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Introduction

This Massachusetts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures
(“TRM”) documents for regulatory agencies, customers, and other stakeholders how the energy efficiency
Program Administrators (“PAs™) consistently, reliably, and transparently calculate savings from the
installation of efficient equipment, collectively called “measures.” This reference manual provides
methods, formulas, and default assumptions for estimating energy, peak demand, and other resource
impacts from efficiency measures.

This document is available in an electronic database that allows interested parties to access reports and data
in a consistent and easily accessible format. The electronic reports are accessible online via this link?,

Within this document, efficiency measures are organized by the sector for which the measure is eligible
and by the primary energy source associated with the measure. The three sectors are Residential, Income
Eligible, and Commercial & Industrial (“C&I”). The primary energy sources addressed in this technical
reference document are electricity and natural gas.

Each measure is presented in its own section as a “measure characterization.” The measure characterizations
provide mathematical equations for determining savings (algorithms), as well as default assumptions and
sources, where applicable. In addition, any descriptions of calculation methods or baselines are provided as
appropriate. The parameters for calculating savings are listed in the same order for each measure.

Algorithms are provided for estimating annual energy and peak demand impacts for primary and secondary
energy sources if appropriate. In addition, algorithms or calculated results may be provided for other non-
energy impacts (such as water savings or operation and maintenance cost savings). Data assumptions are
based on Massachusetts PA data where available. Where Massachusetts-specific data is not available,
assumptions may be based on: 1) manufacturer and industry data, 2) a combination of the best available
data from jurisdictions in the same region, or 3) credible and realistic factors developed using engineering
judgment.

This document will be reviewed and updated annually to reflect changes in technology, baselines, and
evaluation results.

1 https://etrm.anbetrack.com/#/workarea/nome?token=6d6c45766e692f527044
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TRM Update Process

Overview

This section describes the process for updating this document. The update process is synchronized with the
filing of Three-Year Plans and Plan-Year/Term Reports by the PAs with the Department of Public Utilities

(“Department”).

Updates can include:

e additions of new measures;
e updates to existing measures due to:
0 changes in baseline equipment or practices, affecting measure savings
0 changes in efficient equipment or practices, affecting measure savings
0 changes to deemed savings due the revised assumptions for algorithm parameter values (e.g.,
due to new market research or evaluation studies)
0 other similar types of changes;
¢ updates to impact factors (e.g., due to new impact evaluation studies);
¢ discontinuance of existing measures; and
o updates to the glossary and other background material included in this document.

Each report edition is associated with a specific program year, which corresponds to the calendar year. This
document is updated over time as needed to plan for future program savings.

Key Stakeholders and Responsibilities

Key stakeholders and their responsibilities for the TRM updates are detailed in the following table.

Stakeholder

Responsibilities

Coordinating

Administrative coordination of activities, including:
Assure collaboration and consensus by the PAs regarding updates
Assure updates are compiled from the PAs and incorporated

Administrators

Committee Coordinate with related program activities (e.g., evaluation and program reporting
processes)
Provide one or two representatives to the Coordinating Committee. Both the planning
Program and evaluation functions should be represented on the Committee.

Identify needed updates
Coordinate with other PAs on all updates
File updates with the Department

Department of Energy |Provide one representative to the Coordinating Committee
Resources Assure coordination with PA submissions of program plans and reported savings
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Update Cycle

Per the Department, starting in 2022, new evaluation results will be applied on a prospective only basis
instead of being applied both retrospectively and prospectively. The PAs will update gross savings
assumptions and net and gross impact factors each year based on the latest evaluation studies and apply
them on a prospective basis to calculate savings in subsequent years. At the beginning of each year, the
latest TRM will be posted on Mass Save Data at this link.?

Measure Characterization Structure

This section describes the common entries or inputs that make up each measure characterization. A
formatted template follows the descriptions of each section of the measure characterization. A single device
or behavior is defined as a measure within each program and fuel.

The source of each assumption or default parameter value should be properly referenced.

The image below shows how a measure appears in this document and in the electronic report format. Each
section of this measure report is described in more detail below.

Refrigerator Replacement - IE Single Family Impact Factors for Calculating Adjusted Gross Savings :

Measure Code IE-A-RR-SF

Market Income Eligible Measur | €0F¢

Program Type Retrofit © Name l.:luau PA ISR RRE RRNE RRsp RRwp CFsp CFWp
Category Appliances v

Sub Category Appliances Refriger

TRM Version 2019-2021 Plan TRM Remlace i
Version 1 ment IE_CD All 1.00 1.00 nfa 1.00 1.00 0.79 0.65
Published On 10/26/2018 10:13:07 PM o
Description :
Removal of old inefficient refrigerator or freezer with the installation of new efficient refrigerator or freezer. m\w 100% in service rata since all PA programs include verification of equipment
BCR Measure IDs : installations.

Measure Nume Core Inktintire BCR Mozwers ID Remmumrﬁ:tiia set to 100% since this measure has not been evaluated.

Refrigerator Replacement (Single | [ncome thnh}s Coordinated E1981a038

Family) Delivery (IE_CD) Colncidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in

Algorithms for Calculating P v Energy Impact : the Navigant Demand Impact Model

X Impact Factors for Calculating Net Savings :
Unit savings are deemed based on study results.” kW savings are derived from the Navigant Demand Impact
Model

Measure Core .
Measure kWh kw Name Initiative P R sop SONE NTG
Refrigerator Replacement (Single
= 762 013
Family) Refrigerator
Replacement |
(Single IE CD All 0% 0% 0% 100%
Baseline Efficiency : Family)

The baseline efficiency case for both the replaced and baseline new refrigerator is an existing refrigerator. It
is assumed that low-income customers would otherwise replace their refrigerators with a used inefficient
unit.

Non-Energy Impacts :

NEI values are rolled up, component values can be found in Appendix B2
High Efficiency :
The high efficiency case is a new refrigerator Core Annual One- Annual One- | Annuals |  One-
:f:::'s“‘“ Initiatty | PA $per | times Sper | tmes per ‘-‘:’;5
Measure Life :
e Unit per Unit kWh per kWh Therm Therm
neas eare.3
The measure life is 12 years. Refrigera
Lor
Measure Co o farias
Name Initiative | PA EUL OYF RUL AML Replacem | 1z cp | an $20.10 Varles By | g0.01
(Single
Refrigerator Famlly)
Replacement ”
(Sineia IE CD All 12 n/a n/a 12
Family)
Endnotes :
Other Resowrce Impacts ; 1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.
2 : Navigant Consulting (2018). Demand Impact Model Update
There are no other resource impacts for this measure. 3 : Environmental Protection Ageney (2014). Savings Calculator for Enargy Star Qualified Appliances.

Measure Summary
This section includes a high-level categorization of the energy efficiency measure:

2 https://www.masssavedata.com/Public/TechnicalReferenceLibrary
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Measure Code: A unique way to identify a measure where the first set of characters indicates the
market, the second set of characters indicates the category, and the third set is an abbreviated code
for the measure name.

Market: This is the sector for which the measure is applicable and can be Residential, Income
Eligible or C&l.

Program Type, Category, and Sub-Category: A way of categorizing similar measures.

TRM Version and Version: Indicates that information is for the 2022-2024 TRM and allows for
differentiation between versions for potential future updates.

Published On: Date that the measure was published.

01: Description

This section will include a plain text description of the energy efficiency measure, including the benefit(s)
of its installation.

02: BCR Measure IDs

This section provides an overview of all individual measures to which the TRM entry applies, including:

BCR Measure Name: <Name used in PAs Benefit-Cost models >
Core Initiative: <Per PA definition, also referred to as Program Name>
BCR Measure ID: <Unique ID used in PAs Benefit-Cost models>

03: Algorithms for Calculating Primary Energy Impact

This section will describe the method for calculating electric savings and electric demand savings in
appropriate units.

The savings algorithm will be provided in a form similar to the following:
AKWh = AKW x Hours

Similarly, the method for calculating electric demand savings will be provided in a form similar to the
following:

AKW = (Watts,.. —Watts. )/1000

This section also describes any non-electric (gas, propane, oil) savings in appropriate units, i.e., MMBtu
associated with the energy efficiency measure, including all assumptions and the method of calculation.

This section will summarize electric and non-electric savings in a table that contains the following
information:

BCR Measure Name: <Name used in PAs Benefit-Cost models >

Core Initiative: <Per PA definition, also referred to as Program Name>

Savings: <Measure savings in units of kWh, kW, MMBtu, or other as applicable; this information
may be contained in multiple fields>

04: Baseline Efficiency
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This section will include a statement of the assumed equipment/operation efficiency in the absence of
program intervention. Multiple baselines will be provided as needed, e.g., for different markets. Baselines
may refer to reference tables or may be presented as a table for more complex measures.

05: High Efficiency

This section will describe the high efficiency case from which the energy and demand savings are
determined. The high efficiency case may be based on specific details of the measure installation,
minimum requirements for inclusion in the program, or an energy efficiency case based on historical
participation. It may refer to tables within the measure characterization or in the appendices or efficiency
standards set by organizations such as ENERGY STAR® and the Consortium for Energy Efficiency.

06: Measure Life

Measure Life includes equipment life, and the effects of measure persistence. Equipment life is the
number of years that a measure is installed and will operate until failure. Measure persistence takes into
account business turnover, early retirement of installed equipment, and other reasons measures might be
removed or discontinued. As applicable, this section may include a table with the following information:

EUL.: <Effective Useful Life>
OYF: <Out Year Factor>

RUL: <Remaining Useful Life>
AML.: <Adjusted Measure Life>

07: Other Resource Impacts

If applicable, this section describes any water savings associated with the energy efficiency measure,
including all assumptions.

08: Impact Factors for Calculating Adjusted Gross Savings

The section includes a table of impact factor values for calculating adjusted gross savings. These include
in-service rates, realization rates, and coincidence factors. Further descriptions of the impact factors and
the sources on which they are based are described below.

09: Impact Factors for Calculating Net Savings

This section includes a table of impact factors for calculating net savings. These includes free ridership,
spillover, and/or net-to-gross ratio. Further descriptions of the impact factors and the sources on which
they are based are described below.

Initiative/Program Names

The mapping of full core initiative names to abbreviated names is given below.

Sector Full Core Initiative Name Abbreviation
Ala - Residential New Homes & Renovations RES_NH&R
Residential
AZ2a - Residential Coordinated Delivery RES_CD
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A2c - Residential Retail RES_RETAIL
A2d - Residential Behavior RES_BEHVR
A2e - Residential Active Demand Reduction RES_ADR
Bla - Income Eligible Coordinated Delivery IE_CD
Income Eligible
B1b -Income Eligible Active Demand Reduction IE_ADR
Cla - C&I New Buildings & Major Renovations CI_NB&MR
C2a - C&l Existing Building Retrofit ClI_RETRO
cal C2b - C&I New & Replacement Equipment CI_EQUIP
C2c - C&I Active Demand Reduction ClI_ADR
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Impact Factors for Calculating Adjusted Gross and Net Savings

PAs use the algorithms in the Measure Characterization sections to calculate the gross savings for energy
efficiency measures. Impact factors are then applied to make various adjustments to the gross savings
estimate to account for the performance of individual measures or energy efficiency programs as a whole
in achieving energy reductions as assessed through evaluation studies. Impact factors address both the
technical performance of energy efficiency measures and programs, accounting for the measured energy
and demand reductions realized compared to the gross estimated reductions, as well as the programs’ effect
on the market for energy efficient products and services.

This section describes the types of impact factors used to make such adjustments, and how those impacts

are applied to gross savings estimates. Definitions of the impact factors and other terms are also provided
in Appendix D: Glossary.

Types of Impact Factors

The impact factors used to adjust savings fall into one of two categories:
Impact factors used to adjust gross savings:

In-Service Rate (“ISR”)

Savings Persistence Factor (“SPF”)

Realization Rate (“RR”)

Summer and Winter Peak Demand Coincidence Factors (“CF”)

Impact factors used to calculate net savings:

e Free-Ridership (“FR”) and Spillover (“SO”) Rates
o Net-to-Gross Ratios (“NTG”)

The in-service rate is the actual portion of efficient units that are installed. For example, efficient lamps
may have an in-service rate less than 1.00 since some lamps are purchased as replacement units and are not
immediately installed. The ISR is 1.00 for most measures.

The savings persistence factor is the portion of first-year energy or demand savings expected to persist
over the life of the energy efficiency measure. The SPF is developed by conducting surveys of installed
equipment several years after installation to determine the actual operational capability of the equipment.
The SPF is 1.00 for most measures.

In contrast to savings persistence, measure persistence takes into account business turnover, early
retirement of installed equipment, and other reasons the installed equipment might be removed or
discontinued. Measure persistence is generally incorporated as part of the measure life, and therefore is not
included as a separate impact factor.

The realization rate is used to adjust the gross savings (as calculated by the savings algorithms) based on
impact evaluation studies. The realization rate is equal to the ratio of measure savings developed from an
impact evaluation to the estimated measure savings derived from the savings algorithms. The realization
rate does not include the effects of any other impact factors. Depending on the impact evaluation study,
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there may be separate Realization Rates for electric energy (kWh), peak demand (kW), or non-electric
energy (MMBLtu).

A coincidence factor adjusts the connected load kW savings derived from the savings algorithm. A
coincidence factor represents the fraction of the connected load reduction expected to occur at the same
time as a particular system peak period. The coincidence factor includes both coincidence and diversity
factors combined into one number, thus there is no need for a separate diversity factor in this TRM.

Coincidence Factors are provided for both the on-peak and seasonal peak periods as defined by the I1ISO
New England for the Forward Capacity Market (“FCM”) and are calculated consistently with the FCM
methodology. Electric demand reduction during the ISO New England peak periods is defined as follows:

On-Peak Definition:

= Summer On-Peak: average demand reduction from 1:00-5:00 PM on non-holiday weekdays in June
July, and August

= Winter On-Peak: average demand reduction from 5:00-7:00 PM on non-holiday weekdays in December
and January

Seasonal Peak Definition:

= Summer Seasonal Peak: demand reduction when the real-time system hourly load is equal to or greater
than 90% of the most recent “50/50” system peak forecast for June-August

= Winter Seasonal Peak: demand reduction when the real-time system hourly load is equal to or greater
than 90% of the most recent “50/50” system peak load forecast for December-January

The values described as Coincidence Factors in the TRM are not always consistent with the strict definition
of a Coincidence Factor (CF). It would be more accurate to define the Coincidence Factor as “the value that
is multiplied by the Gross kW value to calculate the average kW reduction coincident with the peak
periods.” A coincidence factor of 1.00 may be used because the coincidence is already included in the
estimate of Gross kW:; this is often the case when the “Max kW Reduction” is not calculated and instead
the “Gross kW” is estimated using the annual kWh reduction estimate and a loadshape model.

A free-rider is a customer who participates in an energy efficiency program (and gets an incentive) but
who would have installed some or all of the same measure(s) on their own, with no change in timing of the
installation, if the program had not been available. The free-ridership rate is the percentage of savings
attributable to participants who would have installed the measures in the absence of program intervention.

The spillover rate is the percentage of savings attributable to a measure or program, but additional to the
gross (tracked) savings of a program. Spillover includes the effects of 1) participants in the program who
install additional energy efficient measures outside of the program as a result of participating in the
program, and 2) non-participants who install or influence the installation of energy efficient measures as a
result of being aware of the program. These two components are the participant spillover (SOp) and non-
participant spillover (SOne).

The net savings value is the final value of savings that is attributable to a measure or program. Net savings
differs from gross savings because it includes the effects of the free-ridership and/or spillover rates.

The net-to-gross ratio is the ratio of net savings to the gross savings adjusted by any impact factors (i.e.,
the “adjusted” gross savings). Depending on the evaluation study, the NTG ratio may be determined from
the free-ridership and spillover rates, if available, or it may be a distinct value with no separate specification
of FR and SO values.
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Standard Net-to-Gross Formulas

The TRM measure entries provide algorithms for calculating the gross savings for those efficiency

measures. The following standard formulas show how the impact factors are applied to calculate the
adjusted gross savings, which in turn are used to calculate the net savings. These are the calculations used
by the PAs to track and report gross and net savings. The gross savings reported by the PAs are the

unadjusted gross savings without the application of any impact factors.

Calculation of Net Annual Electric Energy Savings

adj_gross_kWh = gross_kWh x RRe x SPF x ISR
net_kWh =adj_gross_kWh x NTG

Calculation of Net Summer Electric Peak Demand Coincident kW Savings

adj_gross_kWsp = gross_kW x RRsp x SPF x ISR x CFsp
net_kWsp = adj_gross_kWsp x NTG

Calculation of Net Winter Electric Peak Demand Coincident KW Savings

adj_gross_kWwe = gross_kW x RRwp x SPF x ISR x CFwp
net_kWwe = adj_gross_kWwe x NTG

Calculation of Net Annual Natural Gas Energy Savings

adj_gross_MMBtu = gross_ MMBtu x RRne x SPF x ISR
net MMbtu = adj_gross MMBtu x NTG

Depending on the evaluation study methodology:
e NTGisequal to (1 - FR + SOp + SOng), Or

e NTG is a single value with no distinction of FR, SOp, SOne, and/or other factors that cannot be
reliably isolated.

Where:
Gross_kWh = Gross Annual kWh Savings
adj_gross_kWh = Adjusted Gross Annual kWh Savings
net_kWh = Net Annual KWh Savings
Gross_kWsp = Gross Connected kW Savings (summer peak)
adj_gross_kWsp = Adjusted Gross Connected kW Savings (summer peak)
Gross_kWwe = Gross Connected kW Savings (winter peak)
adj_gross_kWwp = Adjusted Gross Connected kW Savings (summer peak)
net_kWsp = Adjusted Gross Connected kW Savings (winter peak)
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net_ kKWwe = Net Coincident kW Savings (winter peak)
Gross_MMBtu = Gross Annual MMBtu Savings
adj_gross_ MMBtu = Adjusted Gross Annual MMBtu Savings
net MMBtu = Net Annual MMBtu Savings
SPF = Savings Persistence Factor
ISR = In-Service Rate
CFsp = Peak Coincidence Factor (summer peak)
CFwe = Peak Coincidence Factor (winter peak)
RRe = Realization Rate, electric(kwWh)
RRne = Realization Rate, non-electric (MMBtu)
RRsp = Realization Rate for summer peak kW
RRwe = Realization Rate for winter peak kW
NTG = Net-to-Gross Ratio
FR = Free-Ridership Factor
SOp = Participant Spillover Factor
SOnp = Non-Participant Spillover Factor

Calculations of Coincident Peak Demand kW Using “Seasonal Peak™ Coincidence Factors

The formulas above for peak demand kW savings use the “on-peak” Coincidence Factors: (CFse, CFwe),
which apply the “on-peak” coincidence methodology as allowed for submission to the FCM. The alternative
methodology is the “seasonal peak” methodology, which uses the identical formulas, but substituting the
“seasonal peak” Coincidence Factors for the “on-peak” coincidence factors:

CFssp = Peak Coincidence Factor for Summer Seasonal Peak
CFwsp = Peak Coincidence Factor for Winter Seasonal Peak
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1. Residential Efficiency Measures
1.1. Appliance - Clothes Dryer

Measure Code RES-A-CD

Market Residential
Program Type Retrofit

Category Appliances

Measure Description:

Clothes Dryers exceeding minimum qualifying efficiency standards established as ENERGY STAR with drum
moisture sensors and associated moisture sensing controls achieve greater energy savings over clothes dryers
that do not have moisture sensors.

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

Clothes Dryer (Energy Star) Residential Retail (RES_RETAIL) EA2c077

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:

Annual kwh Savings = Annual kwWh usage baseline — Annual kWh usage Energy Star
Annual kwWh usage baseline= (Ibs/load) / Baseline CEF * loads/yr

Annual kwWh usage ENERGY STAR= (Ibs/load) / ENERGY STAR CEF * loads/yr
Where:

Baseline Combined Energy Factor (CEF) (Ibs/kwh) = 3.11!

ENERGY STAR CEF = 3.932

Lbs/load = 8.45°

Loads/Year = 283*

Demand savings are derived from the demand impact model which is developed as part of the Residential
Baseline Study.®

Measure Name AKWh AKW

Dryer (Energy Star) 160 0.05

Baseline Efficiency:

The baseline efficiency case is a new electric resistance dryer that meets the federal standard as of January 1,
2015 which is an Energy Factor (EF) of 3.73 for a vented standard dryer. Different testing procedures were
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used in setting the federal standard (DOE Test Procedure Appendix D1) and the Energy Star standard (DOE
Test Procedure Appendix D2). To enable comparison a baseline CEF of 3.11 is used. This was derived from
ENERGY STAR Version 1.0 Estimated Baseline which multiplies the 2015 federal standard by the average
change in electric dryers assessed CEF between Appendix D1 and Appendix D2: 3.73-(3.73*0.166).

High Efficiency:

The high efficiency case is a new electric resistance dryer that meets the Energy Star standard as of January 1,
2015. The ENERGY STAR CEF (Combined Energy Factor) is 3.93.

Measure Life:

The measure life is 16 years.

Measure Name Core Initiative PA EUL OYF RUL AML

Dryer (Energy Star) RES_RETAIL All 16 n/a n/a 16

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name | Core Initiative | PA ISR RRe RRNe RRsp RRwp CFsp CFwp

Dryer (Energy Star) | RES_RETAIL | All | 099 | 1.00 | n/a 100 | 1.00 | 017 | 039

In-Service Rates:

The in-service rate is 99% based on evaluation results.’

Realization Rates:

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.®
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2022
Measure Name Core Initiative PA FR SOp SOnp NTG
Dryer (Energy Star) RES_RETAIL All 0.47 0.00 0.00 0.53

2023
Measure Name Core Initiative PA FR SOp SOnp NTG
Dryer (Energy Star) RES_RETAIL All 0.48 0.00 0.00 0.52

2024
Measure Name Core Initiative PA FR SOp SOnp NTG
Dryer (Energy Star) RES_RETAIL All 0.48 0.00 0.00 0.52

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1: DOE (2015). 10 CFR Part 431 March 27, 2015. Energy Conservation Program: Energy Conservation
Standards for Residential Clothes Dryers. Table 11.7. http://www.gpo.gov/fdsys/pkg/FR-2015-03-27/pdf/2015-
07058.pdf

2 : DOE (2015). 10 CFR Part 431 March 27, 2015. Energy Conservation Program: Energy Conservation
Standards for Residential Clothes Dryers. Table 11.7. http://www.gpo.gov/fdsys/pkg/FR-2015-03-27/pdf/2015-
07058.pdf

3: DOE (2013). 10 CFR Parts 429 and 430 August 14, 2013. Energy Conservation Program: Test Procedures for
Residential Clothes Dryers; Final Rule. Table 11.1. http://www.gpo.gov/fdsys/pkg/FR-2013-08-14/pdf/2013-
18931.pdf

4 : DOE (2013). 10 CFR Parts 429 and 430 August 14, 2013. Energy Conservation Program: Test Procedures for
Residential Clothes Dryers; Final Rule. Table 11.1. http://www.gpo.gov/fdsys/pkg/FR-2013-08-14/pdf/2013-
18931.pdf

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4

: Guidehouse (2021). Comprehensive TRM Review. 2021_Guidehouse TRM_Final Report

: NMR Group, Inc. (2021). Residential Products NTG Report. 2021_NMR_Res Products NTG_Report

: Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse Residential _Baseline_Phase 4

: NMR Group, Inc. (2021). Residential Products NTG Report. 2021_NMR_Res Products NTG_Report

O© oo ~NO®
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1.2. Appliance - Dehumidifier

Measure Code RES-PL-DH
Market Residential
Program Type Retrofit
Category Plug Load

Measure Description:

Rebate for the purchase of an Energy Star dehumidifier or early retirement of an existing dehumidifier.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Dehumidifier Residential Retail (RES_RETAIL) EA2c075
Dehumidifier Recycling Residential Retail (RES_RETAIL) EA2c076

Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on the following algorithms and assumptions:

AkWh New = Dehumidification Load * ((1/EffBase)-(1/EffEE))
AkWh Recycling = Dehumidification Load * ((1/EffRetire)-(1/EffBase))

Where:

Dehumidification Load = Typical annual moisture removal, in Liters/year. Average annual dehumidification
load is 1,520 Liters/year.*

EffRETIRE = Average efficiency of model being recycled, in Liters/kWh (1.6 Liters/kwh)

EffBASE = Average efficiency of model meeting the federal standard, in Liters/kWh (2.8 Liters/kWh)

EffEE = Efficiency of ENERGY STAR® model, in Liters/kWh (3.3 Liters/lkWh)

Dehumidifier Recycling savings is from an evaluation study.?

Demand savings are derived from the demand impact model which is developed as part of the Residential
Baseline Study.®

Measure Name AKWh AKW
Dehumidifier 82.3 0.02
Dehumidifier Recycling 1,020 0.24
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Baseline Efficiency:
The baseline efficiency for rebates on new equipment is a unit meeting the current federal standard (2.8

Liters/kWh).* The baseline efficiency for recycling is a unit that is approximately 8 years old, meeting the
standard that was in place at the time (1.6 Liters/kWh).

High Efficiency:

The high efficiency case for rebates on new equipment is an ENERGY STAR® unit (3.3 Liters/lkWh).® The high
efficiency case for recycling is a new unit that meets the current federal standard (2.8 Liters/kWh).

Measure Life:

The measure life is 17 years for the dehumidifier and 4 years for dehumidifier recycling. ’

Measure Name Core Initiative PA EUL OYF RUL AML
Dehumidifier RES_RETAIL All 17 n/a n/a 17
Dehumidifier Recycling RES_RETAIL All 4 n/a n/a 4
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRse | RRwp | CFsp | CFwe
Dehumidifier RES_RETAIL All | 0.99 | 1.00 n/a 1.00 1.00 0.82 0.17
Dehumidifier RES RETAIL | All | 1.00 | 1.00 | na | 1.00 | 1.00 | 082 | 017

Recycling -

In-Service Rates:

In-service rate for units incentivized through rebates is based on evaluation results.®  For recycling, in service
rates are 100% because recycled units are collected.

Realization Rates:

Realization rates are set to 100% as unit savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.?0 11

2022
Measure Name Core Initiative PA FR SOp SOnp NTG
Dehumidifier RES_RETAIL All 0.51 0.00 0.00 0.49

2023
Measure Name Core Initiative PA FR SOp SOnp NTG
Dehumidifier RES_RETAIL All 0.53 0.00 0.00 0.47

2024
Measure Name Core Initiative PA FR SOp SOnp NTG
Dehumidifier RES_RETAIL All 0.55 0.00 0.00 0.45

2022-2024

Measure Name Core Initiative PA FR SOp SOnp NTG
Dehumidifier Recycling RES_RETAIL All 0.59 0.00 0.00 0.41

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2021). Comprehensive TRM Review. 2021 Guidehouse TRM_Final_Report

2 : Guidehouse (2021). Appliance Recycling Impact Study

2021 _Guidehouse Appliance_Recycling_2019 Impact_Report

: Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse_Residential _Baseline Phase 4
: 2020 Current Federal Standard: https://www.ecfr.gov/cgi-bin/text-idx?rgn=div8&node=10:3.0.1.4.18.3.9.2
: 2012 Federal Standard

: ENERGY STAR Dehumidifiers Version 5

: Guidehouse (2021). Comprehensive TRM Review. 2021_Guidehouse_ TRM_Final_Report

: NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021 _NMR_Products ISR

: Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse Residential _Baseline_Phase 4
10 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021_NMR_Res Products NTG_Report
11 : NMR Group, Inc. (2021). Appliance Recycling NTG Report.

2021 _NMR_Appliance Recycling_ NTG_Report
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1.3. Appliance - Early Retirement Clothes Washer

Measure Code RES-A-ERCW
Market Residential
Program Type Retrofit
Category Appliances

Measure Description:

The replacement and recycling of a working top-loading clothes washer with an agitator with an Energy Star

rated washing machine.

BCR Measure IDs:

BCR

Measure Name Core Initiative Measure
ID

Early Retirement CW Elec DHW & Elec Dryer - Retire Residential Retail (RES_RETAIL) | EA2c301
Early Retirement CW Elec DHW & Elec Dryer - EE Residential Retail (RES_RETAIL) | EA2c302
Early Retirement CW Gas DHW & Elec Dryer - Retire Residential Retail (RES_RETAIL) | EA2c303
Early Retirement CW Gas DHW & Elec Dryer - EE Residential Retail (RES_RETAIL) | EA2c304
Early Retirement CW Elec DHW & Gas Dryer - Retire Residential Retail (RES_RETAIL) | EA2c305
Early Retirement CW Elec DHW & Gas Dryer - EE Residential Retail (RES_RETAIL) | EA2c306
Early Retirement CW Oil DHW & Elec Dryer - Retire Residential Retail (RES_RETAIL) | EA2c307
Early Retirement CW Oil DHW & Elec Dryer - EE Residential Retail (RES_RETAIL) | EA2c308
Early Retirement CW Gas DHW & Gas Dryer - Retire Residential Retail (RES_RETAIL) | EA2c309
Early Retirement CW Gas DHW & Gas Dryer - EE Residential Retail (RES_RETAIL) | EA2c310
Early Retirement CW Propane DHW & Elec Dryer - Retire Residential Retail (RES_RETAIL) | EA2c311
Early Retirement CW Propane DHW & Elec Dryer - EE Residential Retail (RES_RETAIL) | EA2c¢312
Early Retirement CW (EE) Gas DHW & Elec Dryer Residential Retail (RES_RETAIL) | GA2c050
Early Retirement CW (Retire) Gas DHW & Elec Dryer Residential Retail (RES_RETAIL) | GA2c051
Early Retirement CW (EE) Gas DHW & Elec Dryer (Muni) Residential Retail (RES_RETAIL) | GA2c052
Early Retirement CW (Retire) Gas DHW & Elec Dryer (Muni) | Residential Retail (RES_RETAIL) | GA2c053
Early Retirement CW (EE) Elec DHW & Gas Dryer Residential Retail (RES_RETAIL) | GA2c054
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Early Retirement CW (Retire) Elec DHW & Gas Dryer Residential Retail (RES_RETAIL) | GA2c055
Early Retirement CW (EE) Elec DHW & Gas Dryer (Muni) Residential Retail (RES_RETAIL) | GA2c056
Early Retirement CW (Retire) Elec DHW & Gas Dryer (Muni) | Residential Retail (RES_RETAIL) | GA2c057
Early Retirement CW (EE) Gas DHW & Gas Dryer Residential Retail (RES_RETAIL) | GA2c058
Early Retirement CW (Retire) Gas DHW & Gas Dryer Residential Retail (RES_RETAIL) | GA2c059

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:

AkWh = [(Capacity x 1/IMEFbase x Ncycles) * (%CWkwhbase + %DHWkwhbase + %Dryerkwhbase)]

- [(Capacity x 1/IMEFeff x Ncycles) x (%CWkwheff + %DHWkwheff + %Dryerkwheff)]

AMMBTUs = [(Capacity x 1/MEFbase x Ncycles) x ( (%DHWffbase x r_eff) + %Dryerffbase] - [(Capacity x
1/MEFeff x Ncycles) x (%DHWffeff x r_eff) + %Dryergaseff[xMMBTU_convert

Where:

Capacity = washer volume in ft3.

