GPMbase) * # people *
gals/day * days/year * DR) / (F/home)) * 8.3 * (TEMPHt -
TEMPIn) / 1,000,000) / DHW Recovery Efficiency /
0.003412

Where:
GPMbase = Gallons Per Minute of baseline faucet
= 2.2 3 or actual flow rate if recorded

377 Note, the algorithm and varia bles are provided as documentation for the deemed savings
result provided which should be claimed for all faucet aerator installations.

378 1n 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.
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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 house hold
=2.56°%"

gals/day = Average gallons per day used by faucet
=10.9 %%

daysly = 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)

F/home = Average number of faucets in the home
=3.53%
8.3 = Constant to convert gallons to Ibs
TEMPTt = Assumed temperature of water used by faucet
= 80 Error! Bookmark not defined.
TEMPIn = Assumed temperature of water entering house
= 60.9 3%
DHW Recovery Efficiency = Recovery efficiency of electric water heater
=0.98 %
0.003412 = Constant to converts MMBtu to kWh

lllustrative example ddo not use as default assumption
For a 1.5 GPM rated aerator:

379 US Energy Information Administration, Residential Energy Consumption Survey;
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005 _tables/hc3demographics/pdf/tablehcl11

.3.pdf

380 Most commonly quoted value of gallons of wa ter used per person per day (including in U.S.
Environment al Protection Agency®f6s oOwater sensed6 docur
http://www.epa.gov/watersense/docs/home_suppstat508.pdf)

31 Estimate consistent with Ontario Energy Board, "Measures and Assumptions for Demand Side

Management Planning."

382 Estimate based on East Bay Municipal Utility District; "Water Conservation Market

Penetration Study"

http://www.ebmud.com/sites/default/files/pdfs/market_penetration_study 0.pdf

Navigant Consul ting 0EmPOWiafon Report\Evamatiah Yé&ardaft Final E
(June 1,20126May 31, 2013) Residenti al Retrofit Programs. 6
66.

384 Electric water heater have recovery efficiency of 98%:

http://lwww.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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ek WH(((2.2 81.5)/2.2)* 2.56 * 10.9 * 365 *0.5) / 3.5 * 8.3 *
(80-60.9) / 1,000,000) / 0.98 / 0.003412

=22 kWh

Note, utilities may consider whether itis appropriate to claim kwWh 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 Alg orithm
ek W= @&k Wh/ hours * CF

Where:
Hours = Average number of hours per year spent using faucet
= (Gallperson * # people * 365) / (F/home) / GPM /60
=(10.9*2.56 *365)/3.5/2.2/60
= 22 hours
CF = Summer Peak Coincidence Factor for measure
=0.00262 3%

lllustrative example d&do not use as default assumption
For a 1.5 GPM rated aerator:
ek W=22/22*0.00262
= 0.0026 kw
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater , MMBtu savings provided below:
&MMBt & ((GPMbase- GPMIlow) / GPMbase) * # people *
gals/day * days/year * DR) / (F/home) * 8.3 * (TEMPTt -
TEMPIn) / 1,000,000) / Gas DHW Recovery Efficiency

Where:

38> 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

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MIDATLANTIC TECHNICAL REFERENCE MANAEARISION 4.0/June 2014 Page 164 of 350
Gas DHW Recovery Efficiency = Recovery efficiency of electric water
heater
=0.75 %%
All other variables As above

lllustrative example ddo not use as default assumption
For a 1.5 GPM rated aerator:
&eMMBt « (((2.2 61.5)/2.2)*256*10.9*365*05)/3.5*
8.3 * (80-60.9) / 1,000,000) / 0.75

= 0.098 MMBtu
Annual Water Savings Algorithm

Water Savings = (((GPMbase GPMlow) / GPMbase) * # people *
gals/day * days/year * DR) / (F/home) /748

Where:
748 = Constant to convert from gallons to CCF
All other variables As above

lllustrative example d&do not use as default assumption

For a 1.5 GPM rated aerator:
Water Savings= (((2.2 61.5)/2.2) *2.56 *10.9*365*0.5 )/ 3.5
| 748

=0.619 CCF
kWh Savings from Water Reduction
The kWh savings from the waste reduction characterized above is now
estimated. Pleasenot e t hat wutilitiesd must be careful
monetary benefit of these savings within cost effectiveness testing if the

avoided costs of water already include the associated electric benefit.

N1 2w’ =2.07kWh% Wat er ( CCF)

3% 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%.

37 This savings estimate is based upon VEIC analysis of data gathered in audit of DC Water

Facilities, MWH Global, OEnergy Savings Plan, Prepare
See DC Water Conservation.xIsx 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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