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PREFACE
The Regional EM&V Forum

The Regional EM&V Forum is a project managed and facilitated by Northeast
Energy Efficiency Partnerships, Inc. The Forum’s purpose is to provide a
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 resources 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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Drew Durkee (ICF), Karl Eser (Baltimore Gas & Electric), Kristy Fleischmann
(Baltimore Gas & Electric), Brian Gallagher (Consultant to Delaware State
Energy Office), Crissy Godfrey (Maryland Public Service Commission), Dennis
Hartline (Maryland Energy Administration), Cheryl Hindes (Baltimore Gas &
Electric), Daniel Hurley (Maryland Energy Administration), Nikola Janjic
(Vermont Energy Investment Corp.), Jeff King (Metropolitan Washington Council
of Governments), Ruth Kiselewich (Baltimore Gas & Electric), Huilan Li
(Maryland Public Service Commission), Catul Kit (ICF), Dan Lauf (Maryland
Energy Administration), Taresa Lawrence (District Sustainable Energy Office),
James Leyko (Maryland Energy Administration), Lance Loncke (Distric
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McAlpine (GDS Associates), Mike Messenger (ltron), Ed Miller (Allegheny Power),
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Quinn (Delaware Natural Resources and Environmental Control), Bob Ramirez
(Itron),Eric Rundy (First Energy), Chris Siebens (First Energy), Charlie Smisson
(Delaware State Energy Office), Justin Spencer (Navigant Consulting), Bill
Steigelmann (Lockheed Martin), Mary Straub (Baltimore Gas & Electric), Steve
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( First Energy).
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INTRODUCTION

This Technical Reference Manual is the outcome of a project conducted for the
Regional Evaluation, Measurement and Verification Forum (‘the EMV Forum’)
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:

* Gross annual electric energy savings;

* Gross electric summer coincident peak demand savings;

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

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

* Incremental costs; and

* Measure lives.

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

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

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

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

The TRM is intended to be a flexible and living document. To that end, NEEP,
the project sponsors and the TRM authors all expect it 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:

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

e 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;

e 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

e To inform the potential development of national 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-
guidelines. It is important to note that because 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 residential 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, different
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.neep.org
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This section briefly identifies and describes the process used to develop the
TRM. In addition, it provides an overview of some of the considerations and
decisions involved in the development of estimates for the many parameters.
The development of this TRM required a balance of effectiveness,
functionality, and relevance with available sources and research costs.

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

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

Development of the TRM consisted of the following tasks:

Task 1: Prioritization/Measure Selection.

By design, this TRM focuses on priority prescriptive measures, due to a
combination of project resource constraints and the recognition that typically
10 - 20% of a portfolio of efficiency measures (such as CFLs, T8s or super-T8s,
some cooling measures, efficient water heaters) likely account for the large
majority (90% or more) of future savings claims from prescriptive measures
(i.e., those measures effectively characterized by 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 relevant criteria available from regulatory
filings and the region’s Program Administrators. Note that some of the
measures are variations on other measures (e.g. 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.neep.org
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Task 2: Development of Deemed Impacts.

Development of the contents of the TRM proceeds in two stages. The first
stage is research, analysis, and critical review of available information to
inform the range of assumptions considered for each parameter and each
measure included in the TRM. This is based on a comparative study of many
secondary sources including existing TRMs from other jurisdictions, local,
primary research and data, and information that was developed for the EMV
Forum Product “A2” (Common Methods Project).

The comparative analysis itself is not always as straightforward as it might
initially seem because the measures included in different jurisdictions’ TRMs
are sometimes a little different from each other - in efficiency levels
promoted, capacity levels considered, the design of program mechanisms for
promoting the measures and various other factors. 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
issues -are 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 criteria are used in the process of
reviewing the proposed assumptions and establishing consensus on the final
contents of the TRM:

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

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

. Transparency. The assumptions are considered by a variety of stakeholders
to be transparent - that 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.neep.org
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. 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 estimates 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 incorporated into the TRM in the future. This task
assumes that the process of updating and maintaining the TRM is related to but
distinct from processes for verification of annual savings claims by Program
Administrators. It further assumes that verification remains the responsibility
of individual organizations unlike the multi-sponsor, multi-jurisdictional TRM.
The development of these recommendations was based on the following
considerations:

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

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

e Expected timelines required to implement the TRM protocols.

e 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.

e Feasibility of merging or coordinating the Mid-Atlantic protocols with

those of other States, such as Pennsylvania, New Jersey or entire the
Northeast.

Task 4: Delivery of Draft and Final Product.