IMEF = Integrated Modified Energy Factor and is measured in ft3 /kWh/cycle

Ncycles = 283 loads per year!

%CWkwh = % of total kWh energy consumption for clothes washer operation (different for baseline and
efficient unit). See table below

%DHWkwh = % of total kWh energy consumption used for water heating (different for baseline and efficient
unit). See table below. If water is heated by gas or propane this is 0%

%DHWIf = % of total kWh energy consumption for dryer operation (different for baseline

and efficient unit). See table below. If the dryer is gas this is 0%

%Dryerkwh = % of total fossil fuel energy consumption used for water heating (different for baseline and
efficient unit). See table below. If water is heated by electric this is 0%.

%Dryerff = % of total fossil fuel energy consumption for dryer operation (different for baseline and efficient
unit). See table below. If the dryer is electric this is 0%.

r_eff =recovery energy factor used to account for the difference in recovery efficiencies of electric and
gas/oil/propane hot water heaters. Electric water heaters are 100% efficient while other water heaters are 75%
efficient. The ratio is 1.33 (100%/75%)

MMBTU_convert = Conversion factor from kWh to MMBTU is 0.003412

Efficiency Ratings and Percentage of Total Energy Consumption?

% Energy used for: IMEF IWF Volume

Washer Water

operation | heating Drying | ft3/kWh/cycle | gallons/cycle/ft3 ft3

Existing-Top Loading CW 8% 34% 59% 0.84 9.92 3.1
New-Federal Standard Top 0 0 0
Loading CW 3% 40% 56% 1.57 6.50 3.9
New-Energy Star Top 0 o o
Loading CW 4% 31% 65% 2.06 4.30 4.3
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Savings from Early Retirement of Clothes Washers

Demand savings are derived from the demand impact model which is developed as part of the Residential

Baseline Study.®

Measure Name AKWh AKW AMMBtu
Early Retirement CW (Retire) Elec DHW & Elec Dryer 342 0.1 0
Early Retirement CW (EE) Elec DHW & Elec Dryer 112 0.03 0
Early Retirement CW (Retire) Gas DHW & Elec Dryer 272 0.08 0.32
Early Retirement CW (EE) Gas DHW & Elec Dryer 12 0 0.46
Early Retirement CW (Retire) Elec DHW & Gas Dryer 125 0.04 0.74
Early Retirement CW (EE) Elec DHW & Gas Dryer 101 0.03 0.04
Early Retirement CW (Retire) Gas DHW & Gas Dryer 56 0.02 0.32/0.74
Early Retirement CW (EE) Gas DHW & Gas Dryer 0.8 0 0.46/0.04
Early Retirement CW (Retire) Oil DHW & Elec Dryer 272 0.08 0.32
Early Retirement CW (EE) Oil DHW & Elec Dryer 12 0 0.46
Early Retirement CW (Retire) Propane DHW & Elec Dryer 272 0.08 0.32
Early Retirement CW (EE) Propane DHW & Elec Dryer 12 0 0.46

Baseline Efficiency:

It is assumed that the existing top loading clothes washer met the 2007 federal standard which was an MEF >
1.262 and WF < 9.53. This is equivalent to an IMEF of 0.84 and IWH of 9.92. A new standard efficiency clothes
washer meets the federal standard for top loading washers effective 1/1/18 which requires an IMEF > 1.57 and an

IWF < 6.5.
MEF is Modified Energy Factor and is measured in ft3/kWh/cycle

WEF is Water Factor and is measured in gallons/cycle/ft

IMEF is Integrated Modified Energy Factor and is measured in ft3/kWh/cycle

IWF is Integrated Water Factor and is measured in gallons/cycle/ft3

High Efficiency:

The new high efficiency washer is an Energy Star (Version 8.0) rated washer top loading washer with a minimum

IMEF > 2.06 and IWF < 4.3.4

Measure Life:
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The effective useful life of the new clothes washer is assumed to be 12 years.> The remaining useful life of the

existing clothes washer is assumed to be 1/3 of the effective useful life which is 4 years.

Measure Name Core PA EUL OYF RUL AML
Initiative
Early Retirement CW (Retire) RES CD All 4 n/a n/a 4
Early Retirement CW (EE) RES_CD All 12 n/a n/a 12

Other Resource Impacts:

Water savings are calculated using the following algorithm:

AWater (gallons) = (Capacity * (IWFbase - IWFeff)) * Ncycles

Water savings for the Retire portion is 1,568 gallons and 1,903 gallons for the EE portion. Total water savings

are 3,471 gallons.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Iniioart?ve PA| ISR | RRe | RRue | RRsp | RRwe | CFsp | CFup
Early Retirement CW (Retire) RES_CD | All| 1.00 | 1.00 n/a 1.00 | 1.00 | 042 | 0.56
Early Retirement CW (EE) RES CD | All | 1.00 | 1.00 n/a 1.00 | 1.00 | 042 | 0.56

In-Service Rates:

In-service rates are set to 100% based on the assumption that all purchased units are installed.

Realization Rates:

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-Gross values have not been studied. The default NTG is 1.00.

Measure Name Core PA FR SOp SOwe NTG
Initiative
Early Retirement CW (Retire) RES_CD All 0.00 0.00 0.00 1.00
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Early Retirement CW (EE) RES CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

There are no NEIs associated with this measure.

Endnotes:

1: DOE (2013). 10 CFR Parts 429 and 430 Energy Conservation Program: Test Procedures for Residential
Clothes Dryers; Final Rule. DOE_2013 Test_Procedures_for_Residential Clothes Dryers

2 : DOE (2012). Residential Clothes Washers Direct Final Rule Technical Support Document; Chapter 7.
DOE_2012_Technical_Support Document_Clothes_Washers

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
4 : New Energy Star standard for top loading washers as of 2/15/2018

5 : Environmental Protection Agency (2018). Savings Calculator for ENERGY STAR Qualified Appliances.
https://www.energystar.gov/sites/default/files/asset/document/appliance_calculator.xlsx

Energy Star 2018 Consumer_Appliance_Calc

6 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.4. Appliance - Refrigerator/Freezer Recycling

Measure Code RES-A-RFR
Market Residential
Program Type Retrofit
Category Appliances

Measure Description:

The retirement of old, inefficient refrigerators and freezers.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Freezer Recycling

Residential Retail (RES_RETAIL)

EA2c052

Refrigerator Recycling (Combined)

Residential Retail (RES_RETAIL)

EA2c066

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed and are obtained from the referenced study.! Demand savings are derived from the
demand impact model which is developed as part of the Residential Baseline Study.?

Measure Name AKkWh AKW
Freezer Recycling 753 0.13
Refrigerator Recycling 1005 0.17

Baseline Efficiency:

The baseline efficiency case is an old, inefficient working refrigerator or freezer.

High Efficiency:

The high efficiency case assumes no replacement of the recycled unit.

Measure Life:

The measure life is 4 years.
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Measure Name Core Initiative PA EUL OYF RUL AML
Freezer Recycling RES_RETAIL All 4 n/a n/a 4
Refrigerator Recycling RES_RETAIL All 4 n/a n/a 4
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core Initiative| PA | ISR | RRe | RRne | RRse | RRwp | CFsp | CFwp
Freezer Recycling RES_RETAIL | All | 1.00 | 0.83 | 0.83 0.83 0.83 0.85 | 0.65
Refrigerator Recycling | RES_ RETAIL | All | 1.00 | 0.88 | 0.88 0.88 0.88 0.85 0.65

In-Service Rates:

All installations have 100% in service rate.

Realization Rates:

Realization rates represent the Part Use Factor, and account for units not being plugged in for the entire year.?

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Net-to-gross factors are based on study results.’

Measure Name Core Initiative PA FR SOp SOnp NTG
Freezer Recycling RES_RETAIL All 0.50 0.00 0.00 0.50
Refrigerator Recycling RES_RETAIL All 0.54 0.00 0.00 0.46

Non-Energy Impacts:

There are no non-energy impacts identified with this measure.

Endnotes:

1: Guidehouse (2021). Appliance Recycling Impact Study.

2021 Guidehouse Appliance Recycling 2019 Impact Report

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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3 : Guidehouse (2021). Appliance Recycling Impact Study

2021 Guidehouse_Appliance Recycling_2019 Impact_Report

4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020_Guidehouse Residential _Baseline_Phase 4

5: NMR Group, Inc. (2021). Appliance Recycling NTG Report. 2021 NMR_Appliance_Recycling NTG_Report
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1.5. Appliance - Room Air Cleaner

Measure Code RES-PL-RAC
Market Residential

Program Type Time of Sale
Category Plug Load

Measure Description:

Rebates provided for the purchase of an ENERGY STAR® qualified room air cleaner. ENERGY STAR® air
cleaners are 40% more energy-efficient than standard models.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Room Air Cleaner Residential Retail (RES_RETAIL) EA2c072

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on averaged inputs. The weight is based on 2019 - Aug 2020 National Grid
rebated units.

CADR CADR Value in Baseline High Efficiency Iszg\fi:]gz Weidht
Range Calculator Consumption (kWh) | Consumption (kwh) (kwr?) g
51-100 75 441 148 293 11%
101-150 125 733 245 488 33%
151-200 175 1025 342 683 15%
201-250 225 1317 440 877 22%
Over 250 300 1755 586 1169 19%
kW savings is based on a 24 hour operation.
Measure Name kWh kw
Room Air Cleaner 713 0.08
Baseline Efficiency:
The baseline efficiency case is a unit with 1.0 CADR/Wattgust.?
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High Efficiency:

The current EnergyStar specification requires a minimum of 2.0 CADR/Wattqust. However, the ENERGY STAR
average CADR/Watt (Dust) of models available in their US market database (approximately 170 models) is
approximately 3.5 CADR/Wattqst. Therefore it is assumed that the high efficiency unit has a 3.0 CADR/Wattyyst

Measure Life:

The measure life is 9 years.?

Measure Name Core Initiative PA EUL OYF RUL AML

Room Air Cleaner RES_RETAIL All 9 n/a n/a 9

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Mﬁgfrlge Core Initiative PA | ISR RRe RRNe RRsp RRwe CFsp CFwp
Room Air RES RETAIL All | 0.97 1.00 n/a 1.00 1.00 1.00 1.00
Cleaner —

In-Service Rates:

In-service rates is based on evaluation results.®

Realization Rates:

Realization rates are set to 100% since unit savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are calculated assuming that the unit runs continuously, 8760 hours/year.

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results and are weighted based on 2020 sales (53% in-store and 47%
online).*

2022
Measure Name Core Initiative PA FR SOp SOnp NTG
Room Air Cleaner RES RETAIL All 0.34 0.00 0.00 0.66
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2023

Measure Name Core Initiative PA FR SOp SOnp NTG
Room Air Cleaner RES_RETAIL All 0.36 0.00 0.00 0.64
2024

Measure Name Core Initiative PA FR SOp SOnp NTG
Room Air Cleaner RES_RETAIL All 0.37 0.00 0.00 0.63

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2021). Comprehensive TRM Review. 2021 Guidehouse TRM_Final_Report

2 : Environmental Protection Agency (2018). Savings Calculator for Energy Star Qualified Appliances.
Energy_Star 2018 Consumer_Appliance_Calc

3 : NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021_NMR_Products_ISR

4 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021 _NMR_Res_Products NTG_Report
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1.6. Appliances - Ultra Low GWP Refrigerator

Measure Code RES-CM-REF
Market Residential
Program Type Lost Opportunity
Category Appliances

Measure Description:

Rebates for purchase of Energy Star Most Efficiency qualified refrigerators using a natural refrigerant.

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

Ultra Low GWP Refrigerator Residential Retail (RES_RETAIL) EA2c342

Algorithms for Calculating Primary Energy Impact:

Unit savings are calculated using the following algorithms and assumptions:

AkWh = kWhpase - KWhe

Where:

kWhsase = Average usage of a new refrigerator meeting federal standards, by model type

kWhye = Average usage of a new natural refrigerant refrigerator meeting ENERGY STAR® Most Efficient
Standards, by model type

Demand savings are derived from the demand impact model which is developed as part of the Residential
Baseline Study.?

Measure AKkWh? AKW

Ultra Low GWP Refrigerator 101 0.02

Baseline Efficiency:

The baseline efficiency case is a residential refrigerator that meets the federal minimum standard for energy
efficiency and uses a conventional refrigerant.
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High Efficiency:

The high efficiency case is an ENERGY STAR most efficient qualified residential refrigerator that uses a natural

refrigerant.

Measure Life:

The measure life is 12 years.®

Measure Name Core Initiative PA | EUL | OYF | RUL | AML
Ultra Low GWP Refrigerator RES_RETAIL All 12 n/a n/a 12
Other Resource Impacts:
There are GHG savings related to refrigerant disposal associated with this measure.*
Measure Name Annual GHG savings (MT CO2e/unit)
Ultra Low GWP Refrigerator 0.001
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core PA | ISR | RRe | RRue | RRs» | RRwp | CFsp | CF
Initiative E NE SP WP SP WP
Ultra Low GWP Refrigerator |RES_RETAIL | All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.85 | 0.65

In-Service Rates:

The in-service rate is assumed to be 100%.

Realization Rates:

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Assumed 10% free-ridership.
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Measure Name Core Initiative PA FR SOp SOnp NTG

Ultra Low GWP Refrigerator RES_RETAIL All | 0.10 | 0.00 0.00 0.90

Non-Energy Impacts:

There are no non-energy impacts for this measure.

Endnotes:

1: Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline Phase 4
2: Apex Analytics (2021). Refrigerator Savings

Modeling 2021 _APEX_Analytics_Refrigerators_Savings_Modeling

3: Energy Star (2018). Consumer Appliance Calculator Energy Star 2018 Consumer_Appliance_Calc

4: 2021 NationalGrid_Ultra Low GWP_Resi_Refrig_ GHG

5: Guidehouse (2020). Residential Baseline Study Phase 4 2020_Guidehouse Residential _Baseline_Phase 4
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1.7. Behavior - Home Energy Report

Measure Code RES-O-HER
Market Residential
Program Type Behavior
Category Other

Measure Description:

The Behavior/Feedback programs send energy use reports to participating electric and natural gas customers in
order to change customers’ energy-use behavior.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Home Energy Reports Residential Behavior (RES_BEHVR) EA2d001
Home Energy Reports Residential Behavior (RES_BEHVR) GA2d001

Algorithms for Calculating Primary Energy Impact:
National Grid, Unitil, CLC and Berkshire unit savings are custom and based on calculations from vendor results.

AkWh = (kWhgase) (%SAVE)
AMMBtu = (MMBtugase) (SAVE)

Where:

Unit = One participant household.

KWh/MMBTUgase = Baseline energy consumption kWh/MMBTu.
%SAVE = Energy savings percent per program participant.

The Eversource savings for the Delivered Energy Insights will use savings of 0.428 mmbtu per gas customer and
45.55 kWh per electric customer based on study results.!

Baseline Efficiency:

The baseline efficiency case is a customer who does not receive a Home Energy Report.

High Efficiency:

The high efficiency case is a customer who receives a Home Energy Report.

Measure Life:

The measure life is 1 year.
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA Fuel ISR | RRe | RRne| RRsp | RRwe | CFsp | CFwe

Type

Home Energy

. RES BEHVR |Eversource | Elec | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.19 | 0.35
Reports Persistence -

Home Energy | peg gepyvr | NNl | giec | 100 | 0.95 | nia | 0.95 | 0.95 | 0.19 | 0.35
Reports Grid

Hoge EMEroy | RES BEHVR | CLC | Elec | 1.00 | 1.04 | n/a | 1.00 | 1.00 | 0.19 | 0.35
eports

Hoge ENergY | RES_BEHVR | Unitil | Elec | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.19 | 0.35
eports

Home Energy | peg geqvr | National | gas | 100 | nia | 098 | nia | nia | na | nia
Reports Grid

Home Energy

. RES BEHVR |Eversource | Gas | 1.00 | nfa | 1.00 | n/a n/a nfa | n/a
Reports Persistence -

Home Energy

Reports RES_BEHVR | Berkshire | Gas | 1.00 | n/a | 1.00 | n/fa | n/a | nfa | nla

Home Energy

RES BEHVR Unitil Gas | 1.00 | n/a | 1.00 | n/a n/a nfa | n/a
Reports -

In-Service Rates:

In-services rates are 100% since the program tracks all participating customers.

Realization Rates:

Eversource HER program persistence savings assume a 100% realization rate based on a 2021 evaluation.! All
other PA realization rates are based on 2015 evaluation results.?

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

The PAs assume 100% net-to-gross.
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Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2021) Re: 2020 Persistence Savings from the Home Energy Reports Program

2 : Navigant Consulting and Illume Advising (2015). Behavior Program Evaluation Opower

Results. Navigant_Illume_2014 Behavior_Program_Impact_Evaluation

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.8. Building Shell - Air Sealing

Measure Code RES-BS-AS
Market Residential
Program Type Retrofit
Category Building Shell

Measure Description:

Air sealing will decrease the infiltration of outside air through cracks and leaks in the building.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Air Sealing, Electric (Single Family) Residential Coordinated Delivery (RES_CD) EA2a028
Air Sealing, Gas (Single Family) Residential Coordinated Delivery (RES_CD) EA22a029
Air Sealing, Oil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a030
Air Sealing, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a031
Moderate Income Qualified - Air . . . .
Sealing, Electric (Single Family) Residential Coordinated Delivery (RES_CD) EA2a301
Moder_ate Income_Quallfled_- Alr Residential Coordinated Delivery (RES_CD) EA2a302
Sealing, Gas (Single Family)
Moderate Income Qualified - Air . . . .
Sealing, Oil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a303
Moderate Income Qualified - Air . . . .
Sealing, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a304
Air Sealing, Elerg'i[;;c) (Attached Low Residential Coordinated Delivery (RES_CD) EA2a105
Air Sealing, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2a293
Air Sealing, Oil (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al106
Air Sealing, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2a107
Moderate Income Qualified - Air S . .
Sealing, Electric (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a309
Moderate Income Qualified - Air S . .
Sealing, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a310
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Moderate Income Qualified - Air . . . .
Sealing, Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a311

Moderate Income Qualified - Air . . . .
Sealing, Other (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a312
Air Sealing, Electric (High Rise) Residential Coordinated Delivery (RES_CD) EA22a193
Air Sealing, Oil (High Rise) Residential Coordinated Delivery (RES_CD) EA2a194
Air Sealing, Other (High Rise) Residential Coordinated Delivery (RES_CD) EA2a195
Air Sealing, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a001
Air Sealing, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) GA2a046
Modergte Income.QuaIIfled_- Alr Residential Coordinated Delivery (RES_CD) GA2al132

Sealing, Gas (Single Family)

Moderate Income Qualified - Air . . . .
Sealing, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) GA2a059
Air Sealing, Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a079

Algorithms for Calculating Primary Energy Impact:

Single Family and Low Rise Attached:

The Program Administrators currently use vendor calculated energy savings for these measures in the Residential
Coordinated Delivery electric program. These savings values are calculated using vendor proprietary software
where the user inputs a minimum set of technical data about the house and the software calculates building
heating and cooling loads and other key parameters. The proprietary building model is based on thermal
transfer, building gains, and a variable-based heating/cooling degree day/hour climate model. This provides an
initial estimate of energy use that may be compared with actual billing data to adjust as needed for existing
conditions. Then, specific recommendations for improvements are added and savings are calculated using
measure-specific heat transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days

and cooling degree hours based on the actual characteristics and location of the house to determine the

heating and cooling balance point temperatures. Savings from shell measures use standard U-value, area,

and degree day algorithms. Infiltration savings use site-specific seasonal N-factors to convert measured leakage
to seasonal energy impacts. HVAC savings are estimated based on changes in system and/or distribution
efficiency improvements, using ASHRAE 152 as their basis. Lighting, appliance, and water heating savings are
based on standard algorithms, taking into account operating conditions and pre- and post-retrofit energy
consumption. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to incorrectly “adding” individual measure results.

The PAs calculate demand (kW) savings by applying a KW/kWh factor to the vendor-estimated electric energy
savings. The kW/kWh factor for Air Sealing (Electric) is 0.00073.!

High Rise:
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Unit savings are calculated using the following algorithms and assumptions:
MMBtu = (Vol x AACH x 0.018 x HDD60 x 24) / (1,000,000 * nheating)
kWh = MMBtu * 293.1

kW = kWh x KW/kWh

Where:

Vol = [ft3] This is the air volume of the treated space, calculated from the dimensions of the space, which
could include the number of floors, the floor area per floor, and the floor-to-ceiling height, or the dwelling floor
area and number of dwellings. The treated space can be the entire building including the common areas, or just
the individual dwelling units. (Auditor Input)

AACH = [°F-day] Infiltration reduction in Air Changes per Hour, natural infiltration basis. This will typically
be a default value, but the source of the assumption should be transparent and traceable, or it could come from
a blower door test. (Stipulated Value? or Blower Door Test)

HDDG60 = Heating degree-days, base 60 from TMY 3 weather data. See table below.

nheating = [AFUE, COP, thermal efficiency(%)] Efficiency of the heating system, as determined on site
(Auditor Input)

24 = Conversion factor: 24 hours per day

0.018 = [Btu/ft3- °F] Air heat capacity: The specific heat of air (0.24 Btu/°F.1b) times the density of air (0.075
Ib/ft3)

1,000,000 = Conversion factor: 1,000,000 Btu per MMBtu

293.1 = Conversion factor: 293.1 kWh / MMBtu

kW/kWh = Average kW reduction per kWh reduction: 0.00073 kW/kWh?3

Hours:
Heating hours are characterized by the heating degree days for the facility.* The heating degree days are looked
up based on the nearest weather station to the customer, as selected by the program vendor.

TMY3 City HDD CDH
Barnstable Muni Boa 4,379 1,349
Beverly Muni 5,329 3,432
Boston Logan Int'l Arpt 4,550 4,329
Chicopee Falls Westo 5,016 4116
Lawrence Muni 4,640 3,978
Martha’s Vineyard 4,312 1,345
Nantucket Memorial AP 3,988 362
New Bedford Rgnl 4,434 4,232
North Adams 5,234 2,524
Norwood Memorial 4,872 4,763
Otis ANGBb 4,718 2,588
Plymouth Municipal 4,559 2,138
Provincetown (AWOS) 4,368 2,195
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Westfield Barnes Muni AP

5,301

3,784

Worcester Regional Arpt

5,816

1,753

Baseline Efficiency:

The baseline efficiency case is the existing building before the air sealing measure is implemented. For High
Rise, the baseline building is characterized by the existing air changes per hour (ACHPRE) for multi-
family facilities, which is measured prior to the implementation of the air sealing measure. This will typically
be a default value of a baseline/pre-retrofit ACH =0.5.

High Efficiency:

The high efficiency case is the existing building after the air sealing measure is implemented. For High Rise,
the high efficiency building is characterized by the new air changes per hour (ACHPOST) for multi-
family facilities, which is measured after the air sealing measure is implemented. This will typically be a
default value of a post-retrofit ACH =0.4.

Measure Life:

The measure life is 15 years.®

Measure Name Core Initiative PA EUL OYF RUL AML
Air Sealing RES CD All 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Moderate Income Qualified use the same impact factors.
Measure Name Iniioz;[?ve PA ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFup
Air Sealing, Electric | oo on | NGRID 100 [ 056 | n/a | 056 | 056 | 0.00 | 0.43
(Single Family) -
AlrSeaImg, _Gas RES CD NGRID 1.00 | n/a 0.75 n/a n/a n/a n/a
(Single Family) -
A'.r Sealmg,_OlI RES CD NGRID 1.00 | n/a 0.77 n/a n/a n/a n/a
(Single Family) -
Air Sealing, Other | prs o | NGRID | 100 | nfa | 100 | nfa | na | na | na
(Single Family) -
Air Sealing, Electric
(Attached Low Rise) RES_CD NGRID 1.00 | 0.56 n/a 0.56 0.56 0.00 | 043
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Air Sealing, Gas

(Attached Low Rise) RES_CD NGRID 100 | nfa | 0.75 n/a n/a n/a n/a

Air Sealing, Oil

(Attached Low Rise) RES_CD NGRID 100 | nfa | 0.77 n/a n/a n/a n/a

Air Sealing, Other

(Attached Low Rise) RES_CD NGRID 100 | nfa | 1.00 n/a n/a n/a n/a

Air Sealing, Electric

(Single Family) RES_CD| Eversource 1.00 | 0.56 n/a 0.56 0.56 0.00 | 043

Air Sealing, Gas

. . RES CD Eversource 1.00 n/a 0.75 n/a n/a n/a n/a
(Single Family) -

Air Sealing, Oil

. . RES CD Eversource 1.00 n/a 0.77 n/a n/a n/a n/a
(Single Family) -

Air Sealing, Other

(Single Family) RES _CD| Eversource 1.00 | n/a 1.00 n/a n/a n/a n/a

Air Sealing, Electric

(Attached Low Rise) RES_CD| Eversource 1.00 | 0.56 n/a 0.56 0.56 0.00 | 0.43

Air Sealing, Gas

(Attached Low Rise) RES_CD| Eversource | 1.00 | n/a | 0.75 n/a n/a n/a n/a

Air Sealing, Oil

(Attached Low Rise) RES_CD| Eversource 100 | nfa | 0.77 n/a n/a n/a n/a

Air Sealing, Other

(Attached Low Rise) RES_CD| Eversource 1.00 | n/a 1.00 n/a n/a n/a n/a

Air Sealing, Electric

. . RES_CD Unitil 1.00 | 0.54 n/a 0.54 0.54 0.00 | 0.43
(Single Family) -
A'Ysea"”g' Qas RES CD Unitil 1.00 | n/a 0.68 n/a n/a n/a n/a
(Single Family) -
AirSealing, Ol pes op | gl 100 | nia | 079 | na | na | ma | na
(Single Family) -
A|r_SeaI|ng, cher RES CD Unitil 1.00 | n/a 0.89 n/a n/a n/a n/a
(Single Family) -
Air Sealing, Electric .
(Attached Low Rise) RES CD Unitil 1.00 | 0.54 n/a 0.54 0.54 0.00 | 0.43
Air Sealing, Gas .
(Attached Low Rise) RES_CD Unitil 1.00 | n/a 0.68 n/a n/a n/a n/a
Air Sealing, Oil .
(Attached Low Rise) RES CD Unitil 1.00 | n/a 0.79 n/a n/a n/a n/a
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Air Sealing, Other

(Attached Low Rise) RES_CD Unitil 1.00 | n/a 0.89 n/a n/a n/a n/a
Alr Sealing, Electric | pee o, cLC 100 | 054 | n/a | 054 | 054 | 000 | 043
(Single Family)
A'F Sealing, Gas RES_CD CLC 1.00 | n/a 0.68 n/a n/a n/a n/a
(Single Family)
Air Sealing, Oil
(Single Family) RES_CD CLC 1.00 | n/a 0.79 n/a n/a n/a n/a
Air Sealing, Other | peo oy cLC 100 | nfa | 089 | na | nla | nia | nha
(Single Family)
Air Sealing, Electric
(Attached Low Rise) RES_CD CLC 1.00 | 0.54 n/a 0.54 054 | 0.00 | 043
Air Sealing, Gas
(Attached Low Rise) RES_CD CLC 1.00 | n/a 0.68 n/a n/a n/a n/a
Air Sealing, Oil
(Attached Low Rise) RES_CD CLC 1.00 | n/a 0.79 n/a n/a n/a n/a
Air Sealing, Other RES_CD CLC 1.00 | n/a 0.89 n/a n/a n/a n/a

(Attached Low Rise)

Air Sealing, Gas

(Single Family) RES_CD Berkshire 1.00 | n/a 0.83 n/a n/a n/a n/a

Air Sealing, Gas

(Attached Low Rise) RES_CD Berkshire 1.00 | n/a 0.83 n/a n/a n/a n/a

Air Sealing, Gas

. . RES CD Columbia 1.00 n/a 0.68 n/a n/a n/a n/a
(Single Family) -

Air Sealing, Gas

(Attached Low Rise) RES_CD| Columbia 100 | nfa | 0.68 n/a n/a n/a n/a

Air Sealing, Gas

(Single Family) RES_CD Liberty 1.00 | n/a 0.68 n/a n/a n/a n/a

Air Sealing, Gas

(Attached Low Rise) RES CD Liberty 1.00 | n/a 0.68 n/a n/a n/a n/a

Air Sealing, Electric

o icey | |RES_CD Al 100 | 086 | nia | 086 | 086 | 0.00 | 043
Alr Sea"g?ée)o" (High | pes cp Al 100 | 100 | 086 | na | na | na | na
Air Sealing, Other | peo o Al 100 | 100 | 086 | na | na | na | na
(High Rise)
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Air Sealing,

Gas (High Rise) RES_CD Al

1.00 | 1.00

0.86 n/a

n/a

n/a

n/a

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of equipment installations.

Realization Rates:

Realization rates are for Single Family and Attached Low Rise based on HES evaluation results® while High Rise

is based on Multifamily evaluation results.’

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-gross factors are based on evaluation results.® Moderate Income Qualified use the same NTG values.

