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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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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 PIJM’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.

Context

! 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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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 first generation of a document of this type 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/emyv-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 throughout the Mid-Atlantic region are in
the early stages of implementation of efficiency programs and only just
beginning to conduct significant new market research and evaluation studies.
As a result, there were less local data upon which to rely than is the case in
some other regions of the country. It will be important to update the TRM as
efficiency programs mature and more evaluation data becomes available. 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.
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Approach

This section briefly identifies and describes the process used to develop the
TRM. In addition, it provides an overview of some of the considerations and
decisions involved in the development of estimates for the many parameters.
The development of this TRM required a balance of effectiveness,
functionality, and relevance with available sources and research costs. It is
helpful to keep in mind that each measure characterization has numerous
components, including baseline consumption, annual energy savings, coincident
peak demand savings, useful life, and incremental cost. Many of those
components have a number of sub-components. 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 (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 was restricted to thirty 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 were 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. The final list of measures
included those likely to provide a significant contribution to the portfolios of
sponsors’ efficiency programs, plus some, such as heat pump water heaters,
that are expected to increase in importance. Note that some of the thirty
measures chosen were variations on other measures (e.g. two different
efficiency tiers for room air conditioners). Because gas measures were not
common to all sponsors, these were eliminated from the list of priority
measures, but there is consensus that gas measures should be included in a
future update. However 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
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@ REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 1.0 Page 8 of 118

heating fuel used (for example domestic hot water conservation measures),
appropriate MMBtu savings have been provided.

Task 2: Development of Deemed Impacts.

Development of the contents of the TRM proceeded in two stages. The first
stage was 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 was based on a comparative study of many
secondary sources including existing TRMs for New Jersey, New York,
Connecticut, Massachusetts and Vermont as well, as mentioned earlier, as
some information that was developed for the EMV Forum Product “A2”
(Common Methods Project).

The comparative analysis itself was 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 required calibration to common
underlying assumptions. Wherever possible, such underlying assumptions -
particularly for region-specific issues such as climate, codes and key baseline
issues - were derived from the mid-Atlantic region. In the end, the
comparative analysis documented the range of assumptions used in other
jurisdictions for each key measure parameter, the average value for those
jurisdictions and the reasons for the differences.

The second stage was 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 identified 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 were
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.
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. 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.

« 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. This included New Jersey,
Ontario, Vermont, and Ohio.

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.
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e Feasibility of merging or coordinating the Mid-Atlantic protocols with
those of other States, such as Pennsylvania, New Jersey or entire the
Northeast.

Task 4: Delivery of Draft and Final Product.

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

Use of the TRM

As noted above, The TRM is intended to serve as an important tool to support
rate-funded efficiency investments, both for planning 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:

o 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

2 |n 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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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.
Note that the TRM typically provides example calculations for measures
requiring “actual” values. These are for illustrative purposes only.

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

¢ 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.

¢ 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 in 2010.

o 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

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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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
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.

¢ When weather adjustments were needed in extrapolations, Baltimore weather
conditions were generally used as a proxy for the region. This decision was
made after comparing Baltimore, MD, Washington, D.C., Dover, DE and other
temperature and humidity indicators.

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

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. Future TRM updates may also
expand the parameters, measures or programs covered beyond those currently
included.

* They are captured only for lighting measures.
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RESIDENTIAL MARKET SECTOR

Lighting End Use
CFL Screw base, Retall - Residential

Unique Measure Code(s): RS LT _TOS CFLSCR _V1.0510

Effective Date: May 2010
End Date: December 31, 2011

Measure Description

A compact fluorescent light bulb (CFL) is purchased in retail and
installed in a residential location. The incremental cost of the CFL compared to
an incandescent light bulb is offset via either rebate coupons or via upstream
markdowns. Assumptions are based on a time of sale purchase, not as a retrofit
or direct install installation.

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

Definition of Efficient Condition
The efficient condition is the purchase and installation of a compact
fluorescent light bulb.
Annual Energy Savings Algorithm
AKWh = ((AWatts) /1000) * ISR * HOURS * WHFe
Where:

AWatts = Compact Fluorescent Watts (if known) * 2.95°
If Compact Fluorescent Watts is unknown use 45.7 °

> 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.

¢ RLW Analytics, New England Residential Lighting Markdown Impact Evaluation, January 20,
2009.
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ISR = In Service Rate or percentage of units rebated that get
installed. = 0.84”7
HOURS = Average hours of use per year

1011 (2.77 hrs per day)®

Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.

= 1.06°

WHFe

For example:
AkWh = ((45.7)/1000) * 0.84 * 1011 * 1.06

= 41 kWh

Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure
must be reduced after 2012. For measures installed in 2010, the full savings
(as calculated above in the Algorithm) should be claimed for the first two
years, and the adjusted savings claimed for the remainder of the measure life.
For measures installed in 2011, the adjustment should be made after one
year’s of full savings.

The appropriate adjustments are provided below for 2010 and 2011 (see
CFL baseline savings shift.xls for details on how adjustment is calculated):

Year Installed Savings Years of Full
Adjustment Savings Before
Adjustment

" VEIC estimate; Lower saturation rates expected for M.A. region increasing in-service rate over
mature markets.

® Waste heat factor for energy to account for cooling savings from efficient lighting. The value
is estimated at 1.06 (calculated as 1 + (0.34*(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC (http://lighting.bki.com/pubs/bé6_tab1.htm) and
assuming typical cooling system operating efficiency of 2.5 COP (accounting for distribution
losses, inadequate airflow etc). Assuming 34% of homes have central cooling (from EIA).
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2010 0.58 2
2011 0.50 1

Summer Coincident Peak kW Savings Algorithm

AKW = ((AWatts) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savingsgfrom efficient lighting
=1.14
CF = Summer Peak Coincidence Factor for measure
=0.11 "
For example:
AkW = ((45.7) / 1000) * 0.84 * 1.14 * 0.11
= 0.0048 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

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 $3.""

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

? Waste heat factor for demand to account for cooling savings from efficient lighting. The value
is estimated at 1.14 (calculated as 1 + (0.34 / 2.0)). Based on 2.0 COP cooling system efficiency

during peak hours, and 34% of homes having central cooling (from EIA).

"0 RESIDENTIAL LIGHTING MARKDOWN IMPACT EVALUATION, FINAL, January 20, 2009, Submitted
to: Markdown and Buydown Program Sponsors in Connecticut, Massachusetts, Rhode Island, and

Vermont. Submitted by: Nexus Market Research, Inc., RLW Analytics, Inc.

" Based on review of TRM assumptions for other States.

'2 Calculated using average rated life of compact fluorescent bulbs of 8000 hours, based on
average for Energy Star CFLs (http://www.energystar.gov/index.cfm?c=cfls.pr_crit_cfls).

Note, 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
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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 CFL baseline savings shift.xls). The key

assumptions used in this calculation are documented below:

Standard Efficient

Incandescent | Incandescent
Replacement Cost $0.50 $2.00
Component Life (years) 17 3"
(based on lamp life /
assumed annual run
hours)
Baseline % in 2009-2011 100% 0%
Baseline % in 2012 67% 33%
Baseline % in 2013 33% 67%
Baseline % in 2014 0% 100%
onward

For installations in 2010, the stream of replacement costs over the
lifetime of the measure results in a Net Present Value' of $4.24. This
computes to a levelized annual baseline replacement cost assumption of $0.75.

For installations in 2011, the Net Present Value of replacement costs is

$5.63, resulting in a levelized annual baseline replacement cost assumption of
$1.00.

essence making the CFL baseline. Therefore after 2012 the measure life will have to be
reduced each year to account for the number of years remaining to 2020.

'3 Assumes rated life of incandescent bulb of 1000 hours.

" VEIC best estimate of future technology.

15 Using a discount rate of 5.7% (as is used for Efficiency Vermont).
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Hardwired CFL Fixtures (Interior)

Unique Measure Code(s): RS LT _RTR_CFLFIN_V1.0510 and
RS LT _INS CFLIN_V1.0510

Effective Date: May 2010
End Date:

Measure Description

An ENERGY STAR lighting fixture wired for exclusive use with pin-based
compact fluorescent lamps is installed in an interior residential setting. This
measure could relate to either retrofit or new installation.

Definition of Baseline Condition
The baseline condition is a standard incandescent interior fixture.

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

Annual Energy Savings Algorithm

AkWh = ((AWatts) /1000) * ISR * HOURS * WHFe

Where:
AWatts = Compact Fluorescent Watts (if known) * 2.95 '
If Compact Fluorescent Watts is unknown use = 48.7
ISR = In Service Rate or percentage of units rebated that get

installed. =0.95 "8

'8 This is the same ratio as the CFL bulb, and is used for fixtures in the absence of better data
since the Nexus Market Research study only provided delta watts and did not specify
incandescent or CFL fixture wattages. 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.

' Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont
2003 Residential Lighting Programs”, Final Report, October 1, 2004, p. 43 (Table 4-9). This
value for delta watts is per fixture, not per lamp.
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HOURS = Average hours of use per year
= 912 (2.5 hrs per day)”
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
= 1.06 %

For example:
AkWh = ((48.7) / 1000) * 0.95 * 913 * 1.06

= 45 kWh

Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure
must be reduced after 2012. For measures installed in 2010, the full savings
(as calculated above in the Algorithm) should be claimed for the first two
years, and the adjusted savings claimed for the remainder of the measure life.
For measures installed in 2011, the adjustment should be made after one
year’s of full savings.

The appropriate adjustments are provided below for 2010 and 2011 (see
CFL baseline savings shift.xls for details on how adjustment is calculated):

Year Installed Savings Years of Full

'8 Consistent with Efficiency Vermont and CT Energy Efficiency Fund; based on Nexus Market
Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential
Lighting Programs”, Final Report, October 1, 2004, p. 42 (Table 4-7).

"9 Updated results from above study, presented in 2005 memo;
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodeli
vered.pdf

20 waste heat factor for energy to account for cooling savings from efficient lighting. The
value is estimated at 1.06 (calculated as 1 + (0.34%(0.45) / 2.5)). Based on 0.45 ASHRAE
Lighting waste heat cooling factor for Washington DC.
(http://lighting.bki.com/pubs/bé_tab1.htm) and assuming typical cooling system operating
efficiency of 2.5 COP (accounting for distribution losses, inadequate airflow etc). Assuming
34% of homes have central cooling (from EIA).
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Adjustment Savings Before
Adjustment
2010 0.74 2
2011 0.63 1

Summer Coincident Peak kW Savings Algorithm

AKW = ((AWatts) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.14%
CF = Sumn;zer Peak Coincidence Factor for measure
=0.11

For example:
AKW = (48.7 / 1000) * 0.95 * 1.14 * 0.11

= 0.0058 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for an interior fixture is assumed to be $1 5,23

Measure Life

2! Waste heat factor for demand to account for cooling savings from efficient lighting. The
value is estimated at 1.14 (calculated as 1 + (0.34 / 2.0)). Based on 2.0 COP cooling system
efficiency during peak hours, and 34% of homes having central cooling (from EIA).

22 RESIDENTIAL LIGHTING MARKDOWN IMPACT EVALUATION, FINAL, January 20, 2009, Submitted
to: Markdown and Buydown Program Sponsors in Connecticut, Massachusetts, Rhode Island, and
Vermont. Submitted by: Nexus Market Research, Inc., RLW Analytics, Inc.

2 Estimate based on review of TRM assumptions from other States.
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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,
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 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 CFL baseline savings shift.xls). The key
assumptions used in this calculation are documented below:

Baseline Efficient
Standard Efficient CFL
Incandescent | Incandescent
Replacement Cost $0.50 $2.00 $3.50
Component Life (years) 1% 3% 8
(based on lamp life /
assumed annual run
hours)
Baseline % in 2009-2011 100% 0%
Baseline % in 2012 67% 33%
Baseline % in 2013 33% 67%
Baseline % in 2014 0% 100%
onward

For installations in 2010, the difference in the stream of replacement
costs for the baseline and efficient case, over the lifetime of the measure,
results in a Net Present Value?’ of $2.89. This computes to a levelized annual
baseline replacement cost assumption of $0.42.

For installations in 2011, the difference in Net Present Value of
replacement costs is $2.32, resulting in a levelized annual baseline
replacement cost assumption of $0.37.

24 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 ) gives 20 years
for an interior fluorescent fixture.

2 Assumes rated life of incandescent bulb of 1000 hours (simplified to 1 year for calculation).
26 VEIC best estimate of future technology.

27 Using a discount rate of 5.7% (as is used for Efficiency Vermont).

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 1.0 Page 21 of 118

Hardwired CFL Fixtures (Exterior)

Unique Measure Code(s): RS LT _RTR_CFLFEX V1.0510 and
RS LT _INS _CFLFEX V1.0510

Effective Date: May 2010

End Date:

Measure Description

An ENERGY STAR lighting fixture wired 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.

Definition of Baseline Condition
The baseline condition is a standard incandescent exterior fixture.

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

Annual Energy Savings Algorithm

AKWh = ((AWatts) /1000) * ISR * HOURS

Where:
AWatts = Compact Fluorescent Watts (if known) * 2.95 %8
If Compact Fluorescent Watts is unknown use 94.7 »°
ISR = In Service Rate or percentage of units rebated that get
installed
=0.87 %

28 This is the same ratio as the CFL bulb, and is used for fixtures in the absence of better data
since the Nexus Market Research study only provided delta watts and did not specify
incandescent or CFL fixture wattages. 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.

2 Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont
2003 Residential Lighting Programs”, Final Report, October 1, 2004, p. 43 (Table 4-9). This
value for delta watts is per fixture, not per lamp.
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HOURS = Average hours of use per year
1643 (4.5 hrs per day)®'

For example:
AkWh

((94.7) / 1000) * 0.87 * 1643
= 135 kWh

Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure
must be reduced after 2012. For measures installed in 2010, the full savings
(as calculated above in the Algorithm) should be claimed for the first two
years, and the adjusted savings claimed for the remainder of the measure life.
For measures installed in 2011, the adjustment should be made after one
year’s of full savings.

The appropriate adjustments are provided below for 2010 and 2011 (see
CFL baseline savings shift.xls for details on how adjustment is calculated):

Year Installed Savings Years of Full
Adjustment Savings Before
Adjustment
2010 0.56 2
2011 0.56 1

Summer Coincident Peak kW Savings Algorithm

30 Consistent with Efficiency Vermont and CT Energy Efficiency Fund; based on Nexus Market
Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential
Lighting Programs”, Final Report, October 1, 2004, p. 42 (Table 4-7).

3" 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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AKW = ((AWatts) /1000) * ISR * CF

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

For example:
AKW = (94.7 / 1000) * 0.87 * 0.018

= 0.0015 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for an exterior fixture is assumed to be $20.%

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 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 CFL baseline savings shift.xls). The key
assumptions used in this calculation are documented below:

32 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
33 Estimate based on review of TRM assumptions from other States.