Northeast Energy Efficiency Partnerships 91 Hartwell Avenue Lexington, MA 02421  P: 781.860.9177 www.neep.org
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The final content of the TRM reflects the consensus approval of the results
from Task 2 as modified following a peer review. By design, the final version of
the TRM document is similar to other TRMs currently available, for ease of
comparison and update and potential merging with others in the future.

Use of the TRM

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

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

e The TRM clearly identifies whether the measure impacts pertain to “retrofit”,
“time of sale”,” or “early retirement” program designs.

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

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

2 In some jurisdictions, this is called “replace on burn-out”. We use the term “time of sale”
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 “actual” values. These are for illustrative purposes only.

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

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

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

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

e Wherever possible, savings estimates and other assumptions are based on mid-
Atlantic data. For example, data from a BG&E metering study of residential
central air conditioners was used to estimate both full load hours and system
peak coincidence factors. However, a number of assumptions - including
assumptions regarding peak coincidence factors - are based on New York
and/or New England sources. While this information is not perfectly
transferable, 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.?

e Users will note that the TRM presents engineering equations for most measures.
These were judged to be desirable because they convey information clearly and
transparently, and they are widely accepted in the industry. Unlike simulation
model results, they also provide flexibility and opportunity for users to
substitute locally specific information and to update some or all parameters as
they become available on an ad hoc basis. One limitation is that certain

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

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

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

e 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 portion of each measure code for each
measure described in this TRM includes the abbreviation of the program type for which
the characterization is intended:

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 programs, 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.

Efficient Case = The program’s level of building specification

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
equipment. A single baseline applies over the measure’s life.

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
(DI)

Definition: A program where measures are installed during a site visit.
Baseline = Existing equipment.

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

Example: Lighting and low-flow hot water measures

Going forward, the project sponsors can use this TRM, along with other Forum
products on common EM&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*

Unique Measure Code(s): RS_LT_TOS_CFLSCR_0414

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 an 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 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. Since this methodology requires a

> 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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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:

AkWh = ((CFLwatts * DeltaMultiplier) /1000) * ISR * HOURS *
(WHFeHeat + (WHFeCool - 1))

Where:

CFlLwatts = 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 25.1” 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 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. 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 61.2W and 15.5W
from RLW study referenced above) by the average 2014 “Delta Watts Multiplier” from table.
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Lumen Equivalence Method:

AkWh = ((WattsBase - WattsEg) /1000) * ISR * HOURS * (WHFeyeat +
(WHFeCool - 1))
Where:
WattsBase = Based on lumens 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
WattsEE = 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 0.88 (based on EmMPOWER Maryland 2011 Evaluation Report;
Chapter 5: Lighting and Appliances) and a lifetime ISR of 0.97 (from Nexus Market Research,
RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009”), and assuming 43% of the remaining 9% not installed in the first
year replace incandescents (24 out of 56 respondents not purchased as spares; Nexus Market
Research, RLW Analytics, October 2004; “Impact Evaluation of the Massachusetts, Rhode
Island, and Vermont 2003 Residential Lighting Programs”, table 6-7). ISR is therefore calculated
as 0.88 + (0.43%0.09) = 0.92. See MidAtlantic CFL Adjustments.xls for calculation.

' Assumption is based on the EMPOWER Maryland 2011 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 specifically for Direct Install installation (and persistence) rates is
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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™ 3.15 1,150
WHFecool = Waste Heat Factor for Energy to account for cooling

savings from reducing waste heat from efficient lighting.

Building with cooling

Building without 1.0
cooling or exterior

Unknown 1.09™

Megdal & Associates, 2003; “2002/2003 Impact Evaluation of LIPA's Clean Energy Initiative REAP
Program”, which estimated 81%.

" Based on Navigant Consulting “EmPOWER Maryland Draft Final Evaluation Report Evaluation
Year 4 (June 1, 2012 - May 31, 2013) Residential Lighting Program.” April 4, 2014, page 56.

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

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

" For programs where the installation location is unknown (e.g. upstream lighting programs)
the assumption is set conservatively to assume an interior residential bulb.

'S 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 * 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), 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 have central cooling (based on BGE Residential Energy Use Survey, Report of
Findings, December 2005; Mathew Greenwald & Associates).
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WHFepjeqt = Waste Heat Factor for Energy to account for electric
heating savings from reducing waste heat from efficient
lighting (if fossil fuel heating - see calculation of heating
penalty in that section).
=1 - ((HF / nHeat) * %ElecHeat)

If unknown assume 0.894"
HF = Heating Factor or percentage of light savings that must
be heated
= 47%'® for interior or unknown location
= 0% for exterior or unheated location
nHeat = Efficiency in COP of Heating equipment
= actual. If not available use”:
System Age of HSPF ’zggf‘,t
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%
%ElecHeat = Percentage of home with electric heat

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

"7 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.