Measure Name Iniioart?ve PA | FR SOp SOwe NTG
Air Sealing, Electric (Single Family) RES_CD| All 0.12 0.12 0.04 1.04
Air Sealing, Gas (Single Family) RES CD| Al 0.19 0.12 0.04 0.97
Air Sealing, Oil (Single Family) RES CD| Al 0.12 0.12 0.04 1.04
Air Sealing, Other (Single Family) RES_CD| All 0.12 0.12 0.04 1.04
Air Sealing, Electric (Attached Low Rise) |RES CD | All 0.12 0.12 0.04 1.04
Air Sealing, Gas (Attached Low Rise) RES CD| Al 0.19 0.12 0.04 0.97
Air Sealing, Oil (Attached Low Rise) RES_CD| All 0.12 0.12 0.04 1.04
Air Sealing, Other (Attached Low Rise) |RES CD| All 0.12 0.12 0.04 1.04
Air Sealing, Electric (High Rise) RES_CD| All 0.14 0.0 0.0 0.86
Air Sealing, Qil (High Rise) RES CD| Al 0.14 0.0 0.0 0.86
Air Sealing, Other (High Rise) RES CD| Al 0.14 0.0 0.0 0.86
Air Sealing, Gas (High Rise) RES_CD| All 0.14 0.0 0.0 0.86
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Annual | One- | Annual | O™ | Annual | O"¢
Measure Name Inﬁioartei)ve PA| $per | time$ | $per tm:jrﬂ; $ per tlmeer$
Unit | per Unit| kWh b Therm P
KWh Therm
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Air Sealing (High Rise) RES CD| All | $19.35 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00

Air Sealing (Single Family) |RES_CD | All | $19.28 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00

Air Sealing (Low Rise Attached) |[RES_CD | All | $19.28 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00

Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse Residential_Baseline_Phase 4
2 : The Cadmus Group (2012). MARR Multifamily Impacts Analysis Report.

CADMUS 2012 Multifamily Impacts Analysis_Report

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
4 : The Cadmus Group, Inc. (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact
Analysis. CADMUS 2012 _Multifamily Impacts_Analysis_Report
5:GDS_2007_Measure_Life_Report_Residential_and_CI_Lighting_and_HVAC_Measures
GDS_2007_Measure_Life Report Residential and_CI_Lighting_and HVAC_Measures

6 : Navigant Consulting (2018). HES Impact Evaluation 2018 Navigant HES Impact Evaluation

7 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation

2018 Navigant_Multifamily Program_Impact Evaluation

8 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
9 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Workbook 2021_Guidehouse_ MA_Res NTG_Final_Results Workbook
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1.9. Building Shell - Insulation

Measure Code RES-BS-I
Market Residential
Program Type Retrofit
Category Building Shell

Measure Description:

Shell insulation installed through the Residential Coordinated Delivery program.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Insulation, Electric (Single Family) Residential Coordinated Delivery (RES_CD) EA2a032
Insulation, Gas (Single Family) Residential Coordinated Delivery (RES_CD) EA2a033
Insulation, Oil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a034

Insulation, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a035

Moderate Incqme Qua"f'ed - Insulation, Residential Coordinated Delivery (RES_CD) EA2a305
Electric (Single Family)
Moderate Incomt_a Quallfleq - Insulation, Residential Coordinated Delivery (RES_CD) EA2a306
Gas (Single Family)
Moderate In_comfa Quallfle(_j - Insulation, Residential Coordinated Delivery (RES_CD) EA2a307
Oil (Single Family)
Moderate Income Qualified - Insulation, . . . .
Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a308
Insulation, Electric (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA22a108

Insulation, Cooling for Electrically- . . . .

Heated Unit (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a109
Insulation, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a294
Insulation, Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a110

Insulation, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al11l
Moderate Income Qualified - Insulation, Residential Coordinated Delivery (RES_CD) EA2a313

Electric (Attached Low Rise)
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Moderate Income Qualified - Insulation,
Cooling for Electrically-Heated Unit Residential Coordinated Delivery (RES_CD) EA2a314
(Attached Low Rise)
Moderate Income Qualified - Insulation, . . . .
Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a315
Moderate Income Qualified - Insulation, . . . .
Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a316
Moderate Income Qualified - Insulation, . . . .
Other (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a317
Insulation, Electric (High Rise) Residential Coordinated Delivery (RES_CD) EA22a196
Insulation, Cooling for Electrically- . . . .
Heated Unit (High Rise) Residential Coordinated Delivery (RES_CD) EA2a197
Insulation, Oil (High Rise) Residential Coordinated Delivery (RES_CD) EA22a198
Insulation, Other (High Rise) Residential Coordinated Delivery (RES_CD) EA22a199
Insulation, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a002
Moderate Incomg Qual|f|ed_ - Insulation, Residential Coordinated Delivery (RES_CD) GA2al133
Gas (Single Family)
Insulation, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) GA2a047
Moderate Income Qualified - Insulation, . . . .
Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) GA2a060
Insulation, Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a080

Algorithms for Calculating Primary Energy Impact:

Single Family and Attached Low Rise:

The Program Administrators currently use vendor calculated energy savings for these measures in the Residential
Coordinated Delivery program. These savings values are calculated using vendor proprietary software where
the user inputs a minimum set of technical data about the house and the software calculates building heating
and cooling loads and other key parameters. The proprietary building model is based on thermal transfer,
building gains, and a variable-based heating/cooling degree day/hour climate model. This provides an initial
estimate of energy use that may be compared with actual billing data to adjust as needed for existing
conditions. Then, specific recommendations for improvements are added and savings are calculated using
measure-specific heat transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days
and cooling degree hours based on the actual characteristics and location of the house to determine the
heating and cooling balance point temperatures. Savings from shell measures use standard U-value, area,
and degree day algorithms. Infiltration savings use site-specific seasonal N-factors to convert

measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in system
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and/or distribution efficiency improvements, using ASHRAE 152 as their basis. Lighting, appliance, and
water heating savings are based on standard algorithms, taking into account operating conditions and pre-
and post-retrofit energy consumption. Interactivity between architectural and mechanical measures is

always included, to avoid overestimating savings due to incorrectly “adding” individual measure results. The
PAs calculate demand (kW) savings by applying a kW/kWh factor to the vendor-estimated electric energy
savings. The kW/kWh factors are provided in the table below.

kW Factors for Vendor Measures! :

Measure kW/kWh Factor
Insulation (Electric) 0.00073
Insulation (Gas, Oil, Other FF) 0.00076
Insulation, Central AC in Electrically-Heated Unit 0.00059

High Rise:
MMBtU = ((1/Rexist - 1/Rnew)*HDD * 24 * Al‘ea) / (1000000 * nheat)

kWh = MMBtu * 293.1
kW = kWh * KW/kWhpeat

Where:

Rexist = EXisting effective R-value (R-ExistinglInsulation + R-Assembly),ft2-°F/Btuh

Rnew = New total effective R-value (R-ProposedMeasure + R-Existinglnsulation+ R-Assembly), ft2-°F/Btuh
Area = Square footage of insulated area

Nheat = Efficiency of the heating system (AFUE or COP), site specific

293.1 = Conversion constant (IMMBtu = 293.1 kWh)

24 = Conversion for hours per day

HDD = Heating Degree Days; dependent on location, see table below

1,000,000 = Conversion from Btu to MMBtu

KW/kWhheat = Average annual kW reduction per kwWh reduction: 0.00073 kW/kWh

If Facility has central cooling then also calculate air conditioning savings:
kWheool = ((1/Rexist - 1/Rnew) * CDH * DUA * Area) / (1000 Btu/kBtu * rcool)

kW = kWh * kW/kthooI

Where:

Rexist = EXisting effective R-value (R-ExistinglInsulation + R-Assembly),ft2-°F/Btuh

Rnew = New total effective R-value (R-ProposedMeasure + R-Existinglnsulation+ R-Assembly), ft2-°F/Btuh
DUA = Discretionary Use Adjustment to account for the fact that people do not always operate their air
conditioning system when the outside temperature is greater than 75°F = 0.752

Area = Square footage of insulated area

ncool = Efficiency of air conditioning equipment (SEER), site specific

CDH = Cooling Degree Hours; dependent on location, see table below

kW/kWhcoo = Average annual kW reduction per kWh reduction: 0.00073 kW/kWh

Hours:
Heating hours are characterized by the heating degree days for the facility.® The heating degree days are looked
up based on the nearest weather station to the customer, as selected by the program vendor.
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TMY3 City HDD CDH
Barnstable Muni Boa 4,379 1,349
Beverly Muni 5,329 3,432
Boston Logan Int'l Arpt 4,550 4,329
Chicopee Falls Westo 5,016 4,116
Lawrence Muni 4,640 3,978
Martha’s Vineyard 4,312 1,345
Nantucket Memorial AP 3,988 362
New Bedford Rgnl 4,434 4,232
North Adams 5,234 2,524
Norwood Memorial 4,872 4,763
Otis ANGBb 4,718 2,588
Plymouth Municipal 4,559 2,138
Provincetown (AWOS) 4,368 2,195
Westfield Barnes Muni AP 5,301 3,784
Worcester Regional Arpt 5,816 1,753

Baseline Efficiency:

The baseline efficiency case is the existing conditions of the participating household.

For high rise the baseline efficiency case is characterized by the total R-value of the existing attic, basement or
sidewall (Rexist). This is calculated as the R-value of the existing insulation, estimated by the program contractor,

plus the R-value of the ceiling, floor, or wall (R-Assembly for all projects : RCEILING = 3.36; RFLOOR = 6.16;
RWALL = 6.65).*

High Efficiency:

The high efficiency case is characterized by the total R-value of the installation of additional attic, basement or
sidewall insulation. This is calculated as the sum of the existing R-value (Rexisit) plus the R-value of the added
insulation.

Measure Life:

The measure life is 25 years.®

Measure Name Core Initiative PA EUL OYF RUL AML
Insulation RES CD All 25 n/a n/a 25
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Moderate Income Qualified use the same impact factors

Core

Measure Name Initiative PA ISR RRe | RRne | RRsp | RRwr | CFsp | CRwp
. . . National
Insulation, Electric (Single Family) | RES_CD Grid 1.00 | 0.56 | 1.00 | 0.56 | 0.56 | 0.00 | 0.43
. . . National
Insulation, Gas (Single Family) | RES_CD Grid 1.00 | 1.00 | 0.75 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oil (Single Family) | RES_CD Naé'r?ga' 1.00 | 1.00 | 0.77 | 1.00 | 1.00 | 0.24 | 0.25
. . . National
Insulation, Other (Single Family) | RES_CD Grid 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Electric (Attached Low | peo oy | National 1y 5 | 56| 400 | 0.56 | 0.56 | 0.00 | 0.43
Rise) - Grid
Insulation, Central AC in National
Electrically-Heated Unit (Attached | RES_CD Grid 1.00 | 0.56 | 1.00 | 0.56 | 0.56 | 0.35 | 0.00
Low Rise)
Insulation, Gas (Attached Low | pee oy | National |y o | 4 55 | 975 | 100 | 1.00 | 0.34 | 0.2
Rise) - Grid
Insulation, Oil (Attached Low | peg opy | National 1y 55 | 109 | 077 | 1.00 | 1.00 | 0.24 | 0.25
Rise) - Grid
Insulation, Other (Attached Low | peo opy | National 1\ 5519 09 | 100 | 1.00 | 1.00 | 0.24 | 0.25
Rise) - Grid
Insulation, Electric (Single Family) | RES_CD | Eversource | 1.00 | 0.56 | 1.00 | 0.56 | 0.56 | 0.00 | 0.43
Insulation, Gas (Single Family) | RES_CD | Eversource | 1.00 | 1.00 | 0.75 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oil (Single Family) | RES_CD | Eversource| 1.00 | 1.00 | 0.77 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Other (Single Family) | RES_CD | Eversource | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, E'eg{;‘é)(A“aChed LoW | pES CD | Eversource | 1.00 | 0.56 | 1.00 | 0.56 | 0.56 | 0.00 | 0.43
Insulation, Central AC in
Electrically-Heated Unit (Attached | RES_CD | Eversource | 1.00 | 0.56 | 1.00 | 0.56 | 0.56 | 0.50 | 0.00
Low Rise)
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Insulation, Gas (Attached Low

b RES_CD | Eversource | 1.00 | 1.00 | 0.75 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oé'is(gtmhed Low | pES cD | Eversource | 1.00 | 1.00 | 0.77 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Otg?gé)A“aChed Low | pES cD | Eversource | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Electric (Single Family) | RES_CD Unitil 1.00 | 0.54 | 1.00 | 0.54 | 0.54 | 0.00 | 0.43
Insulation, Gas (Single Family) | RES_CD Unitil 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oil (Single Family) | RES _CD Unitil 1.00 | 1.00 | 0.79 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Other (Single Family) | RES_CD Unitil 1.00 | 1.00 | 0.89 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, E'eg{;‘é)(A“aChed Low | pEs cp|  unitil | 1.00 | 0.54 | 1.00 | 0.54 | 0.54 | 0.00 | 0.43

Insulation, Central AC in
Electrically-Heated Unit (Attached | RES_CD Unitil 1.00 | 0.54 | 1.00 | 0.54 | 0.54 | 0.50 | 0.00
Low Rise)
Insulation, GS?S(e’)“taChed Low | pEs cp|  unitil | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oé'is(gtta‘:hed Low | pEs co|  unitil | 1.00 | 1.00 | 0.79 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Otg?ge()A“aChed Low | pEs cp|  unitil | 1.00 | 1.00 | 0.89 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Electric (Single Family) | RES_CD CLC 1.00 | 0.54 | 1.00 | 0.54 | 0.54 | 0.00 | 0.43
Insulation, Gas (Single Family) |RES CD| CLC | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oil (Single Family) | RES _CD CLC 1.00 | 1.00 | 0.79 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Other (Single Family) |RES_ CD| CLC | 1.00 | 1.00 | 0.89 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, E'eg{;‘é)(AttaChed Low pes co| cLc | 1.00 | 056 | 1.00 | 0.56 | 056 | 0.00 | 0.43
Insulation, Central AC in
Electrically-Heated Unit (Attached | RES_CD| CLC | 1.00 | 0.54 | 1.00 | 054 | 0.54 | 0.50 | 0.00
Low Rise)

Insulation, Ggfs(e'?tt“hed Low 1 pes co| cLc | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Oé'iggua‘:hed Low | pes cp| cLc | 1.00 | 1.00 | 0.79 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Otg?ge()A“aChed Low 'pes cp| cLc | 1.00 | 1.00 | 0.89 | 1.00 | 1.00 | 0.24 | 0.25
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Insulation, Gas (Single Family) | RES_CD | Berkshire | 1.00 | 1.00 | 0.83 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Ggfs(e'?tt“hed Low | pes cD | Berkshire | 1.00 | 1.00 | 0.83 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Gas (Single Family) | RES_CD | Columbia | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Ggfs(e'?tt“hed Low | pEs cD | Columbia | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Gas (Single Family) |RES CD | Liberty | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Gg‘?sg?tt“hed Low | pEs cp| Liberty | 1.00 | 1.00 | 0.68 | 1.00 | 1.00 | 0.24 | 0.25
Insulation, Electric (High Rise) | RES_CD All 1.00 | 0.86 | nfa | 0.86 | 0.86 | 0.00 | 0.43
Insulation, Central AC in
Electrically-Heated Unit (High | RES_CD All 1.00 | 0.86 | nfa | 0.86 | 0.86 | 0.50 | 0.00
Rise)
Insulation, Gas (High Rise) RES_CD All 1.00 | nfa | 0.86 | n/a n/a nfa | nla
Insulation, Oil (High Rise) RES CD All 1.00 | nfa | 0.86 | n/a n/a n/a | nla
Insulation, Other (High Rise) RES_CD All 1.00 | nfa | 0.86 | n/a n/a nfa | nla

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of installations.

Realization Rates:

Realization rates are based on evaluation results.® 7

Coincidence Factor:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.®

Measure Name Core Initiative | PA FR SOp SOnp NTG

Insulation, Electric (Single Family) RES CD All 0.12 0.12 0.04 1.04

Insulation, Gas (Single Family) RES CD All 0.19 0.12 0.04 0.97

Insulation, Oil (Single Family) RES_CD All 0.12 0.12 0.04 1.04

Insulation, Other (Single Family) RES CD All 0.12 0.12 0.04 1.04

Insulation, Electric (Attached Low Rise) RES_CD All 0.12 0.12 0.04 1.04
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'”i‘é‘;tt'eo d”biftngft'tgﬁe'g E(')f’,\‘;tggae')'y RES_CD All | 012 | 012 | 004 1.04
Insulation, Gas (Attached Low Rise) RES_CD All 0.19 0.12 0.04 0.97
Insulation, Oil (Attached Low Rise) RES CD All 0.12 0.12 0.04 1.04

Insulation, Other (Attached Low Rise) RES_CD All 0.12 0.12 0.04 1.04

Insulation (High Rise) RES CD All 0.14 0.00 0.00 0.86

Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.

Core Annual | One- | Annual t(i)rr?:és Annual t(i)rrr11:-$
Measure Name Initiati PA| $per | time$ | $per $ per
nitiative Unit er Unit| kWh ber Therm ber
P KWh Therm

Insulation (Single Family) |RES_CD | All | $47.31 | $0.00 $0.00 $0.00 $0.00 $0.00

Insulation (Attached Low Rise) | RES_CD | All | $47.31 | $0.00 $0.00 $0.00 $0.00 $0.00
Insulation (High Rise) RES_CD | All | $47.31 | $0.00 $0.00 $0.00 $0.00 $0.00

Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4 2020_Guidehouse Residential Baseline_Phase 4
2 : The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact Analysis.
CADMUS 2012 Multifamily Impacts Analysis_Report

3: The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact Analysis.
CADMUS 2012 Multifamily _Impacts Analysis_Report

4 : Assumptions from National Grid program vendor.

5: GDS Associates (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures. GDS 2007 _Measure_Life_Report Residential and_Cl_Lighting_and HVAC_Measures

6 : Single Family and Attached Low Rise: Navigant Consulting (2018). Home Energy Services (HES) Impact
Evaluation. 2018 Navigant HES Impact Evaluation

7 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

8 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
9 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Workbook 2021 _Guidehouse MA Res NTG Final Results Workbook
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1.10.  Building Shell - Window

Measure Code RES-BS-WIN
Market Residential
Program Type Early Replacement

Category Building Envelope

Measure Description:

Early replacement of a single pane window either with or without a storm with a triple pane window.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Window - Electric Resistance Residential Retail (RES_RETAIL) EA2c344
Window - Heat Pump Residential Retail (RES_RETAIL) EA2c345
Window - Gas Residential Retail (RES_RETAIL) GA2c078
Window - Oil Residential Retail (RES_RETAIL) EA2c346
Window - Propane Residential Retail (RES_RETAIL) EA2c347

Algorithms for Calculating Primary Energy Impact:

Savings are calculated using the installed area of the replacement window and usage factors develop using
RESFEN! to model different window types and heating fuels. The results of this analysis are shown in the
‘Annual Energy Usage’ table below, which provides the annual usage based by window type. Since this is an
early replacement measure it is assumed that for one-third of the measure life the savings are calculated as the
difference between the existing conditions and a triple pane window and for the remaining two-thirds of the
measure life the savings are calculated as the difference between an ENERGY STAR double pane and ENERGY
STAR triple pane window. The savings are deemed by heating fuel type per window based on the following
table.

Heating Fuel Type Gross Annual kWh Maximgm Load Savings (MMBtu /
Saved Reduction (kW) Year)
Window - Electric Resistance Heating 131 0.13 -
Window - Heat Pump* 69 0.05 -
Window - Gas Heating 7 0.01 0.6
Window - Qil/Propane Heating 7 0.01 0.6

* Heat pump savings are assumed to be half of the electric resistance savings.
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The early replacement remaining life heating savings were calculated as consumption of the existing window
minus consumption of the Energy Star triple pane window where the final savings apply a 30.9% weight to the
single pane 'tight' window and a 60.1% weight to the single pane with storm window (based on National Grid
home energy assessment data). The savings are calculated as follows:

Single Pane 'tight' electric resistance heating savings are calculated using the following:
(AEHb-AEHes3)*SqgFt = 215 kWh

Single Pane with storm electric resistance heating savings are calculated using the following:
(AEHDb2-AEHes3)*SqFt = 83.7 kWh

Single Pane 'tight' fossil fuel heating savings are calculated using the following:
(AGUDb-AGUes3)*SgFt = 1.08 MMBtu

Single Pane with storm fossil fuel heating savings are calculated using the following:
(AGUD2-AGUes3)*SqgFt = 0.42 MMBtu

where:

AEHb=22.02 (see Annual Energy Usage table)

AEHb2=10.79 (see Annual Energy Usage table)

AEHes3=3.64 (see Annual Energy Usage table)

AGUb=0.111 (see Annual Energy Usage table)

AGUDb2=0.054 (see Annual Energy Usage table)

AGUes3=0.018 (see Annual Energy Usage table)

SqFt= Assumed 11.7 square feet of area per window based on an average window size of 31.5"x53.5"

The heating savings after the remaining life were calculated as consumption of the Energy Star double pane
window (standard device) minus consumption of the Energy Star triple pane window. The savings are calculated
as follows:

Energy Star double pane electric resistance heating savings are calculated using the following:
(AEHes2-AEHes3)*SqFt = 23.7 kWh

Energy Star double pane fossil fuel heating savings are calculated using the following:
(AGUes2-AGUes3)*SgFt = 0.12 MMBtu

where:

AEHes2=5.66 (see Annual Energy Usage table)

AEHes3=3.64 (see Annual Energy Usage table)

AGUes2=0.028 (see Annual Energy Usage table)

AGUes3=0.018 (see Annual Energy Usage table)

SqFt= Assumed 11.7 square feet of area per window based on an average window size of 31.5"x53.5"

The cooling savings are weighted assuming that 34% of homes have central cooling and 53% of homes have
window ACs.2 The window AC savings are assumed to be 28.3% of the central cooling savings® calculated as
follows:

Cooling early replacement savings are calculated using the following: (AECb2-AECes3)*SqFt = 14.27 kWh
Cooling savings after the remaining life are calculated using the following: (AECes2-AECes3)*SqFt = 1.64 kWh
AECDb2=2.57 (see Annual Energy Usage table)

AECes2=1.49 (see Annual Energy Usage table)

AECes3=1.35 (see Annual Energy Usage table)

SqFt= Assumed 11.7 square feet of area per window based on an average window size of 31.5"x53.5"
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Annual Energy Usage

Annual Electric Annual Electric Annual Fossil
Window /Sliding Glass Door Type Heating Usage Cooling Usage Fuel Usage
AEH (KWh/ft®) AEC (kWh/ft®) AGU (MMBtu/ft")
Single Pane (“tight™) 22.02 2.57 0.11
Double Pane (or single with storm) 10.79 2.57 0.05
ENERGY STAR - Double Pane 5.66 1.49 0.03
ENERGY STAR - Triple Pane 3.64 1.35 0.02

Baseline Efficiency:

The baseline efficiency case is a single pane window with or without a storm.

High Efficiency:

The high efficiency case is an ENERGY STAR® qualified triple pane window.

Measure Life:

The measure life is 25 years.* Dual baseline savings were calculated and assumed that the remaining life of the
existing windows would be 1/3rd of the 25 year measure life or 8 years. Savings after the remaining life of the
existing windows are assumed to be 2/3rd of the 25 year measure life or 17 years. The adjusted measure life
(AML) was calculated by dividing calculated lifetime savings by annual savings.

Measure Name Core Initiative PA | EUL | OYF RUL AML
Window - Electric Resistance Heating RES_RETAIL All 25 n/a 8 14
Window - Heat Pump RES_RETAIL All 25 n/a 8 13
Window - Gas Heating RES_RETAIL All 25 n/a 8 14
Window - Qil/Propane Heating RES_RETAIL All 25 n/a 8 14
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core PA | ISR | RRe |RRne | RRsp [RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Window - Electric Resistance Heating |RES_RETAIL| All | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.06 | 0.13
Window - Heat Pump RES_RETAIL| All | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.24 | 0.25
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Window - Gas Heating RES_RETAIL| All | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.50 | 0.04

Window - Qil/Propane Heating RES_RETAIL| All | 1.00 | 1.00 | n/a | 1.00 | 1.00 | 0.50 | 0.04

In-Service Rates:

The in-service rate is assumed to be 100%.

Realization Rates:

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using demand allocation methodology described in the
Demand Impact Model.®

Impact Factors for Calculating Net Savings:
Assumed 4% free-ridership based on the low market share of triple pane windows.
Measure Name Core Initiative PA FR SOp SOnp NTG

Window RES_RETAIL All 0.04 0.00 0.00 0.96

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.®

One-time One-time | Annual $ | One-time
Annual $
$ per $ per per $ per

Measure Core Initiative PA Annual $ er KWh
Unit P KWh Therm Therm

Name per Unit

Window RES_RETAIL All $6.72 $0.00 $0.00 $0.00 $0.00 $0.00

Endnotes:

1: Lawrence Berkeley National Laboratory, RESFEN 5.0 computer software, May 12, 2005.
http://windows.Ibl.gov/software.

2 : Guidehouse (2020). Residential Baseline Study Phase 4. 2020 _Guidehouse_Residential Baseline Phase 4
3 : Nexant Market Research Inc. (2007). Market Assessment for ENERGY STAR Room Air Conditioners in
Connecticut.

4 : GDS Associates (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures. GDS_2007_Measure_Life_Report_Residential_and_CI_Lighting_and HVAC_Measures

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
6 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area, Residential and
Low-Income Non-Energy Impacts (NEI) Evaluation.

Tetra Tech_and NMR 2011 MA_Res and LI _NEI Evaluation
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1.11.  Cooking - Induction Stove

Measure Code

RES-FS-ISP

Market

Residential

Program Type

Lost Opportunity

Category

Food Service Equipment

Measure Description:

Rebate provided for the purchase of a propane induction stove.

BCR Measure IDs:

Measure

Core Initiative

BCR Measure ID

Induction Stove (Propane)

Residential Retail (RES_RETAIL)

EA2c352

Algorithms for Calculating Primary Energy Impact:
Unit kWh savings are deemed.! Demand savings are derived from the demand impact model which is developed

as part of the Residential Baseline Study.?

Measure Name Core Initiative AKWh AKW
Induction Stove (Propane) RES_RETAIL -258 -0.04
Baseline Efficiency:
The baseline efficiency case for the induction stove is a propane gas range.
High Efficiency:
The high efficiency case is an electric induction stove.
Measure Life:
The measure life is shown below.?
Measure Name Core Initiative PA | EUL | OYF | RUL | AML
Induction Stove (Propane) RES_RETAIL All 16 n/a n/a 16
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Other Resource Impacts:

Measure Name

Core Initiative |PA

Propane (MMBTUs)*

Induction Stove (Propane)

RES_RETAIL |All

2.10

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name

Core Initiative

PA| ISR | RRe | RRne

RRsp

RRwe

CFsp

CFwp

Induction Stove (Propane)

RES_RETAIL

All'| 1.00 | 1.00 | 1.00

1.00

1.00

0.85

0.65

In-Service Rates:

The in-service rate is assumed to be 100% absent evaluation.

Realization Rates:

The realization rate is assumed to be 100% absent evaluation.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the

Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name

Core Initiative PA FR

SOp

SOnp

NTG

Induction Stove (Propane)

RES_RETAIL All | 0.00

0.00

0.00

1.00

Non-Energy Impacts:

There are no non-energy impacts for this measure.

Endnotes:

1 : Frontier Energy (2019). Residential Cooktop Performance and Energy Comparison Study.
2019 Frontier Energy Residential Cooktop Performance and Energy Comparison Study

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline Phase 4
3 : Frontier Energy (2019). Residential Cooktop Performance and Energy Comparison Study.
2019 Frontier Energy Residential Cooktop Performance and Energy Comparison Study

4 : Frontier Energy (2019). Residential Cooktop Performance and Energy Comparison Study.
2019 Frontier Energy Residential Cooktop Performance and Energy Comparison Study

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline Phase 4
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1.12.  Custom - Residential Multi-Family

Measure Code RES-CM-CMRCD
Market Residential
Program Type Retrofit
Category Custom

Measure Description:

Vendors install a variety of electric and gas measures. The measures covered in this entry are associated with
commercial gas and electric meters. Measures include HVAC, process, and domestic hot water equipment
measures.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Custom - HVAC Residential Coordinated Delivery (RES_CD) EA2a272
Custom - Water Heating Residential Coordinated Delivery (RES_CD) EA2a273
Custom - Process Residential Coordinated Delivery (RES_CD) EA2a251
Custom - CHP Residential Coordinated Delivery (RES_CD) EA2a252
Custom - Other Residential Coordinated Delivery (RES_CD) EA2a253
Custom - Heating Residential Coordinated Delivery (RES_CD) GA2a09%4
Custom - Process Residential Coordinated Delivery (RES_CD) GA2a095
Custom - Water Heating Residential Coordinated Delivery (RES_CD) GA2a096

Algorithms for Calculating Primary Energy Impact:

Gross energy and demand savings estimates for custom RCD projects are calculated by approved vendors with
project-specific details. Energy and demand savings calculations are based on projected or measured changes
in equipment efficiencies and operating characteristics and are determined on a case-by-case basis.

Baseline Efficiency:
For retrofit projects, the baseline efficiency case is the same as the existing, or pre-retrofit, case for the facility.

High Efficiency:
The high efficiency scenario is specific to the facility and may include one or more energy efficiency measures.
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Measure Life:

Measure Name Core Initiative PA EUL OYF | RUL | AML

Custom - HVAC RES_CD Statewide custom n/a n/a custom

Custom - Water Heating RES_CD Statewide custom n/a n/a custom
Custom - Process RES_CD Statewide custom n/a n/a custom

Custom - CHP RES_CD Statewide custom n/a n/a custom

Custom - Other RES_CD Statewide custom n/a n/a custom

Heating, Gas - Custom (High Rise) RES_CD Statewide custom n/a n/a custom
Process, Gas - Custom (High Rise) RES_CD Statewide custom n/a n/a custom
Water Heating,FgEiiz)- Custom (High RES_CD Statewide custom n/a n/a custom

Other Resource Impacts:

Other resource impacts are determined on a case by case basis.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative| PA | ISR | RRe | RRxe | RRsp | RRwp | CFsp | CFwe
Custom - HVAC RES_CD All | 1.00 | 0.86 | 0.86 0.86 0.86 0.00 | 0.00
Custom - Water Heating RES CD All | 1.00 | 0.86 | 0.86 | 0.86 0.86 | 0.00 | 0.00
Custom - Process RES CD All | 1.00 | 0.86 | 0.86 | 0.86 0.86 | 0.00 | 0.00
Custom - CHP RES_CD All | 1.00 | 1.10 | 1.22 1.44 1.01 0.00 | 043
Custom - Other RES_CD All | 1.00 | 086 | 0.86 | 0.86 | 0.86 | 0.00 | 0.00

Heating, Gas - Custom (High

. RES_CD All | 1.00 | 0.86 | 0.86 | 0.86 | 0.86 n/a n/a
Rise)

Process, Gas - Custom (High

. RES_CD All | 1.00 | 0.86 | 0.86 | 0.86 | 0.86 n/a n/a
Rise)

Water Heating, Gas - Custom

(High Rise) RES_CD All | 1.00 | 0.86 | 0.86 | 0.86 0.86 n/a n/a

In-Service Rates:

All installations have 100% in-service rates since all PA programs include verification of equipment installations.