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 ) gives 15 years
for an exterior fluorescent fixture.
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Baseline Efficient
Standard Efficient CFL
Incandescent | Incandescent
Replacement Cost $0.50 $2.00 $3.50
Component Life (years) 0.5 1.5%° 5%
(based on lamp life /
assumed annual run
hours)
Baseline % in 2009-2011 100% 0%
Baseline % in 2012 67% 33%
Baseline % in 2013 33% 67%
Baseline % in 2014 0% 100%
onward

For installations in 2010, the difference in the stream of replacement
costs for the baseline and efficient case, over the lifetime of the measure,
results in a Net Present Value®® of $6.46. This computes to a levelized annual
baseline replacement cost assumption of $0.94.

For installations in 2011, the difference in Net Present Value of
replacement costs is $6.59, resulting in a levelized annual baseline
replacement cost assumption of $1.05.

3> Assumes rated life of incandescent bulb of 1000 hours (simplified to 0.5 for calculation).
36 VEIC best estimate of future technology.

37 Assumes rated life of 8000 hours (simplified to 5 years for calculation).

38 Using a discount rate of 5.7% (as is used for Efficiency Vermont).
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Refrigeration End Use
Refrigerator

Unique Measure Code(s): RS_RF_TOS_ REFRIG_V10.05
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the purchase and installation of a new
refrigerator meeting either ENERGY STAR or Consortium for Energy Efficiency
(CEE) TIER 2 specifications (defined as requiring >= 20% or >= 25% less energy
consumption than an equivalent unit meeting federal standard requirements
respectively). This is a time of sale measure characterization.

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

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

Annual Energy Savings Algorithm?®’
AKWh = KWhBASE - kWhES

Where:
kWhBASE = Annual energy consumption of baseline unit
= 585.4
kWhES = Annual energy consumption of ENERGY STAR unit
= 468.3
Or= Annual energy consumption of CEE Tier 2 unit
=439.1

AKWHENERGY STAR
=585.4 - 468.3

3% kWh assumptions for base and efficient condition are based on data compiled by Efficiency
Vermont that gives the average federal standard consumption for all units incentivized in their
program. ENERGY STAR standards are 20% better than Federal Standard; CEE Tier 2 is 25%
better.
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=117 kWh
AKWHCEE TiER 2
=585.4 - 439.1
= 146 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh / Hours * CF

Where:

Hours = Assumed average run time of refrigerator
= 5000 %

CF = Summer Peak Coincidence Factor for measure
=0.620 ¥

AKWENERGY STAR
= (117 / 5000) * 0.62
= 0.0145 kW

AKWEE TiER 2

(146 / 5000) * 0.62
= 0.018 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $95 for an
ENERGY STAR unit and $140 for a CEE Tier 2 unit.*

Measure Life
The measure life is assumed to be 17 Years.*

Operation and Maintenance Impacts
n/a

0 Assumption of run hours based on Efficiency Vermont TRM.

“1 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
“2 Based on Department of Energy, “TECHNICAL REPORT: Analysis of Amended Energy
Conservation Standards for Residential Refrigerator-Freezers”, October 2005.

4 Consistent with Efficiency Vermont and New Jersey TRMs.
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Refrigerator Early Retirement

Unique Measure Code(s): RS_RF_ERT_REFRIG_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure involves the removal of an existing inefficient
refrigerator* 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.

Definition of Baseline Condition
The existing refrigerator baseline efficiency is based upon evaluation of
a number of existing programs and evaluations.

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

Annual Energy Savings Algorithm

AkWh = ESav * NTG

Where:
ESav

Assumed Annual Energy Savings for Retired Refrigerator
1728 kWh *

* This measure assumes a mix of primary and secondary refrigerators will be replaced (and the
savings are reduced accordingly using the NTG factor). By definition, the refrigerator in a
household’s kitchen that satisfies the majority of the household’s demand for refrigeration is
the primary refrigerator. One or more additional refrigerators in the household that satisfy
supplemental needs for refrigeration are referred to as secondary refrigerators.
“ The average power consumption of units retired under similar recent programs:
a. Fort Collins Utilities, February 2005. Refrigerator and Freezer Recycling Program 2004
Evaluation Report.
b. Midwest Energy Efficiency Alliance, 2005. 2005 Missouri Energy Star Refrigerator Rebate
and Recycling Program Final Report.
c. Pacific Gas and Electric, 2007. PGE ARP 2006-2008 Climate Change Impacts Model.
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NTG = Net To Gross factor which includes adjustments to
account for a proportion of primary refrigerators being
replaced, those that weren't used at all or for only parts of
the year, and for those that would have been removed and
recycled without the program (i.e. freeriders).*
=0.55%

AkWh = 1728 * 0.55
=950 kWh
Summer Coincident Peak kW Savings Algorithm

AKW = AKkWh/Hours * CF

Where:
Hours = Assumed total annual hours refrigerator is running
= 5,000 *
CF = Summer Peak Coincidence Factor for measure
=0.682 %

d. Quantec, Aug 2005. Evaluation of the Utah Refrigerator and Freezer Recycling Program
(Draft Final Report).
e. CPUC DEER website,
http://eega.cpuc.ca.gov/deer/measure.asp?s=1&c=2&sc=7&m=389059
f. Snohomish PUD, February 2007. 2006 Refrigerator/Freezer Recycling Program
Evaluation.
g. Ontario Energy Board, 2006. Total Resource Cost Guide.
6 As stated, the Net To Gross (NTG) factor here includes adjustment for freeridership and is
the only measure in this TRM that includes this adjustment. It is however important to include
this NTG factor to adjust for non-freerider impacts and it was not possible to isolate and
remove the freerider adjustment.
“" The average net to gross ratios estimated for several recent programs. Note this NTG ratio
includes adjustment for Freerider and Spillover which has not been applied to any other
measures.
a. Fort Collins Utilities, February 2005. Refrigerator and Freezer Recycling Program 2004
Evaluation Report.
b. SCE, 2001. The Multi-Megawatt Refrigerator/Freezer Recycling Summer Initiative
Program Final Report.
c. Pacific Gas and Electric, 2007. PGE ARP 2006-2008 Climate Change Impacts Model
(spreadsheet).
d. Quantec, Aug 2005. Evaluation of the Utah Refrigerator and Freezer Recycling Program
(Draft Final Report).
e. Snohomish PUD, February 2007. 2006 Refrigerator/Freezer Recycling Program
Evaluation.
f. Ontario Energy Board, 2006. Total Resource Cost Guide.
“8 Efficiency Vermont TRM.
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AKW  =950/5000 * 0.682
=0.1296 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 actual 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

4 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
%0 KEMA “Residential refrigerator recycling ninth year retention study”, 2004.
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Heating Ventilation and Air Conditioning (HVAC) End Use

Central Furnace Efficient Fan Motor

Unique Measure Code(s): RS_HV_RTR_FANMTR_V1.0510 and
RS_HV_TOS_FANMTR_V1.0510

Effective Date: May 2010

End Date:

Measure Description

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

If a new unit is installed, the program should require that it meet
ENERGY STAR efficiency criteria in order to qualify for the incentive, 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 fan 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 '

Cooling Season kWh Savings from efficient fan motor = 178kWh 2

> The average heating savings from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by
New Furnaces: A Wisconsin Field Study”, Technical Report 230-1, October 2003, is 400kWh. 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).

%2 The average cooling savings from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by
New Furnaces: A Wisconsin Field Study”, Technical Report 230-1, October 2003, is 70 to
95kWh. An estimate for Mid-Atlantic is provided by multiplying by the ratio of full load cooling
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Summer Coincident Peak kW Savings Algorithm

AkWcooling = AKW * CF

Where:
AkW = Difference in connected load kW of baseline motor and
efficient fan motor
=0.163 "
CF = Sumngfr Peak Coincidence Factor for Central A/C
= 0.65

AkWcooling =0.163 * 0.65
= 0.1056 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $200.°°

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

Operation and Maintenance Impacts
n/a

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
oomAC.xls.

> The average delta watts power draw for a furnace with ECM compared to without is 162.5W,
from Scott Pigg (Energy Center of Wisconsin), “Electricity Use by New Furnaces: A Wisconsin
Field Study”, Technical Report 230-1, October 2003, p34.

> Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the maximum kW in the PJM defined peak period is 1.75 compared to
connected load of 3.1kW, therefore coincidence factor is 1.75/3.1 = 0.55. If you use the
average kW in the PJM peak period across all summer week days of 1.1kW, the coincidence
factor is 1.1/3.1 = 0.35.

> 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

Unique Measure Code(s): RS_HV_TOS RA/CES V1.0510 and
RS HV_TOS RA/CT1 V1.0510

Effective Date: May 2010

End Date:

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 TIER 1
minimum qualifying efficiency specifications presented below:

Product Class Federal Standard ENERGY STAR CEE TIER 1 (EER)
(Btu/hour) (EER) (EER)
8,000 to 13,999 >=9.8 >=10.8 >=11.3

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

Definition of Efficient Condition
The baseline condition is a window AC unit that meets either the
ENERGY STAR of CEE TIER 1 efficiency standards presented above.

Annual Energy Savings Algorithm

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

Where:
Hours = Run hours of Window AC unit
=325
Btu/hour = Average size of rebated unit
= 8500 *7

>® VEIC calculated the average ratio of FLH for Room AC (provided in RLW Report: Final Report
Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central
Cooling (provided by AHRI:
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls) at
31%. Applying this to the FLH for Central Cooling provided for Baltimore (1050) we get 325 FLH
for Room AC.
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EERbase = Effig};ency of baseline unit in Btus per Watt-hour
=9.8
EERee = Efficisegncy of ENERGY STAR unit in Btus per Watt-hour
= 10.8
Or= Efficiency of CEE Tier 1 unit
=11.3%
AKWHEengrGY sTAR
= (325 * 8500 * (1/9.8 - 1/10.8)) / 1000
=26 kWh
AKWHCcEE TiEr 1

= (325 * 8500 * (1/9.8 - 1/11.3)) / 1000
= 37 kKWh

Summer Coincident Peak kW Savings Algorithm

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

Where:
CF

Summer Peak Coincidence Factor for measure
= 0.56 %'

AKWENERGY STAR
= (8500 * (1/9.8 - 1/10.8)) / 1000 * 0.56

= 0.045 kW

AKW EE TiER 1
~ (8500 * (1/9.8 - 1/11.3)) / 1000 * 0.56
= 0.065 kW

Annual Fossil Fuel Savings Algorithm
n/a

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

%% Minimum Federal Standard for capacity range.

> Minimum qualifying for ENERGY STAR, or CEE Tier 1.

¢ Minimum qualifying for ENERGY STAR, or CEE Tier 1.

81 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23,
2008
(http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid
/117_RLW_CF%20Res%20RAC. pdf) and adjusted for the region based on BG&E “Development of
Residential Load Profiler for Central Air Conditioners and Heat Pumps.”
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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 TIER 1 unit.®?

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

Operation and Maintenance Impacts
n/a

62 Based on field study conducted by Efficiency Vermont.

63 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/C

Unique Measure Code(s): RS_HV_TOS CENA/C_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of a new Central Air Conditioning
ducted split system meeting ENERGY STAR efficiency standards presented
below. This measure could relate to the replacing of an existing unit or the
installation of a new system in an existing home (time of sale).

Efficiency Level SEER Rating EER Rating®*
Federal Standard 13 11
ENERGY STAR 14.5 12

Definition of Baseline Condition
The baseline condition is a central air conditioning ducted split system
that meets the minimum Federal standards.

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

Annual Energy Savings Algorithm

AKWH = (Hours * Btu/hour * (1/SEERbase - 1/SEERee))/1000

Where:
Hours = Full load cooling hours
Dependent on location as below:
Location Run Hours
Wilmington, DE 513 %

¢ SEER and EER refer to Seasonal Energy Efficiency Ratio and Energy Efficiency Ratio,
respectively.

8 Full Load Cooling Hours assumptions for Wilmington, DE and Washington, DC calculated by
multiplying BG&E’s full load hours determined for Baltimore (531 from the research referenced
below) by the ratio of full load hours in Wilmington, DE (1,015) or Washington, DC (1,320) to
Baltimore MD (1,050) from the ENERGY STAR calculator.
(http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls)
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Baltimore, MD 531°%¢
Washington, DC 668 *°
Btu/Hour = Size of equipment in Btu/hour (note 1 ton =
12,000Btu/hour)

= Actual installed
SEERbase = SEI:;I; Efficiency of baseline unit

=13
SEER Efficiency of ENERGY STAR unit
= Actual installed

SEERee

For example, a 3 ton unit with SEER rating of 14.5, in Baltimore:

AKWH = (531 * 36000 * (1/13 - 1/14.5)) / 1000

152 kWh

Summer Coincident Peak kW Savings Algorithm

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

Where:
EERbase = EEngEfficiency of baseline unit
=11
EERee = EER Efficiency of ENERGY STAR unit
= Actual installed
CF = Sumngger Peak Coincidence Factor for measure
=0.65

For example, a 3 ton unit with EER rating of 12:

AKW = (36000 * (1/11 -1/12)) / 1000 * 0.65

¢ Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research.

¢ Minimum Federal Standard.

68 Minimum Federal Standard.

% Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the maximum kW in the PJM defined peak period is 1.75 compared to
connected load of 3.1kW, therefore coincidence factor is 1.75/3.1 = 0.55. If you use the
average kW in the PJM peak period across all summer week days of 1.1kW, the coincidence
factor is 1.1/3.1 = 0.35.
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=0.18 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $550.”°

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

Operation and Maintenance Impacts
n/a

0 Based on

http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls.
" 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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Domestic Hot Water (DHW) End Use

Low Flow Shower Head

Unique Measure Code(s): RS_WT_INS_SHWRHD_V1.0510 and
RS_WT_TOS_SHWRHD_V1.0510

Effective Date: May 2010

End Date:

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.