"9 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.

20 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.
2" Based on KEMA baseline study for Maryland.
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ILllustrative examples - do not use as default assumption

Delta Watts Multiplier method:
A 13W CFL bulb purchased in 2014 in unknown location:
AkWh = ((13 *1.83)/1000) * 0.92 * 1100 * (0.894 + (1.09-1))

= 23.7 kWh
Lumen Equivalence Method:
A 13W, 780 lumen standard CFL bulb is purchased and installed in an unknown
location:

AKWh = ((43-13)/1000) * 0.92 * 1100 * (0.894 + (1.09-1))

=29.9 kWh

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

22 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 PJM 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

Illustrative examples - do not use as default assumption
Delta Watts Multiplier Method:
A 13W CFL bulb purchased in 2014:

AKW =((13*1.83) / 1000) *0.92 * 1.18 * 0.09

= 0.0023 kW
Lumen Equivalence Method:
A 13W, 780 lumen CFL bulb is purchased and installed in an unknown location:
AKW = ((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 homes heated with fossil fuel):

Delta Watts Multiplier Method:

AMMBtuPenalty?” = - ((((CFLwatts * DeltaMultiplier) / 1000) * ISR * Hours

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

24 Based on EmMPOWER Maryland 2011Evaluation Report; Chapter 5: Residential Lighting and
Appliances.

2 Consistent with “Lodging Common Area” coincidence factor in Commercial Screw base CFL
measure characterization, based on ‘Development of Interior Lighting Hours of Use and
Coincidence Factor Values for ENPOWER Maryland Commercial Lighting Program Evaluations,
Itron, 2010°.

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

Lumen Equivalence Method:

AMMBtuPenalty = - ((((WattsBase - WattsEg) / 1000) * ISR * Hours * HF *
0.003412) / nHeat) * %FossilHeat

Where:

HF = Heating Factor or percentage of light savings that
must be heated
= 47%% for interior or unknown location
= 0% for exterior or unheated location
0.003412 =Converts kWh to MMBtu
nHeat = Efficiency of heating system
=72%"
%FossilHeat = Percentage of home with non-electric heat
Electric 0%
Fossil Fuel 100%
Unknown 62.5%"

ILllustrative examples - do not use as default assumption
Delta Watts Multiplier Method:
A 13W CFL bulb purchased in 2014 in an unknown location:

AMMBtuPenalty = - (((13 * 1.83)/1000) * 0.92 * 1100 * 0.47 *
0.003412/0.72) * 0.625

= - 0.036 MMBtu

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

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

3% Based on KEMA baseline study for Maryland.
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Lumen Equivalence Method:
A 13W, 780 CFL lumen bulb is purchased and installed in an unknown location:

AMMBtuPenalty = - (((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
R 5.5

esidential interior and
in-unit Multi Family
Multi Family Common Areas 1.0

31 Based on incremental costs for 60W equivalent (dominant bulb) from “2010-2012 WA017 Ex
Ante Measure Cost Study Draft Report”, Itron, February 28, 2014.

% |bid. Based on 15W CFL,

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

34 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 “Welcome to the Dark Side: The Effect of Switching on CFL Measure Life” and is due to
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 Analytics, October 2004;
“Impact Evaluation of the Massachusetts, Rhode Island, and Vermont 2003 Residential Lighting
Programs”, table 6-4). Measure life is therefore calculated as (5.2 + (((0.57 * 0.09)/0.92) *5.2)
= 5.5 years.

Note, a 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. Therefore after 2014 the measure life will have to be reduced each year to
account for the number of years remaining to 2020.*
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Exterior 3.7°°
Unknown 5.5

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.xls). 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

3> Based proportionately on the residential assumption and the differing hours of use
(1100/5950 * 5.5 = 1.0).

% Ibid. (1100/1643 * 5.5 = 3.7)

37 Based on for 60W EISA equivalent (dominant bulb) from “2010-2012 WA017 Ex Ante Measure
Cost Study Draft Report”, Itron, February 28, 2014.

38 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 - the 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%. See ‘MidAtlantic CFL adjustments_032014’ for more information.
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baseline
Replacement

Costs
2014 on

21W+

$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 and less $6.41
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Specialty CFLs, Residential*

Unique Measure Code(s): RS_LT_TOS_SPECCFL_0414

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 types: 45 W (R20 and BR 19); 50W (R30, ER 30, BR 40, and ER
40); 65W (BR30, BR40, and ER 44)).

The mea