Realization Rates:

Realization rates are based on an evaluation study.!
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Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.?

Impact Factors for Calculating Net Savings:

Net-to-gross factors are based on evaluation results.®
Measure Name Core Initiative PA FR SOp | SOne | NTG

All Measures - Custom RES CD Statewide 0.14 0.0 0.0 0.86

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.*

Annual | O | Annual | O™ | Annual | ©"¢
Core time $ time $ time $
Measure Name o PA $ per $ per $ per
Initiative Unit per KWh Per | Therm per
Unit kWh Therm
HVAC- Custom RES_CD | Statewide $0.051
Water Heating - | pes op | statewide $0.065
Custom
Process - Custom RES CD | Statewide $0.098
CHP RES CD | Statewide $0.098
Other - Custom RES_CD | Statewide $0.098
Heating, Gas - Custom .
(High Rise) RES_CD | Statewide ($0.037)
Process, Gas - Custom .
(High Rise) RES CD | Statewide ($0.045)
Water Heating, Gas - .
Custom (High Rise) RES CD | Statewide $0.349

Endnotes:

1 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
3 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021_Guidehouse Res NTG_Final_Results Memo

4 : NMR Group, Inc. (2021). C&I O&M and Non-O&M Non-Energy Impacts Study 2021 NMR_CIOM and
NonOM NEI Study
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1.13. Demand - Active Demand Reduction

Measure Code RES-DR-ADR
Market Residential
Program Type Active Demand Response
Category Custom

Measure Description:

The core model for the Residential Direct Load Control offering is focused on reducing demand during summer
peak load. The design is a bring-your-own-device model, starting first with communicating thermostats
controlling central air conditioning units and cooling loads. Additional eligible connected devices may include
water heaters, pool pumps, and other devices. Program Administrators, through the demand response
management platform, send a signal to the device during an event that causes the controller to reduce the demand
of the connected device. Events are called in the summer (June - September) during afternoon and evening hours.
Customers can opt-out of events; however, they may be removed from the program if they regularly do not
participate. Program Administrators will seek to enroll both customers with devices already installed and
customers installing devices through the energy efficiency delivery pathways during the 2019-2021 plan period.

Under the Residential Storage Performance offering, customers are incentivized to decrease demand through the
discharge of energy from storage in response to a signal or communication from the Program Administrators
during daily peak hours in the summer and some targeted hours in winter months.

BCR Measure IDs:

Measure Name Core Initiative BCR I:/IDeasure
. Residential Active Demand Reduction
Direct Load Control (RES_ADR) EA2e001
Battery Storage Daily Dispatch, discharge Residential Active Demand Reduction EA26003
(savings) Summer (RES_ADR)
Battery Storage Daily Dispatch, charge Residential Active Demand Reduction EA2¢011
(consumption) Summer (RES_ADR)
Battery Storage Targeted Dispatch, discharge Residential Active Demand Reduction EA26004
(savings) Winter (RES_ADR)
Battery Storage Targeted Dispatch, charge Residential Active Demand Reduction EA26012
(consumption) Winter (RES_ADR)
Residential Active Demand Reduction
Solar Inverter (RES_ADR) EA2e008
Residential Active Demand Reduction
EV Load Management (Summer) (RES_ADR) EA2e005
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Residential Active Demand Reduction

EV Load Management (Winter) (RES_ADR)

EA2e006

Algorithms for Calculating Primary Energy Impact:

For Direct Load Control, Initial savings are based on vendor estimates, which are then adjusted by hourly load
adjustment factors described below in the Impact Factors for Calculating Adjusted Gross Savings section.

For Summer Storage Daily Dispatch, unit savings are deemed based on study results.t

For Winter Storage Daily Dispatch, unit savings are deemed based on study results.?

PA kW Savings per Battery*
National Grid - Summer 55
National Grid - Winter 6.9
Unitil - Summer 1.3
Unitil - Winter 8.3

* Savings per battery represent the average demand savings (which is equivalent to the battery discharge) during
events for batteries that successfully participated.

Baseline Efficiency:

For Direct Load Control, evaluators determined baseline conditions using an experimental design
methodology (randomly assigned treatment and control groups), or a within-subject methodology or savings
adjustment factor for demand reduction events where experimental design was not possible.

For Storage Daily Dispatch, demand and energy impacts of the energy storage are measured assuming the whole-
home and solar PV data as the baseline.* °

High Efficiency:

N/A, Active Demand Reduction does not directly increase efficiency. Direct load control does reduce energy
consumption by curtailing use, but does not increase efficiency per se. Storage increases energy consumption due
to round trip efficiency losses.

Measure Life:

Because Active Demand Reduction is based on Program Administrators calling demand reduction events each
year, the measure life is one year.

Measure Name Core Initiative PA | EUL | OYF | RUL | AML

All Active Demand Reduction measures RES_ADR All 1 n/a n/a 1

Other Resource Impacts:
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There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

To date only the Direct Load Control (DLC) and Storage Daily Dispatch offers have been evaluated. For other
offers, realization rates and coincidence factors are assumed to be 1.0 until evaluation results are available.

For the DLC offer, realization rates are set to 100% because hourly load adjustment factors, based on evaluation
results, are used instead. Evaluators determined hourly load adjustment factors to adjust vendor-reported demand
reduction based on evaluated results. The hourly load adjustment factor is 0.72 during the pre-cooling period and
0.68 during the recovery period. During the event, the hourly load adjustment factor is a function of temperature,
equal to -3.06 + (0.05 x Average Temperature °F). This calculation applies under the following conditions: when
the ISO-NE or PJM baseline is used, the event duration is three hours, the assumed air conditioning nameplate
capacity continues to be 3.5 kW, and the average outdoor temperature is 75 degrees F or higher.® Benefits are
calculated based on adjusted demand reduction during the peak hour of each of the 62 days in July and

August. This generates an average curtailment amount and a limited scaling factor that are used to calculate
demand reduction benefits.

For Storage Daily Dispatch, realization rates are set to 100% since deemed savings are based on evaluation
results.” 8

Measure Name Inﬁioart?ve PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp
Direct Load Control RES ADR | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00

Storage Daily Dispatch,

. . RES ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00
discharge (savings) Summer =

Storage Daily Dispatch,
charge (consumption) RES ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00
Summer

Storage Targeted Dispatch,

discharge (savings) Winter RES_ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 1.00

Storage Targeted Dispatch,
charge (consumption) RES_ADR | All 100 | 100 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00
Winter

EV Load Management,

. RES_ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00
Discharge (Summer)

EV Load Management,

RES_ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00
Charge (Summer)

EV Load Management,

Discharge (Winter) RES_ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 1.00

EV Load Management,

Charge (Winter) RES_ADR | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

November 2021 69
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

Impact Factors for Calculating Net Savings:

Statewide Active Demand Reduction offerings are new in 2019 and have not yet been evaluated. Net-to-gross
ratios are assumed to be 1.0 until the statewide program is evaluated.

Measure Name Core Initiative PA| FR | SOp | SOne | NTG

All Active Demand Reduction measures RES_ADR All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2020). 2019 Residential Energy Storage Demand Response Demonstration Evaluation: Summer

Season 2020 _Guidehouse Residential _Energy Storage_Demand Response _Summer

2 : Guidehouse (2020). 2019/20 Residential Energy Storage Demand Response Demonstration Evaluation: Winter

Season 2020 _Guidehouse_Residential _Energy Storage_Demand_Response Winter_Season

3 : Guidehouse (2020). 2019 Residential Wi-Fi Thermostat Direct Load Control Offering Evaluation 2019
Guidehouse_Residential_Wi-Fi_Thermostat DLC

4 : Guidehouse (2020). 2019 Residential Energy Storage Demand Response Demonstration Evaluation: Summer

Season 2020 _Guidehouse Residential Energy Storage_Demand_Response _Summer

5 : Guidehouse (2020). 2019/20 Residential Energy Storage Demand Response Demonstration Evaluation: Winter

2020_Guidehouse_Residential _Energy Storage Demand_Response_Winter Season

6 : Guidehouse (2020). 2019 Residential Wi-Fi Thermostat Direct Load Control Offering Evaluation 2019
Guidehouse_Residential Wi-Fi_Thermostat DLC

7 : Guidehouse (2020). 2019 Residential Energy Storage Demand Response Demonstration Evaluation: Summer

Season 2020 _Guidehouse Residential _Energy Storage_Demand_Response_Summer

8 : Guidehouse (2020). 2019/20 Residential Energy Storage Demand Response Demonstration Evaluation: Winter

2020_Guidehouse_Residential Energy Storage Demand_Response Winter Season
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1.14. HVAC - Air Source Central Heat Pump

Measure Code RES-HVAC-ASHP
Market Residential
Program Type Early Retirement, Replace on Burnout, Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

The installation of high efficiency air source, central heat pump systems.

BCR Measure IDs:

Measure Name Core Initiative BCR I:/IDeasure
Central Heat Pump, No Integrated Controls Residential Retail (RES_RETAIL) EA2c003
Moderate Income Qualified - Central Heat Residential Retail (RES_RETAIL) EA2¢314
Pump, No Integrated Controls

Algorithms for Calculating Primary Energy Impact:

Unit savings are based on a per ton using the following algorithms and assumptions and reflect a blend of replace
on failure and early retirement for the Central Heat Pump, No Integrated Controls measure. For Moderate Income
Qualified - Central Heat Pump, No Integrated Controls these savings are calculated as a retrofit baseline (Savings
is based on existing equipment):

AkWh/= AkWheoot + AkWhneat = [Tons*12kBtu/hr/Ton x (1/SEERBsase - 1/SEERee) X HOURS: ] +
[Tons*12kBtu/hr/Ton x (1/HSPFgase - 1/HSPFee) X HOURSH]

AKW = max ( AkWool, AkWheat)

AkW ool = AkWheoot X Annual Maximum Demand Factor (cool)

AkWheat = AkWhpeat X Annual Maximum Demand Factor (heat)

Where:

Unit = Savings per outdoor unit

Tons = Capacity of HP equipment

SEERgase = Seasonal Energy Efficiency Ratio of baseline HP equipment
SEERee = Seasonal Energy Efficiency Ratio of new efficient HP equipment.
HSPFsase = Heating Seasonal Performance Factor of baseline HP equipment
HSPFee = Heating Seasonal Performance Factor of new efficient HP equipment.
Hoursc = Equivalent Full Load Hours (EFLH) for cooling

Hoursy = EFLH for heating

For replace on failure, unit savings are counted as the efficiency savings for the high efficiency heat pump unit
compared to a code-compliant heat pump unit for the full life of the new high efficiency heat pump unit.
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For early retirement of an existing heat pump unit, unit savings are counted in two parts: (1) early retirement
savings for a code-compliant heat pump unit compared to the existing heat pump unit over the remaining life of
the existing heat pump unit, and (2) efficiency savings for the high efficiency heat pump unit compared to a code-
compliant heat pump unit for the full life of the new high efficiency heat pump unit.

The savings for this measure are blended 69.5% Replace on Failure and 31.5% Early Retirement.

Savings for Residential Air-Source Heat Pumps *

Annual
Energy | Average | Average ) AKWh/ Max

Measure Name Type | SEER? | HSPF? Tons Hours Ton Demand AKW

Factor®

Central Heat Pump, No . 419 (cool) 0.001117
Integrated Controls Electric | 17.6 981 3.03 1,200 (heat) 1533 (winter) 1.80

Moderate Income Qualified

- Central Heat Pump, No | Electric | 17.6 9.81 3.03 419 (cool) 2445 0'0.01117 2.87

1,200 (heat) (winter)

Integrated Controls

Baseline Efficiency:

Central Heat Pump, No Integrated Controls

For replace on failure, the baseline is a code-compliant SEER 14, HSPF 8.2 heat pump unit.

For early retirement, over the remaining life of the existing heat pump unit, the baseline is an existing
inefficient SEER 10, HSPF 7 heat pump unit. For early retirement, over the life of the new heat pump, the
baseline is a code-compliant SEER 14, HSPF 8.2 heat pump unit.

Moderate Income Qualified - Central Heat Pump, No Integrated Controls

The baseline is an existing central heat pump; SEER 10 and HSPF 7.

High Efficiency:

Central Heat Pump, No Integrated Controls

For replace on failure, the high efficiency case is a SEER 17.6, HSPF 9.8 heat pump unit, based on the efficiency
levels of units rebated in the previous calendar year.

For early retirement, over the remaining life of the existing heat pump unit, the high efficiency case is a code-
compliant SEER 14, HSPF 8.2 heat pump unit. For early retirement, over the life of the new heat pump, the high
efficiency case is a SEER 17.6, HSPF 9.8 heat pump unit.

Moderate Income Qualified - Central Heat Pump, No Integrated Controls
The high efficiency case is a SEER 17.6, HSPF 9.8 heat pump unit.

Measure Life:
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The measure life is based on evaluation results and a blend of replace on failure and early retirement.” The
remaining life for the existing unit is 6 years, and the measure life of new equipment is 18 years. The
blended measure life is 15 years.

Measure Name Core Initiative PA EUL OYF RUL | AML

Central Heat Pump, No Integrated Controls RES_RETAIL All 18 n/a 6 15

Moderate Income Qualified - Central Heat

Pump, No Integrated Controls RES_RETAIL Al 18 n/a n/a 18

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwe

Measure Name

Central Heat Pump, N0 | peo pera | an | 200 | 200 | 200 | 2.00 | 1.00 | 0.38 | 0.05
Integrated Controls -

Moderate Income Qualified
- Central Heat Pump, No | RES_RETAIL | All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.38 | 0.05

Integrated Controls

In-Service Rates
All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates
Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Net-to-gross factors are based on evaluation results.

Measure Name Core Initiative PA | FR | SOp | SOne | NTG

Central Heat Pump, No Integrated Controls® RES_RETAIL All | 0.34 | 0.12 | 0.10 | 0.88

Moderate Income Qualified - Centrgl Heat Pump, RES_RETAIL Alll 0.00 1 000 | 000 | 100
No Integrated Controls
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Non-Energy Impacts:

NEI values are rolled up and reflect a blend of replace on failure and early retirement, component values can be
found in Appendix B.°

Annual Qne- Annual (_)ne- Annual _One-
Core time $ time $ time $
Measure Name Initiati PA | $per $ per $ per
nitiative Unit per KWh per Therm per
Unit kWh Therm
Central Heat Pump,
No Integrated RES_RETAIL| All | $8.11 | $0.00 | $0.00 | $0.00 n/a n/a
Controls
Moderate Income
Qualified - Central
Heat Pump, No RES_RETAIL | All | $15.96 | $0.00 $0.00 $0.00 n/a n/a
Integrated Controls

Endnotes:

1 : Percentages of replace on failure and early retirement are from NMR Group (2018), Massachusetts Residential
HVAC NTG and Market Effects Study (TXC34); and subsequently adjusted by 10% per agreement with EEAC
consultants. The calculation of these percentages and unit savings can be found here. MA_PAs 2022-2024
Planning Electric H&C Savings Workbook 2021-06-17

2 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study (cooling hours).

2018 Navigant Baseline_Loadshape Comprehensive_Report

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

7 MA PAs (2021). 2022-2024 plan Electric HVAC Calculations Workbook. Measure life reflects a blend of
replace on failure and early replacement. MA_PAs 2022-2024 Planning Electric H&C Savings Workbook 2021-
06-17

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4

8 : MA PAs (2021). 2022-2024 Electric HVAC Calculations Workbook. NTG factors reflect a blend of replace on
failure NTG factors obtained from NMR Group (2018), Massachusetts Residential HYAC NTG and Market
Effects Study and early retirement and NTG factors obtained from Navigant (2018) Heating and Cooling Early
Retirement Net-to-Gross. The calculation of the blended NTG factors can be found in MA PAs (2021). 2022-
2024 plan Electric HVAC Calculations Workbook. 2021 Guidehouse MA_Res NTG_Final_Report

9: An agreed upon assumption between the PAs and EEAC.

9: MA PAs (2021). 2022-2024 planning Electric HVAC Calculations Workbook. MA_PAs_2022-2024 Planning
Electric H&C Savings Workbook 2021-06-17
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1.15. HVAC - Boiler Reset Control

Measure Code RES-HVAC-BSC
Market Residential
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Boiler Reset Controls are devices that automatically control boiler water temperature based on outdoor or return
water temperature using a software program.

BCR Measure IDs:

BCR Measure

Measure Name Core Initiative D
Room Response Boiler Reset Control, Propane Residential Retail (RES_RETAIL) EA2c288
Boiler Reset Control, Gas - Midstream Residential Retail (RES_RETAIL) EA2c276
Boiler Reset Control, Oil - Midstream Residential Retail (RES_RETAIL) EA2c277
Boiler Reset Control, Other - Midstream Residential Retail (RES_RETAIL) EA2c278

Boiler Reset Control, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a039

Boiler Reset Control, Gas Residential Retail (RES_RETAIL) GA2c021
Room Response Boiler Reset Control Residential Retail (RES_RETAIL) GA1c035
Boiler Reset Control, Gas - Midstream Residential Retail (RES_RETAIL) GA2c048

Algorithms for Calculating Primary Energy Impact:

For standard boiler reset controls unit savings are deemed based on study results for all boiler reset controls.?

A Boiler Reset Control is a devise that automatically controls the boiler water temperature according to a
software program based on outdoor temperature. The water can be run a little cooler during fall and spring, and a
little hotter during the coldest parts of the winter. For Room Response boiler controls measures, savings are based
on a 2.5 % savings estimate using the source: 2 A room response control reduces boiler energy usage by adjusting
the boiler outlet water temperature based on the building’s response time to achieve room setpoint temperatures.
When the building calls for heat, a control automatically adjusts condensing boiler sending water temperatures to
a minimum level while still providing sufficient heat to meet building load based on real time heating load from
recent boiler cycles, increasing the efficiency of the boiler without requiring an outdoor air temperature sensor.
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Measure Name AMMBtu
Boiler Reset Control, Gas - Midstream 5.1
Boiler Reset Control, Oil - Midstream 5.2
Boiler Reset Control, Other - Midstream 51
Boiler Reset Control, Gas (Single Family) 51
Boiler Reset Control, Gas 51
Room Response Boiler Reset Control, Propane 2.2
Room Response Boiler Reset Control 2.2

Baseline Efficiency:

The baseline efficiency case is a boiler without reset controls for all boiler reset controls. The baseline efficiency

case for room response boiler reset control is a standard boiler reset control.

High Efficiency:

The high efficiency case is a boiler with reset controls for all boiler reset control measures. For the room response

boiler reset control measure the high efficiency case is a room response boiler reset control connected to a

condensing boiler.

Measure Life:

The measure life is 15 years.®

Measure Name Core Initiative | PA | EUL | OYF | RUL | AML
Boiler Reset Control, Gas - Midstream RES RETAIL | All 15 n/a n/a 15
Boiler Reset Control, Qil - Midstream RES RETAIL | All 15 n/a n/a 15
Boiler Reset Control, Other - Midstream RES RETAIL | All 15 n/a n/a 15
Boiler Reset Control, Gas (Single Family) RES_CD All 15 n/a n/a 15
Boiler Reset Control, Gas RES RETAIL | All 15 n/a n/a 15
Room Response Boiler Reset Control, Propane | RES_RETAIL | All 15 n/a n/a 15
Room Response Boiler Reset Control RES RETAIL | All 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

Measure Name

Boiler Reset Control, Gas

. RES RETAIL| All | 1.00 n/a 1.00 n/a n/a n/a n/a
- Midstream -

Boiler Reset Control, QOil

i RES RETAIL| All | 1.00 n/a 1.00 n/a n/a n/a n/a
- Midstream -

Boiler Reset Control,

Other - Midstream RES_RETAIL| All | 1.00 n/a 1.00 n/a n/a n/a n/a

Boiler Reset Control,

Gas (Single Family) RES_CD All | 1.00 | n/a 1.00 n/a n/a n/a n/a

Boiler Reset Control, Gas |[RES_RETAIL| All | 1.00 | n/a 1.00 n/a n/a n/a n/a

Room Response Boiler

RES RETAIL| All | 1.00 n/a 1.00 n/a n/a n/a n/a
Reset Control, Propane -

Room Response Boiler

RES RETAIL| All | 1.00 n/a 1.00 n/a n/a n/a n/a
Reset Control -

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

All PAs use 100% energy realization rate. The summer and winter peak realization rates are not applicable for this
measure since there are no electric savings claimed.

Coincidence Factors:

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Measure Name* Core Initiative PA FR SOp SOne | NTG
Boiler Reset Control, Gas - Midstream RES_RETAIL All 0.36 0.12 0.00 0.76
Boiler Reset Control, Oil - Midstream RES_RETAIL All 0.33 0.12 0.01 0.80

Boiler Reset Control, Other - Midstream RES_RETAIL All 0.33 0.12 0.01 0.80

Boiler Reset Control, Gas (Single Family) RES_CD All 0.36 0.12 0.00 0.76

Boiler Reset Control, Gas RES_RETAIL All 0.36 0.12 0.00 0.76

Room Response Boiler Reset Control, Propane | RES_RETAIL All 0.33 0.12 0.01 0.80

Room Response Boiler Reset Control RES_RETAIL All 0.36 0.12 0.00 0.76
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Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact Evaluation

2 : This source recommends a 2.5% savings that is comparing a standard boiler reset control to the more advanced
room to room controls. Mass Save Residential Technology Energy Savings Submittal March 2019

3 : ACEEE (2006). Emerging Technologies Report: Advanced Boiler Controls. Prepared for ACEEE.
ACEEE_2006_Emerging_Technologies_Report_Advanced_Boiler_Controls

4 : NTG values were derived from the following study using the fuel specific NTG values (1 for gas and 1 for
other fuels): 2021 _Guidehouse_ MA_Res NTG_Final_Report
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1.16. HVAC - CVEO Battery Storage Dispatch

Measure Code RES-HVAC-CVEO-BAT
Market Residential
Program Type Active Demand Response
Category Other

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

CVEOQ Battery Storage Daily Dispatch, Residential Active Demand Reduction CVEOS
discharge (savings) Summer (RES_ADR)

CVEOQ Battery Storage Daily Dispatch, Residential Active Demand Reduction CVEOS
charge (consumption) Summer (RES_ADR)

CVEO Battery Storage Targeted Residential Active Demand Reduction CVEO?
Dispatch, discharge (savings) Winter (RES_ADR)

CVEO Battery Storage Targeted Residential Active Demand Reduction CVEOS
Dispatch, charge (consumption) Winter (RES_ADR)

Under the Residential Storage Performance offering, customers are incentivized to decrease demand through the
discharge of energy from storage in response to a signal. The measures in the CVEO initiative planned by CLC
are consistent with the Statewide Residential Active Demand Core Initiative. CLC has not yet evaluated Battery
Storage and plans to in the near future.

Algorithms for Calculating Primary Energy Impact:

For Summer Storage Daily Dispatch, unit savings are deemed based on study results.1

For Winter Storage Daily Dispatch, unit savings are deemed based on study results.2

PA kW Savings per Battery*
National Grid - Summer 5.5
National Grid - Winter 6.9
Unitil - Summer 1.3
Unitil - Winter 8.3

* Savings per battery represent the average demand savings (which is equivalent to the battery discharge) during
events for batteries that successfully participated.
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Baseline Efficiency:

For Storage Daily Dispatch, demand and energy impacts of the energy storage are measures assuming the whole-
home and solar PV data as the baseline.® *

High Efficiency:

N/A, Active Demand Reduction does not directly increase efficiency. Storage increases energy consumption due
to round trip efficiency losses.

Measure Life:

Because Active Demand Reduction is based on Program Administrators calling demand reduction events each
ear, the measure life is one year.

Measure Name Core Initiative PA EUL OYF RUL AML

CVEO Battery Storage RES_ADR CLC 1 n/a n/a 1

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

For Storage Daily Dispatch, realization rates are set to 100% since deemed savings are based on evaluation
results.’ ©

Measure Name Core PA | ISR | RRe | RRw | RRs» | RRwp | CFsp | CFwp
Initiative

Storage Daily Dispatch, discharge

(savings) Summer RES_ADR | CLC | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00

Storage Daily Dispatch, discharge

(consumption) Summer RES_ADR | CLC | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00

Storage Daily Dispatch, discharge

(savings) Winter RES_ADR | CLC | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 1.00

Storage Daily Dispatch, discharge

(consumption) Winter RES_ADR | CLC | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 1.00

Impact Factors for Calculating Net Savings:

Active Demand Reduction offerings are new and have not yet been evaluated. Net-to-gross ratios are assumed to
be 1.0 until the statewide program is evaluated.

Measure Name Core Initiative PA FR SOp SOnr NTG
CVEOQ Battery Storage RES_ADR CLC 0.00 0.00 0.00 1.00
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Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:
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1.17. HVAC - CVEO Solar PV

Measure Code RES-HVAC-CVEO-SOLPV
Market Residential
Program Type Early Retirement
Category Heating Ventilation and Air Conditioning

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

CVEO Solar PV Residential Coordinated Delivery (RES_CD) CVEO4

Algorithms for Calculating Primary Energy Impact:

The annual energy (in kwh and kW) produced by the installed solar PV system, accounting for location, system
size, system orientation, and capacity factor.

The kWh for a particular system can be estimated using the National Renewable Energy Laboratory (“NREL”)
PVWatts Calculator, available at: https://pvwatts.nrel.gov/

Baseline Efficiency:
No Solar PV

High Efficiency:

Installation of Solar

Measure Life:

The measure life for a new solar PV system is assumed to be 25 years, consistent with net metering credit
availability in Massachusetts. See: https://www.mass.gov/guides/net-metering-guide.

Measure Name Core Initiative PA EUL OYF RUL AML

CVEO Solar PV Res CD CLC 25 n/a n/a 25

Other Resource Impacts:

There are no other resource impacts for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRse | RRwe | CFse | CFwe
CVEO Solar PV RES_CD CLC | 1.00 | 1.00 | 1.00 1.00 1.00 0.80 | 0.00
Impact Factors for Calculating Net Savings:
Net-to-Gross values are set to 100% until an evaluation occurs.
Measure Name Core Initiative PA FR SOr SOwrp NTG
CVEO Solar PV RES _CD CLC 0.00 0.00 0.00 1.00
Non-Energy Impacts:
There are no non-energy impacts identified with this measure.
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1.18. HVAC - Central AC Quality Installation Verification (QIV)

Measure Code RES-HVAC-CACQIV
Market Residential
Program Type Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

The verification of proper charge and airflow during installation of new central air conditioning (AC) system.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Central Air QIV Residential Retail (RES_RETAIL) EA2c104

Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on the following algorithms and assumptions:*

AkWh = Tons x 12 kBtu/hr/Ton x (1/SEER) x Hours x 5%
AkW = AkWh x Annual Maximum Demand Factor

Where:

Unit = Completed QIV of new central air conditioning system
Tons = Cooling capacity of AC equipment

SEER = Seasonal Energy Efficiency Ratio of AC equipment
Hours = Equivalent Full Load Hours (EFLH)

5% = Average demand reduction of 5.0%?

Savings for Central Air QIV

Average Average 5 Annual Max
Measure Name |Energy Type Capacity (tons)? | SEER? Hours® | AKWh Demand Eactor® AKW
Central Air QIV Electric 2.69 16.8 419 40.3 0.00143 0.06

Baseline Efficiency:

The baseline efficiency case is a new central air conditioning system (2.69 -ton and SEER 16.8), based on the
average capacity and efficiency level of units rebated in the previous calendar year (2020), whose installation
is inconsistent with manufacturer specifications.
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High Efficiency:

The high efficiency case is the same air conditioning system whose installation is consistent with
manufacturer specifications.

Measure Life:

The measure life is based on evaluation results.”

Measure Name Core Initiative PA | EUL | OYF | RUL | AML
Central Air QIV RES_CD, RES_RETAIL All 18 N/A N/A 18
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core Initiative | PA | ISR | RRE | RRne | RRSP | RRWP | CFSP | CFWP
Central Air OIV RES CD. All | 1.00 | 1.00 | 1.00 1.00 1.00 0.37 0.00

In-Service Rates:

All guality installation verifications are completed and documented and therefore have 100% in service rate.

Realization Rates:

Realization rates are set to 100% based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Central Air QIV RES_RETAIL All 0.34 0.12 0.10 0.88

Non-Energy Impacts:

NEI values are rolled up and reflect a blend of replace on failure and early retirement, component values can be
found in Appendix B.

Core Annual $ One-time Annual $ One-time | Annual $ | One-time
Measure Name Initiative PA er Unit $ per er KWh $ per per $ per
P Unit P kWh Therm Therm
. RES CD,
Central Air QIV RES_RETAIL All | $1.53
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Endnotes:

1: The calculation of unit savings can be found in MA PAs' 2022-2024 Plan Electric Heating and Cooling
Savings Workbook (2021). MA_PAs_2022-2024 Planning Electric H&C Savings Workbook 2021-06-17

2 : Average capacity (tons) of central air conditioning units rebated in the full calendar year preceding the year in
which this eTRM is published.

3: Average SEER of central air conditioning units rebated in the full calendar year preceding the year in which
this eTRM is published.

4 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study.

2018 Navigant_Baseline_Loadshape Comprehensive Report

5 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study.

2018 Navigant_Baseline Loadshape Comprehensive Report

6 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
7 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_CI_Lighting_and HVAC Measures

8 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.19. HVAC - Central Air Conditioning

Measure Code RES-HVAC-CAC
Market Residential
Program Type Early Retirement, Replace on Burnout, Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

The installation of high efficiency central air conditioning (AC) systems.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Central Air Residential Retail (RES_RETAIL) EA2c001
Moderate Income Qualified - Central Air Residential Retail (RES_RETAIL) EA2c313

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions and reflect a blend of replace on
failure and early retirement:

AkWh = Tons *12 kBtu/hr / Ton x (1/SEERgase - 1/SEERge) x Hours
AkKkW = AkWh x Annual Maximum Demand Factor

Where:

Tons = Cooling capacity of AC equipment

SEERBAsE = Seasonal Energy Efficiency Ratio of baseline AC equipment
SEEREE = Seasonal Energy Efficiency Ratio of new efficient AC equipment.
Hours = Equivalent Full Load Hours (EFLH)

Central Air

For replace on failure, unit savings are counted as the efficiency savings for the high efficiency air conditioning
unit compared to an industry standard air conditioning unit for the full life of the new high efficiency air
conditioning unit.