Definition of Efficient Condition
The efficient condition is an energy efficient showerhead using 2.0 GPM.
Annual Energy Savings Algorithm
If electric domestic water heater:
AKWH = ((((GPMbase - GPMlow) / GPMbase) * # people * gals/day

* days/year) / SH/home * 8.3 * (TEMPsh - TEMPin) /
1,000,000) / DHW Recovery Efficiency / 0.003412

Where:
GPMbase = Gallgns Per Minute of baseline showerhead
=2.5
GPMlow = Gallgns Per Minute of low flow showerhead
=2.0
# people = Averc;ge number of people per household
=2.56

2 The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads at
2.5 gallons per minute (gpm).

73 Connecticut Energy Efficiency Fund; CL&P and Ul Program Savings Documentation for 2008
Program Year.
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gals/day i ,?;/eérgge gallons per day used for showering
days/y o = Days shower used per year
Showers/ homie j=6§\;6erage number of showers in the home
8.3 ; C.onstant to convert gallons to lbs

TEMPsh = Assu7n319d temperature of water used for shower
= 105
TEMPin = Ass%med temperature of water entering house
=55
DHW Recovery Efficiency = Recoggry efficiency of electric water heater

=0.98
0.003412 = Constant to convert MMBtu to kWh

AKWH = ((((2.5 - 2.0) / 2.5) *2.56 * 11.6 * 365) / 1.6 * 8.3 * (105-
55) / 1,000,000) / 0.98 / 0.003412

= 168 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/hours * CF
Where:

Hours = Average number of hours per year spent using shower
head

74 US Energy Information Administration, Residential Energy Consumption Survey;
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc3demographics/pdf/tablehc11
.3.pdf

> Most commonly quoted value of gallons of water used per person per day (including in U.S.
Environmental Protection Agency’s “water sense” documents;
http://www.epa.gov/watersense/docs/home_suppstat508. pdf)

7® 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 EFOOAAB94DB204E848BAE65F 1997p
url=/10185385-CEkZMk/native/

b. East Bay Municipal Utility District; "Water Conservation Market Penetration Study”
http://www.ebmud.com/sites/default/files/pdfs/market_penetration_study_0.pdf

7 A good approximation of annual average water main temperature is the average annual
ambient air temperature. 55 degrees used based on:
http://lwf.ncdc.noaa.gov/img/documentlibrary/clim81supp3/tempnormal_hires.jpg

78 Electric water heater have recovery efficiency of 98%:
http://www.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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= (Gal/person * # 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
= 0.003717

AKW =168 / 45 * 0.00371
= 0.0138 kW
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater:
AMMBtu = ((((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

AMMBtu (((2.5-2.0) /2.5)*2.56 *11.6 *365) / 1.6 * 8.3 *

(105-55) / 1,000,000) / 0.75
= 0.7497 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

7 Calculated as follows: Assume 9% showers take place during peak hours (based on:
http://www.aquacraft.com/Download_Reports/DISAGGREGATED-HOT_WATER_USE. pdf)

9% * 7.42 minutes per day (11.6 * 2.56 / 1.6 / 2.5 = 7.42) = 0.668 minutes

=0.668 / 180 (minutes in peak period) = 0.00371

8Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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All other variables As above

Water Savings = ((((2.5 - 2.0) / 2.5) * 2.56 * 11.6 * 365)) / 1.6 /
748

=1.81 CCF

Incremental Cost

As a retrofit measure, the incremental cost will be the actual cost of
installing the new showerhead. As a time of sale measure, the incremental cost
is assumed to be $6.%"

Measure Life
The measure life is assumed to be 5 years.®

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.

8 Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.
82 Conservative estimate based on review of TRM assumptions from other States.
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Faucet Aerators

Unique Measure Code(s): RS_WT_INS_FAUCET_V1.0510 and
RS WT_TOS FAUCET V1.0510

Effective Date: May 2010

End Date:

Measure Description

This measure relates to the installation of a low flow (1.5 GPM) faucet
aerator in a home. This could be a retrofit direct install measure or a new
installation.

Definition of Baseline Condition
The baseline is a standard faucet aerator using 2.2 GPM.

Definition of Efficient Condition

The efficient condition is an energy efficient faucet aerator using 1.5
GPM.

Annual Energy Savings Algorithm
If electric domestic water heater:
AKWH = (((((GPMbase - GPMlow) / GPMbase) * # people * gals/day

* days/year * DR) / (F/home)) * 8.3 * (TEMPft - TEMPin) /
1,000,000) / DHW Recovery Efficiency / 0.003412

Where:
GPMbase = Gallggns Per Minute of baseline faucet
=2.2
GPMlow = Gallgns Per Minute of low flow faucet
=1.5
# people = Avercge number of people per household
=2.56

8 |n 1998, the Department of Energy adopted a maximum flow rate standard of 2.2 gpm at 60
psi for all faucets: 63 Federal Register 13307; March 18, 1998.

8 Connecticut Energy Efficiency Fund; CL&P and Ul Program Savings Documentation for 2008
Program Year.
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gals/day i ,?(\)/egrcézmge gallons per day used by faucet
days/y ; Da.ys faucet used per year
DR : Iigfcentage of water flowing down drain (if water is

collected in a sink, a faucet aerator will not result in any
saved water)

= 50% ¥
F/home = Aveggge number of faucets in the home
=3.5
8.3 = Constant to convert gallons to lbs
TEMPft = Assg’med temperature of water used by faucet
= 80
TEMPin = Assgugmed temperature of water entering house
=55
DHW Recovery Efficiency = Recoggry efficiency of electric water heater

=0.98
0.003412 = Constant to converts MMBtu to kWh

AKWH = ((((2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5) / 3.5 * 8.3 *
(80-55) / 1,000,000) / 0.98 / 0.003412

=29 kWh
Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/hours * CF

Where:

8 US Energy Information Administration, Residential Energy Consumption Survey;
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc3demographics/pdf/tablehc11
.3.pdf

8 Most commonly quoted value of gallons of water used per person per day (including in U.S.
Environmental Protection Agency’s “water sense” documents;
http://www.epa.gov/watersense/docs/home_suppstat508. pdf)

8 Estimate consistent with Ontario Energy Board, "Measures and Assumptions for Demand Side
Management Planning.”

8 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

8 A good approximation of annual average water main temperature is the average annual
ambient air temperature. 55 degrees used based on:
http://lwf.ncdc.noaa.gov/img/documentlibrary/clim81supp3/tempnormal_hires.jpg

% Electric water heater have recovery efficiency of 98%:
http://www.ahrinet.org/ARI/util/showdoc.aspx?doc=576
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Hours = Average number of hours per year spent using faucet
(Gal/person * # 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

AKW =29 /22 *0.00262
= 0.0034 kW
Annual Fossil Fuel Savings Algorithm
If fossil fuel domestic water heater, MMBtu savings provided below:
AMMBtu = ((((GPMbase - GPMlow) / GPMbase) * # people *

gals/day * days/year * DR) / (F/home) * 8.3 * (TEMPft -
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

AMMBtu ((((2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5) / 3.5 *
1

8.3 * (80-55) / 1,000,000) / 0.75
= 0.128 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

%" 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

%2 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units
of 70-87%. Average of existing units is estimated at 75%.
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All other variables As above

Water Savings = (((2.2 - 1.5) / 2.2) * 2.56 * 10.9 * 365 * 0.5) / 3.5
/ 748

=0.619 CCF

Incremental Cost

As a retrofit measure, the incremental cost will be the actual cost of
installing the new aerator. As a time of sale measure, the incremental cost is
assumed to be $2.%

Measure Life
The measure life is assumed to be 5 years.**

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.

% Navigant Consulting, Ontario Energy Board, “Measures and Assumptions for Demand Side
Management (DSM) Planning”, April 2009.
% Conservative estimate based on review of TRM assumptions from other States.
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Domestic Hot Water Tank Wrap

Unique Measure Code(s): RS_WT_INS_ HWWRAP_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to a Tank Wrap or insulation “blanket” that is
wrapped around the outside of a hot water tank to reduce stand-by losses. This
measure applies only for homes that have an electric water heater that is not
already well insulated.

Definition of Baseline Condition

The baseline condition is a standard electric domestic hot water tank
without an additional tank wrap.
Definition of Efficient Condition

The efficient condition is the same standard electric domestic hot water
tank with an additional tank wrap.

Annual Energy Savings Algorithm

AKWH = KWHbase * ((EFnew - EFbase)/EFnew)

Where:
KWHbase = Average KWH consumption of electric domestic hot water
tank = 3460
EFnew = Assumed efficiency of electric tank with tank wrap
installed
=0.88 %

% Assumption taken from; Residential Water Heaters Technical Support Document for the
January 17, 2001, Final Rule

Table 9.3.9, p9-34,
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/09.pdf
Consistent with FEMP study; Field Testing of Pre-Production Prototype Residential Heat Pump
Water Heaters

http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf

% The Oak Ridge study predicted that wrapping a 40 gal water heater would increase Energy
Factor of a 0.86 electric DHW tank by 0.02 (to 0.88);
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EFbase = Assumed efficiency of electric tank without tank wrap
installed
=0.86

AKWH = 3460 * ((0.88-0.86)/0.88)

=79 kWh

Summer Coincident Peak kW Savings Algorithm
AKW = AkWh/8760

Where:
AkWh = kWh savings from tank wrap installation
8760 = Number of hours in a year (since savings are assumed to
be constant over year).

AKW =79 / 8760
= 0.0090 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 actual cost of
installing the tank wrap.

Measure Life
The measure life is assumed to be 5 years.”’

Operation and Maintenance Impacts
n/a

“Meeting the Challenge: The Prospect of Achieving 30 percent Energy Savings Through the
Weatherization Assistance Program” by the Oak Ridge National Laboratory - May 2002.
http://www.cee1.org/eval/db_pdf/309.pdf

%7 Conservative estimate that assumes the tank wrap is installed on an existing unit with 5 years
remaining life.
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Heat Pump Domestic Water Heater

Unique Measure Code(s): RS_ WT_TOS_HPRSHW_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of a Heat Pump domestic water
heater in place of a standard electric water heater in conditioned space. This is
a time of sale measure.

Definition of Baseline Condition
The baseline condition is a standard electric water heater.

Definition of Efficient Condition
The efficient condition is a heat pump water heater.

Annual Energy Savings Algorithm

AKWH = KWHbase * ((COPnew - COPbase)/COPnew) + KWHcooling
- KWHheating

Where:

KWHbase = Average electric DHW consumption
= 3460

COPnew = Coefficient of Performance (efficiency) of Heat Pump
water heater
=2.0"

COPbase = Coefficient of Performance (efficiency) of standard
electric water heater
= 0.904 '®

% Assumption taken from; Residential Water Heaters Technical Support Document for the
January 17, 2001, Final Rule

Table 9.3.9, p9-34,
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/09.pdf
Consistent with FEMP study; Field Testing of Pre-Production Prototype Residential Heat Pump
Water Heaters

http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf

% Efficiency based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_hea
ters/WaterHeaterDraftCriteriaAnalysis.pdf
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KWHcooling = Cooling savings from conversion of heat in home to water

heat
=61 101
KWHheating'” = Heating cost from conversion of heat in home to water
heat
KWHheating (electric resistance) = 1043
KWHheating (heat pump COP 2.0) =521
KWHheating (fossil fuel) =0
AKWH electric resistance heat = 3460 * ((2.0 - 0.904) / 2.0) + 61 - 1043
= 914 kWh
AKWH heat pump heat = 3460 * ((2.0 - 0.904) / 2.0) + 61 - 521
= 1436 kWh
AKWH fossil fuel heat = 3460 * ((2.0-0.904) / 2.0) + 61 -0
= 1957 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh / Hours * CF

Where:
Hours = Full load hours of water heater
= 2533 1%
CF = Summer Peak Coincidence Factor for measure
= 0.203 "%
AKW electric resistance heat
=914 / 2533 * 0.203
= 0.07 kW
AKW heat pump heat
= 1436 / 2533 * 0.203
100 As above

%' Cooling kWh= KWHbase * ((COPnew - COPbase)/COPnew)/8760 * 829 cooling hours (from
TMY Baltimore data) / SEER 10 / 3.412 BTU/Wh

'%2 Heating kWh= KWHbase * ((COPnew - COPbase)/COPnew)/8760 * 4818 cooling hours (from
TMY Baltimore data) / heating system efficiency

1% Full load hours assumption based on Efficiency Vermont loadshape, calculated from Itron
eShapes.

104 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Resultant coincident peak kW is consistent with result shown in FEMP study; Field Testing of
Pre-Production Prototype Residential Heat Pump Water Heaters
http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf
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=0.11 kW

AkW fossil fuel heat
= 3460 / 2533 * 0.203
=0.28 kW

Annual Fossil Fuel Savings Algorithm
AMMBtu -KWHheating (electric resistance) * .003412 /
AFUEheating'®

-1043 *.003412 / .80
-4.45 MMBTU'0¢

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $925.107
Measure Life

The measure life is assumed to be 10 years.'®

Operation and Maintenance Impacts
n/a

195 This is the additional energy consumption required to replace the heat removed from the
home during the heating season by the heat pump water heater. KWHheating (electric
resistance) is that additional heating energy for a home with electric resistance heat. This
formula converts the additional heating kWh for an electric resistance home to the MMBtu
required in a fossil fuel heated home.

106 Negative value because heating energy will increase due to this measure.

%7 Vermont Energy Investment Corporation “Residential Heat Pump Water Heaters: Energy
Efficiency Potential and Industry Status” November 2005.

'%Based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_hea
ters/WaterHeaterDraftCriteriaAnalysis.pdf
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Laundry End Use

Clothes Washer

Unique Measure Code(s): RS LA _TOS CWASHES V1.0510 and
RS_LA TOS_CWASHT3 V1.0510

Effective Date: May 2010

End Date:

Measure Description

This measure relates to the purchase (time of sale) and installation of a
clothes washer exceeding either the ENERGY STAR or CEE TIER 3 minimum
qualifying efficiency standards presented below:

Efficiency Level Modified Energy Factor Water Factor (WF)
(MEF)
Federal Standard >=1.26 No requirement
ENERGY STAR >=1.80 <=7.5
CEE TIER 3 >=2.20 <=4.5

The modified energy factor (MEF) measures energy consumption of the
total laundry cycle (washing and drying). It indicates how many cubic feet of
laundry can be washed and dried with one kWh of electricity; the higher the
number, the greater the efficiency.

The Water Factor is the number of gallons needed for each cubic foot of
laundry. A lower number indicates lower consumption and more efficient use of
water.

Definition of Baseline Condition
The baseline condition is a clothes washer at the minimum federal
baseline efficiency presented above.

Definition of Efficient Condition
The efficient condition is a clothes washer meeting either the ENERGY
STAR or CEE TIER 3 efficiency criteria presented above.

Annual Energy Savings Algorithm
Savings are determined using Modified Energy Factor assumptions,
applying the proportion of consumption used for water heating, clothes washer
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and clothes dryer operation and then to the mix of domestic hot water heating
fuels and dryer fuels. Savings from reduced water usage are also factored in.