For early retirement of an existing air conditioning unit, unit savings are counted in two parts: (1) early retirement
savings for an industry standard air conditioning unit compared to the existing air conditioning unit over the
remaining life of the existing air conditioning unit, and (2) efficiency savings for the high efficiency air
conditioning unit compared to a industry standard air conditioning unit for the full life of the new high efficiency
air conditioning unit.
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Moderate Income Qualified - Central Air

For retrofit of an existing air conditioning unit, unit savings are counted going from an industry standard air
conditioning unit compared to the existing air conditioning unit .

Savings for Residential Central Air Conditioners!

Energy | Average 3 Annual Max
Measure Name Type SEER2 Hours® | Tons | AkWh Demand Factor* AKW
Central Air
(Blended Savings, 60.5% Replace on | Electric 16.8 419 2.7 223 0.00143 0.32
Failure and 39.5% Early Retirement)
Moderate Income Qualified - Centrel | grecyic | 168 | 419 | 27 | 321 0.00143 | 0.46

Baseline Efficiency:

Central Air
For replace on failure, the baseline is an industry standard, SEER 14 central air-conditioning unit.
For early retirement, over the remaining life of the existing air conditioning unit, the baseline is an existing SEER

12 central air-conditioning unit. For early retirement, over the life of the new air conditioner, the baseline is an
industry standard, SEER 14 central air-conditioning unit.

Moderate Income Qualified - Central Air

For retrofit, the existing air conditioning unit is a baseline SEER 12 central air-conditioning unit.

High Efficiency:

Central Air
For replace on failure, the high efficiency case is a SEER 16.8 central air-conditioning unit, based on the average
capacity and efficiency levels of units rebated in the previous calendar year.

For early retirement, over the remaining life of the existing air conditioning unit, the high efficiency case is an
industry standard, SEER 14 central air-conditioning unit. For early retirement, over the life of the new air
conditioner, the high efficiency case is a high efficiency SEER 16.8 central air-conditioning unit.

Moderate Income Qualified - Central Air

The high efficiency case is a SEER 16.8 central air-conditioning unit, based on the average capacity and
efficiency levels of units rebated in the previous calendar year.
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Measure Life:

Central Air

The measure life is based on evaluation results and a blend of replace on failure and early retirement.® The
remaining life for the existing unit is 6 years, and the measure life of new equipment is 18 years. The
blended measure life is 15 years.

Moderate Income Qualified - Central Air

The measure life is based on evaluation results and is set to 18 years.

Measure Name Core Initiative PA | EUL | OYF | RUL | AML
Central Air RES_RETAIL All | 18 N/A 6 15
Moderate Income Qualified - Central Air RES_RETAIL All 18 N/A | N/A 18

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwe
Central Air RES_RETAIL | All | 1.00 | .00 | 1.00 | 100 | 1.00 | 037 | 000
Qum?f?s(;afec':rftﬁg?;ir RES_RETAIL | All | 1.00 | .00 | 1.00 | 1.00 | 1.00 | 037 | 0.0

In-Service Rates:
All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA | FR | SOp | SOne | NTG

Central Air® RES RETAIL | All | 0.34 | 0.22 0 0.88

Moderate Income Qualified - Central Air® RES RETAIL All | 0.00 | 0.00 0 1.00
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Non-Energy Impacts:

NEI values are rolled up and reflect a blend of replace on failure and early retirement, component values can be
found in Appendix B.%°

. One-time | Annual $ | One-time
Measure Name | | O - |pa| OIS | Ore i | perlawn, | Sper | _per | Sper
P P P kWh Therm Therm
Central Air | RES RETAIL | All $8.98
Endnotes:

1 : Savings are documented in the following calculator. MA_PAs_2022-2024 Planning Electric H&C Savings
Workbook_2021-06-17

2 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study.
2018 Navigant Baseline Loadshape Comprehensive Report

3: Navigant Consulting (2018). RES 1 Baseline Load Shape Study.
2018 Navigant Baseline Loadshape Comprehensive Report

4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

6 : Measure life reflects a blend of replace on failure and early replacement. Measure life obtained from GDS
Associates, Inc. (2007), Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures, Prepared for The New England State Program Working Group; Page 1-3, Table 1. The calculation of
blended measure life can be found in MA PAs' 2022-2024 Plan Electric Heating and Cooling Savings Workbook
(2021). MA_PAs_2022-2024 Planning Electric H&C Savings Workbook 2021-06-17

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
8 : NTG results were derived from the following study: 2021_Guidehouse_ MA_Res NTG_Final_Report

9: PA & EEAC assumption value

10 : MA PAs 2022-2024 Planning Electric H&C Savings Workbook 2021-06-17

November 2021

© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED

90


https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/611ab99b5a9c517fa7755ee8/view?authToken=d7a01e1598f367866ea7751e17d67b48d1a050bfc477c15ab466b503113172af2618b75cce0e4cf6f11a33dc1ab89fddf232745faf9cf9c4f551a042e6d55e3b6d2944bf30d905
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/611ab99b5a9c517fa7755ee8/view?authToken=d7a01e1598f367866ea7751e17d67b48d1a050bfc477c15ab466b503113172af2618b75cce0e4cf6f11a33dc1ab89fddf232745faf9cf9c4f551a042e6d55e3b6d2944bf30d905
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885e6996f2535f7df752/view?authToken=824f76bfd7f20613130eb062c99949ea8d04718b0f945db3c38b5db5d6090e350828246b72a32a12c7e5adce7aace959379c7c16a6ffc331fd2291abc4e20a053a4ad0eb178dcd
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885e6996f2535f7df752/view?authToken=824f76bfd7f20613130eb062c99949ea8d04718b0f945db3c38b5db5d6090e350828246b72a32a12c7e5adce7aace959379c7c16a6ffc331fd2291abc4e20a053a4ad0eb178dcd
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=483bd1926de4332ed59dfd25a655ab2f7ab04b88fa15c33d600ed4ec4feac6e8ef46a65459ff452510afce34ccc1098e0da282198c60ea8e0ed051665ade51094e091e3e15abb2
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/611ab99b5a9c517fa7755ee8/view?authToken=06ed2f449649bb837686a0b66673fc63d5a1a2a8d7ec511dbd51e353d2e73714ee7b2fa9d830a9c2b0dee9d607498d8654d31a9b8b7bbef7491eed00350342a6ffd195055ffc13
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=f9901274a679ef3f588563597a2269b0f29d5f653d22d4e004290253ef2e5c85b2394c8ad0ce461aaf5cfc781e6d9ef55dda7bf1656594dcf60498500285d6747520c95ac335e0
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/6165b6de0675a613e4a41225/view?authToken=f2199fcac8586ff49853fc5a5ca1d65e973b07288840ee2899d36a01c0bb4328b34e8f839197a57410762321f807a25281949d220738dae04a23cbe8e56810cfcd1df26ac6940e
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/611ab99b5a9c517fa7755ee8/view?authToken=c56710429b5175406e79989d662c841e7356eb5c656c0fdc192331fa015f428d444014a1146ae8eac8d405722e34a69ae93ddbac08dae26607561be124c86a3ba901fe817eaa20

Massachusetts Technical Reference Manual Residential Efficiency Measures

1.20. HVAC - Combo Condensing Boiler/\Water Heater

Measure Code RES-HVAC-CCBWH
Market Residential
Program Type Early Retirement, Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

This measure promotes the installation of a combined high-efficiency boiler and water heating unit. Combined
boiler and water heating systems are more efficient than separate
systems because they eliminate the standby heat losses of an additional tank.

BCR Measure IDs:

BCR Measure

Measure Name Core Initiative D

. . Residential Retail
Combo Condensing Boiler/Water Heater, Other (RES_RETAIL) EA2c021

Moderate Income Qualified - Combo Condensing Residential Retail

Boiler/Water Heater, Other (RES_RETAIL) EA2¢338

Heating System, Combo Condensing Boiler/Water Heater, Residential Retail GA2c008
Gas 95% (RES_RETAIL)

Moderate Income Qualified - Heating System, Combo Residential Retail GA2C064
Condensing Boiler/Water Heater, Gas 95% (RES_RETAIL)

Algorithms for Calculating Primary Energy Impact:

Heating System, Combo Condensing Boiler/Water Heater, Gas 95% & Combo Condensing Boiler/Water Heater
95%, Other

Unit savings are deemed based on study results.! Savings have been adjusted to reflect the mix of replace and
failure and early retirement based on study results.? The savings below are the adjusted values.®

Moderate Income Qualified - Combo Condensing Boiler/Water Heater, Other & Moderate Income Qualified -
Heating System, Combo Condensing Boiler/Water Heater, Gas 95%

Unit savings are deemed based on study results. This measure is treated as a retrofit measure with savings being
based on going from existing conditions to the high efficiency unit.
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Measure Name AMMBtu
Heating System, Combo Condensing Boiler/Water Heater, Gas 95% 11.7
Moderate Income Qualified - Combo Condensing Boiler/Water Heater, Other 22.4
Combo Condensing Boiler/Water Heater 95%, Other 11.7
Moderate Income Qualified - Heating System, Combo Condensing Boiler/Water Heater, Gas 95% 22.4

Baseline Efficiency:

Heating System, Combo Condensing Boiler/Water Heater, Gas 95% & Combo Condensing Boiler/Water Heater

95%, Other

The baseline efficiency case is an 86.5% AFUE rated boiler (83.7% AFUE actual) with a 0.604 EF
water heater. The ER baseline is an 85% AFUE rated boiler (77.4% AFUE actual) with either an indirect
water heater or with a 0.58 EF water heater. 24% were indirect and 76% were storage water heaters.*

High Efficiency:

The high efficiency case is an 95% AFUE condensing boiler (actual was 89.4%) and a 0.95 EF water heater

(actual was 89.4%). 8

Measure Life:

The measure life is 20 years.® for non-moderate income which is due to a blending of savings between early

retirement and end of life. For moderate income, the full life of the measure is used which is 23 years. °

Measure Name Core Initiative PA EUL | OYF | RUL | AML
Heating System, Combo Condensing .
Boiler/Water Heater, Gas 95% RES_RETAIL Statewide 23 n/a 7 20
Moderate Income Qualified - Heating
System, Combo Condensing RES_RETAIL Statewide 23 n/a n/a 23
Boiler/Water Heater, Gas 95%
Combo Condensing Boiler/Water Heater RES RETAIL Statewide 23 n/a 7 20
95%, Other -
Moderate Income Qualified - Combo .
Condensing Boiler/Water Heater, Other RES_RETAIL Statewide 23 n/a n/a 23
Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

C
Measure Name Initiatve PA  |ISR|RRe|RRne | RRsp | RRwp | CFsp | CFwp
Heating System, Combo
Condensing Boiler/Water Heater, |RES_RETAIL | Statewide [1.00|1.00| n/a | n/a nfa | nfa | nla
Gas 95%
Moderate Income Qualified -
Heating System, Combo .
Condensing Boiler/Water Heater, RES_RETAIL| Statewide {1.00{1.00| n/a | nfa | nfa | nfa | nla
Gas 95%
Combo Condensing Boiler/Water .
Heater 95%, Other RES_RETAIL| Statewide {1.00{1.00| n/a | nfa | nfa | nfa | nla
Moderate Income Qualified -
Combo Condensing Boiler/Water |RES_RETAIL | Statewide |1.00(1.00| n/a | n/fa | nfa | n/a | n/a
Heater, Other

In-Service Rates

All installations have 100% in-service rates since programs include verification of equipment installations.

Realization Rates

All PAs use 100% energy realization rate. The summer and winter peak realization rates are not applicable for
this measure since there are no electric savings claimed.

Coincidence Factors

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Net to Gross Factors ©

Measure Name Core Initiative PA FR SOp | SOne | NTG
Heating System, Combo Condensing
Boiler/Water Heater, Gas 95% RES_RETAIL All 0.36 13 0.00 0.76
Moderate Income Qualified - Heating
System, Combo Condensing Boiler/Water RES_RETAIL All 0.00 0.00 0.00 1.00
Heater, Gas 95%
Combo Condensing Boiler/Water Heater RES RETAIL All 0.33 13 0.00 0.80
95%, Other -
Moderate Income Qualified - Combo
Condensing Boiler/Water Heater, Other RES_RETAIL Al 0.00 0.00 0.00 1.00
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Non-Energy Impacts:

NEIs are calculated. 7

One- One- One-
Annual time Annua time $ Annua time $
Measure Name Core Initiative | PA | $ per |'$ per |'$ per
Unit $ per kWh per Therm per
Unit KWh Therm

Heating System, Combo
Condensing Boiler/Water Heater, | RES_RETAIL | All | $75.52
Gas 95%

Moderate Income Qualified -
Heating System, Combo
Condensing Boiler/Water Heater,
Gas 95%

RES_RETAIL | All |$170.01

Combo Condensing Boiler/Water

Heater 95%, Other RES_RETAIL | All | $75.52

Moderate Income Qualified -
Combo Condensing Boiler/Water | RES_RETAIL | All | $170.01
Heater, Other

Endnotes:

1 : The Cadmus Group (2015). High Efficiency Heating Equipment Impact Evaluation

CADMUS 2014 HEHE Impact Evaluation

2 : The Cadmus Group (2013). 2012 Residential Heating, Water Heating, and Cooling Equipment Evaluation:
Net-to-Gross, Market Effects, and Equipment Replacement Timing CADMUS 2013 HEHE_Cool

Smart NTG_Evaluation_Report

3 : Savings for gas calculations can be found in the following calculator, propane is set equal to gas -

MA_PAs 2022-2024 Annual Plan_Gas HVAC_WH_Calculations_ GH_2021-08-20

4 : The rated efficiency and actual efficiency for the heating portion can be found in the following study, also
included in this study is the % of indirect and storage water heaters - 2021 _Guidehouse_ TRM_Final_Report

5 : The methodology used to calculate the blended measure life for gas can be found in the following calculator,
Propane is assumed to have the same measure life. MA_PAs_2022-2024 Annual

Plan_Gas HVAC_WH_Calculations_ GH_2021-08-20

6 : The measure life is assumed to be the same as for a gas boiler: 2021 Guidehouse TRM_Final_Report

6 : For the non-moderate income measures, NTG can be verified with this evaluation study Guidehouse (2021).
For moderate income, the NTG was negotiated between the EEAC and PAs.

2021 Guidehouse Res NTG_Final_Results_Memo

7 - NEI source and calculation methodology can be found in the following calculator - MA_PAs_2022-2024
Annual Plan_Gas HVAC WH_Calculations_ GH_2021-08-20

8 : For details on the adjustment factor from rated to actual efficiency, please refer to the following study:
CADMUS 2014 HEHE Impact Evaluation
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1.21. HVAC - Combo Furnace/Water Heater

Measure Code RES-HVAC-CFWH
Market Residential
Program Type Lost Opportunity, Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a combination furnace.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Combo Condensing Furnace/Water Heater, Other Residential Retail (RES_RETAIL) EA2c282
Moderate 'F”Lfr?]':fe/%t‘/zgrieHde'atCe?’mgt?]eCronde”Si”9 Residential Retail (RES_RETAIL) EA2c339
Heatig‘grfggéma ti‘r)mgtgr‘?rgaesnsmg Residential Retail (RES_RETAIL) GA2c045
Moderate Income Qualified - Heating System, | oo ntial Retail (RES_RETAIL) GA2c065

Combo Condensing Furnace/Water Heater, Gas

Algorithms for Calculating Primary Energy Impact:

The heating load for furnaces is 584 therms. This is based on an evaluation of heating equipment installed through
the HEHE program and assumed to be representative of single family homes.?

A Therms = heating load * (1/AFUEbase — 1/AFUEee) = 584 *(1/0.85 — 1/0.97) = 85 therms.

The water heating load is 139 therms.?
A Therms = water heating load * (1/UEFbase — 1/UEFee) = 139 *(1/0.63 — 1/0.90) = 66 therms.

For moderate income, there is not blending of savings and we are calculating savings based on existing
conditions.

Measure Name AMMBtu/Unit
Heating System, Combo Condensing Furnace/Water Heater, Gas 151
Combo Condensing Furnace/Water Heater, Other 15.1
Moderate Income Qualified - Heating System, Combo Condensing Furnace/Water Heater, Gas 23.7
Moderate Income Qualified - Combo Condensing Furnace/Water Heater, Other 23.7
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Baseline Efficiency:

It is assumed that the baseline is an 85% AFUE furnace® and a separate high draw gas fired storage water heater

with an efficiency rating of 0.63 UEF.

High Efficiency:
A new combination 97% AFUE furnace and 0.90 tankless water heater.

Measure Life:

The measure life is 17 years.*

Measure Name Core Initiative PA EUL OYF RUL | AML
Heating System, Combo Condensing
Furnace/Water Heater, Gas 97% RES_RETAIL All 17 nfa n/a 17
Combo Condensing Furnace/Water RES RETAIL All 17 n/a n/a 17
Heater, Other -
Moderate Income Qualified - Heating
System, Combo Condensing RES_RETAIL All 17 n/a n/a 17
Furnace/Water Heater, Gas
Moderate Income Qualified - Combo
Condensing Furnace/Water Heater, Other RES_RETAIL All 17 a a 17
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core PA | ISR |RRe | RRue |RRse | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Heating System, Combo Condensing
Furnace/Water Heater, Gas 97% RES_RETAIL| All |1.00 | nfa | 1.00 | nfa | n/a | n/a n/a
Combo Condensing Furnace/Water | peg peTalL| All | 100 | n/a | 100 | n/a | nfa | n/a | nia
Heater, Other -
Moderate Income Qualified - Heating
System, Combo Condensing RES_RETAIL| All [1.00| n/fa | 1.00 | n/fa | nfa | n/a n/a
Furnace/Water Heater, Gas
Moderate Income Qualified - Combo
Condensing Furnace/Water Heater, RES RETAIL| All | 1.00 | n/a | 1.00 | n/a n/a n/a n/a
Other
In-Service Rates
All installations have 100% in-service rates since programs include verification of equipment installations.
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Realization Rates

All PAs use 100% energy realization rate. The summer and winter peak realization rates are not applicable for
this measure since there are no electric savings claimed.

Coincidence Factors

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Impact Factors for Calculating Net Savings °

Measure Name Core Initiative | PA FR SOp SOnp NTG

Heating System, Combo Condensing
Furnace/Water Heater, Gas 97% RES _RETAIL | All 0.36 0.13 0.00 0.76
Combo Condensing Furnace/Water | pes peral | Al | 033 | 043 | 0.00 0.80

Heater, Other

Moderate Income Qualified - Heating

System, Combo Condensing RES_RETAIL | All 0.00 0.00 0.00 1.00
Furnace/Water Heater, Gas

Moderate Income Qualified - Combo

Condensing Furnace/Water Heater, RES RETAIL | All 0.00 0.00 0.00 1.00
Other

Non-Energy Impacts:

Non-Energy Impacts are calculated. NEI values are rolled up, component values can be found in Appendix B.

Annual One- Annual One- Annual One-
Core time $ time $ time $
Measure Name Initiati PA| $ per $ per $ per
nitiative Unit per KWh per Therm per
Unit kWh Therm
Heating System, Combo Condensing
Furnace/Water Heater, Gas 97% RES_RETAIL [All| $30.84 | $0.00 | $0.00 | $0.00 | $0.00 $0.00
Combo Condensing Furnace/Water
Heater, Other RES_RETAIL [All| $30.84 | $0.00 | $0.00 | $0.00 | $0.00 $0.00
Moderate Income Qualified - Heating
System, Combo Condensing RES_RETAIL |All| $170.01 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00
Furnace/Water Heater, Gas
Moderate Income Qualified - Combo
Condensing Furnace/Water Heater, |RES_RETAIL | All | $170.01 | $0.00 | $0.00 | $0.00 | $0.00 $0.00
Other
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Endnotes:

1: The Cadmus Group (2015). High Efficiency Heating Equipment Impact Evaluation.

CADMUS 2014 HEHE Impact Evaluation

2 : Navigant Consulting (2018). Water Heater, Boiler, and Furnace Cost Study

2018 Navigant_Water Heater Analysis_Memo

3 : Negotiated value.

4 : The measure life is set equal to the measure life for a natural gas furnace:

2021 _Guidehouse_ TRM_Final_Report

5 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook for the non-moderate income measures. For moderate income measures, the PAs and EEAC negotiated
a 100% NTG value. 2021_Guidehouse_ MA _Res NTG Final Report
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1.22. HVAC - Communicating Thermostat
Measure Code RES-HVAC-WT
Market Residential
Program Type Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

A communicating thermostat which allows remote set point adjustment and control via remote application.
System requires an outdoor air temperature algorithm in the control logic to operate heating and cooling

systems

BCR Measure IDs:

Measure Name Core Initiative MeaBs(LirFEa D
Wi-Fi Thermostat, Electric (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a290
Wi-Fi Thermostat, AC Only (Single Family) | Residential Coordinated Delivery (RES_CD) | EA2a064
Wi-Fi Thermostat, Gas (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a065
Wi-Fi Thermostat, Oil (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a067
Wi-Fi Thermostat, Other (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a069
Wi-Fi Thermostat, Electric (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EA2a289
Wi-Fi Thermostat, gi(;e())nly (Attached Low Residential Coordinated Delivery (RES_CD) | EA2a268
Wi-Fi Thermostat, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EAZ2al48
Wi-Fi Thermostat, Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) | EA2a269
Wi-Fi Thermostat, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EAZ2al49
Wi-Fi Thermostat, AC Only (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a235
Wi-Fi Thermostat, Oil (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a236
Wi-Fi Thermostat, Other (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a237
Wi-Fi Thermostat, Electric Residential Retail (RES_RETAIL) EA2c275
Wi-Fi Thermostat, AC Only Residential Retail (RES_RETAIL) EA2c058
Wi-Fi Thermostat, Gas Residential Retail (RES_RETAIL) EA2c060
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Wi-Fi Thermostat, Qil Residential Retail (RES_RETAIL) EA2c062

Wi-Fi Thermostat, Other Residential Retail (RES_RETAIL) EA2c064

Wi-Fi Thermostat, Gas, gas heat only (Single

. Residential Coordinated Delivery (RES_CD) | GA2a013
Family)

Wi-Fi Thermostat, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | GA2a058

Wi-Fi Thermostat, Gas (High Rise) Residential Coordinated Delivery (RES_CD) | GAZ2a092

Wi-Fi Thermostat, Gas Residential Retail (RES_RETAIL) GA2c030

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results. The evaluated electric savings of 64 kwWh were adjusted for
homes with fossil fuel heat to reflect the percent of homes that have cooling. That proportion is 28
percent, based on the Residential Baseline study.

Measure Name Iniioz;[?ve AKWh! AKW? | A MMBtu®
Wi-Fi Thermostat, Electric (Single Family) RES_CD 64 0.05
Wi-Fi Thermostat, AC Only (Single Family) RES_CD 64 0.09
Wi-Fi Thermostat, Gas (Single Family) RES_CD 18 0.03 2.79
Wi-Fi Thermostat, Oil (Single Family) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, Other (Single Family) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, Electric (Attached Low Rise) RES_CD 64 0.05
Wi-Fi Thermostat, AC Only (Attached Low Rise) RES_CD 64 0.09
Wi-Fi Thermostat, Gas (Attached Low Rise) RES_CD 18 0.03 2.79
Wi-Fi Thermostat, Oil (Attached Low Rise) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, Other (Attached Low Rise) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, AC Only (High Rise) RES_CD 64 0.09
Wi-Fi Thermostat, Qil (High Rise) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, Other (High Rise) RES_CD 18 0.03 2.78
Wi-Fi Thermostat, Gas (High Rise) RES_CD 18 0.03 2.79
Wi-Fi Thermostat, Electric RES_RETAIL 64 0.05
Wi-Fi Thermostat, AC Only RES_RETAIL 64 0.09
Wi-Fi Thermostat, Gas RES_RETAIL 18 0.03 2.79
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Wi-Fi Thermostat, Oil RES_RETAIL 18 0.03 2.78
Wi-Fi Thermostat, Other RES_RETAIL 18 0.03 2.78
Wi-Fi Thermostat (instant rebate)** RES_RETAIL| PA-specific | PA-specific | PA-specific

**Note: Savings for instant rebate Wi-Fi thermostats (for which the fuel is unknown) are weighted for each PA,
based on the evaluated savings of retail thermostats and that PAs proportion of rebated thermostats of each fuel
type in that PAs Residential Retail program.

Baseline Efficiency:

The baseline efficiency case is an HVAC system with either a manual or a programmable thermostat.

High Efficiency:

The high efficiency case is an HVAC system that has a Wi-Fi thermostat installed.

Measure Life:

The measure life is 15 years.*

Measure Name Core Initiative PA EUL OYF RUL AML
Wi-Fi Thermostat RES_CD All 15 n/a n/a 15
Wi-Fi Thermostat RES_RETAIL All 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core PA| ISR | RRe | RRne | RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Wi-Fi Thermostat, Electric | oee o | Al 079 | 100 | .00 | 1.00 | 1.00 | 034 | 0.20
(Single Family) -
Wi-Fi Thermostat, AC RES CD | All | 079 | 1.00 | 1.00 | 1.00 | 1.00 | 0.35 | 0.00
Only (Single Family) -
Wi-Fi Thermostat, Gas RES CD | All| 079 | 1.00 | 1.00 | 1.00 | 1.00 | 035 | 0.00
(Single Family) -
Wi-Fi Thermostat, Oil RESCD |All| 079|100 100 | 1.00 | 1.00 | 035 | 0.00
(Single Family) -
Wi-Fi Thermostat, Other | oes o | Al | 079 | 1.00 | .00 | .00 | 1.00 | 035 | 0.00
(Single Family) -
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Wi-Fi Thermostat, Electric

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 1.00 1.00 0.34 | 0.20

Wi-Fi Thermostat, AC Only

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Gas

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Oil

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Other

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, AC Only

(High Rise) RES_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Oil (High

Rise) RES_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Other

(High Rise) RES_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat,

Gas (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Electric |RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 0.34 | 0.20

Wi-Fi Thermostat, AC Only |RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Gas RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Oil RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat, Other |RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 0.35 | 0.00

Wi-Fi Thermostat (instant

RES_RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
rebate)

In-Service Rates:

For RCD Single Family and Attached Low Rise in-services rate is blended based on evaluation results.® ® For
Retail and High Rise all PAs assume 100% in service rate.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

November 2021 102
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

Impact Factors for Calculating Net Savings:

Net to gross factors for attached low rise and high rise are based on evaluation results.?

Measure Name Core PA| FR | SO | SO | NTG
Initiative

Wi-Fi Thermostat (Single Family) — electric, oil, and RES_CD Alll 013 | 012 0 0.99

other
Wi-Fi Thermostat (Single Family) — gas RES CD All | 0.25 | 0.12 0 0.87
Wi-Fi Thermostat (Attaarfgeodthlé(?w Rise) — electric, oil, RES_CD Al 013 | 012 0 0.99
Wi-Fi Thermostat (Attached Low Rise) - gas RES CD All | 0.25 | 0.12 0 0.87
Wi-Fi Thermostat (High Rise) — electric, oil and other RES_CD All | 0.14 0 0 0.86
Wi-Fi Thermostat (High Rise) - gas RES CD All | 0.14 0 0 0.86
Wi-Fi Thermostat — electric, oil, and other RES RETAIL| All | 0.13 | 0.12 0 0.99
Wi-Fi Thermostat — gas RES_RETAIL| All | 0.25 | 0.12 0 0.87

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B. The thermostat NEI values are per
household and the PAs adjust the total value by the average number of thermostats per account depending on the
initiative.

One- One- One-
Annual | Annual |,. Annual )
Core time time $ time $
Measure Name o PA| $per $ per $ per
Initiative Unit $ per kwh | PT | Therm per
Unit KWh Therm

Wi-Fi Thermostat (Single Family) RES_CD |All| $5.45

Wi-Fi Thermostat (Attached Low Rise)| RES_CD [All| $5.45

Wi-Fi Thermostat (High Rise) RES_CD |All| $14.35

Wi-Fi Thermostat RES_RETAIL |All | $5.45

Endnotes:

1 : Navigant Consulting (2018). Wi-Fi Thermostat Impact Evaluation--Secondary Research Study Memo.

2018 Navigant Wi-Fi_Thermostat Impact Evaluation_Secondary Literature_Study

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

3 : Guidehouse Inc (2021) Residential Wifi and Programmable Thermostat Impacts Report

2021 Guidehouse_Thermostat Impact Study

4 : Assumed to have the same lifetime as a regular programmable thermostat. Environmental Protection Agency
(2010). Life Cycle Cost Estimate for ENERGY STAR Programmable Thermostat.
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EPA 2010 Lifecycle Cost Estimate for ENERGY STAR_Programmable Thermostats

5 : Guidehouse (2021). Virtual Home Energy Assessment Study. 2021 Guidehouse VHEA Report FINAL
6 : Guidehouse (2021). RCD ISR Analysis. 2021 Guidehouse RCD ISR 2020 Analysis_FINAL

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
8 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures

Workbook 2021_Guidehouse Res_NTG_Final_Results_Memo
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1.23. HVAC - Down Size ¥> Ton

Measure Code RES-HVAC-DSHT
Market Residential
Program Type Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

Reduction in system size consistent with manual J calculations.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Down Size 1/2 Ton Residential Retail (RES_RETAIL) EA2c006

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on evaluation results of DOE2 modeling where a unit is equal to a completed job:?
Units = Completed job

AkWh/Ton = Average annual energy reduction per ton

AkW/Ton = Average demand reduction per ton

Savings for Down Size 1/2 Ton:
Measure Name Energy Type AkWh AKW

Down Size 1/2 Ton Electric 203 0.29

Baseline Efficiency:

The baseline efficiency case is a system that is not sized in accordance with manual J calculation.

High Efficiency:

The high efficiency case is a system that is sized in accordance with manual J calculation.

Measure Life:

The measure life is based on evaluation results.?