For the full calculation see Clothes Washer Work Sheet, but the key
assumptions and their sources are provided below:

Washer Volume = 3.23 cubic feet %
Baseline MEF =1.26

ENERGY STAR MEF =1.80

CEE TIER 3 MEF =2.2

Number of cycles per year = 282 "°
% consumption for water heating, CW operation, Dryer operation
= 26%, 7%, 67% '
Water savings per load (ENERGY STAR)
= 17.8 gallons '"?
Water savings per load (CEE TIER 3)
= 24 gallons "2
kWh savings per CCF watersaved
= 12 kWh per 6.4 CCF '

Mid-Atlantic DHW fuel mix'™:

Fuel % of Homes
Electric 18%
Natural Gas 61%
Oil 17%
Propane 3%

Mid-Atlantic Dryer fuel mix:'"

19 Average unit size from Efficiency Vermont program.

"0 Weighted average of 2005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:
(http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc10homeappliaceindicators/pd
f/tablehc11.10.pdf)

" The Clothes Washer Technical Support Document, located at:
http://www.eere.energy.gov/buildings/appliance_standards/residential/clwash_0900_r.html
Energy and water savings estimates are located in Chapter 4, Engineering Analysis, Table 4.1,
Page 4-5
http://www.eere.energy.gov/buildings/appliance_standards/residential/pdfs/chapter_4_engin
eering.pdf

"2 Calculated using on ENERGY STAR calculator
(http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_co
de=CW)

"3 Efficiency Vermont assumption as negotiated with the Vermont Department of Public
Service.

14 2005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:
(http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc8waterheating/pdf/tablehct
1.8.pdf)
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Fuel % of Homes
Electric 61%
Natural Gas 39%
AKWHENERGY STAR =127 kWh

AkWHCEE TIER3 = 180 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh/Hours * CF

Where:
Hours = Assumed Run hours of Clothes Washer
=282
CF = Summer Peak Coincidence Factor for measure
=0.033 "7
AKWENERGY STAR =114/ 282 * 0.033
= 0.0137 kW
AKWCEE TiER 3 =180 / 282 * 0.033
=0.021 kW

Annual Fossil Fuel Savings Algorithm
For calculation see Clothes Washer Work Sheet. Savings are based on the
mix of domestic hot water heating fuels and Dryer fuels.

ENERGY STAR unit:
MMBtu Savings Natural Gas = 0.342 MMBtu
MMBtu Savings Oil = 0.041 MMBtu

'152005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic:
(http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc9homeappliance/pdf/tablehc
11.9.pdf)

"¢ Based on assumption of 1 hour average per cycle. # cycles based on weighted average of
2005 Residential Energy Consumption Survey (RECS) for Mid-Atlantic (see CW Work Sheet).
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc10homeappliaceindicators/pdf
/tablehc11.10.pdf

"7 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
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MMBtu Savings Propane = 0.008 MMBtu

CEE TIER 3 unit:
MMBtu Savings Natural Gas = 0.487 MMBtu
MMBtu Savings Oil 0.059 MMBtu
MMBtu Savings Propane = 0.012 MMBtu

Annual Water Savings Algorithm
For calculation see Clothes Washer Work Sheet.

ENERGY STAR unit:
Water Savings =6.72 CCF

CEE TIER 3 unit:
Water Savings =9.06 CCF

Incremental Cost

The incremental cost for this measure is assumed to be $250 for an

ENERGY STAR unit and $450 for a CEE TIER 3 unit.""®

Measure Life
The measure life is assumed to be 14 years.'"”

Operation and Maintenance Impacts
n/a

"8 survey conducted by Applied Proactive Technologies (APT), Springfield, MA.

"9 Efficiency Vermont TRM.
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Shell Savings End Use

Efficient Windows - Energy Star Time of sale

Unique Measure Code(s): RS_SL_TOS_WINDOW _V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure describes the purchase of Energy Star Windows (u-0.32;
SHGC-0.40 minimum requirement for North Central region) at natural time of
replacement or new construction outside of the Energy Star Homes program.
This does not relate to a window retrofit program. Measure characterization
assumes electric heat- either resistance or heat pump.

Definition of Baseline Condition
The baseline condition is a standard double pane window with vinyl sash,
(u- 0.49 SHGC-0.58).

Definition of Efficient Condition
The efficient condition is an ENERGY STAR window (u-0.32; SHGC-0.40
minimum requirement for North Central region).

Annual Energy Savings Algorithm %

Heating kWh Savings (Electric Resistance) = 356 kWh per 100 square feet
window area

Heating kWh Savings (Heat Pump COP 2.0) = 194 kWh per 100 square feet
window area

Cooling kWh Savings (SEER 10) = 205 kWh per 100 square feet
window area
Summer Coincident Peak kW Savings Algorithm

AkWcooling = AkKWREM * CF

120 Based on REMRate modeling of New Jersey baseline existing home moved to Baltimore
climate with electric furnace or air source heat pump HSPF 2.0, SEER 10 AC. Ducts installed in
un-conditioned basement. Duct leakage set at RESNET/HERS qualitative default.
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Where:
AKWREM = Delta kW calculated in REMRate model
= 0.12 kW per 100 square feet window area
CF = Sumrr11291r Peak Coincidence Factor for measure
= 0.65

AkWcooling =0.12 * 0.65
= 0.078 kW per 100 square feet of windows

Annual Fossil Fuel Savings Algorithm
n/a for homes with electric heat.

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $150 per 100
square feet of windows.'?

Measure Life
The measure life is assumed to be 25 years.'??

Operation and Maintenance Impacts
n/a

121 Based on BG&E “Development of Residential Load Profiler for Central Air Conditioners and
Heat Pumps” research, the maximum kW in the PJM defined peak period is 1.75 compared to
connected load of 3.1kW, therefore coincidence factor is 1.75/3.1 = 0.55. If you use the
average kW in the PJM peak period across all summer week days of 1.1kW, the coincidence
factor is 1.1/3.1 = 0.35.

122 Alliance to Save Energy Efficiency Windows Collaborative Report, December 2007.

'2 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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COMMERCIAL & INDUSTRIAL MARKET SECTOR

Lighting End Use
CFL - Screw base, Retail - Commercial

Unique Measure Code(s): CI_ LT _TOS CFLSCR_V1.0510
Effective Date: May 2010
End Date:

Measure Description

A compact fluorescent light bulb (CFL) is purchased in retail and
installed in a commercial location. The incremental cost of the CFL compared
to an incandescent light bulb is offset via either rebate coupons or via
upstream markdowns.

Definition of Baseline Condition

The baseline is the purchase and installation of an incandescent light
bulb.
Definition of Efficient Condition

The efficient condition is the purchase and installation of a compact
fluorescent light bulb.

Annual Energy Savings Algorithm

AkWh = (AWatts / 1000) x HOURS x ISR x WHFe

Where:
AWatts = Compact Fluorescent Watts (if known) * 2.95 %
s If Compact Fluorescent Watts is unknown use 48.7W
HOURS = Average hours of use per year

= 3,500 "%

124 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.

'25 Based on Efficiency Vermont analysis of CFLs rebated through Efficient Products Program.
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ISR = In Service Rate or percentage of units rebated that get
installed = 0.9 '
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.11"%8

For example:
AkWh = (48.7 / 1000) x 3,500 x 0.9 x 1.11

=170.3 kWh

Baseline Adjustment

In 2012, Federal legislation stemming from the Energy Independence and
Security Act of 2007 will require all general-purpose light bulbs between 40 and
100W to be approximately 30% more energy efficient than current incandescent
bulbs, in essence beginning the phase out of standard incandescent bulbs. In
2012 100W incandescents will no longer be manufactured, followed by
restrictions on 75W in 2013 and 60W in 2014. The baseline for this measure will
therefore become bulbs (improved incandescent or halogen) that meet the new
standard.

To account for these new standards, the annual savings for this measure
must be reduced after 2012. For measures installed in 2010, the full savings
(as calculated above in the Algorithm) should be claimed for the first two
years, and the adjusted savings claimed for the remainder of the measure life.
For measures installed in 2011, the adjustment should be made after one
year’s of full savings.

The appropriate adjustments are provided below for 2010 and 2011 (see
CFL baseline savings shift.xls for details on how adjustment is calculated):

126 Efficiency Vermont TRM assumption of average daily usage of 9.6 hours and consistent with
table provided by “Impact Evaluation of Orange & Rockland’s Small Commercial Lighting
Program”, 1993.

'27 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.

'28 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
Survey 2003 data) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).
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Year Installed Savings Years of Full
Adjustment Savings Before
Adjustment
2010 0.76 2
2011 0.70 1

Summer Coincident Peak kW Savings Algorithm

AKW = (AWatts /1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21"%
CF = Summer Peak Coincidence Factor for measure
=0.694 °

For example:
AKW = (48.7 / 1000) * 0.9 * 1.21 * 0.694

= 0.04 kW

Note: The savings adjustment due to the shifting baseline documented above
should be applied to the peak kW savings assumed in the later years.

Annual Fossil Fuel Savings Algorithm
AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
Where:

0.7 = Aspect ratio ™'
0.003413 = Constant to convert kWh to MMBTU

129 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

130 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

31 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.
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0.23 = Fraction of lighting heat that contributes to space
heating
0.75 = Assumed heating system efficiency '

For example:

AMMBTU =(170.3 /1.11) * 0.7 * 0.003413 * 0.23 / 0.75

= 0.11 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $6.13’4

Measure Life
The measure life is assumed to be 3.4 years.'®

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 CFL baseline savings shift.xls). The key
assumptions used in this calculation are documented below:

Standard Efficient

Incandescent | Incandescent
Replacement Cost $0.50 $2.00
Component Life (years) 0.29'° 177
(based on lamp life /
assumed annual run
hours)
Baseline % in 2009-2011 100% 0%
Baseline % in 2012 67% 33%

132 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

133 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

134 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

135 Conservative assumption based on a typical equipment lifetime of 12,000 hours and average
daily usage of 9.6 hours.

136 Assumes rated life of incandescent bulb of 1000 hours and assumes 3,500 run hours.

37 VEIC best estimate of future technology.
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Baseline % in 2013 33% 67%
Baseline % in 2014 0% 100%
onward

For installations in 2010, the stream of replacement costs over the
lifetime of the measure results in a Net Present Value'® of $5.21. This
computes to a levelized annual baseline replacement cost assumption of $2.38.
For installations in 2011, the Net Present Value of replacement costs is $5.40,
resulting in a levelized annual baseline replacement cost assumption of $2.47.

138 Using a discount rate of 5.7% (as is used for Efficiency Vermont).
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High Performance T8 Lighting

Unique Measure Code(s): CI_LT_TOS _HPT8 V1.0510 and
Cl_LT_RTR_HPT8_V1.0510

Effective Date: May 2010

End Date:

Measure Description

This measure promotes the installation of High-Performance T8 (HPT8)
lamp/ballast systems that have higher lumens per watt than standard T8
systems. This results in lamp/ballast systems that produce equal or greater
light than standard T8 systems, while using fewer watts. The Consortium for
Energy Efficiency (CEE) maintains specifications and a list for qualifying High
Performance T8 lamps and ballasts. The list is updated frequently and is
available at http://www.ceel.org/com/com-lt/com-Ilt-main.php3. For lost
opportunity scenarios (i.e. time of replacement) this measures assumes that a
HPT8 fixture is installed instead of a standard performance T8 fixture. For
retrofit situations, it is assumed that the lamp(s) and ballast(s) in an existing
T12 fixture are replaced with qualifying HPT8 components.

Definition of Baseline Condition

The baseline condition is assumed to be the existing lighting fixture in
retrofit applications. For lost-opportunity applications, the baseline condition
will vary depending upon the specific characteristics of the fixtures installed
(e.g. number of lamps) and any applicable codes and standards in the region.
For illustrative purposes the following baseline conditions are assumed:

Lost-opportunity: a 3-lamp standard performance F32 T8 fixture with
electronic ballast with an input wattage of 89W.

Retrofit: a 3-lamp F34 T12 fixture with magnetic ballast with an input
wattage of 136W.

Definition of Efficient Condition

The efficient conditions for the lost-opportunity and retrofit applications
are a qualifying High Performance T8 fixture and lamp/ballast combination,
respectively. For illustrative purposes the following high efficiency conditions
for the corresponding baselines are assumed:

Lost-opportunity: a 3-lamp High Performance T8 fixture with electronic
ballast with an input wattage of 72W.

Retrofit: relamp / reballast with qualifying lamps and ballast with
resulting fixture input wattage of 72W.
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Annual Energy Savings Algorithm

AKWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe

Where:
WattsBASE = Connected load of baseline fixture
Or = Connected load of existing fixture

WattsEE = Connected load of HPTS8 fixture

HOURS = Assumed run time of fixture (see table “Interior Lighting

Operating Hours by Building Type” below)

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 ™*

WHFe = Waste Heat Factor for Energy to account for cooling

savings from efficient lighting.
=1.11™

For example (assuming an office installation):

Lost opportunity:
AkWh = ((89 - 72) / 1000) * 3,435 * 0.98 * 1.11

= 63.5 kWh per fixture

Retrofit:
AkWh = ((136 - 72) / 1000) * 3,435 *0.98 * 1.11

= 239.1 kWh per fixture

Interior Lighting Operating Hours by Building Type'’

Building Type Annual Hours
Office 3,435
Restaurant 4,156

139 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.

'“0 waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
Survey 2003 data) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

! From Impact Evaluation of Orange & Rockland’s Small Commercial Lighting Program, 1993.
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Retail 3,068
Grocery/Supermarket 4,612
Warehouse 2,388
Elemen./Second. School 2,080
College 5,010
Health 3,392
Hospital 4,532
Hotel/Motel 2,697
Manufacturing 3,500
Other/Misc. 2,278

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) / 1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21™
CF = Summer Peak Coincidence Factor for measure
=0.694

For example (assuming an office installation):

Lost opportunity:
AKW = ((89-72) / 1000) * 0.98 * 1.21 * 0.694

= 0.014 kW per fixture

Retrofit:
AKW = ((136 - 72) / 1000) * 0.98 * 1.21 * 0.694

= 0.053 kW per fixture

2 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

'3 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
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Annual Fossil Fuel Savings Algorithm

AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
= (AKWh * 0.00066)

Where:

0.7 = Aspect ratio "

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating '

0.75 = Assumed heating system efficiency '

Annual Water Savings Algorithm
n/a

Incremental Cost

Incremental costs will vary by specific equipment installed. The
incremental costs for the example measures are assumed to be $25 for lost
opportunity and $60 for retrofit. '’

Measure Life
The measure life is assumed to be 15 years.'®

Operation and Maintenance Impacts

Due to differences in costs and lifetimes of replacement lamps and
ballasts between the efficient and baseline cases, there are significant
operation and maintenance impacts associated with this measure. Actual
operation and maintenance costs will vary by specific equipment
installed/replaced. For the selected examples:

Lost opportunity:  $-0.40 / year'

“ HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zone heat, therefore it must be adjusted to account for lighting in core zones.

%> Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

'“6 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

'“7 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

'“® 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>

' Negative value indicates cost increase.
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Retrofit: $2.50 / year™®

150 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
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T5 Lighting

Unique Measure Code(s): CI_LT_TOS T5 V1.0510 and
CI_LT RTR_T5 V1.0510

Effective Date: May 2010

End Date:

Measure Description
This measure describes the installation of high-bay T5 lamp/ballast
systems.

Definition of Baseline Condition
The baseline condition is a metal-halide fixture.

Definition of Efficient Condition
The efficient condition is a four Lamp T5 High Output fixture.
Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe

Where:

WattsBASE = Actual Connected load of baseline fixture

WattsEE = Actual Connected load of Metal Halide fixture

HOURS = Assumed run time of fixture
= 5,913 7’

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 ™*

WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.11"3

> Annual operating hours assumption for Manufacturing facility; Efficiency Vermont Technical
Reference Manual 2009-55_RevA, 2009.

152 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.

153 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
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For example, a 240W T5 fixture installed in place of a 455W metal-halide:
AKWh = ((455 - 240) / 1000) * 5913 * 0.98 * 1.11

= 1382.9 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21"™
CF = Summer Peak Coincidence Factor for measure
=0.933

For example:
AKW = ((455 - 240) / 1000) * 0.98 * 1.21 * 0.933

= 0.24 kW
Annual Fossil Fuel Savings Algorithm
AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
Where:

0.7 = Aspect ratio
0.003413 = Constant to convert kWh to MMBTU

Survey 2003 data) with 2.5 C.0O.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

>4 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floor space in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

155 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

156 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.
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0.23 = Fraction of lighting heat that contributes to space
heating ™’

0.75 = Assumed heating system efficiency '

For example:
AMMBTU =(1382.9 / 1.11) * 0.7 * 0.003413 * 0.23 / 0.75

=0.91 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $300.159

Measure Life
The measure life is assumed to be 15 years.'®°

Operation and Maintenance Impacts
n/a

'>7 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

58 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

'>9 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

160 ‘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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Pulse-Start Metal Halide fixture - interior

Unique Measure Code(s): CI_LT_TOS_MHFIN_V1.0510 and
CI_LT _RTR_MHFIN_V1.0510

Effective Date: May 2010

End Date:

Measure Description
This measure documents the electricity impacts for the installation of a
high efficiency pulse-start metal halide fixture in an interior space.

Definition of Baseline Condition
The baseline condition is a mercury vapor fixture. For illustrative
purposes, a 205W mercury vapor fixture (~175W lamp wattage) is assumed.

Definition of Efficient Condition
The efficient condition is a pulse-start metal halide fixture. For

illustrative purposes, an 118W pulse-start metal halide fixture (~100W lamp
wattage) is assumed.

Annual Energy Savings Algorithm

AkWh = (WattsBASE - WattsEE) / 1000 x HOURS x ISR x WHFe

Where:

WattsBASE = Connected load of baseline fixture
= 205W

WattsEE = Connected load of Metal Halide fixture
= 118W

HOURS = Assumed run time of fixture (see table “Interior Lighting
Operating Hours by Building Type” below)

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 ™'

WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.11 "%

16 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.
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Interior Lighting Operating Hours by Building Type’®

Building Type Annual Hours
Office 3,435
Restaurant 4,156
Retail 3,068
Grocery/Supermarket 4,612
Warehouse 2,388
Elemen./Second. School 2,080
College 5,010
Health 3,392
Hospital 4,532
Hotel/Motel 2,697
Manufacturing 3,500
Other/Misc. 2,278

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21"%
CF = Summer Peak Coincidence Factor for measure
=0.933'%

162 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
Survey 2003 data) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

'3 From Impact Evaluation of Orange & Rockland’s Small Commercial Lighting Program, 1993.
164 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

165 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
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For example:
AKW = ((205-118) / 1000) * 0.98 * 1.21 * 0.933

=0.10 kW

Annual Fossil Fuel Savings Algorithm

AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
Where:

0.7 = Aspect ratio %

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating "¢

0.75 = Assumed heating system efficiency '

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $37.5.'%

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

Operation and Maintenance Impacts
n/a

166 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

'¢7 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

'68 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

169 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

'70 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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Pulse Start Metal Halide - exterior

Unique Measure Code(s): CI_LT_TOS MHFEX V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of a pulse start metal halide in
place of a standard metal halide in an exterior setting. This could relate to a
time of replacement or retrofit situation.

Definition of Baseline Condition
The baseline condition is defined as a standard metal halide.

Definition of Efficient Condition
The efficient condition is defined as a pulse start metal halide.

Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of pulse start metal halide fixture
HOURS = Assumed run time of fixture
=3,338""
ISR = In Service Rate or percentage of units rebated that get

installed = 0.98 "
For example, a 365W pulse start metal halide fixture is installed in place of a
455W standard metal halide:
AkWh = ((455 - 365) / 1000) * 5913 * 0.98

= 294.4 kWh

7! Efficiency Vermont Technical Reference Manual 2009-55, December 2008; based on 5 years
of metering on 235 outdoor circuits in New Jersey.

'72 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.
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Summer Coincident Peak kW Savings Algorithm
AKW = ((WattsBASE - WattsEE) /1000) x ISR x CF
Where:
CF = Summer Peak Coincidence Factor for measure

=0.037 '3

For example:
AKW = ((455 - 365) / 1000) * 0.98 * 0.037

= 0.003 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $37.50."4

Measure Life
The measure life is assumed to be 15 years.'”

Operation and Maintenance Impacts
n/a

'73 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
174 |ls

Ibid.
'7> *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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High Pressure Sodium

Unique Measure Code(s): CI_LT_TOS_SODIUM_V1.0510 and
CI_LT_RTR_SODIUM _V1.0510

Effective Date: May 2010

End Date:

Measure Description
This measure relates to the installation of a High Pressure Sodium fixture
in an exterior location.

Definition of Baseline Condition
The baseline condition is a quartz halogen lamp.

Definition of Efficient Condition
The efficient condition is a high-pressure sodium lamp.

Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of HPTS fixture
HOURS = Assumed run time of fixture
= 3,338
ISR = In Service Rate or percentage of units rebated that get

installed = 0.98 "7
For example, a 90W high pressure sodium lamp installed in place of a 200W
quartz halogen lamp:
AkWh = ((200 - 90) / 1000) * 3338 * 0.98
= 359.8 kWh

Summer Coincident Peak kW Savings Algorithm

176 Efficiency Vermont Technical Reference Manual 2009-55, December 2008; based on 5 years
of metering on 235 outdoor circuits in New Jersey.

77 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.
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AKW = ((WattsBASE - WattsEE) /1000) x ISR x CF

Where:
CF = Summer Peak Coincidence Factor for measure
= 0.0374 7

For example:
AKW = ((200 - 90) / 1000) * 0.98 * 0.0374

= 0.0040 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $30.179

Measure Life
The measure life is assumed to be 15 years.'®

Operation and Maintenance Impacts
n/a

'78 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
179 :

Ibid.
180 ‘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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LED EXxit Sign

Unique Measure Code(s): CI_LT_RTR_LEDEXI_V1.0510
Effective Date: May 2010
End Date:

Measure Description
This measure relates to the installation of an exit sign illuminated with
light emitting diodes (LED).

Definition of Baseline Condition

The baseline condition is an exit sign with a non-LED light-source. For
illustrative purposes, an exit sign using an incandescent lamp is assumed.
Definition of Efficient Condition

The efficient condition is an exit sign illuminated with light emitting
diodes (LED).

Annual Energy Savings Algorithm

AKWh = ((WattsBASE - WattsEE) / 1000) x HOURS x ISR x WHFe

Where:

WattsBASE = Actual Connected load of baseline exit sign

WattsEE = Actual Connected load of LED exit sign

HOURS = Assumed run time of fixture
= 8760 ®'

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 '

WHFe = Waste Heat Factor for Energy to account for cooling

savings from efficient lighting.
=1.11"8

'8! Assumes operation 24 hours per day, 365 days per year.

'82 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.

183 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
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For example a 5W LED lamp in place of a 40W incandescent:
AkWh = ((40 - 5) / 1000) * 8760 * 0.98 * 1.11

= 333.5 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = (WattsBASE - WattsEE) / 1000 x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21"%
CF = Summeer Peak Coincidence Factor for measure
=1.0

For example:
AKW = ((40 - 5) / 1000) *0.98 * 1.21 * 1.0

= 0.04 kW
Annual Fossil Fuel Savings Algorithm
AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
Where:

0.7 = Aspect ratio %
0.003413 = Constant to convert kWh to MMBTU

Survey 2003 data) with 2.5 C.0O.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

184 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

185 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

'8 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.
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0.23 = Fraction of lighting heat that contributes to space
heating '

0.75 = Assumed heating system efficiency "%

For example:
AMMBTU =(333.5/1.11) * 0.7 * 0.003413 * 0.23 / 0.75
= 0.22 MMBtu

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $25.189

Measure Life
The measure life is assumed to be 13 years. '

Operation and Maintenance Impacts
n/a

'87 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

'8 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

'8 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.

19 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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Delamping

Unique Measure Code(s): CI_LT_ERT_DELAMP_V1.0510
Effective Date: May 2010
End Date:

Measure Description

The baseline conditions will vary dependent upon the characteristics of
the existing fixture. For illustrative purposes, a baseline three lamp 4ft T8
Fixture with input wattage of 89W is assumed.

Definition of Efficient Condition

The efficient condition will vary depending on the existing fixture and
the number of lamps removed. For illustrative purposes, a two lamp 4ft T8
Fixture on a three lamp ballast (67W) is assumed.
Annual Energy Savings Algorithm

AkWh = ((WattsBASE - WattsEE) / 1000) x HOURS x WHFe

Where:
WattsBASE = Actual Connected load of baseline fixture
WattsEE = Actual Connected load of delamped fixture
HOURS = Assumed run time of fixture (see table “Interior Lighting
Operating Hours by Building Type” below)
WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.11"
Interior Lighting Operating Hours by Building Type'*
Building Type Annual Hours
Office 3,435
Restaurant 4,156
Retail 3,068

91 Waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
Survey 2003 data) with 2.5 C.0.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

92 From Impact Evaluation of Orange & Rockland’s Small Commercial Lighting Program, 1993.
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Grocery/Supermarket 4,612
Warehouse 2,388
Elemen./Second. School 2,080
College 5,010
Health 3,392
Hospital 4,532
Hotel/Motel 2,697
Manufacturing 3,500
Other/Misc. 2,278

Summer Coincident Peak kW Savings Algorithm

AKW = ((WattsBASE - WattsEE) /1000) x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21"
CF = Summer Peak Coincidence Factor for measure
= 0.694 ™

For example, one lamp of a three lamp 4ft T8 Fixture (89W) is removed
(leaving 67W):

AkW = ((89 - 67) / 1000) * 0.98 * 1.21 * 0.694
=0.018 kW
Annual Fossil Fuel Savings Algorithm
AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75

Where:
0.7 = Aspect ratio '’

193 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63*(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

194 Efficiency Vermont Technical Reference Manual 2009-55, December 2008.
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0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating "%
0.75 = Assumed heating system efficiency '’

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $10.8 per
fixture.'?®

Measure Life
The measure life is assumed to be 15 years. '’

Operation and Maintenance Impacts
Delamping reduces the number of periodic lamp replacements required,
saving $1.25/year.

195 HVAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

19 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

%7 Typical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

198 Assumes delamping a single fixture requires 15 minutes of a common building laborer's time
in Washington D.C.; Adapted from RSMeans Electrical Cost Data 2008.

"% 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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Occupancy Sensor - Wall box

Unique Measure Code(s): CI_LT_TOS_OSWALL_V1.0510
Effective Date: May 2010
End Date:

Measure Description

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

Definition of Baseline Condition
The baseline condition is lighting that is not controlled with an
occupancy sensor.

Definition of Efficient Condition
The efficient condition is lighting that is controlled with an occupancy
sensor.

Annual Energy Savings Algorithm
AkWh = kWconnected x HOURS x SVG x ISR x WHFe

Where:

kWconnected= Assumed kW lighting load connected to control.

HOURS = Assumed run time of fixture before control (see table
“Interior Lighting Operating Hours by Building Type”
below)

SVG = Percentage of annual lighting energy saved by lighting
control; determined on a site-specific basis or using
default below.
=0.3 200

ISR = In Service Rate or percentage of units rebated that get
installed = 0.98 °'

200 Quantum Consulting, Inc., for Pacific Gas & Electric Company, Evaluation of Pacific Gas &
Electric Company’s 1997 Commercial Energy Efficiency Incentives Program: Lighting
Technologies, March 1, 1999.

201 Based on the in-service rate negotiated between Efficiency Vermont and the Vermont
Department of Public Service; Mid-Atlantic specific value should be determined with
subsequent evaluations.
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WHFe = Waste Heat Factor for Energy to account for cooling
savings from efficient lighting.
=1.11 2%

Interior Lighting Operating Hours by Building Type?”

Building Type Annual Hours
Office 3,435
Restaurant 4,156
Retail 3,068
Grocery/Supermarket 4,612
Warehouse 2,388
Elemen./Second. School 2,080
College 5,010
Health 3,392
Hospital 4,532
Hotel/Motel 2,697
Manufacturing 3,500
Other/Misc. 2,278

Summer Coincident Peak kW Savings Algorithm

AKW = kWconnected x SVG x ISR x WHFd x CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling
savings from efficient lighting
=1.21%%
CF = Summer Peak Coincidence Factor for measure
= 0.694 2%

202 waste heat factor to account for cooling energy savings from efficient lighting. For a cooled
space, the value is 1.11 (calculated as 1 + (0.63%(0.45) / 2.5)). Based on 0.45 ASHRAE Lighting
waste heat cooling factor for Washington DC and estimate that 63% of commercial floorspace in
the Mid-Atlantic region is cooled (derived from Commercial Buildings Energy Consumption
Survey 2003 data) with 2.5 C.0O.P. typical cooling system efficiency (methodology adopted from
ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).

203 From Impact Evaluation of Orange & Rockland’s Small Commercial Lighting Program, 1993.
204 Waste heat factor to account for cooling demand savings from efficient lighting. For a
cooled space, the value is 1.21 (calculated as 1 + (0.63%(0.85) / 2.5)). Based on 2.5 COP cooling
system efficiency, estimate that 63% of commercial floorspace in the Mid-Atlantic region is
cooled (derived from Commercial Buildings Energy Consumption Survey 2003 data), and 85% of
lighting heat that needs to be mechanically cooled at time of summer peak (methodology
adopted from ASHRAE Journal, Calculating Lighting and HVAC Interactions, 1993).
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For example a 35W connected load being controlled:
AKW =0.35%0.3*0.98 *1.21 * 0.694

=0.09 kW

Annual Fossil Fuel Savings Algorithm

AMMBTU = (AkWh / WHFe) x 0.70 x 0.003413 x 0.23 / 0.75
Where:

0.7 = Aspect ratio %%

0.003413 = Constant to convert kWh to MMBTU

0.23 = Fraction of lighting heat that contributes to space
heating %7

0.75 = Assumed heating system efficiency %%

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $55.2%
Measure Life

The measure life is assumed to be 10 years.?™

Operation and Maintenance Impacts
n/a

205 Ffficiency Vermont Technical Reference Manual 2009-55, December 2008.

206 HYAC-Lighting interaction impacts adapted from 1993 ASHRAE Journal: Calculating Lighting
and HVAC Interactions. Typical aspect ratio for perimeter zones. Heating factor applies to
perimeter zoneheat, therefore it must be adjusted to account for lighting in core zones.