Measure Name Core Initiative PA EUL OYF RUL AML
Down Size 1/2 Ton RES_RETAIL All 18 N/A N/A 18
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name

Core Initiative

PA

ISR

RRe

RRne

RRsp

RRwp

CFsp

CFwep

Down Size 1/2 Ton

RES_RETAIL

All

1.00

1.00

1.00

1.00

1.00

0.37

0.00

In-Service Rates:

All installations have 100% in-service rates.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.?

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Down Size 1/2 Ton* RES_RETAIL All 0.34 0.12 0.10 0.88
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- .
One- ) Annual $ | One-time
Measure Name | Core Initiative | PA Annual_$ time $ Annual $ | time $ per $ per
per Unit .| per KwWh per
per Unit KWh Therm Therm
Down Size 1/2 Ton | RES_RETAIL | All | $0.64

Endnotes:

1: RLW Analytics (2002). Market Research for the Rhode Island, Massachusetts, and Connecticut Residential
HVAC Market. Prepared for National Grid, Northeast Utilities, NSTAR, Fitchburg Gas and Electric Light

Company and United Illuminating; Page 3, Table 2
RLW_2002_ Market Research_for RI_ MA_CT_Residential HVAC_ Market

2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and_ HVAC_ Measures

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
4 : NTG values were derived from the following study: 2021 _Guidehouse_ MA Res NTG_Final_Report
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1.24. HVAC - Duct Insulation
Measure Code RES-HVAC-DI
Market Residential
Program Type Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, insulate ductwork.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Duct Insulation, Electric (Single Family) | Residential Coordinated Delivery (RES_CD) EA2a036
Duct Insulation, Gas (Single Family) Residential Coordinated Delivery (RES_CD) EA2a037
Duct Insulation, Oil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a038

Duct Insulation, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a039
Duct Insulation, Elec (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al17
Duct Insulation, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al118
Duct Insulation, Oil (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al119

Duct Insulation, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2a120
Duct Insulation, Elec (High Rise) Residential Coordinated Delivery (RES_CD) EA2a205
Duct Insulation, Gas (High Rise) Residential Coordinated Delivery (RES_CD) EA22a206
Duct Insulation, Oil (High Rise) Residential Coordinated Delivery (RES_CD) EA2a207

Duct Insulation, Other (High Rise) Residential Coordinated Delivery (RES_CD) EA22a208

Duct Insulation, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a003

Duct Insulation, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) GA2a048
Duct Insulation, Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a082
Algorithms for Calculating Primary Energy Impact:
Single Family and Attached Low Rise:
Unit savings are deemed based on study results®:
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Measure Name AKkWh AKW? A MMBtu
Duct Insulation, Electric (Single Family) 726 0.51

Duct Insulation, Gas (Single Family) 7.3
Duct Insulation, Oil (Single Family) 7.4
Duct Insulation, Other (Single Family) 7.3
Duct Insulation, Elec (Attached Low Rise) 726 0.51

Duct Insulation, Gas (Attached Low Rise) 7.3
Duct Insulation, Oil (Attached Low Rise) 7.4
Duct Insulation, Other (Attached Low Rise) 7.3
Duct Insulation, Gas (Single Family) 7.3
Duct Insulation, Gas (Attached Low Rise) 7.3
High Rise:

Unit savings are deemed based on study results:
AMMBtu = MMBtu x Units

Where:
Unit = Number of square feet of ductwork treated
MMBtu = Average annual MMBtu savings per unit: 0.0353

Baseline Efficiency:

The baseline efficiency case is existing, un-insulated ductwork in unconditioned spaces (e.g. attic or basement).

High Efficiency:

The high efficiency condition is insulated ductwork in unconditioned spaces.

Measure Life:

The measure life is 20 years.*
PA Measure Name Core Initiative EUL OYF RUL AML

All Duct Insulation RES_CD 20 n/a n/a 20

Other Resource Impacts:

There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

Measure Name

Duct Insulation (Single Family) RES CD All | 1.00| 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25

Duct Insulation (Attached Low
Rise)

Duct Insulation (High Rise) RES CD All | 1.00| 0.86 | 0.86 | 0.86 | 0.86 | 0.24 | 0.25

RES_CD All {1.00| 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25

In-Service Rates:

All installations have 100% in-service rates since programs include verification of equipment installations.

Realization Rates:

For single family and attached low rise realization rates are set to 100% since savings are deemed. For high
rise realization rates are based on evaluation results.®

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-gross factors are from evaluation results.’

Measure Name Core Initiative PA | FR | SOp | SOnp | NTG

Duct Insulation (Single Family) RES_CD All | 0.04 | 0.12 | 0.00 1.08
Duct Insulation (Attached Low Rise) RES_CD All | 0.04 | 0.12 0.0 1.08
Duct Insulation (High Rise) RES_CD All | 0.14 | 00 0.0 0.86

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact Evaluation

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4

3 : National Grid Staff Estimate (2010) MA SBS-DI Duct Sealing and Insulation Scenario and Deemed Savings.
NGrid_MA_SBS-DI_Duct_Sealing_and_Insulation_Scenario_and_Deemed_Savings_6-22-10

4 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_CI_Lighting_and HVAC Measures

5 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

6 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
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7 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products.
2021 _Guidehouse_ MA Res NTG Final Report
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1.25. HVAC - Duct Sealing

Measure Code RES-HVAC-DSAF
Market Residential
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, seal ductwork. This could include sealing leaky fixed ductwork
with mastic or aerosol.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Duct Sealing, Electric (Single Family) Residential Coordinated Delivery (RES_CD) EA22a040
Duct Sealing, Gas (Single Family) Residential Coordinated Delivery (RES_CD) EA2a041
Duct Sealing, Oil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a042
Duct Sealing, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a043
Duct Sealing, Elec (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al113
Duct Sealing, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2al14
Duct Sealing, Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2al15
Duct Sealing, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2al116
Duct Sealing, Elec (High Rise) Residential Coordinated Delivery (RES_CD) EA2a201
Duct Sealing, Gas (High Rise) Residential Coordinated Delivery (RES_CD) EA2a202
Duct Sealing, Oil (High Rise) Residential Coordinated Delivery (RES_CD) EA22a203
Duct Sealing, Other (High Rise) Residential Coordinated Delivery (RES_CD) EA2a204
Duct Sealing, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a004
Duct Sealing, Gas (Attached Low Rise) Residential Coordinated Delivery (RES_CD) GA2a049
Duct Sealing, Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a083
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Algorithms for Calculating Primary Energy Impact:

Single Family:
Unit savings are deemed based on study results.! 2
Measure Name AKkWh AKW?3 A MMBtu
Duct Sealing, Electric (Single Family) 442 0.31
Duct Sealing, Gas (Single Family) 3.9
Duct Sealing, Oil (Single Family) 4.0
Duct Sealing, Other (Single Family) 3.9

Attached Low Rise and High Rise:
Savings (MMBtu) = Consumption x % SAVE x 1/1,000,000

Where:

Consumption = The total annual heating consumption for the facility (Btu)
%SAVE = Average reduction in energy consumption.

1/1,000,000 = Conversion from Btu to MMBtu.

Savings Factors for Multifamily Duct Sealing:

Measure Type %SAVE*
Surface Area < 50 SQFT 7%
Surface Area > 50 SQFT and < 200 SQFT 3%
Surface Area > 200 SQFT 1%

Baseline Efficiency:

The baseline efficiency case is existing, non-sealed (leaky) ductwork in unconditioned spaces (e.g. attic
or basement).

For duct sealing (retail), the baseline efficiency case assumes 15% leakage.
High Efficiency:
The high efficiency condition is air sealed ductwork in unconditioned spaces.

For duct sealing (retail), the high efficiency case is a system with duct leakage reduced by 66% to 5% leakage.
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Measure Life:

The measure life is 20 years. °
Measure Name Core Initiative PA EUL OYF RUL AML

Duct Sealing RES_CD All 20 n/a n/a 20

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioart?ve PA| ISR | RRe | RRue | RRsp | RRwp | CFsp | CFwp

Duct Sealing, Electric (Single Family) |RES_CD |All|1.00 | 1.00| 1.00 | 1.00 | 1.00 | 0.24 | 0.25

Duct Sealing, Gas (Single Family) RES CD|AIl|1.00|1.00| 1.00 | n/a n/a n/a n/a

Duct Sealing, Oil (Single Family) RES CD|AIl|1.00|1.00| 1.00 | n/a n/a n/a n/a

Duct Sealing, Other (Single Family) RES_CD |All| 1.00 | 1.00 | 1.00 | n/a n/a n/a n/a

Duct Sealing, Elec (Attached Low Rise) |RES CD | All| 1.00 | 0.86 | 1.00 | 0.86 | 0.86 | 0.24 | 0.25

Duct Sealing, Gas (Attached Low Rise) |RES_CD |All| 1.00 | 1.00 | 0.86 | n/a n/a n/a n/a

Duct Sealing, Oil (Attached Low Rise) |RES_CD |All|1.00 | 1.00 | 0.86 | n/a n/a n/a n/a

Duct Sealing, Other (Attached Low Rise) | RES CD |All| 1.00 | 1.00 | 0.86 | n/a n/a n/a n/a

Duct Sealing, Elec (High Rise) RES CD |AIll|1.00|0.86| 086 | 0.86 | 0.86 | 0.24 | 0.25
Duct Sealing, Gas (High Rise) RES CD|AIl|1.00|1.00| 0.86 | n/a n/a n/a n/a
Duct Sealing, Oil (High Rise) RES CD|AIl|1.00|1.00| 0.86 | n/a n/a n/a n/a

Duct Sealing, Other (High Rise) RES_CD |All| 1.00 | 1.00 | 0.86 | n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

For single family realization rates are set to 100% since deemed savings are based on evaluated results. For
attached low rise and high rise realization rates are based on evaluation results.®

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’
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Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.®

Measure Name Core Initiative PA | FR | SOp | SOne | NTG
Duct Sealing (Single Family) RES_CD All | 0.04 | 0.12 | 0.00 1.08
Duct Sealing (Attached Low Rise) RES_CD All | 0.04 | 0.12 | 0.00 1.08
Duct Sealing (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

. One-time | Annual $ | One-time
Measure Name | CO8 | PA | SOTUED | e Unit| per kv | Sper | per | Sper
P P P kWh Therm Therm

Duct Sealing RES CD | All | $0.23

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact_ Evaluation

2 : Duct sealing (retail) savings based on results of DOE2 modeling as reported in RLW Analytics (2002), Market
Research for the Rhode Island, Massachusetts, and Connecticut Residential HVAC Market, Page 3, Table 2.
RLW_ 2002 Market Research for Rl MA_CT Residential HVAC Market

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
4 : Savings assumptions from National Grid program vendor

5: GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_ClI_Lighting_and HVAC Measures
6 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
8 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021_Guidehouse_Res NTG_Final _Results Memo
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1.26.

Installation Verification (QIV)

HVAC - Ductless Mini-Split Heat Pump (DMSHP) Quality

Measure Code

RES-HVAC-MSHPQIV

Market

Residential

Program Type

Time of Sale

Category

Heating Ventilation and Air Conditioning

Measure Description:

The verification of proper charge and airflow during installation of new Ductless Mini-Split Heat Pump

(DMSHP) systems.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

DMSHP QIV

Residential Retail (RES_RETAIL)

EA2c106

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:*
AkWh = AKkWhcoo + AkWhheat = [ToONs X 12kBtu/hr/Ton x (1/SEER) x HOURSc x 5%] + [Tons x 12kBtu/hr/Ton
X (1/HSPF) X HOURSH x 5%]
AkWcool = AkWheoot X Annual Maximum Demand Factor (cool)
AkWheat = AkWhpeat X Annual Maximum Demand Factor (heat)
AKW = max ( AkW ool AkWheat)

Where:

Unit = Completed QIV of new DMSHP system
Tons = Capacity of DMSHP equipment
SEER = Seasonal Energy Efficiency Ratio of DMSHP equipment
HSPF = Heating Seasonal Performance Factor of DMSHP equipment
Hoursc = Equivalent Full Load Hours (EFLH) for cooling

Hoursy = EFLH for heating
5% = Average demand reduction of 5%?

Savings for Mini Split Heat Pump QIV:

Average Cooling Annual Max
Measure Energy >° | Average |Average| Hours®
Name Type Capac'ﬁy SEER* | HSPF® | Heating AKWh Demand AW
(tons) Hours’ Factor
. 218 (cool) 0.001660 (cool)
DMSHP QIV | Electric 2.3 19.7 11.2 535 (heat) 82.3 0.000438 (heat) 0.10
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Baseline Efficiency:

The baseline efficiency case is a new MSHP system (2.3-ton, SEER 19.7, and HSPF 11.2), based on the quantity-
weighted average capacity and efficiency levels of units rebated in the previous calendar year, whose installation
is inconsistent with manufacturer specifications.

High Efficiency:

The high efficiency case is the same MSHP system whose installation is consistent with manufacturer
specifications.

Measure Life:

The measure life is based on evaluation results.?

Measure Name Core Initiative PA EUL OYF RUL AML
RES CD
DMSHP QIV RES_RETAIL All 18 N/A N/A 18

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne RRsp RRwp CFsp | CFwp

RES_CD

RES_RETAIL All | 1.00 | 1.00 | 1.00 1.00 1.00 0.39 0.14

DMSHP QIV

In-Service Rates:

All guality installation verifications are completed and documented and therefore have 100% in service rate.

Realization Rates:

Realization rates are set to 100% based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study. °

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
RES CD
DMSHP QIV RES_RETAIL All 0.0% 0.0% 0.0% 100.0%
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual $ One-time Annual $ One-time Annual $ | One-time $
Measure Name Initiative PA er Unit $ per er kwWh 3 per er Therm | per Therm
P unit | P kwh |P P
RES CD,
DMSHP QIV RES_RETAIL All $1.53
Endnotes:

1 : The calculation of the unit savings can be found in MA PAs' 2022-2024 Plan Annual Report Electric Heating
and Cooling Savings Workbook (2021). MA_PAs_2022-2024 Planning Electric H&C Savings Workbook 2021-

06-17

2 : Average capacity (tons) of heat pump units (weighted by the quantity of heat pump units in each rebate tier)

rebated in the full calendar year preceding the year in which this eTRM is published.

3 : Average SEER of heat pump units (weighted by the quantity of heat pump units in each rebate tier) rebated in

the full calendar year preceding the year in which this eTRM is published.

4 : Average HSPF of heat pump units (weighted by the quantity of heat pump units in each rebate tier) rebated in

the full calendar year preceding the year in which this eTRM is published.

5 : Cooling hours from Cadmus Group (2016). Ductless Mini-Split Heat Pump Impact Evaluation
Cadmus_2016_DMSHP_Impact_Evaluation

6 : Cooling hours from Cadmus Group (2016). Ductless Mini-Split Heat Pump Impact Evaluation
Cadmus_2016_DMSHP_Impact_Evaluation

7 : Heating hours from Navigant Consulting (2018), Quick Hit Study: Ductless Mini-Split Heat Pump Survey
(RES 29), March 30, 2018. Assumes higher heating hours for displacement of electric heat based on top 25%
EFLH (heating) reported in Cadmus Group (2016), Ductless Mini-Split Heat Pump Impact Evaluation
Navigant 2018 DMSHP_Survey

8 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and_ HVAC_ Measures
9 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
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1.27. HVAC - Ductless Mini-Split Heat Pump (DMSHP), No
Integrated Controls

Measure Code RES-HVAC-DMHP
Market Residential
Program Type Replace on Burnout, Retrofit, Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

The installation of a more efficient ductless mini-split heat pump (DMSHP) system.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
DMSHP, No Integrated Controls Residential Retail (RES_RETAIL) EA2c004
DMSHP Displacing Electric Heat RES_RETAIL CVEO1

Algorithms for Calculating Primary Energy Impact:

Except for high rise applications, DMSHP unit savings are deemed based on the following algorithms and
assumptions:

AkWh/ton = AkWheeol + AkWhpeat = [12kBtu/hr/Ton X (1/SEERgase - 1/SEERge) Xx HOURS ] + [12kBtu/hr/Ton x
(1/HSPFgase - 1/HSPFee) X HOURSH]

AKW = max ( AkW ool AkWheat)

AkW oot = AkWheoot X Annual Maximum Demand Factor (cool)

AkWheat = AkWhpeat x* Annual Maximum Demand Factor (heat)

Where:

Unit = Savings per ton

Tons = Capacity of DMSHP equipment

SEERgase = Seasonal Energy Efficiency Ratio of baseline DMSHP equipment
SEERee = Seasonal Energy Efficiency Ratio of new efficient DMSHP equipment.
HSPFsase = Heating Seasonal Performance Factor of baseline DMSHP equipment
HSPFee = Heating Seasonal Performance Factor of new efficient DMSHP equipment.
Hoursc = Equivalent Full Load Hours (EFLH) for cooling

Hoursy = EFLH for heating

Unit savings are counted as the efficiency savings for the high efficiency DMSHP system compared to a code-
compliant DMSHP system for the full life of the new high efficiency DMSHP system.

Unit savings for high rise applications are vendor-calculated using technical data and inputs specific to the high
rise building or housing units in which the DMSHPs are being installed.
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Savings for Residential Ductless Mini-Split Heat Pumps !

Average Cooling Annual
Energy - Average | Average Hours Max
Measure Name Type Capacity SEER HSPE Heating AKWh Demand AKW
(tons) 8
Hours Factor
DMSHP, No . 218 (cool)
Integrated Controls Electric 2.33 19.7 11.2 535 (heat) 584.2 | 0.00117 0.68

Baseline Efficiency:
The baseline is an industry standard 2.33-ton, SEER 15.0, HSPF 8.2 DMSHP system.

High Efficiency:

The minimum program qualifications for the high efficiency case is a 16 SEER 9.5 DMSHP system. For savings
the high efficiency is based on the average capacity and efficiency levels of systems rebated in the previous
calendar year which is 19.7 SEER and 11.2 HSPF.

Measure Life:

The measure life is based on evaluation results.?
Measure Name Core Initiative PA | EUL | OYF | RUL | AML

DMSHP, No Integrated Controls RES RETAIL All 18 n/a n/a 18

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Inﬁioart?ve PA | ISR | RRe | RRue | RRsp | RRwe | CFsp | CFwe

DMSHP, No Integrated Controls |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.38 | 0.05

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.*

Measure Name Core Initiative PA| FR | SOp | SOne | NTG
DDMSHP, No Integrated Controls RES_RETAIL All | 0.34 | 0.12 | 0.00 0.88
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Annual ?irr;lee- Annual (t)irr;ee- Annual t?rr?ee-$
Measure Name Core Initiative | PA| $ per $ per $ per
Unit $ per kWh $ per Therm |_P¢'
Unit kWh Therm
DMSHP, No Integrated Controls | RES_RETAIL |All| $4.21 | $0.00 | $0.00 | $0.00| N/A N/A

Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase 4
2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS_2007_Measure_Life_Report_Residential _and_CI_Lighting_and HVAC_ Measures

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
4: NTG values were derived from the following study: 2021 Guidehouse Res NTG_Final_Results Memo
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1.28. HVAC - ECM Circulator Pump

Measure Code RES-HVAC-ECMCP
Market Residential
Program Type Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of high efficiency residential boiler circulator pumps, including electronically commutated variable

speed air supply motors.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Circulator Pump Residential Retail (RES_RETAIL) EA2c009
Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on evaluation results.*
Measure Name AKkWh AKW
Circulator Pump 75.2 0.05
Baseline Efficiency:
The baseline efficiency case is the installation of a standard circulator pump.
High Efficiency:
The high efficiency case is the installation of an ECM circulator pump.
Measure Life:
The measure life is based on evaluation results.?
Measure Name Core Initiative PA EUL OYF RUL AML
Circulator Pump RES_RETAIL All 20 N/A N/A 20

Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFRwe

Circulator Pump RES_RETAIL All | 1.00 | 1.00 | 1.00 1.00 1.00 0.00 | 043

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are based on evaluation results.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Circulator Pump?® RES_RETAIL All 34.0% 12.0% 10.0% 88.0%

Non-Energy Impacts:
There are no non-energy impacts for this measure.

Endnotes:

1 : Savings were derived from the ECM Circulator Study: 2021 _Guidehouse ECM Circulator

2 : Assumed to be consistent with C&I Electric Motors & Drives — Energy & Resources Solutions (2005).
Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1. ERS 2005 Measure Life Study
3:2021_Guidehouse_ MA_Res NTG_Final_Report
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1.29. HVAC - Forced Hot Water Boiler, Propane

Measure Code RES-HVAC-BFHW
Market Residential
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a new high efficiency boiler for space heating.

BCR Measure IDs:

Core Initiative Measure Name BCR Measure ID

Residential Retail

(RES_RETAIL) EA2c012

Heating System, Boiler, Propane (non-condensing to condensing)

Residential Retail

Moderate Income Qualified - Heating System, Boiler, Propane (RES_RETAIL)

EA2c334

Algorithms for Calculating Primary Energy Impact:

Unit savings are calculated based on deemed inputs.
MMBtu = heating load MMBTUs * (1L/AFUE base — 1/AFUEee)

Where:
Heating load = 96.51 MMBTUs

Energy Savings for Primary Impact!

Measure Name AMMBtu
Heating System, Boiler, Propane (non-condensing to condensing) 121
Moderate Income Qualified - Heating System, Boiler, Propane 16.5

Baseline Efficiency:

Heating System, Boiler, Propane (non-condensing to condensing)
For propane the baseline is an industry standard practice (ISP) non-condensing boiler (AFUE = 83.16% )
adjusted by a degradation factor (0.967) to account for its metered efficiency (AFUE=80.42%).

Moderate Income Qualified - Heating System, Boiler, Propane
For propane the baseline is an existing non-condensing boiler (AFUE = 80% ) adjusted by a degradation factor
(0.967) to account for its metered efficiency (AFUE=77%).
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High Efficiency:

For the 95 AFUE qualifying propane unit the high efficiency case AFUE 95% adjusted by a degradation factor
(0.941) to account for its metered efficiency (AFUE=89.4%).

Measure Life:

Measure Name Core PA EUL OYF | RUL | AML
Initiative
Heating System, Boiler, Propane | peg pera) | Al 23 na | nia 23
(non-condensing to condensing)
Moderate Income Qualified - | peg pera) | Al 23 na | na 23
Heating System, Boiler, Propane -
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core. 1 5a 1 1SR | RRe | RRue | RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Heating System, Boiler, Propane | peg pealL | All| 1.00 | n/a | 200 | n/a | na | n/a | nia
(non-condensing to condensing) -
Mo_derate Income _Quallfled i RES RETAIL|AIl | 1.00 | n/a | 1.00 | n/a n/a n/a n/a
Heating System, Boiler, Propane -

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Net to gross factors are based study results.

Measure Name Core Initiative PA FR SOp SOnp NTG
Heating System, Boiler, Propane RES RETAIL | Al | 033 | 013 | 0.00 0.80
(non-condensing to condensing)
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Moderate Income Qualified - Heating
System, Boiler, Propane? RES_RETAIL All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.°
Annual | T | Annua | (T e s
Measure Name Core Initiative| PA $ per | $ per hp
Unit $ per KWh | Per Ther | per
Unit KWh m | Therm
Heating System, Boiler, Propane
(non-condensing to condensing) RES_RETAIL | All ) $30.84
Moderate Income Qualified - RES RETAIL | All |$170.01

Heating System, Boiler, Propane

Endnotes:

1: Qil/Propane Savings Calculator MA_PAs_2022-2024 Annual

Report Oil Propane HVAC Calculations 2021-08-20

2 : ML set equal to gas measure life using the following source: 2021_Guidehouse TRM_Final_Report
3 : NTG study results can be found here: 2021 _Guidehouse Res NTG_Final_Results_Memo
4 : An agreed upon assumption between the PAs and EEAC.
5: MA PAs (2021). 2022-2024 Oil and Propane HVAC Calculations Workbook MA_PAs 2022-2024 Annual

Report Oil Propane HVAC Calculations 2021-08-20
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1.30. HVAC - Furnace, Oil/Propane

Measure Code RES-HVAC-FOP
Market Residential
Program Type Lost Opportunity, Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a new high efficiency space heating furnace. Electric savings can be attributed to reduced fan run

time.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Heating System, Furnace, Oil Residential Retail (RES_RETAIL)

EA2c013

Heating System, Furnace, Propane

Heating System, Furnace, Other

. . Residential Retail (RES_RETAIL) EA2c014
(non-condensing to condensing)
Moderate Income Qualified - Residential Retail (RES_RETAIL) EA2¢336
Heating System, Furnace, Oil
Moderate Income Qualified - Residential Retail (RES_RETAIL) EA2c337

Algorithms for Calculating Primary Energy Impact:

Heating System, Furnace, Other
Unit savings are calculated based on deemed inputs.
MMBtu = heating load MMBTUs * (1/AFUE base — 1/AFUEee)

Where:
Heating load Propane = 58.35!

Energy Savings for Primary Energy Impact 2

Moderate Income Qualified - Heating System, Furnace, Oil
MMBtu = heating load MMBTUs * (1/AFUE base — 1/AFUEee)
Heating load Oil = 68.41 MMBTUs

Moderate Income Qualified - Heating System, Furnace, Other
MMBtu = heating load MMBTUs * (1/AFUE base — 1/AFUEee)
Heating load Propane = 58.35!
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Measure Name AMMBtu AKkWh AKW

Heating System, Furnace, Oil 4.7 N/A N/A

Heating System, Furnace, Propane (non-condensing to condensing) 121 N/A N/A
Moderate Income Qualified - Heating System, Furnace, Oil 8.2 0 0
Moderate Income Qualified - Heating System, Furnace, Other 15.7 0 0

Baseline Efficiency:

Heating System, Furnace, Other

The baseline efficiency case is an 80% AFUE rated non-condensing efficiency adjusted to a 80.96% AFUE
actual efficiency propane furnace.* There is not early retirement savings being claimed for the propane furnace.

Moderate Income Qualified - Heating System, Furnace, Oil

The baseline efficiency case is an existing 77% AFUE rated furnace adjusted to a 78.0% AFUE actual

efficiency propane furnace.

Moderate Income Qualified - Heating System, Furnace, Other

The baseline efficiency case is an existing 75% AFUE rated furnace adjusted to a 75.7% AFUE actual

efficiency propane furnace.

High Efficiency:

The high efficiency case is a new 86% AFUE oil furnace or a 95% AFUE propane furnace.

Measure Life:

This measure has a blend of early retirement savings and end of life savings. °

Measure Name Core Initiative PA EUL® OYF RUL | AML
Heating System, Furnace, Oil RES_RETAIL All 17 n/a n/a 12
Heating System, Furnace, Propane RES_RETAIL All 17 n/a n/a 17
(non-condensing to condensing) -
Moderate Income Quallfled_- Heating RES_RETAIL All 17 n/a n/a 17
System, Furnace, Qil
Moderate Income Qualified - Heating RES RETAIL All 17 n/a n/a 17
System, Furnace, Other -
Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwe

Measure Name

Heating System, Furnace, Propane | peg perarL| Al 1.00 | 100 | 1.00 | 1.00 | .00 | 0.00 | 0.00
(non-condensing to condensing) -

Moderate Income Qualified -

Heating System, Furnace, Oil RES_RETAIL|AIl| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

Moderate Income Qualified -

Heating System, Furnace, Other RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:
N/A

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results. ’
Measure Name Core Initiative | PA FR SOP SONP NTG

Heating System, Fumace, Propane (Non- | pee pera | Al | 325% | 127% | 0% | 80.2%
condensing to condensing)

Moderate Income Qualified - Heating

. RES_RETAIL All | 0.0% 0.0% 0.0% 100.0%
System, Furnace, Qil

Moderate Income Qualified - Heating

0 0 0 0
System, Furnace, Other RES_RETAIL All | 0.0% 0.0% 0.0% 100.0%

Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.2

One- One- One-
Annual | . Annual | .. Annual | ..
Core time time $ time $
Measure Name Initiati PA | $per $ per $ per
nitiative Unit $ per kwh | Per | rherm | _Per
Unit KWh Therm
Heating System, Furnace, Pro_pane RES RETAIL| All | $30.84
(non-condensing to condensing)
Moderate Income Qualified -
Heating System, Furnace, Oil RES_RETAIL| All | $170.01
November 2021 128

© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

Moderate Income Qualified -

Heating System, Furnace, Other RES_RETAIL | All | $170.01

Endnotes:

1: MA PAs (2021). 2022-2024 Annual Plan Oil and Propane HVAC Calculations Workbook. MA_PAs_2022-
2024 Annual Report_Oil_Propane HVAC Calculations 2021-08-20

2 : Calculations can be found in the MA PAs (2021). 2022-2024 Plan Oil and Propane HVAC Calculations
Workbook. MA_PAs_2022-2024 Annual Report_Oil_Propane_ HVAC_Calculations_2021-08-20

3: MA PAs (2021). 2022-2024 Annual Plan Oil and Propane HVAC Calculations Workbook. MA_PAs_2022-
2024 Annual Report_Qil_Propane HVAC Calculations 2021-08-20

4 : Industry Standard Practice 2021_Guidehouse_ TRM_Final_Report

6 : For more information on the blended savings, please refer to this workbook: MA_PAs_2022-2024 Annual
Report_Oil_Propane HVAC_Calculations_2021-08-20

5: The ML is set equal to that of an gas furnace using the following source:

2021 _Guidehouse_ TRM_Final_Report

7 : NTG values can be found in the following summary file: 2021_Guidehouse MA_Res NTG_Final_Report
8 : MA PAs (2021). 2022-2024 Annual Plan Qil and Propane HVAC Calculations Workbook. MA_PAs_2022-
2024 Annual Report_Oil_Propane HVAC_Calculations 2021-08-20
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1.31. HVAC - Furnace/Boiler, Gas

Measure Code RES-HVAC-FG
Market Residential
Program Type Retrofit

Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a new high efficiency space heating furnace with an electronically commutated motor (ECM) for
the fan.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
Furnace, Non-Condensing to Residential Retail
Condensing 95 AFUE (RES_RETAIL) GA2c036
Furnace, Non-Condensing to Residential Retail
Condensing 97 AFUE (RES_RETAIL) GA2c037
Boiler, Non-Condensing to Residential Retail
Condensing 95 AFUE (RES_RETAIL) GA2c038
Moderate Income Qualified - . . .
Furnace, Non-Condensing to REeRSédSené'E!riiE” GA2c066
Condensing 95 AFUE -
Moderate Income Qualified - . . .
Furnace, Non-Condensing to REeRSédSené'E!riiE” GA2c067
Condensing 97 AFUE -
Moderate Income Qualified - . . .
Boiler, Non-Condensing to REeRSédSené'E!riiE” GA2c068
Condensing 95 AFUE -

Algorithms for Calculating Primary Energy Impact:
For all non-moderate income measures, unit savings are calculated based on deemed inputs and assumed the
program has verified that the existing unit was a non-condensing furnace. *

For all moderate income measures, unit savings is set equal to the savings for the single family income eligible
equivalent measure. For moderate income furnaces, there is also ECM furnace savings.
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Measure Name AMMBtu AkWh Max Demand AKW
Factor
Furnace, Non-Condensing to
Condensing 95 AFUE 10.8 N/A N/A N/A
Furnace, Non-Condensing to
Condensing 97 AFUE 120 N/A N/A N/A
Boiler, Non-Condensing to
Condensing 95 AFUE 121 N/A N/A N/A
Moderate Income Qualified -
Furnace, Non-Condensing to 20.7 172 0.00073 0.13
Condensing 95 AFUE
Moderate Income Qualified -
Furnace, Non-Condensing to 20.7 172 0.00073 0.13
Condensing 97 AFUE
Moderate Income Qualified -
Boiler, Non-Condensing to 194 N/A N/A N/A
Condensing 95 AFUE

Baseline Efficiency:

For all non-moderate income measures the furnace the baseline efficiency case is an 80% AFUE non-condensing
furnace adjusted to 81% AFUE actual efficiency. For the boiler the baseline efficiency case is an 83.2% AFUE
non-condensing boiler adjusted to 80.4% AFUE actual efficiency,?

For all moderate income measures, the baseline is equal to an existing furnace or boiler

High Efficiency:

The high efficiency case is either a new furnace with AFUE >= 95% (actual 95.2% AFUE) with an electronically
commutated motor installed or AFUE >= 97% (Actual 97.2% AFUE) with an electronically commutated motor
installed. for the boiler measures, the high efficiency case is a new 95% or greater AFUE boiler.

Measure Life:

The measure life is 17 years for the furnace and 23 years for the boiler. *

Measure Name Core Initiative PA EUL OYF RUL AML
Condencing 85 AFUE RESRETAIL | Al R R
s NG| s geral | v | | o
Condensing 85 AFUE RESRETAIL | Al T T
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Moderate Income Qualified -
Furnace, Non-Condensing to RES RETAIL All 17 n/a n/a 17
Condensing 95 AFUE

Moderate Income Qualified -
Furnace, Non-Condensing to RES RETAIL All 17 n/a n/a 17
Condensing 97 AFUE

Moderate Income Qualified -
Boiler, Non-Condensing to RES_RETAIL All 23 n/a n/a 23
Condensing 95 AFUE

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA | ISR | RRe | RRye | RRsp | RRwp | CFsp | CFwp

Furnace, Non-Condensing to

Condensing 95 AFUE RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

Furnace, Non-Condensing to

Condensing 97 AFUE RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

Boiler, Non-Condensing to

Condensing 95 AFUE RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00

Moderate Income Qualified -
Furnace, Non-Condensing to RES_RETAIL| AIl | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.43
Condensing 95 AFUE

Moderate Income Qualified -
Furnace, Non-Condensing to RES_RETAIL| AIl | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.43
Condensing 97 AFUE

Moderate Income Qualified -
Boiler, Non-Condensing to RES_RETAIL| AIll | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00
Condensing 95 AFUE

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

All PAs use 100% energy realization rate.
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Coincidence Factors:

N/A

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.*

Measure Name Core Initiative PA FR SOp SOnp NTG
Furnace, Non-Condensing to
Condensing 95 AFUE RES_RETAIL All 0.36 0.13 0.00 0.76
Furnace, Non-Condensing to
Condensing 97 AFUE RES_RETAIL All 0.36 0.13 0.00 0.76
Boiler, Non-Condensing to
Condensing 95 AFUE RES_RETAIL All 0.36 0.13 0.00 0.76
Moderate Income Qualified -
Furnace, Non-Condensing to RES_RETAIL All 0.00 0.00 0.00 1.00
Condensing 95 AFUE
Moderate Income Qualified -
Furnace, Non-Condensing to RES_RETAIL All 0.00 0.00 0.00 1.00
Condensing 97 AFUE
Moderate Income Qualified -
Boiler, Non-Condensing to RES_RETAIL All 0.00 0.00 0.00 1.00
Condensing 95 AFUE
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B. °
Annual One- Annual One- Annual One-
e time $ time $ time $
Measure Name Core Initiative | PA | $per or $ per or $ per or
Unit pet kWh P Therm | _.°
Unit KWwh Therm
Furnace, Non-Condensing to
Condensing 95 AFUE RES_RETAIL | All | $30.84
Furnace, Non-Condensing to
Condensing 97 AFUE RES_RETAIL | All | $30.84
Boiler, Non-Condensing to
Condensing 95 AFUE RES_RETAIL | All | $30.84
Moderate Income Qualified -
Furnace, Non-Condensing to | RES_RETAIL | All |$170.01
Condensing 95 AFUE
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Moderate Income Qualified -
Furnace, Non-Condensing to | RES_RETAIL | All |$170.01

Condensing 97 AFUE

Moderate Income Qualified -
Boiler, Non-Condensingto | RES_RETAIL | All |$170.01

Condensing 95 AFUE

Endnotes:

1 : The calculation of the adjustment can be found in MA PAs (2021). 2020 Annual Report Gas HVAC and Water
Heating Calculations Workbook. MA_PAs 2022-2024 Annual Plan_Gas HVAC _WH_Calculations_ GH_2021-
08-20

2 : For more information both on the baseline and the adjustment from rated efficiency to actual efficiency, please
refer to the following spreadsheet: MA_PAs 2022-2024 Annual Plan_Gas HVAC_WH_Calculations GH_2021-
08-20

3 : Lifetime values for all measures were derived from the following study:

2021 _Guidehouse_ TRM_Final_Report

4 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021 _Guidehouse_Res NTG_Final Results Memo

5 : The calculation of the adjustment can be found in MA PAs (2021). 2022-2024 Annual Plan Gas HVAC and
Water Heating Calculations Workbook. MA_PAs 2022-2024 Annual

Plan_Gas HVAC WH_Calculations_ GH_2021-08-20
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1.32.

HVAC - Heat Pump - Custom

Measure Code

RES-HVAC-HP-C

Market

Residential

Program Type

Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Installation of a heat pump displacing electric, oil, or propane heat.

BCR Measure IDs:

Measure Name Core Initiative Mefs(JrRe ID
Custom - Heat Pumps displacing Electric Heat Residential Coordinated Delivery (RES_CD) | EA2a248
Custom - Heat Pumps displacing Oil Residential Coordinated Delivery (RES_CD) | EA2a276
Custom - Heat Pumps displacing Propane Residential Coordinated Delivery (RES_CD) | EA2a277
CVEOQO Heat Pumps, Electric Heat Residential Coordinated Delivery (RES_CD) CVEO1
CVEOQ Heat Pumps, Oil Residential Coordinated Delivery (RES_CD) CVEOQO2
CVEOQO Heat Pumps, Propane Residential Coordinated Delivery (RES_CD) CVEO3

Algorithms for Calculating Primary Energy Impact:

For custom, heat pump savings will be calculated by the vendor based on existing site conditions.

For CVEO, heat pump savings will be calculated using the same assumptions and methods as the measures shown
in the following table. In addition, all assumptions for these measures will be based on the BCR Measure Data

Source.

BCR Measure

Electric Heat (RES_CD)

Measure Name Core Initiative BCR Measure ID | PA
Data Source
Residential
CVEO Heal Pumps, |~ dinated Delivery CVEO1 CLC | EA2C315
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Residential
CVEO Heat Pumps, Oil |Coordinated Delivery CVEO2 CLC
(RES_CD)

EA2c270

EA2C268

EA2c273

EA2c290

EA2c317

EA2c323

EA2c325

EA2c327

Residential
Coordinated Delivery CVEO3 CLC
(RES_CD)

CVEO Heat Pumps,
Propane

EA2c269

EA2c267

EA2c274

EA2c291

EA2c318

EA2c324

EA2c326

EA2c328

Baseline Efficiency:

For custom, the baseline efficiency case is the existing site conditions.

High Efficiency:

For custom, the high efficiency case will vary by site.

Measure Life:

The measure life will vary depending on the type of equipment installed.

Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

C
Measure Name Initiatve ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFup
Custom Heat Pumps,
Displacing Electric Heat (High |RES_CD | All 100 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.43
Rise)
Custom Heat Pumps,
Displacing Oil (High Rise) RES_CD| Al 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.34 | 0.17
Custom HeatPumps, ~  Ipes cp| Al | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.34 | 017
Displacing Propane (High Rise) -

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% because the measure is new and has not been evaluated.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

NTG rates are based on an evaluation study.?

Measure Name .C.Ore. PA FR SOp SOnp NTG
Initiative
Custom Heat Pumps, Displacing
Electric Heat (High Rise) RES_CD All 0.14 0.00 0.00 0.86
Custom Heat Pumps, Displacing
Oil (High Rise) RES_CD All 0.14 0.00 0.00 0.86
Custom Heat Pumps, Displacing | peo o Al 0.14 0.00 0.00 0.86
Propane (High Rise)
Non-Energy Impacts:
NEIs are rolled up. Component values can be found in Appendix B.
One- One- One-
Core Annual |- $ Annual | e $ Annual | e $
Measure Name Initiati $ per $ per $ per
nitiative Unit per KWh per Therm per
Unit kWh Therm
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Custom Heat Pumps,
Displacing Electric Heat (High| RES_CD | All | $5.98
Rise)

Custom Heat Pumps,

Displacing Oil (High Rise) RES_CD | All | $5.98

Custom Heat Pumps,
Displacing Propane (High RES_CD | All | $5.98
Rise)

Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse_Residential_Baseline_Phase 4

2 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021_Guidehouse Res_NTG_Final_Results_Memo

3: NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area, Residential and
Low-Income Non-Energy Impacts (NEI) Evaluation.

Tetra Tech_and NMR 2011 MA_Res and LI _NEI Evaluation
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1.33.

HVAC - Heat Pump Digital Check-up/Tune-up

Measure Code

RES-HVAC-HPDCU

Market

Residential

Program Type

Operations and Maintenance

Category

Heating Ventilation and Air Conditioning

Measure Description:

Tune-up of an existing air source central heat pump system.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Heat Pump Digital Check-up/Tune-Up

Residential Retail (RES_RETAIL)

EA2c007

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:*
AkWh = AkWheoot + AkWhieat = [Tons x 12kBtu/hr/Ton x (1/SEER) x HOURSc x 5%] + [Tons X

12kBtu/hr/Ton x (1/HSPF) X HOURSH X 5%]

AkWcool = AkWheeo X Annual Maximum Demand Factor (cool)
AkWheat = AkWhpeat X Annual Maximum Demand Factor (heat)
AkW = Mmax ( Achool, AkWheat)

Where:

Unit = Completed tune-up of existing heat pump system
Tons = Capacity of existing HP equipment

SEER = Seasonal Energy Efficiency Ratio of existing HP equipment
HSPF = Heating Seasonal Performance Factor of existing HP equipment

Hoursc = Equivalent Full Load Hours (EFLH) for cooling
Hoursy = EFLH for heating
5% = Average demand reduction of 5%?2

Savings for Heat Pump Digital Check-up/Tune-Up:

Ener Average Annual Max
Measure Name T gey Capacity | SEER HSPF Hours* |AkWh| Demand |AkW
yp (tons)? Factor®
Heat Pump Digital . 419 (cool)
Check-Up/Tune-Up Electric 3.03 13.0 7.7 1,200 (heat) 342 0.00117 0.40
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Baseline Efficiency:

The baseline efficiency case is an existing, inefficient central heat pump system (SEER 13 and HSPF 7.7) that is
not operating according to manufacturer specifications.

High Efficiency:

The high efficiency case is the same central heat pump system that is operating according to manufacturer
specifications.

Measure Life:

The measure life is based on evaluation results.®
Measure Name Core Initiative PA | EUL | OYF | RUL | AML

Heat Pump Digital Check-Up/Tune-Up RES_RETAIL | All 5 N/A | N/A 5

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp RRwp | CFsp | CFwp

Heat Pump Digital

Check-up/Tune-Up RES_RETAIL All | 1.00 | 1.00 | 1.00 1.00 1.00 0.38 0.05

In-Service Rates:

All installations have 100% in service rate.

Realization Rates:

Realization rates are set to 100% based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Heat Pump Digital Check-up/Tune-Up RES_RETAIL All | 34.0% | 12.0% | 10.0% | 88.0%
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Non-Energy Impacts:

NEI values are rolled u

, component values can be found in Appendix B.

Check-up/Tune-up

Core Annual $ One-time Annual $ One-time | Annual $ | One-time
Measure Name Initiative PA er Unit $ per er KWh $ per per $ per
P Unit P kWh Therm | Therm
Heat Pump Digital | pee peray | Al | $153

Endnotes:

1: The calculation of the unit savings can be found in MA PAs' 2022-2024 Electric Heating and Cooling Savings
Workbook (2021). MA_PAs 2022-2024 Planning Electric H&C Savings Workbook 2021-06-17

2 : Massachusetts Common Assumptions.
3: The Tonnage size is based on the previous years production values.
4 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study (cooling hours).
2018 Navigant_Baseline Loadshape Comprehensive Report

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
6 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_CI_Lighting_and HVAC Measures

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential_Baseline_Phase 4
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1.34.

HVAC - Heat Pump Fully Displacing Existing Boiler

Measure Code

RES-HVAC-FS-DMSHP

Market

Residential

Program Type

Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Full displacement of a boiler with a high efficiency ductless minisplit heat pump for heating.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

DMSHP displacing Electric Heat Residential Retail (RES_RETAIL) EA2c256
DMSHP Fully Displacing Existing Boiler, Oil Residential Retail (RES_RETAIL) EA2c273
DMSHP Fully Displacing Existing Boiler, Propane | Residential Retail (RES_RETAIL) EA2c274
DMSHP Fully Displacing Existing Boiler, Gas Residential Retail (RES_RETAIL) GA2c073
Air-to-Water Heat Pump displacing EXisting | - p. i jontial Retail (RES_RETAIL) EA2c290
Boiler, Oil
Air-to-Water Heat Pump displacing EXIsting | poiential Retail (RES_RETAIL) EA2c291
Boiler, Propane
Air-to-Water Heat Pump displacing EXisting | - g i jontial Retail (RES_RETAIL) GA2c074
Boiler, Gas
Moderate Income Qualified - DMSHP displacing | - oo iiential Retail (RES_RETAIL) EA2c315
Electric Heat
Moderate Income Qualified - DMSHP Fully | o jontial Retail (RES_RETAIL) EA2¢325
Displacing Existing Boiler, Oil
Moderate Income Qualified - DMSHP Fully |- o i jontial Retail (RES_RETAIL) EA2c326
Displacing Existing Boiler, Propane
Moderate Income Qualified - Air-to-Water Heat | g o nvial Retail (RES_RETAIL) EA2c327
Pump displacing Existing Boiler, Qil
Moderate Income Qualified - Air-to-Water Heat Residential Retail (RES_RETAIL) EA2C328

Pump displacing Existing Boiler, Propane
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Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or scaled
to represent results based on the average tonnage size per home through 2019 production in the residential retail
program offering activity by multiplying the per ton savings by the capacity of the heat pump in tons. Cooling
savings are based on survey responses and include central air conditioning, room air conditioning and no AC.
These different types of AC are weighted to supply the overall AC savings.!  Savings were calculated via
simulation model runs assuming the existing heating system or zones will be fully displaced.?

Capacity for DMSHP Replacing Electric Heat = 2.0 Tons
Capacity of new Heat Pump for oil/propane = 3.9 Tons 2

The same savings are used for moderate income and standard income projects.

Saved MMBtu AKW AKWh

Measure Name Oil/Propane/Gas Per Ton/Per Whole Per Ton/Per Whole
Per Ton/Per Whole Home Home Home
DMSHP displacing 3.75/ 2.32/ 1670/
Electric Heat 7.49 4.64 3340
DMSHP Fully Displacing 17.8/ -0.75 -1982/
Existing Boiler, Oil 69.3 -2.92 -7730
DMSHP Fully Displacing 17.8/ -0.75 -1982/
Existing Boiler, Propane 69.3 -2.92 -7730
DMSHP Fully Displacing 17.8/ -0.75 -1982/
Existing Boiler, Gas 69.3 -2.92 -7730

For Air to Water Heat Pump

Information on the savings analysis can be found here 5 This is for all Air-to-water heat pump measures; oil,
gas and propane.

Measure Name AkWh AKW AMMBTU Fuel Savings

Air-to-Water Heat Pump

displacing Existing Boiler -7644.9 -8.15 91.3

Baseline Efficiency:

For propane the baseline is an existing inefficient boiler at 77.4% AFUE when the customer survey responses
stated that the existing unit was functioning properly and a 83.7% AFUE efficiency when the customer survey
responses stated the customer would have installed a new boiler without program intervention. For oil the baseline
is an existing inefficient boiler at 79.4% AFUE when the customer survey responses stated that the existing unit
was functioning properly and a 86% AFUE efficiency when the customer survey responses stated the customer
would have installed a new boiler without program intervention. For electric resistance, the baseline is a 100%
efficient or 3.41 COP.

November 2021 143
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SEER, 11.4 EER Room
AC and a load building no AC situation when the customer survey responses stated that the existing unit was
functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC and a load building no AC
situation when the customer survey responses stated the customer would have installed a new AC unit without
program intervention. ©

The baseline for air to water HP is a standard new oil, propane or gas boiler - AFUE 84 %, Baseline for the GSHP
is an 83 AFUE oil boiler and an 85 AFUE propane boiler.

High Efficiency:

DMSHP Fully displacing any fuel

For the minimum program qualifications, the high efficiency case is a new 16 SEER/9.5 HSPF ductless mini split
heat pumps. Due to expected program changes, savings will only be claimed going up to a standard heat pump (15
SEER and 8.2 HSPF) for all the listed measures. The remaining savings or going from a code/ISP heat pump to
the 16 SEER/9.5 HSPF heat pump will be claimed under the standard heat pump offering (HVAC - Ductless
Mini-Split Heat Pump (DMSHP), No Integrated Controls).

Air to Water Heat Pump displacing any fuel
The high efficiency measures is installing a high efficiency air-to-water heat pump with a minimum COP of 1.7
used for heating.

Measure Life:

The same measure life is used for both moderate income and standard income projects

Measure Name Core Initiative | PA | EUL’ | OYF | RUL | AML
DMSHP Fully displacing any fuel RES_RETAIL All 18 n/a n/a 18
Air to Water Heat Pump displacing any fuel RES_RETAIL All 17 n/a n/a 17

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

RRw

Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp CFsp | CFwp

DMSHP displacing Electric Heat | RES_RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.31

DMSHP Fully Displacing Existing

. . RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Oil -

DMSHP Fully Displacing Existing

. RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Propane -

DMSHP Fully Displacing Existing

. RES RETAIL | AIl | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Gas -
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Air-to-Water Heat Pump displacing

N . . RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Oil -

Air-to-Water Heat Pump displacing

L . RES_RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Propane -

Air-to-Water Heat Pump displacing

o . RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Gas -

Moderate Income Qualified -

DMSHP displacing Electric Heat RES_RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.31

Moderate Income Qualified -
DMSHP Fully Displacing Existing | RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Oil

Moderate Income Qualified -
DMSHP Fully Displacing Existing | RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Propane

Moderate Income Qualified -
DMSHP Fully Displacing Existing | RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.67
Boiler, Gas

Moderate Income Qualified - Air-to-
Water Heat Pump displacing RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Oil

Moderate Income Qualified - Air-to-
Water Heat Pump displacing RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Propane

Moderate Income Qualified - Air-to-
Water Heat Pump displacing RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | -0.02 | 0.65
Existing Boiler, Gas

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are custom calculated.
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Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA | FR | SOp | SOne | NTGS

DMSHP displacing Electric Heat RES_RETAIL All | 0.34 | 0.12 | 0.10 0.88

DMSHP Fully Displacing Existing Boiler, Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91

DMSHP Fully Displacing Existing Boiler, RES RETAIL All | 0311 022 | 0.00 0.91
Propane -

DMSHP Fully Displacing Existing Boiler, Gas RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91

Air-to-Water Heat P_ump d_|splacmg Existing RES RETAIL Al o311 o22 | 000 0.91
Boiler, Oil -

Air-to-Water Hea_t Pump displacing Existing RES RETAIL Al 0311 022 | 000 0.91
Boiler, Propane -

Air-to-Water Heat Eump displacing Existing RES RETAIL Al 031 | 022 | 000 0.91
Boiler, Gas -

Moderate Income Quallfled - DMSHP displacing RES RETAIL All | 0.00 | 000 | 0.00 1.00
Electric Heat -

Moderate Income Qualified - DMSHP Fully | peg pepalL | ANl | 0.00 | 0.00 | 000 | 100
Displacing Existing Boiler, Oil -

Moderate Income Qualified - DMSHP Fully | pee peraj | All| 0.00 | 0.00 | 000 | 1.00
Displacing Existing Boiler, Propane -

Moderate Income Qualified - DMSHP Fully | pes peraj | All| 0.00 | 0.00 | 000 | 1.00
Displacing Existing Boiler, Gas -

Moderate Income Qualified - Air-to-Water Heat | - e peraiL | Al | 0.00 | 0.00 | 0.00 | 1.00
Pump displacing Existing Boiler, Oil -

Moderate Income Qualified - Air-to-Water Heat | pee peran | Al | 0,00 | 000 | 000 | 1.00
Pump displacing Existing Boiler, Propane -

Moderate Income Qualified - Air-to-Water Heat | - e peral | Al | 0.00 | 0.00 | 0.00 | 1.00
Pump displacing Existing Boiler, Gas -
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B. All measures not listed below do not
have any current NEI values

Core Annual | One- | Annual t?n?s-$ Annual tﬁr?ee-$
Measure Name T PA $ per time $ $ per $ per
Initiative Unit er Unit| kWh per Therm per
P kWh Therm

DMSHP displacing

Electric Heat RES_RETAIL| All $4.21 $0.00 $0.00 $0.00 $0.00 $0.00

Moderate Income
Qualified - DMSHP |RES_RETAIL| All | $18.03 | $0.00 $0.00 $0.00 $0.00 $0.00
displacing Electric Heat

Endnotes:

1: Savings were derived from energy simulation models that came from: 2021 Guidehouse Fuel Displacement
Report HP

2:2021 Guidehouse Fuel Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be found in
the following evaluation study (will be updated when study is final).

4 : Air to Water Source Heat Pump replacing Oil Calculations 2020 _New Measure Form - AtoWHP_Qil

5 : Air to Water Source Heat Pump replacing propane calculations 2020 New Measure Form -AtoWhP_Propane
6 : More information on both the baseline definitions and weights can be found in the following study:

2021 Guidehouse_Fuel Displacement Report HP

7 : Measure life Air source heat Pump GDS Associates, Inc. (2007). Measure Life Report: Residential and
Commercial/Industrial Lighting and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_Cl_Lighting_and HVAC_Measures

8 : NTG results were derived from the following study: 2021 Guidehouse MA_Res NTG_Final_Report
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1.35.

HVAC - Heat Pump Fully Displacing Existing Furnace

Measure Code

RES-HVAC-FSHP

Market

Residential

Program Type

Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Full displacement of an existing inefficient propane or oil furnace with a high efficiency central ducted heat

pump.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Central Ducted Heat Pump Fully Displacing Existing

Furnace, Oil Residential Retail (RES_RETAIL) EA2c272
Central Ducted Heat Pump Fully Displacing Existing Residential Retail (RES_RETAIL) EA2C271
Furnace, Propane
Central Ducted Hea’;:Pump Fully Displacing Existing Residential Retail (RES_RETAIL) GA2C071
urnace, Gas
Moderate Income Qualified - Central Ducted Heat | .o ntial Retail (RES_RETAIL) EA2¢321
Pump Fully Displacing Existing Furnace, Qil

Moderate Income Qualified - Central Ducted Heat | o jotia) Retail (RES_RETAIL) EA2¢322
Pump Fully Displacing Existing Furnace, Propane

Closed Loop GSHP Replacing Furnace, Oil Residential Retail (RES_RETAIL) EA2c292

Closed Loop GSHP Replacing Furnace, Propane Residential Retail (RES_RETAIL) EA2c293

Closed Loop GSHP Replacing Furnace, Gas Residential Retail (RES_RETAIL) EA2c075

Open Loop GSHP Replacing Furnace, Oil Residential Retail (RES_RETAIL) EA2c294

Open Loop GSHP Replacing Furnace, Propane Residential Retail (RES_RETAIL) EA2c295

Open Loop GSHP Replacing Furnace, Gas Residential Retail (RES_RETAIL) GA2c076

Moderate Income Qualified - Closed Loop GSHP | p.ijential Retail (RES RETAIL) | EA2¢329

Replacing Furnace, Oil
Moderate Income-Quallfled - Closed Loop GSHP Residential Retail (RES_RETAIL) EA2¢330
Replacing Furnace, Propane
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Moderate Income Qualified - Open Loop GSHP | poiqonvial Retail (RES RETAIL) | EA2¢331
Replacing Furnace, Oil
Moderate Income Qualified - Open Loop GSHP | poiontial Retail (RES RETAIL) | EA2¢332
Replacing Furnace, Propane

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or scaled
to represent results based on the average tonnage size per home through 2019 production in the residential retail
program offering activity by multiplying the per ton savings by the capacity of the heat pump in tons. Cooling
savings are based on survey responses and include central air conditioning, room air conditioning and no AC.
These different types of AC are weighted to supply the overall AC savings.! Savings were calculated via
simulation model runs assuming the existing heating system will be fully displaced.?

Capacity of new Heat Pump = 4.7 Tons 3

Same savings are used for both standard and moderate income.

Saved MMBtu Oil/Propane/Gas

Measure Name Per Ton/Per Whole Home AKW AKWh

Central Ducted Heat Pump Fully 17.9/83.9 -0.87/ -2132/
Displacing Existing Furnace, Propane ' ' -4.09 -10020
Central Ducted Heat Pump Fully 17.9/83.9 -0.87/ -2132/
Displacing Existing Furnace, Oil ' ' -4.09 -10020
Central Ducted Heat Pump Fully 17.9/83.9 -0.87/ -2132/
Displacing Existing Furnace, Gas ' ' -4.09 -10020

For Ground Source Heat Pump

Information on the savings analysis can be found here * Gas savings are set equal to the propane savings.

Measure Name AKkWh AKW Fﬁggil?ngs
Closed Loop GSHP Replacing Furnace, Oil -5721 -2.5 82.4
Closed Loop GSHP Replacing Furnace, Propane and Gas -5721 -2.5 80.5
Open Loop GSHP Replacing Furnace, Oil -4844 -2.2 82.4
Open Loop GSHP Replacing Furnace, Propane and Gas -4844 -2.2 80.5
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Baseline Efficiency:

For propane the baseline is an existing inefficient furnace at 81% AFUE when the customer survey responses
stated that the existing unit was functioning properly and a 90.1% AFUE efficiency when the customer survey
responses stated the customer would have installed a new furnace without program intervention. For oil the
baseline is an existing inefficient furnace at 77.7% AFUE when the customer survey responses stated that the
existing unit was functioning properly and a 83% AFUE efficiency when the customer survey responses stated the
customer would have installed a new furnace without program intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SEER, 11.4 EER Room
AC and a load building no AC situation when the customer survey responses stated that the existing unit was
functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC and a load building no AC
situation when the customer survey responses stated the customer would have installed a new AC unit without

program intervention. °

Baseline for the GSHP is an 83 AFUE oil boiler and an 85 AFUE propane boiler.

High Efficiency:

For the minimum program qualifications, the high efficiency case is a new 4.7 ton 16 SEER/9.5 HSPF ducted

central heat pump.

The high efficiency for a closed look GSHP minimum efficiency is a 3.6 COP and 17.1 EER. For an open loop
GSHP the minimum efficiency isa 4.1 COP and a 21.1 EER.

Measure Life:

Same Measure life is sued for all central heat pumps and all ground source heat pumps.

Measure Name Core Initiative PA EUL® OYF RUL AML
Central Ducted Heat Pump Fully | - peo peray Al 17 n/a n/a 17
Displacing Existing Furnace -
Ground Source Heat Pump RES_RETAIL All 30 n/a n/a 30
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core  TpA | ISR | RRe | RRue | RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Central Ducted Heat Pump Fully | peo peran [ all| 1.00 | .00 | 1.00 | 1.00 | 1.00 | -002 | 065
Displacing Existing Furnace, Qil
Central Ducted Heat Pump Fully
Displacing Existing Furnace, RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.02 | 0.65
Propane
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Central Ducted Heat Pump Fully

Displacing Existing Furnace, Gas RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.02 | 0.65

Closed Loop GSHP Replacing

RES RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 1.00 | -0.01| 0.21
Furnace -

Open Loop GSHP Replacing

RES RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 1.00 | -0.05| 0.21
Furnace -

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are calculated to reflect blend of heating and cooling.