27 Fraction of lighting heat that contributes to space heating. Based on 0.23 factor for
Washington DC (from 1993 ASHRAE Journal: Calculating Lighting and HVAC Interactions).

208 Tynical heating system efficiency of 75%, consistent with current federal standards for fossil
fuel-fired systems.

299 Ffficiency Vermont Technical Reference Manual 2009-55, December 2008.

210 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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Heating Ventilation and Air Conditioning (HVAC) End Use

High Efficiency Unitary AC - Existing

Unique Measure Code(s): CI_HV_TOS_UNIA/C_V1.0510
Effective Date: May 2010

End Date:

Measure Description
This measure documents savings associated with the installation of new
split or packaged unitary air conditioning systems meeting defined efficiency

criteria.

Definition of Baseline Condition
The baseline condition is a split or packaged unitary air conditioning
system meeting minimum efficiency standards as presented in the 2009
International Energy Conservation Code (IECC 2009) (see table “Baseline and
Efficient Efficiency Levels by Unit Capacity” below).

Definition of Efficient Condition
The efficient condition is a split or packaged unitary air conditioning
system meeting minimum Consortium for Energy Efficiency (CEE) Tier 1
efficiency standards as defined below (see table “Baseline and Efficient
Efficiency Levels by Unit Capacity” below).

Baseline and Efficient Efficiency Levels by Unit Capacity

Baseline Condition

Efficiency Condition

Equipment Type | Size Category Sub-Category (IECC 2009) (CEE Tier 1)
. 13.0 SEER 14.0 SEER
Split System
<65,000 Btu/h 12.0 EER
Single Package 13.0 SEER 14.0 SEER
11.6 EER
Air Conditioners, >65,000 Btu/h Split System and 11.0 EER 11.5 EER
Air Cooled and < 135,000 Siqgle Package 11.9 IPLV
. >135,000 Btw/h | Split System and 10.8 EER 11.5 EER
(Cooling Mode) | i 740,000 |  Single Package 11.9 IPLV
>240,000 Btu/h | Split System and 9.8 EER 10.5 EER
and <760,000 Single Package 9.5 IPLV 10.9 IPLV
Split System and 9.5 EER 9.7 EER
2760,000 Bru/h Single Package 9.2 IPLV 11.0 IPLV

Annual Energy Savings Algorithm
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For units with capacities less than 65,000 Btu/h, the energy savings are
calculated using the Seasonal Energy Efficiency Ratio (SEER) as follows:

AKWh = (Btu/hour/1000) x [(1/SEERBASE - 1/SEEREE)] x HOURS

For units with capacities greater than or equal to 65,000 Btu/h, the energy
savings are calculated using the Energy Efficiency Ratio (EER) as follows:

AkWh = (Btu/hour/1000) x [(1/EERBASE - 1/EEREE)] x HOURS

Where:
Btu/hour = Size of equipment in Btu/hour
= Actual Installed
SEEREE = SEER Efficiency of efficient unit

= Actual Installed
SEERBASE = SEER Efficiency of baseline unit
= Based on IECC 2009 for the installed capacity. See table

above.
EEREE = EER Efficiency of efficient unit
= Actual Installed
EERBASE = EER Efficiency of baseline unit
= Based on IECC 2009 for the installed capacity. See table
above.
HOURS = Full load cooling hours

= 800 (default) *"
For example, a 5 ton unit with SEER rating of 14.0:
AkWh = (60,000/1000) * (1/13 - 1/14) * 800
= 263.7 kWh
Summer Coincident Peak kW Savings Algorithm
AkW = (Btu/hour/1000) x [(1/EERBASE - 1/EEREE)] x CF

Where:
EERbase = EER Efficiency of baseline unit

21" BG&E Development of Commercial Load Profiler for Central Air Conditioners and Heat
Pumps, Version 2. 3/2/10; 848 full load cooling hours, reduced to 800 hours as a conservative
estimate.
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= Based on IECC 2009 for the installed capacity. See table

above.
EERee = EER Efficiency of efficient unit
= Actual installed
CF = Summer Peak Coincidence Factor for measure
= 0.808 *"*

For example, a 5 ton unit with EER rating of 12:%'3
AkKW = (60,000/1000) * (1/10.8 - 1/12) * 0.808
= 0.45 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost

The incremental cost for this measure is assumed to be $100 per ton for
units with capacities less than 65,000 Btu/h and $120 per ton for units with
capacities greater than or equal to 65,000 Btu/h.?"

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

Operation and Maintenance Impacts
n/a

212 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours.

213 Assumes baseline unit with 13 SEER converted to EER using the following estimate: EER =
SEER/1.2

214 Based on personal communication with VT equipment distributors and a review of Cost
Values and Summary Documentation for 2008 Database for Energy-Efficient Resources,
California Public Utilities Commission.

215 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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Motors and Drives End Use

Premium Efficiency Motors

Unique Measure Code(s): CI_MO_TOS_EMOTOR_V1.0510
Effective Date: May 2010
End Date: 12/9/2010

Measure Description

This measure relates to the installation of premium efficiency three
phase Open Drip Proof (ODP) and Totally Enclosed Fan-Cooled (TEFC) motors
less than or equal to 200 HP, meeting minimum qualifying efficiency for the
following HVAC applications: supply fans, return fans, exhaust fans, chilled
water pumps, and boiler feed water pumps. On December 9, 2010, new federal
efficiency standards will take effect requiring motors in this size category to
meet National Electric Manufacturers Association (NEMA) premium efficiency
levels. Therefore, this measure should be suspended at that time.

Definition of Baseline Condition

The baseline condition is a standard motor that meets the minimum
efficiency allowed under the Federal Energy Policy Act of 1992 (EPACT 92) that
went into effect October 1997.

Definition of Efficient Condition
The efficient condition is a NEMA Premium labeled motor.

Annual Energy Savings Algorithm
AKkWh = HP x 0.746 x ((1/nBASE)-(1/nEE)) x LF x HOURS

Where:

HP = Motor Horse Power
= Actual installed

NBASE = Efficiency of baseline motor. Based on EPACT 92 for
installed HP (see table “Baseline Motor Efficiencies”
below)

nEE = Efficiency of premium efficiency motor (see table
“Efficient Motor Efficiencies” below)
= Actual installed

LF = Load factor of motor
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= Annual motor run hours (see table “Motor Operating

Hours by Application and Building Type” below)

Baseline Motor Efficiencies (EPACT 92)

Open Drip Proof (ODP) Totally Enclosed Fan-Cooled
(TEFC)
# of Poles # of Poles
6 | 4 | 2 6 | 4 | 2

_ Speed (RPM) Speed (RPM
Size HP [ 1200 [ 1800 | 3600 1200 1800 3600
1 80.0% | 82.5% | 75.5% 80.0% 82.5% 75.5%
1.5 84.0% | 84.0% | 82.5% 85.5% 84.0% 82.5%
2 85.5% | 84.0% | 84.0% 86.5% 84.0% 84.0%
3 86.5% | 86.5% | 84.0% 87.5% 87.5% 85.5%
5 87.5% | 87.5% | 85.5% 87.5% 87.5% 87.5%
7.5 88.5% | 88.5% | 87.5% 89.5% 89.5% 88.5%
10 90.2% | 89.5% | 88.5% 89.5% 89.5% 89.5%
15 90.2% | 91.0% | 89.5% 90.2% 91.0% 90.2%
20 91.0% | 91.0% | 90.2% 90.2% 91.0% 90.2%
25 91.7% | 91.7% | 91.0% 91.7% 92.4% 91.0%
30 92.4% | 92.4% | 91.0% 91.7% 92.4% 91.0%
40 93.0% | 93.0% | 91.7% 93.0% 93.0% 91.7%
50 93.0% | 93.0% | 92.4% 93.0% 93.0% 92.4%
60 93.6% | 93.6% | 93.0% 93.6% 93.6% 93.0%
75 93.6% | 94.1% | 93.0% 93.6% 94.1% 93.0%
100 94.1% | 94.1% | 93.0% 94.1% 94.5% 93.6%
125 94.1% | 94.5% | 93.6% 94.1% 94.5% 94.5%
150 94.5% | 95.0% | 93.6% 95.0% 95.0% 94.5%
200 94.5% | 95.0% | 94.5% 95.0% 95.0% 95.0%

Efficient Motor Efficiencies (NEMA Premium)
Open Drip Proof (ODP) Totally Enclosed Fan-Cooled
(TEFC)
# of Poles # of Poles
2 | 4 | 6 2 | 4 | 6

_ Speed (RPM) Speed (RPM
Size HP [ 1200 [ 1800 | 3600 1200 1800 3600
1 82.5% 85.5 77.0 82.5% 85.5% 77.0%

216 California Public Utility Commission, Database for Energy Efficiency Resources, 2005.
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1.5 86.5% | 86.5% | 84.0% 87.5% 86.5% 84.0%
2 87.5% | 86.5% | 85.5% 88.5% 86.5% 85.5%
3 88.5% | 89.5% | 85.5% 89.5% 89.5% 86.5%
5 89.5% | 89.5% | 86.5% 89.5% 89.5% 88.5%

7.5 90.2% | 91.0% | 88.5% 91.0% 91.7% 89.5%
10 91.7% | 91.7% | 89.5% 91.0% 91.7% 90.2%
15 91.7% | 93.0% | 90.2% 91.7% 92.4% 91.0%
20 92.4% | 93.0% | 91.0% 91.7% 93.0% 91.0%
25 93.0% | 93.6% | 91.7% 93.0% 93.6% 91.7%
30 93.6% | 94.1% | 91.7% 93.0% 93.6% 91.7%
40 94.1% | 94.1% | 92.4% 94.1% 94.1% 92.4%
50 94.1% | 94.5% | 93.0% 94.1% 94.5% 93.0%
60 94.5% | 95.0% | 93.6% 94.5% 95.0% 93.6%
75 94.5% | 95.0% | 93.6% 94.5% 95.4% 93.6%

100 95.0% | 95.4% | 93.6% 95.0% 95.4% 94.1%

125 95.0% | 95.4% | 94.1% 95.0% 95.4% 95.0%

150 95.4% | 95.8% | 94.1% 95.8% 95.8% 95.0%

200 95.4% | 95.8% | 95.0% 95.8% 96.2% 95.4%

Motor Operating Hours by Application and Building Type®!’

Chilled
Fan Motor Water Heating

Facility Type Hours Pumps Pumps
Auto Related 4,056 1,878 6,000
Bakery 2,854 1,445 6,000
Banks, Financial Centers 3,748 1,767 6,000
Church 1,955 1,121 6,000
College - Cafeteria 6,376 2,713 6,000
College -

Classes/Administrative 2,586 1,348 6,000
College - Dormitory 3,066 1,521 6,000
Commercial Condos 4,055 1,877 6,000
Convenience Stores 6,376 2,713 6,000
Convention Center 1,954 1,121 6,000
Court House 3,748 1,767 6,000
Dining: Bar Lounge/Leisure 4,182 1,923 6,000
Dining: Cafeteria / Fast Food 6,456 2,742 6,000
Dining: Family 4,182 1,923 6,000
Entertainment 1,952 1,120 6,000
Exercise Center 5,836 2,518 6,000
Fast Food Restaurants 6,376 2,713 6,000
Fire Station (Unmanned) 1,953 1,121 6,000

217Ul and CL&P Program Savings Documentation for 2009 Program Year, October 2008.
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Food Stores 4,055 1,877 6,000
Gymnasium 2,586 1,348 6,000
Hospitals 7,674 3,180 6,000
Hospitals / Health Care 7,666 3,177 6,000
Industrial - 1 Shift 2,857 1,446 6,000
Industrial - 2 Shift 4,730 2,120 6,000
Industrial - 3 Shift 6,631 2,805 6,000
Laundromats 4,056 1,878 6,000
Library 3,748 1,767 6,000
Light Manufacturers 2,857 1,446 6,000
Lodging (Hotels/Motels) 3,064 1,521 6,000
Mall Concourse 4,833 2,157 6,000
Manufacturing Facility 2,857 1,446 6,000
Medical Offices 3,748 1,767 6,000
Motion Picture Theatre 1,954 1,121 6,000
Multi-Family (Common Areas) 7,665 3,177 6,000
Museum 3,748 1,767 6,000
Nursing Homes 5,840 2,520 6,000
Office (General Office Types) 3,748 1,767 6,000
Office/Retail 3,748 1,767 6,000
Parking Garages & Lots 4,368 1,990 6,000
Penitentiary 5,477 2,389 6,000
Performing Arts Theatre 2,586 1,348 6,000
Police / Fire Stations (24 Hr) 7,665 3,177 6,000
Post Office 3,748 1,767 6,000
Pump Stations 1,949 1,119 6,000
Refrigerated Warehouse 2,602 1,354 6,000
Religious Building 1,955 1,121 6,000
Residential (Except Nursing

Homes) 3,066 1,521 6,000
Restaurants 4,182 1,923 6,000
Retail 4,057 1,878 6,000
School / University 2,187 1,205 6,000
Schools (Jr./Sr. High) 2,187 1,205 6,000
Schools

(Preschool/Elementary) 2,187 1,205 6,000
Schools

(Technical/Vocational) 2,187 1,205 6,000
Small Services 3,750 1,768 6,000
Sports Arena 1,954 1,121 6,000
Town Hall 3,748 1,767 6,000
Transportation 6,456 2,742 6,000
Warehouse (Not Refrigerated) 2,602 1,354 6,000
Waste Water Treatment Plant 6,631 2,805 6,000
Workshop 3,750 1,768 6,000
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Summer Coincident Peak kW Savings Algorithm
AKW =HP x 0.746 x ((1/nBASE)-(1/nEE)) x LF x CF

Where:
CF = Summer Peak Coincidence Factor for measure
= 0.555 %'

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure varies by motor size. See table
“Efficient Motor Incremental Costs” below.

Efficient Motor Incremental Costs?'®

Open Drip- | Totally
Proof (ODP) | Enclosed Fan-
Size Cooled (TEFC)
HP | Incremental | Incremental
Cost Cost
1 $52 $52
1.5 $60 $60
2 S61 S61
3 $54 $54
5 $63 $63
7.5 $123 $123
10 $116 $116
15 $115 $115
20 $115 $115
25 $201 $201
30 $231 $231
40 $249 $249

218 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours

219 MotorUp! Program Evaluation and Market Assessment, Pages 2-8, Prepared for NEEP Motors
Initiative Working Group, Prepared by Xenergy, September 6, 2001.
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50 $273 $273

60 $431 $431

75 $554 $554

100 $658 $658

125 $841 $841

150 $908 $908

200 $964 $964

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

Operation and Maintenance Impacts
n/a

220 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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Variable Frequency Drive (VFD)

Unique Measure Code(s): CI_MO_TOS_VFDRIVE_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure defines savings associated with installing a Variable
Frequency Drive on a motor of 10 HP or less for the following HVAC
applications: supply fans, return fans, exhaust fans, chilled water pumps, and
boiler feedwater pumps. The fan or pump speed will be controlled to maintain
the desired system pressure. The application must have a load that varies and
proper controls (Two -way valves, VAV boxes) must be installed.

Definition of Baseline Condition
The baseline condition is a motor, 10HP or less, without a VFD control.

Definition of Efficient Condition
The efficient condition is a motor, 10HP or less, with a VFD control.

Annual Energy Savings Algorithm

AkWh = HP / nBASE x HOURS x ESF

Where:

HP = Motor Horse Power
= Actual controlled motor horse power

nBASE = Efficiency of baseline motor
= Actual efficiency

HOURS = Annual hours of operation (see table “VFD Operating
Hours by Application and Building Type” below)

ESF = Energy Savings Factor (see table “Energy and Demand

Savings Factors” below)

For example, a 10HP motor with VFD used on supply fan application in an office
(assume 90% motor efficiency and constant volume baseline control):

AkWh =10 /0.9 * 3748 * 0.535

= 22,280 kWh
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VFD Operating Hours by Application and Building Type®*

Chilled
Fan Motor Water Heating

Facility Type Hours Pumps Pumps
Auto Related 4,056 1,878 6,000
Bakery 2,854 1,445 6,000
Banks, Financial Centers 3,748 1,767 6,000
Church 1,955 1,121 6,000
College - Cafeteria 6,376 2,713 6,000
College -

Classes/Administrative 2,586 1,348 6,000
College - Dormitory 3,066 1,521 6,000
Commercial Condos 4,055 1,877 6,000
Convenience Stores 6,376 2,713 6,000
Convention Center 1,954 1,121 6,000
Court House 3,748 1,767 6,000
Dining: Bar Lounge/Leisure 4,182 1,923 6,000
Dining: Cafeteria / Fast Food 6,456 2,742 6,000
Dining: Family 4,182 1,923 6,000
Entertainment 1,952 1,120 6,000
Exercise Center 5,836 2,518 6,000
Fast Food Restaurants 6,376 2,713 6,000
Fire Station (Unmanned) 1,953 1,121 6,000
Food Stores 4,055 1,877 6,000
Gymnasium 2,586 1,348 6,000
Hospitals 7,674 3,180 6,000
Hospitals / Health Care 7,666 3,177 6,000
Industrial - 1 Shift 2,857 1,446 6,000
Industrial - 2 Shift 4,730 2,120 6,000
Industrial - 3 Shift 6,631 2,805 6,000
Laundromats 4,056 1,878 6,000
Library 3,748 1,767 6,000
Light Manufacturers 2,857 1,446 6,000
Lodging (Hotels/Motels) 3,064 1,521 6,000
Mall Concourse 4,833 2,157 6,000
Manufacturing Facility 2,857 1,446 6,000
Medical Offices 3,748 1,767 6,000
Motion Picture Theatre 1,954 1,121 6,000
Multi-Family (Common Areas) 7,665 3,177 6,000
Museum 3,748 1,767 6,000
Nursing Homes 5,840 2,520 6,000
Office (General Office Types) 3,748 1,767 6,000
Office/Retail 3,748 1,767 6,000
Parking Garages & Lots 4,368 1,990 6,000

221 ] and CL&P Program Savings Documentation for 2009 Program Year, October 2008.
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Penitentiary 5,477 2,389 6,000
Performing Arts Theatre 2,586 1,348 6,000
Police / Fire Stations (24 Hr) 7,665 3,177 6,000
Post Office 3,748 1,767 6,000
Pump Stations 1,949 1,119 6,000
Refrigerated Warehouse 2,602 1,354 6,000
Religious Building 1,955 1,121 6,000
Residential (Except Nursing
Homes) 3,066 1,521 6,000
Restaurants 4,182 1,923 6,000
Retail 4,057 1,878 6,000
School / University 2,187 1,205 6,000
Schools (Jr./Sr. High) 2,187 1,205 6,000
Schools
(Preschool/Elementary) 2,187 1,205 6,000
Schools
(Technical/Vocational) 2,187 1,205 6,000
Small Services 3,750 1,768 6,000
Sports Arena 1,954 1,121 6,000
Town Hall 3,748 1,767 6,000
Transportation 6,456 2,742 6,000
Warehouse (Not Refrigerated) 2,602 1,354 6,000
Waste Water Treatment Plant 6,631 2,805 6,000
Workshop 3,750 1,768 6,000

Energy and Demand Savings Factors®?

HVAC Fan VFD Savings Factors
Baseline ESF DSF
Constant Volume 0.535 | 0.348
AF/BI 0.354 | 0.260
AF/BI IGV 0.227 | 0.130
FC 0.179 | 0.136
FC IGV 0.092 | 0.029

HVAC Pump VFD Savings Factors
System ESF DSF
Chilled Water Pump 0.433 | 0.299
Hot Water Pump 0.482 | 0.000

AF/BI = Air foil / backward incline
AF/BI IGV = AF/BI Inlet guide vanes
FC = Forward curved

FC IGV = FC Inlet guide vanes

222 | and CL&P Program Saving Documentation for 2009 Program Year; energy and demand
savings constants were derived using a temperature BIN spreadsheet and typical heating,
cooling and fan load profiles.
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Summer Coincident Peak kW Savings Algorithm

AKW = (HP / nBASE) x DSF x CF

Where:
DSF = Demand Savings Factor (see table “Energy and Demand
Savings Factors” above)
CF = Summer Peak Coincidence Factor for measure

= 0.55 (pumps) and 0.28 (fans) **

For example, a 10HP motor with VFD used on supply fan application in an office
(assume 90% motor efficiency and constant volume baseline control):

AKW = (10 / 0.9) * 0.348 * 0.28
= 1.08 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure varies by controlled motor hp. See
table “VFD Incremental Costs” below.

VED Incremental Costs?%*
HP Fan Pump
5 $920 $1,710
7.5 $1,310 $2,100
10 $1,320 $2,150

Measure Life
The measure life is assumed to be 15 years for HVAC applications.??

22 ] and CL&P Program Saving Documentation for 2009 Program Year, Table 1.1.1; HVAC -
Variable Frequency Drives - Pumps.

224 | and CL&P Program Savings Documentation for 2009 Program Year, October 2008.

225 Ffficiency Vermont Technical Reference Manual 2009-55, December 2008.
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Operation and Maintenance Impacts
n/a
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Refrigeration End Use
Efficient Freezer

Unique Measure Code(s): CI_RF_TOS_FREEZER V1.0510
Effective Date: May 2010
End Date:

Measure Description
This measure describes the installation of a high-efficiency packaged
commercial reach-in freezer, typically used by foodservice establishments.

Definition of Baseline Condition
The baseline condition is a standard-efficiency packaged commercial
reach-in freezer.

Definition of Efficient Condition
The efficient condition is a high-efficiency packaged commercial reach-
in freezer.

Annual Energy Savings Algorithm
AkWh = (kWhBASEdailymax - kWhEEdailymax) x 365

Where:
kWhBASEdailymax %% = 0.40V+1.38 (solid door)
= 0.75V+4.10 (glass door)

kWhEEdailymax %

Solid Door Cabinets:
0<V<15: <=0.250V+1.250
15<=V<30: <=0.400V-1.000
30<=V<50: <=0.163V+6.125
50<=V: <=(0.158V+6.333

Glass Door Cabinets:

226 Nadel, S. Packaged Commercial Refrigeration Equipment: A Briefing Report for Program
Planners and Implementers, ACEEE, 12/2002.

227 High Efficiency Specifications for Commercial Refrigerators and Freezers, Consortium for
Energy Efficiency, 1/1/2010.
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0<V<15: <=0.607V+0.893
15<=V<30: <=0.733V-1.000

30<=V<50: <=0.250+13.5000
50<=V: <=0.450V+3.500

Chest Configuration:
Solid or Glass Door Cabinets:
<=0.270V+0.130

V = Association of Home Appliances Manufacturers (AHAM)
volume

For example, for a 50 ft? solid door refrigeration unit:
AkWh = ((0.4*50+1.38)-(0.158*50+6.333))*365

= 2608.7 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = (AkWh/HOURS) x CF

Where:
HOURS = Full load hours
= 5858 %%
CF = Summer Peak Coincidence Factor for measure
=0.772 %

For example, for a 50 ft? solid door refrigeration unit:
AKW = (2608.7 / 5858) * 0.772
= 0.34 kW

Annual Fossil Fuel Savings Algorithm
n/a

228 Efficiency Vermont Estimate, Derived from Washington Electric Coop data by West Hill
Energy Consultants.

229 Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
Combined with full load hour assumptions used for efficiency measures to account for diversity
of equipment usage within the peak period hours.
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Annual Water Savings Algorithm
n/a

Incremental Cost 2*°

The incremental cost for this measure is assumed to be:

0<V<=32: $150

32<V<=60: $200

60<=V<80: $250.

Measure Life
The measure life is assumed to be 9 years.?'

Operation and Maintenance Impacts
n/a

20 Nadel, S. Packaged Commercial Refrigeration Equipment: A Briefing Report for Program

Planners and Implementers, ACEEE, 12/2002.

21 Energy Savings Potential for Commercial Refrigeration Equipment, Arthur D. Little, Inc.,

1996.
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Hot Water End Use

C&l Heat Pump HW

Unique Measure Code(s): CI_WT_TOS_HPCIHW_V1.0510
Effective Date: May 2010
End Date:

Measure Description

This measure relates to the installation of a Heat Pump water heater in
place of a standard electric water heater. This measure could relate to either a
retrofit or a new installation.

Definition of Baseline Condition
The baseline condition is a standard electric water heater.

Definition of Efficient Condition
The efficient condition is a heat pump water heater.

Annual Energy Savings Algorithm

AKWH = (kBtu_req / 3.413) * ((1/COPbase) - (1/COPee))

Where:
kBtu_req (Office) = Requirze;g annual heating output of office (kBtu)
= 6,059
kBtu_req (School) = Require;c313annual heating output of school (kBtu)
=22,191
3.413 = Conversion factor from kBtu to kWh

22 Assumes an office with 25 employees; According to 2003 ASHRAE Handbook: HVAC
Applications, Office typically uses 1.0 gal/person per day.

Assumes an 80F temperature rise based on a typical hot water holding tank temperature
setpoint of 140F and 60F supply water. Actual supply water temperature will vary by season
and source.

Water heating requirement equation adopted from FEMP Federal Technology Alert: Commercial
Heat Pump Water Heater, 2000.

23 Assumes an elementary school with 300 students; According to 2003 ASHRAE Handbook:
HVAC Applications, Elementary School typically uses 0.6 gal/person per day of operation.
Assumes 37 weeks of operation.

Assumes an 80F temperature rise based on a typical hot water holding tank temperature
setpoint of 140F and 60F supply water. Actual supply water temperature will vary by season
and source.

Water heating requirement equation adopted from FEMP Federal Technology Alert: Commercial
Heat Pump Water Heater, 2000.
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COPee i l;'fgi%'fncy of Heat Pump domestic water heater
COPbase ; E}‘ficiency of baseline domestic water heater
= 0.904 ®
AkWH Office = (6,059 / 3.413) * ((1/0.904) - (1/2.0))
= 1076.2 kWh
AKWH School = (22,191 / 3.413) * ((1/0.904) - (1/2.0))
= 3941.4 kWh

Summer Coincident Peak kW Savings Algorithm

AKW = AkWh / Hours * CF

Where:
Hours (Office) = Run hours in office
= 5885 2%
Hours (School) = Run hours in school
= 2218 %7
CF (Office) = Summer Peak Coincidence Factor for office
measure
= 0.630 ~¢
CF (School) = Summer Peak Coincidence Factor for school
measure
= 0.580 **
AKW Office = (1076.2 / 5885) * 0.630
=0.12 kW
AKW School =(3941.4 / 3.413) * 0.580

24 Efficiencies based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:

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

ters/WaterHeaterDraftCriteriaAnalysis.pdf

2 |bid.

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

238 |bid.

2 |bid.
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=1.03 kW

Annual Fossil Fuel Savings Algorithm
n/a

Annual Water Savings Algorithm
n/a

Incremental Cost
The incremental cost for this measure is assumed to be $925.2%

Measure Life
The measure life is assumed to be 10 years.?*’

Operation and Maintenance Impacts
n/a

20 Cost based on ENERGY STAR Residential Water Heaters, Final Criteria Analysis:

http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_hea
ters/WaterHeaterDraftCriteriaAnalysis.pdf

241 Vermont Energy Investment Corporation “Residential Heat Pump Water Heaters: Energy
Efficiency Potential and Industry Status” November 2005.
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APPENDIX

A. Supporting Calculation Work Sheets

For each of the embedded excel work sheets below, double click to open
the file and review the calculations.

1. Clothes Washer Calculation Sheet

2. Compact Fluorescent Lamp Shift Baseline Calculation Sheets - this
contains 6 worksheets showing calculations for 2010 and 2011 for the
CFL bulb, interior and exterior fixture.

B. Recommendation for Process and Schedule for Maintenance and Update
of TRM Contents

C. Description of Unique Measure Codes

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



. REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 1.0

Page 107 of 118

Clothes Washer Work Sheet - ENERGY STAR and CEE TIER 3

1. Calculate kWh savings per year per machine:
kWh Savings per machine = Washer Volume* (1/BaseMEF - 1/EFFMEF) * # Cycles

Where:

Washer Volume
Base MEF
ESTAR MEF
CEE TIER 3 MEF
# Cycles

ENERGY STAR 217.2
CEETIER 3 309.3
Source:

3.23 Average of in VT program
1.26 Federal Standard
1.8 Energy Star minimum standard
2.2 CEE Tier 3 Standard
282 Weighted average of 2005 Residential Energy Consumption Survey (RECS) for Mid Atlantic.
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005 _tables/hcl0homeappliaceindicators/pdf/tablehc11.10.pdf

2. Divide savings by end use for washer and dryer operation:

Electricity Consumption
by End Use for
Washer/Dryer Operation
Water Heating

CW Machine Operation

Dryer

Total

3. Calculate Water Pump Savings

ENERGY STAR CEE TIER 3 Sources:
. 1.www.eere.energy.gov/buildings/appliance_sta
Electricity ndards/residential/clwash_0900_r.html
Consumption ) . . . 2.Chapter 4, Engineering Analysis, Table 4.1,
Percent by End Use | Electric Gas Oil Electric Gas Qil Page 4-5
26% 56.5 0.24 0.24 80.4 0.34 0.34 www.eere.energy.gov/buildings/appliance_stand
7% 15.2 n/a n/a 21.7 n/a n/a ards/residential/pdfs/chapter_4_engineering.pdf
67% 145.5 0.50 n/a 207.3 0.71 n/a
100% 217.2 309.3
ENERGY | CEE TIER
STAR 3
Annual Water Savings/load 17.8 24 Gal Calculated based on ENERGY STAR calculator
Annual Gallons saved 5027 6778 |Gal Calculated
Annual CCF 6.7 9.1 CCF Calculated
Water Pump Savings 12.6 17.0 kWh VT assumption of 12kWh savings per 6.4 CCF of water saved

4. Multiply savings by DHW and Dryer Fuel Mix

Mid Atlantic DHW fuel mix

Electric 18%

Natural Gas 61%
Qil 17%
Propane 3%

Mid Atlantic Dryer mix

Electric

61%

Natural Gag

39%

("other" fuel category is split proportionately between fuels)

Northeast Energy Efficiency Partnerships

91 Hartwell Avenue Lexington, MA 02421

ENERGY
STAR CEETIER 3
kWh Savings 126.8 179.6
Natural Gas 0.342 0.487
Qil 0.041 0.059
LP 0.008 0.012
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CFL Baseline Shift Calculator - RES CFL 2010

Bulb Assumptions

Firstyear| 2010 Inc Halogen
Measure Life 8 Component 1 Life (years) 1 3
Real Discount Rate (RDR) 5.70% Component 1 Replacement Cost| $0.50 $2.00
Calculation of O&M Impact for Baseline Adjustment
Year 2010 2011 2012 2013 2014 2015 2016 2017
New Baseline Percentages Inc 100% 100% 67% 33% 0% 0% 0% 0%
Hal 0% 0% 33% 67% 100% 100% 100% 100%
Inc 100% 67% 22% 0% 0% 0% 0%
Replacements Percentages
Hal 0% 33% 44% 22% 33% 44% 22%
NPV
Baseline Replacement Costs|  $4.24 $ 050 $ 100 $ 100 $ 044 $ 067 $ 089 $ 044
Levelized Cost $0.75
Life 1
Calculation of Savings Reduction for Baseline Adjustment
2010 2011 2012 2013 2014 2015 2016 2017
Base Watts 78.55 78.55 69.03 61.77 56.16 56.16 56.16 56.16
Eff Watts 32.85 32.85 32.85 32.85 32.85 32.85 32.85 32.85
Delta W 45.7 45.7 36.18 28.92 23.31 23.31 23.31 23.31
Annual hours|  1010|Delta kwh 46,157 46,157 36,542 29,209 23,543 23,543 23,543 23,543
Lifetime kWh 252,237
Discounted lifetime kWh 205,131
Find adjustments that give Electric Savings Adjustment| 0.58
approximately equal Remaining life]  2.00
Lifetime and Discounted 1 ) 3 4 5 6 7 8
Lifetime kWh Northeast Energy Efficiency Partnerships z%’lj_zgtpwillAvqygj’q_lgyinktonmmiq P: 782@@?17" \Q@Qthg_piorg 26,771 | 26,771 | 26,771 |

Lifetime kWh
Discounted lifetime kWh

252,940
203,927
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B. Recommendation for Process and Schedule for Maintenance and
Update of TRM Contents

Once developed, the Mid-Atlantic TRM will benefit from an objective and
thoughtful update process. Defining a process that coordinates with the needs
of users, evaluators, and regulators is critical. Below we outline our
preliminary proposal for a process for the update of information and
recommendations on the coordination of the timing of this process with other
critical activities.

Proposed TRM Update Process

Once a TRM has been developed, it is vital that it is kept up to date, amended,
and maintained in a timely and effective manner. There are three main points
in time when a TRM is most likely to require changes:

1. New measure additions - As new technologies become cost effective, they
will need to be characterized and added to the manual.

2. Existing measure updates - Updates will be required for a number of
reasons. Examples include: the federal standard for efficiency of a
measure is increased; the qualification criteria are altered; the measure
cost falls; or a new evaluation provides a better value of an assumption
for a variable. In such cases, the changes must be flagged and
appropriate changes made to the TRM.

3. Retiring existing measures - When the economics of a measure become
such that it is no longer cost effective, or the free rider rate is so high
that it is not worth supporting, the measure should be retired.

It is important to maintain a record of changes made to the TRMs over time. It
is therefore recommended to establish and maintain a Master Manual,
containing all versions of each TRM in chronological order, and an abridged
User Manual, in which only the current versions of active measures are
included. Archived older information can be made available on a website or
other accessible location.

The flowchart presented below outlines steps that will result in effective
review and quality control for TRM updates.
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TRM Update Process Flow Chart

Step Process Flow Responsible Party
Identify Need for Addition or Program Administrator, Evaluator,
1 Modification and/or TRM Manager

)

Develop 1st Draft of New
2 Measure Characterization Party which identified need

}

Circulate 1st Draft to Other
3 Parties/Stakeholders Party which drafts

}

Informal feedback on 1st
4 Draft All stakeholders

|

Revised 1st draft based on

5 feedback and recirculate TRM Manager
/ \
| Consensus Proposal | | Disagreement |
!
6 | Formal TAGmtg | Al stakeholders
!
| Disagreement ]
7 | Decision/Approval ] Regulators
|
8 | Update TRM | TRM Manager

Key Roles and Responsibilities

This process requires a number of different roles to ensure effectiveness,
sufficient review, and independence. The specific parties who will hold these
roles in the Mid-Atlantic TRM maintenance context will need to be identified by
jurisdiction. The following list of key responsibilities is given as a starting
place:

e Program administrators (utilities, MEA, SEU)
o lIdentifies need for new or revised measure characterization (usually
due to program changes or program/market feedback)
0 Researches and develops 1°** draft measure characterizations when it
identifies need
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o Develops 2" draft measure characterizations following feedback on 1%
draft from all parties
o Feedback on draft measure characterizations from other parties
o Participant in Technical Advisory Group (TAG) for formal discussion and
dispute resolution when needed
o Input to regulators if TAG process does not resolve all issues
¢ Independent TRM Manager (consultant or mutually agreed upon nominee)
o lIdentifies need for revised measure characterization (usually based on
knowledge of local or other relevant evaluation studies)
0 Researches and develops 1** draft measure characterizations when it
identifies need
o Feedback on 1% draft measure characterizations from other parties
o Develops 2" draft measure characterizations following feedback on 1%
draft from all parties
0 Leads Technical Advisory Group (TAG) for formal discussion and dispute
resolution when needed
o Input to regulators if TAG process does not resolve all issues
0 Manages and updates TRM manuals
e Evaluators
o ldentifies need for revised measure characterization (usually based on
local evaluation studies it has conducted or managed)
o Input on draft measure characterizations developed by other parties
o Participates in TAG meetings when appropriate
o Performs program evaluation - includes statewide market assessment
and baseline studies, savings impact studies (to measure the change in
energy and / or demand use attributed to energy efficiency), and other
energy efficiency program evaluation activities
o Verifies annual energy and capacity savings claims of each program and
portfolio
e Regulators/Commission staff
0 May serve as ultimate decision maker in any unresolved disputes
between implementers, evaluators, and TRM Manager

Note that the process and responsibilities outlined above assume that the
manager of the TRM is an entity independent from the program administrators.
This is the approach the state of Ohio has recently adopted, with the Public
Utilities Commission hiring a contractor to serve that function. Alternatively,
the TRM could be managed by the Program Administrators themselves. That
approach can also work very well as long as there is an independent party
responsible for (1) reviewing and (2) either agreeing with proposed
additions/changes or challenging such changes - with the regulators having
final say regarding any disputes.
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The process outlined above also assumes that there are several potential stages
of “give and take” on draft modifications to the TRM. At a minimum, there is
at least one round of informal feedback and comment between the program
administrators and the independent reviewer (TRM manager or otherwise).
Other parties could be invited to participate in this process as well. In the
event that such informal discussions do not resolve all issues, the participants
may find it beneficial to establish a Technical Advisory Group (TAG) to provide
a more formal venue for resolution of technical disputes prior to any
submission to the regulators. This group would include representation from the
program administrators, the evaluators (when deemed useful), the TRM
Manager, and Commission staff. The mission of such a group would be to
discuss and reach agreement on any unresolved issues stemming from new
measure proposals, savings verifications, or evaluations. They could also review
and comment on the methodology and associated assumptions underlying
measure savings calculations and provide an additional channel for
transparency of information about the TRM and the savings assessment process.

Coordination with Other Savings Assessment Activities

Although the TRM will be a critically important tool for both DSM planning and
estimation of actual savings, it will not, by itself, ensure that reported savings
are the same as actual savings. There are two principal reasons for this:

1. The TRM itself does not ensure appropriate estimation of savings. One
of the responsibilities of the Independent Program Evaluators will be to
assess that the TRM has been used appropriately in the calculation of
savings.

2. The TRM may have assumptions or protocols that new information
suggests are outdated. New information that could inform the
reasonableness of TRM assumptions or protocols can surface at any time,
but they are particularly common as local evaluations or annual savings
verification processes are completed. Obviously, the TRM should be
updated to reflect such new information. However, it is highly likely that
some such adjustments will be made too late to affect the annual savings
estimate of a program administrator for the previous year. Thus, there
may be a difference between savings estimates in annual compliance
reports and the “actual savings” that may be considered acceptable from
a regulatory perspective. However, such updates should be captured in as
timely a fashion as possible.
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These two issues highlight the fact that the TRM needs to be integrated into a
broader process that has two other key components: an annual savings
verification process and on-going evaluation.

In our view, an annual savings verification process should have several key
features.

1. It should include a review of data tracking systems used to record
information on efficiency measures that have been installed. Among
other things, this review should assess whether data appear to have been
appropriately and accurately entered into the system.

2. It should include a review of all deemed savings assumptions underlying
the program administrators’ savings claims to ensure that they are
consistent with the TRM.

3. It should include a detailed review of a statistically valid, random sample
of custom commercial and industrial projects to ensure that custom
savings protocols were appropriately applied. At a minimum, engineering
reviews should be conducted; ideally, custom project reviews should
involve some on-site assessments as well.

4. These reviews should be conducted by an independent organization with
appropriate expertise.

5. The participants will need to have a process in place for quickly resolving
any disputes between the utilities or program administrators on the one
hand and the independent reviewer on the other.

6. The results of the independent review and the resolution of any
disagreements should ideally be very transparent to stakeholders.

Such verification ensures that information is being tracked accurately and in a
manner consistent with the TRM. However, as important as it is, verification
does not ensure that reported savings are “actual savings”. TRMs are never
and can never be perfect. Even when the verification process documents that
assumptions have been appropriately applied, it can also highlight questions
that warrant future analysis that may lead to changes to the TRM. Put another
way, evaluation studies are and always will be necessary to identify changes
that need to be made to the TRM. Therefore, in addition to annual savings
verification processes, evaluations will periodically be made to assess or
update the underlying assumption values for critical components of important
measure characterizations.

In summary, there should be a strong, sometimes cyclical relationship between

the TRM development and update process, annual compliance reports, savings
verification processes, and evaluations. As such, we recommend coordinating
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these activities. An example of the timeline established from such a
coordinated process is given below.

In this example, it assumed that updates to the TRM occur only in the second
half of the year. One option is to establish two specific update deadlines: one
at the end of August and the other at the end of December. The first would
ensure that the best available data are available for utility planning for the
following year. The second would ensure that best available assumptions are
in place prior to the start of the new program year. The rationale for not
updating the TRM during the first half of the year is that time is usually
devoted, in part, to documenting, verifying and approving savings claims from
the previous year. For example, the program administrator will likely require
two months to produce its annual savings claim for the previous year. An
independent reviewer will then require two to three months to review and
probe that claim, with considerable back and forth between the two parties
being very common. Typically, final savings estimates for the previous year are
not finalized and approved until June.

Needless to say, the definitive schedule for savings verification and TRM
updating will need to be developed with considerable input from state
regulators. This plan and timeline will be also informed by each region’s
Independent Program Evaluator and the EM&V plans they propose.
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Annual Verification and TRM Update Timeline (example)

Jan Jun Jul | Aug | Sep | Oct | Nov | Dec
a?]:]aj;l Draft new or updated TRMs
savings developed and submitted to TRM

g Manager, participate in TAG
- report
Utility
Technical Advisory Group (TAG)
negotiations and evaluation
Evaluator

Refers need for TRM updates to TRM
Manager, provides input on TRMs

Draft new or updated TRMs
developed, Review drafts provided
by utilities, participate in TAG,
propose new or updated TRMs

TRM Manager/
Implementation
staff
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Each measure included in the TRM has been assigned a unique identification
code. The code consists of a string of five descriptive categories connected by
underscores, in the following format:
Sector_End Use_Program Type_Measure_TRMversionv#.MonthYear

A description of the abbreviations used in the codes is provided in the tables

below:

SECTOR

RS Residential

Cl Commercial & Industrial

END USE

LT Lighting

RF Refrigeration

HV Heating, Ventilation, Air Conditioning
WT Hot Water

LA Laundry

SL Shell (Building)

MO Motors and Drives

PROGRAM TYPE

TOS Time of Sale

RTR Retrofit

ERT Early Retirement

INS Direct Install

MEASURE

CFLSCR Compact Fluorescent Screw-In
CFLFIN Compact Fluorescent Fixture, Interior
CFLFEX Compact Fluorescent Fixture, Exterior
REFRIG Refrigerator

FANMTR | Furnace Fan Motor

RA/CES Window Air Conditioner Energy Star
RA/CT1 Window Air Conditioner Tier 1
CENA/C Central Air Conditioner

SHWRHD | Low Flow Showerhead

FAUCET | Low Flow Faucet

HWWRAP | Water Tank Wrap

HPRSHW | Heat Pump Water Heater, Residential
CWASHES | Clothes Washer, Energy Star
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CWASHT3 | Clothes Washer, Tier 3
WINDOW | Window, Energy Star

HPTS8 High Performance T8 Lighting
T5 T5 Lighting

MHFIN Metal Halide Fixture, Interior
MHFEX Metal Halide Fixture, Exterior
SODIUM High Pressure Sodium Lighting
LECEXI LED Exit Sign

DELAMP | Delamping

OSWALL | Occupancy Sensor, Wall box
UNIA/C Unitary Air Conditioning system
EMOTOR | Efficient Motor

VFDRIVE | Variable Frequency Drive
FREEZER | Freezer

HPCIHW | Heat Pump Water Heater, Commercial
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