Impact Factors for Calculating Net Savings:

Measure Name’ Core Initiative PA | FR | SOp | SOnp | NTG

Central Ducted Heat Pump Fully Displacing

Existing Furnace, Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 | 0.91

Central Ducted Heat Pump Fully Displacing

. RES_RETAIL All | 031 | 0.22 | 0.00 | 091
Existing Furnace, Propane -

Central Ducted Heat Pump Fully Displacing

s RES _RETAIL All | 0.31 | 0.22 | 0.00 0.91
Existing Furnace, Gas -

Moderate Income Qualified - Central Ducted Heat

Pump Fully Displacing Existing Furnace, Qil RES_RETAIL All'/0.00 | 0.00 | 0.00 | 1.00

Moderate Income Qualified - Central Ducted Heat

Pump Fully Displacing Existing Furnace, Propane RES_RETAIL Al 0.00 | 0.00 | 0.00 | 1.00

Closed Loop GSHP Replacing Furnace, Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 | 0.91

Closed Loop GSHP Replacing Furnace, Propane RES_RETAIL All | 0.31 | 0.22 | 0.00 | 0.91

Closed Loop GSHP Replacing Furnace, Gas RES_RETAIL All | 031 | 0.22 | 0.00 | 0.91

Open Loop GSHP Replacing Furnace, Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 | 0.91

Open Loop GSHP Replacing Furnace, Propane RES_RETAIL All | 031 | 0.22 | 0.00 | 0.91

Open Loop GSHP Replacing Furnace, Gas RES_RETAIL All | 031 | 0.22 | 0.00 | 0.91

Moderate Income Qualified - Closed Loop GSHP

. . RES RETAIL All | 0.00 | 0.00 | 0.00 | 1.00
Replacing Furnace, Qil -
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Moderate Income Qualified - Closed Loop GSHP

. RES_RETAIL All | 0.00 | 0.00 | 0.00 | 1.00
Replacing Furnace, Propane -

Moderate Income Q_uallfled - Oper_1 Loop GSHP RES RETAIL All 1000 | 000! 000 | 1.00
Replacing Furnace, Qil -

Moderate Income Qualified - Open Loop GSHP

. RES_RETAIL All | 0.00 | 0.00 | 0.00 | 1.00
Replacing Furnace, Propane -

Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1 : Savings were derived from energy simulation models that came from: 2021_Guidehouse_Fuel Displacement
Report_HP

2 : More information on the savings calculations can be found in the following study: 2021 _Guidehouse_Fuel
Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be found in
the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

4 : Details for the four GSHP offerings can be found in the new measure process form here:

new_measure_form_4 GSHP Measures-03-05-2021

5 : More information on the baseline calculations can be found in the following study: 2021 _Guidehouse_Fuel
Displacement Report HP

6 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and HVAC Measures

7 : NTG results can be found in the following study results. 2021 _Guidehouse MA Res_NTG_Final_Report
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1.36. HVAC - Heat Pump Partially Displacing Existing Boiler

Measure Code RES-HVAC-FS-DMSHP-P
Market Residential
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Partial displacement of a boiler with a high efficiency ductless minisplit heat pump for heating.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
DMSHP Integrated Controls Retrofit Qil Residential Retail (RES_RETAIL) EA2c270
DMSHP Integrated Controls Retrofit, Propane Residential Retail (RES_RETAIL) EA2c269
DMSHP Integrated Controls Retrofit, Gas Residential Retail (RES_RETAIL) GA2c069
DMSHP with Integrated Controls Partially Displacing Residential Retail (RES_RETAIL) EA2C268
Existing Boiler, Oil -
DMSHP with Integrated Controls Partially Displacing Residential Retail (RES_RETAIL) EA2C267

Existing Boiler, Propane

DMSHP with Integrated Controls Partially Displacing

Existing Boiler, Gas Residential Retail (RES_RETAIL) GA2c072

Moderate Income Qualified - DMSHP Integrated

Controls Retrofit Oil Residential Retail (RES_RETAIL) EA2c317
Moderate Income Quallfleql - DMSHP Integrated Residential Retail (RES_RETAIL) EA2c318
Controls Retrofit, Propane
Moderate Income Qualified - DMSHP with Integrated S .
Controls Partially Displacing Existing Boiler, Qil Residential Retail (RES_RETAIL) EA2c323
Moderate Income Qualified - DMSHP with Integrated Residential Retail (RES_RETAIL) EA2c324

Controls Partially Displacing Existing Boiler, Propane

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or scaled
to represent results based on the average tonnage size per home through 2019 production activity by multiplying
the per ton savings by the capacity of the heat pump in tons. Cooling savings are based on survey responses and

November 2021 153
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

include central air conditioning, room air conditioning and no AC. These different types of AC are weighted to
supply the overall AC savings. Savings were calculated via simulation model runs assuming using a weighted
average of survey responses for the most accurate switch over temperature between the MSHP and the secondary
heating source. Due to expected program changes, the weighting were updated for each year of the three year plan
showing better control strategies for propane throughout the three year plan. * 2

Capacity for DMSHP Replacing Electric Heat = 2.0 Tons
Capacity of Heat Pump for all other measure = 2.8 Tons 3

Same gross savings will be claimed for both moderate income and standard income measures.

Saved MMBtu AKW AKWh
Year Measure Name Oil/Propane/Gas Per Ton/ Per Ton/
Per Ton/ Per Home Per Home Per Home
DMSHP with Integrated Controls
2022-2024 Partially Displacing Existing 16.1/45.0 -0.51/ -1505/
. . -1.42 -4213
Boiler, Oil
DMSHP with Integrated Controls
2022 Partially Displacing Existing 17.4/48.7 -0.57/ -1658/
- -1.61 -4642
Boiler, Propane
DMSHP with Integrated Controls
2023 Partially Displacing Existing 18.3/51.1 -0.61/ 1743/
- -1.71 -4881
Boiler, Propane
DMSHP with Integrated Controls 19.1/
2024 Partially Displacing Existing 53.6 - 065/ -1828/
- -1.81 -5119
Boiler, Propane
DMSHP with Integrated Controls
2022-2024 Partially Displacing Existing 16.1/45.0 -0.51/ -1505/
; -1.42 -4213
Boiler, Gas
2022-2024 DMSHP Integrated Controls 548é -0.26/ -599/
Retrofit Oil ' -0.71 -1678
DMSHP Integrated Controls 9.01/ -0.26/ -599/
2022-2024 Retrofit, Propane 25.2 -0.71 -1678
2022-2024 DMSHP Integrated Controls 5486/3 -0.26/ -599/
Retrofit, Gas ' -0.71 -1678

Baseline Efficiency:

For propane the baseline is an existing inefficient boiler at 77.4% AFUE when the customer survey responses
stated that the existing unit was functioning properly and a 83.7% AFUE efficiency when the customer survey
responses stated the customer would have installed a new boiler without program intervention. For oil the baseline
is an existing inefficient boiler at 79.4% AFUE when the customer survey responses stated that the existing unit
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was functioning properly and a 86% AFUE efficiency when the customer survey responses stated the customer
would have installed a new boiler without program intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SEER, 11.4 EER Room
AC and a load building no AC situation when the customer survey responses stated that the existing unit was
functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC and a load building no AC
situation when the customer survey responses stated the customer would have installed a new AC unit without
program intervention. For integrated controls retrofit measure, the baseline is a previously installed heat pump
with no integrated controls. *

High Efficiency:

For the minimum program qualifications, the high efficiency case is a new 16 SEER/9.5 HSPF ductless mini split
heat pumps. Due to expected program changes, savings will only be claimed going up to a standard heat pump (15
SEER and 8.2 HSPF) for all the listed measures with the exception of the controls only retrofit measures. For the
non-controls only measures, the remaining savings or going from a code/ISP heat pump to the 16 SEER/9.5 HSPF
heat pump will be claimed under the standard heat pump offering (HVAC - Ductless Mini-Split Heat Pump
(DMSHP), No Integrated Controls).

Measure Life:

Measure Name Core Initiative PA EUL® OYF RUL AML
DMSHP with Integrated Controls RES_RETAIL All 18 n/a n/a 18
DMSHP Integrated Controls Retrofit | RES RETAIL All 10 n/a n/a 10

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA| ISR | RRE | RRxe | RRsr | RRwe | CFsp | CFwp

DMSHP Integrated Controls

Retrofit Oil RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.63

DMSHP Integrated Controls

: RES RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.00 | 0.63
Retrofit, Propane -

DMSHP Integrated Controls

. RES RETAIL| All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.16 | 0.73
Retrofit, Gas -

DMSHP with Integrated
Controls Partially Displacing |RES _RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.16 | 0.73
Existing Boiler, Oil
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DMSHP with Integrated

Controls Partially Displacing |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.16 | 0.73
Existing Boiler, Propane
DMSHP with Integrated
Controls Partially Displacing |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.16 | 0.73
Existing Boiler, Gas
Moderate Income Qualified -
DMSHP Integrated Controls |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.63
Retrofit Oil
Moderate Income Qualified -
DMSHP Integrated Controls |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.63
Retrofit, Propane
Moderate Income Qualified -
DMSHP with Integrated | peg peray | All| 100 | .00 | 12.00 | 1.00 | 1.00 | 016 | 0.73
Controls Partially Displacing -
Existing Boiler, Oil
Moderate Income Qualified -
DMSHP with Integrated | peg perai | Al | 100 | .00 | .00 | 1.00 | 1.00 | 016 | 0.73
Controls Partially Displacing -
Existing Boiler, Propane
In-Service Rates:
All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.
Realization Rates:
Realization rates are set to 100% since deemed savings are based on evaluation results.
Coincidence Factors:
Coincidence factors are custom calculated.
Impact Factors for Calculating Net Savings:
Net-to-gross factors are per agreement with the MA EEAC Consultants.
Measure Name Core Initiative | PA | FR | SOp | SOnp | NTG®
DMSHP Integrated Controls Retrofit Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91
DMSHP Integrated Controls Retrofit, Propane RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91
DMSHP Integrated Controls Retrofit, Gas RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91
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DMSHP with Integrated Controls Partially

Displacing Existing Boiler, Oil RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91

DMSHP with Integrated Controls Partially

Displacing Existing Boiler, Propane RES_RETAIL All | 0.31 | 0.22 | 0.00 0.91

DMSHP with Integrated Controls Partially

Displacing Existing Boiler, Gas RES_RETAIL All | 031 | 0.22 | 0.00 0.91

Moderate Income Qualified - DMSHP Integrated

Controls Retrofit Oil RES_RETAIL All | 0.00 | 0.00 | 0.00 1.00

Moderate Income Qualified - DMSHP Integrated

Controls Retrofit, Propane RES_RETAIL All | 0.00 | 0.00 | 0.00 1.00

Moderate Income Qualified - DMSHP with
Integrated Controls Partially Displacing Existing RES_RETAIL All | 0.00 | 0.00 | 0.00 1.00
Boiler, Oil

Moderate Income Qualified - DMSHP with
Integrated Controls Partially Displacing Existing RES_RETAIL All | 0.00 | 0.00 | 0.00 1.00
Boiler, Propane

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1: Savings were derived from energy simulation models that came from the following study:

2021 Guidehouse_Fuel Displacement Report HP

2 : For more information on the weighting and savings calculations please refer to the evaluation report:

2021 Guidehouse_Fuel Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production and can be found in the following evaluation study:
2021 Guidehouse_Fuel Displacement Report HP

4 : More information on the baseline methodology can be found in the following report: 2021_Guidehouse_Fuel
Displacement Report HP

5: GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_CI_Lighting_and HVAC Measures

6 : For moderate income, the NTG is set at 100% and is a negotiated value. For the other measures, the following
study used customer surveys to estimate the NTG: 2021 _Guidehouse MA Res NTG Final Report
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1.37. HVAC - Heat Pump Partially Displacing Existing Furnace

Measure Code RES-HVAC-FSHP-P
Market Residential
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Partial displacement of an existing oil or propane furnace with a high efficiency central ducted heat pump.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Central Ducted Heat Pump Partially

Displacing Existing Furnace, Oil Residential Retail (RES_RETAIL) EA2c266
Central Ducted Heat Pump Partially Residential Retail (RES_RETAIL) EA2c265
Displacing Existing Furnace, Propane
Central Ducted Heat Pump Partially Residential Retail (RES_RETAIL) GA2c070

Displacing Existing Furnace, Gas

Moderate Income Qualified - Central
Ducted Heat Pump Partially Displacing Residential Retail (RES_RETAIL) EA2c319
Existing Furnace, Qil

Moderate Income Qualified - Central
Ducted Heat Pump Partially Displacing Residential Retail (RES_RETAIL) EA2c320
Existing Furnace, Propane

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or scaled
to represent results based on the average tonnage size per home through 2019 production activity by multiplying
the per ton savings by the capacity of the heat pump in tons. Cooling savings are based on survey responses and
include central air conditioning, room air conditioning and no AC. These different types of AC are weighted to
supply the overall AC savings. Energy Savings were calculated via energy simulation models. The crossover
temp was modelled at several different crossover temps via customer survey responses and the results were
weighted by the distribution of responses. Due to expected program changes, the weighting were updated for each
year of the three year plan showing better control strategies for propane throughout the three year plan.* ?

Capacity of new Heat Pump = 3.7 tons *
Gross savings are the same between the standard and moderate income measure offerings.
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Oullbropantias | kW Akwh
Year Measure Name P Per Ton/Per Per Ton/Per
Per Ton/Per
Whole Home Whole Home
Whole Home
2022-2024 | Central Ducted Heat Pump Partially 13.4/49.6 -0.47/-1.75 -1233/-4563
Displacing Existing Furnace, Oil
2022-2024 | Central Ducted Heat Pump Partially 13.4/49.6 -0.47/-1.75 -1233/-4563
Displacing Existing Furnace, Gas
2022 Central Ducted Heat Pump Partially 15.1/56.0 -0.55/-2.03 -1408/-5210
Displacing Existing Furnace, Propane
2023 Central Ducted Heat Pump Partially 17.3/64.1 -0.67/-2.49 -1700/-6290
Displacing Existing Furnace, Propane
2024 Central Ducted Heat Pump Partially 18.2/67.4 -0.72/-2.67 -1817/-6722
Displacing Existing Furnace, Propane

Baseline Efficiency:

For propane the baseline is an existing inefficient furnace at 81% AFUE when the customer survey responses
stated that the existing unit was functioning properly and a 90.1% AFUE efficiency when the customer survey
responses stated the customer would have installed a new furnace without program intervention. For oil the
baseline is an existing inefficient furnace at 77.7% AFUE furnace when the customer survey responses stated that
the existing unit was functioning properly and a 83% AFUE efficiency when the customer survey responses stated
the customer would have installed a new furnace without program intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SEER, 11.4 EER Room
AC and a load building no AC situation when the customer survey responses stated that the existing unit was
functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC and a load building no AC
situation when the customer survey responses stated the customer would have installed a new AC unit without
program intervention.

High Efficiency:

For the minimum program qualifications, the high efficiency case is a new 3.7-ton 16 SEER/9.5 HSPF ducted
central heat pump. Savings are calculated based on a standard efficiency heat pump (14 SEER and 8.2 HSPF).
Savings going from a standard heat pump to a high efficiency heat pump is claimed under the HVAC - Air Source
Central Heat Pump measure offering.

Measure Life:

The measure life is based on evaluation results.?

Measure Name Core PA | EUL OYF RUL AML
Initiative
Central Ducted Heat Pump Partially | peo peraj | Al 17 n/a na 17
Displacing Existing Furnace -
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioart?ve PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFup
Central Ducted Heat Pump Partially | peg pepay | Al | 100 | 1.00 | 1.00 | .00 | 1.00 |-0.05| 0.70
Displacing Existing Furnace, Qil -
Central Ducted Heat Pump Partially | peg pepap | Al | 1.00 | .00 | 1.00 | 1.00 | 1.00 |-0.05| 0.70
Displacing Existing Furnace, Propane -
Central Ducted Heat Pump Partially | peg peray | Al | 1.00 | 1.00 | 1.00 | .00 | 1.00 |-0.05| 0.70
Displacing Existing Furnace, Gas -
Moderate Income Qualified - Central
Ducted Heat Pump Partially RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.05| 0.70
Displacing Existing Furnace, Oil
Moderate Income Qualified - Central
Ducted Heat Pump Partially RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.05| 0.70
Displacing Existing Furnace, Propane

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment

installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are PA-calculated to reflect the blend of heating and cooling provided by heat pumps.

Impact Factors for Calculating Net Savings:

Measure Name Core PA FR SOp SOnp NTGS
Initiative
Central Ducted Heat Pump Partially | peo peray | Al | 031 | 022 0.00 0.91
Displacing Existing Furnace, Qil -
Central Ducted Heat Pump Partially | peq peray | an | 031 | 022 0.00 0.91
Displacing Existing Furnace, Propane -
Central Ducted Heat Pump Partially | peg peray | an | 031 | 022 0.00 0.91
Displacing Existing Furnace, Gas -
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Moderate Income Qualified - Central
Ducted Heat Pump Partially RES RETAIL| All 0.00 0.00 0.00 1.00
Displacing Existing Furnace, Oil

Moderate Income Qualified - Central
Ducted Heat Pump Partially RES_RETAIL| All 0.00 0.00 0.00 1.00
Displacing Existing Furnace, Propane

Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1 : Savings were derived from energy simulation models that came from the following study:

2021 Guidehouse_Fuel Displacement Report HP

2 : More information on the savings methodology can be found in the report: 2021 Guidehouse Fuel
Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production via the retail program delivery and can be found in
the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

4 : More information on the baselines and the weighted methodology can be found in the report:

2021 Guidehouse_Fuel Displacement Report HP

5: GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. Prepared for The New England State Program Working Group; Page 1-3, Table 1.
GDS_2007_Measure_Life Report Residential and_Cl_Lighting_and HVAC_Measures

6 : For moderate income, the NTG is assumed to be 100%. For the other measures, NTG results came from the
following study: 2021 _Guidehouse MA Res NTG Final Report
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1.38. HVAC - Heat Pump Quality Installation Verification (QIV)

Measure Code RES-HVAC-HPQIV
Market Residential
Program Type Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

The verification of proper charge and airflow during installation of new Heat Pump systems.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Heat Pump QIV Residential Retail (RES_RETAIL) EA2c105

Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on the following algorithms and assumptions:!

AkWh = AkWheoot + AkWhpeat = [ToONs x 12kBtu/hr/Ton x (1/SEER) x HOURSc x 5%] + [Tons x 12kBtu/hr/Ton
X (1/HSPF) X HOURSH x 5%]

AkWcool = AkWheoot X Annual Maximum Demand Factor (cool)

AkWheat = AkWhpeat X Annual Maximum Demand Factor (heat)

AKW = max ( AKW cool, Ak Wheat )

Where:

Unit = Completed QIV of new central heat pump system

Tons = Capacity of HP equipment

SEER = Seasonal Energy Efficiency Ratio of HP equipment
HSPF = Heating Seasonal Performance Factor of HP equipment
Hoursc = Equivalent Full Load Hours (EFLH) for cooling
Hoursy = EFLH for heating

5% = Average demand reduction of 5%?

Savings for Heat Pump QIV:

Ener Average Average | Average Annual Max
Measure Name 9y Capacity 94 gs Hours® AKWh Demand AKW
Type (tons)? SEER HSPF Eactor’
Heat Pump QIV | Electric|  3.03 17.6 9.81 142130(%ﬁ§£) 266 000117 | 0.31
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Baseline Efficiency:

The baseline efficiency case is a new central heat pump system (3.03-ton, SEER 17.6, and HSPF 9.81), based on
the quantity-weighted average capacity and efficiency levels of units rebated in the previous calendar
year, whose installation is inconsistent with manufacturer specifications.

High Efficiency:

The high efficiency case is the same heat pump system whose installation is consistent with manufacturer
specifications.

Measure Life:

The measure life is based on evaluation results.?
Measure Name Core Initiative PA EUL OYF RUL AML

RES_CD

RES_RETAIL All 18 N/A N/A 18

Heat Pump QIV

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp RRwp | CFsp | CFwp

Heat Pump QIV RES_RETAIL All | 1.00 | 1.00 | 1.00 1.00 1.00 0.38 0.05

In-Service Rates:

All guality installation verifications are completed and documented and therefore have 100% in service rate.

Realization Rates:

Realization rates are set to 100% based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Heat Pump QIV RES_RETAIL All 0.34 0.12 0.10 0.88
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One-time One-time .
messus e | S0 pa| ATLS | CSpar | AueS | Cgper | Anmuals | One e
P unit | P kwh [P P
Heat Pump QIV |RES_RETAIL |All| $1.53 $0.00 $0.00 $0.00 N/A N/A

Endnotes:

1: The calculation of the unit savings can be found in MA PA's 2022-2024 Plan Electric Heating and Cooling
Savings Workbook (2021). MA_PAs_2022-2024 Planning Electric H&C Savings Workbook 2021-06-17

2 : Massachusetts Common Assumptions.
3 : Average capacity (tons) of heat pump units (weighted by the quantity of heat pump units in each rebate tier)
rebated in the full calendar year preceding the year in which this eTRM is published.
4 : Average HSPF of heat pump units (weighted by the quantity of heat pump units in each rebate tier) rebated in
the full calendar year preceding the year in which this eTRM is published.
5 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study (cooling hours).
2018 Navigant Baseline_Loadshape Comprehensive_Report

6 : Navigant Consulting (2018). RES 1 Baseline Load Shape Study (cooling hours).
2018 Navigant Baseline Loadshape Comprehensive Report

7 : Demand savings are derived from the demand impact model which is developed as part of the Residential
Baseline Study 2020 Guidehouse Residential Baseline Phase 4

8 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and_ HVAC_ Measures
9 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.39. HVAC - Heat Recovery Ventilator

Measure Code RES-HVAC-HRV
Market Residential
Program Type Time of Sale
Category Heating Ventilation and Air Conditioning

Measure Description:

Heat Recovery Ventilators (HRV) can help make mechanical ventilation more cost effective by reclaiming
energy from exhaust airflows.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID

Heat Recovery Ventilator, Gas - Midstream Residential Retail (RES_RETAIL) EA2c279

Heat Recovery Ventilator, Oil - Midstream Residential Retail (RES_RETAIL) EA2c280

Heat Recovery Ventilator, Other - Midstream Residential Retail (RES_RETAIL) EA2c281

Heat Recovery Ventilator, Gas (Single Family) Residential Coordinated Delivery GA2a040
(RES_CD)

Heat Recovery Ventilator, Gas (Attached Low Rise) Residential Coordinated Delivery GA2a074
(RES_CD)

Heat Recovery Ventilator, Gas Residential Retail (RES_RETAIL) GA2c022

Heat Recovery Ventilator, Gas - Midstream Residential Retail (RES_RETAIL) GA2c049

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on evaluation results. * An electric penalty results due to the electricity consumed
by the system fans.

Measure Name AMMBtu/Unit AKWh/Unit AKW/Unit

Heat Recovery Ventilator 8.6 -171 -0.12

Baseline Efficiency:
The baseline efficiency case is an ASHRAE 62.2-compliant exhaust fan system with no heat recovery.
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High Efficiency:

The high efficiency case is an exhaust fan system with heat recovery.

Measure Life:

The measure life is based on evaluation results.

2

Measure Name Core Initiative PA | EUL | OYF | RUL | AML
. RES_RETAIL
Heat Recovery Ventilator RES_CD All | 20 n/a n/a 20
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp
Heat Recovery Ventilator REnggEgg'L All | .00 | .00 | 1.00 | 100 | 1.00 | 037 | 0.22

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Ini('iioart?ve PA| FR | SOp | SOnr | NTG
Heat Recovery Ventilator, Gas - Midstream RES_RETAIL| All | 0.36 | 0.12 0.00 0.76
Heat Recovery Ventilator, Oil - Midstream RES RETAIL| All | 0.33 | 0.12 0.01 0.80
Heat Recovery Ventilator, Other - Midstream RES_RETAIL| All | 0.33 | 0.12 0.01 0.80
Heat Recovery Ventilator, Gas (Single Family) RES CD All | 0.36 | 0.12 0.00 0.76
Heat Recovery Ventilator, Gas (Attached Low Rise) RES_CD All | 0.36 | 0.12 0.00 0.76
Heat Recovery Ventilator, Gas RES CD All | 0.36 | 0.12 0.00 0.76
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Heat Recovery Ventilator, Gas - Midstream

RES_CD

All

0.36

0.12

0.00

0.76

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1: TRM Study Update 2021 Guidehouse TRM_Final_Report
2 : GDS Associates, Inc. (2009). Natural Gas Energy Efficiency Potential in Massachusetts.
GDS_2009_ Natural_Gas_Energy Efficiency Potential_in_MA

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.40. HVAC - Pipe Wrap (Heating)
Measure Code RES-HVAC-PW
Market Residential
Program Type Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Insulation upgrades to existing heating system pipes

BCR Measure IDs:

Measure Name Core Initiative Mefs(JrRe ID
Pipe Wrap (Heating), Gas (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a048
Pipe Wrap (Heating), Oil (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a049
Pipe Wrap (Heating), Other (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a050
Pipe Wrap (Heating), Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EAZ2al25
Pipe Wrap (Heating), Oil (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EAZ2al26
Pipe Wrap (Heating), Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EAZ2al27
Pipe Wrap (Heating), Gas (High Rise) Residential Coordinated Delivery (RES_CD) | EAZ2a213
Pipe Wrap (Heating), Oil (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a214
Pipe Wrap (Heating), Other (High Rise) Residential Coordinated Delivery (RES_CD) | EAZ2a215
Pipe Wrap (Heating), Gas (Single Family) Residential Coordinated Delivery (RES_CD) | GAZ2a006
Pipe Wrap (Heating), Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | GA2a051
Pipe Wrap (Heating), Gas (High Rise) Residential Coordinated Delivery (RES_CD) | GAZ2a085

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results where unit is a household for single family with pipe wrap
installed on heating pipes and per linear foot for attached low rise and high rise.’

Measure Name

A MMBtu

Pipe Wrap (Heating), Gas (Single Family)

14
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Pipe Wrap (Heating), Oil (Single Family) 15
Pipe Wrap (Heating), Other (Single Family) 14
Pipe Wrap (Heating), Gas (Attached Low Rise) 0.16
Pipe Wrap (Heating), Oil (Attached Low Rise) 0.16
Pipe Wrap (Heating), Other (Attached Low Rise) 0.16
Pipe Wrap (Heating), Gas (High Rise) 0.16

Pipe Wrap (Heating), Oil (High Rise) 0.16

Pipe Wrap (Heating), Other (High Rise) 0.16

Baseline Efficiency:
The baseline efficiency case is the existing equipment prior to the installation of additional insulation,

High Efficiency:

The high efficiency case includes pipe wrap.

Measure Life:

The measure life is 15 years.?
Measure Name Core Initiative PA EUL OYF RUL AML

Pipe Wrap (Heating) RES_CD All 15 n/a n/a 15

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

Pipe Wrap (Heating) RES_CD All | 1.00 | n/a 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

The realization rates are set to 100% since deemed savings are based on evaluation results.
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Coincidence Factors:

Coincidence factors are set to zero since there are no electric savings for this measure.

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.®

Measure Name Core Initiative | PA | FR | SOp | SOne | NTG

Pipe Wrap (Heating) (Single Family) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Pipe Wrap (Heating) (Attached Low Rise) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Pipe Wrap (Heating) (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86

Non-Energy Impacts:
There are no non energy impacts identified for this measure.

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation. For Attached Low Rise and
High Rise: Savings assumptions for Multifamily programs are from National Grid program vendor.

2018 Navigant HES Impact Evaluation

2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. GDS 2007 _Measure_Life Report_Residential _and_ClI_Lighting_and HVAC Measures

3 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:

Results Memo 2021 Guidehouse Res NTG Final Results Memo
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1.41. HVAC - Programmable Thermostat
Measure Code RES-HVAC-PT
Market Residential
Program Type Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Installation of a programmable thermostat, which gives the ability to adjust heating or air-conditioning operating

times according to a pre-set schedule.

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID
Programmable Thermostat, Electric (Single Family) | Residential Coordinated Delivery (RES_CD) | EA2a059
Programmable Thermostat, Gas (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a060
Programmable Thermostat, Oil (Single Family) Residential Coordinated Delivery (RES_CD) | EA2a061
Programmable Thermostat, Other (Single Family) | Residential Coordinated Delivery (RES_CD) | EA2a062
Programmable Thermog;té)Electrlc (Attached Low Residential Coordinated Delivery (RES_CD) | EA2a142
Programmable Thermostat, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EA2al44
Programmable Thermostat, Oil (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | EA2a145
Programmable Thermgsitsijt), Other (Attached Low Residential Coordinated Delivery (RES_CD) | EA2al146
Programmable Thermostat, Electric Resistance, No . . . .
AC (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a230
Programmable Thermostat, Electric Resistance, With . . . .
AC (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a231
Programmable Thermostat, AC Only (High Rise) | Residential Coordinated Delivery (RES_CD) | EA2a232
Programmable Thermostat, Heat Pump (High Rise) | Residential Coordinated Delivery (RES_CD) | EA2a233
Programmable Thermostat, Oil (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a234
Programmable Thermostat, Electric Residential Retail (RES_RETAIL) EA2c054
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Programmable Thermostat, Gas Residential Retail (RES_RETAIL) EA2c055
Programmable Thermostat, Oil Residential Retail (RES_RETAIL) EA2c056
Programmable Thermostat, Other Residential Retail (RES_RETAIL) EA2c057

Programmable Thermostat, Gas (Single Family) Residential Coordinated Delivery (RES_CD) | GA2a011

Programmable Thermostat, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) | GA2a056

Programmable Thermostat, Gas (High Rise) Residential Coordinated Delivery (RES_CD) | GA2a090

Programmable Thermostat, Gas Residential Retail (RES_RETAIL) GA2c029

Algorithms for Calculating Primary Energy Impact:

Unit kwh and MMBtu savings are deemed based on study results'.2® Demand savings are derived from the
demand impact model which is developed as part of the Residential Baseline Study.*

Measure Name AKWh AKW AMMBtu

Programmable Thermostat, Electric (Single Family) 278 0.19

Programmable Thermostat, Gas (Single Family) 27 0.04 2.1

Programmable Thermostat, Qil (Single Family) 27 0.04 2.1

Programmable Thermostat, Other (Single Family) 27 0.04 2.1
Programmable Thermostat, Electric (Attached Low Rise) 278 0.19

Programmable Thermostat, Gas (Attached Low Rise) 27 0.04 2.1

Programmable Thermostat, Oil (Attached Low Rise) 27 0.04 2.1

Programmable Thermostat, Other (Attached Low Rise) 27 0.04 2.1
Programmable Thermostat, Electric Resistance, No AC (High Rise) 257 0.19
Programmable Thermostat, Electric Resistance, With AC (High Rise) 281 0.13
Programmable Thermostat, AC Only (High Rise) 25 0.04
Programmable Thermostat, Heat Pump (High Rise) 241 0.28

Programmable Thermostat, Oil (High Rise) 2.1

Programmable Thermostat, Gas (High Rise) 2.1
Programmable Thermostat, Electric 278 0.19

Programmable Thermostat, Gas 27 0.04 2.1

Programmable Thermostat, Oil 27 0.04 2.1
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Programmable Thermostat, Other 27 0.04 2.1

Baseline Efficiency:

The baseline efficiency case is an HVAC system without a programmable thermostat.

High Efficiency:
The high efficiency case is an HVAC system that has a programmable thermostat installed.

Measure Life:

The measure life is 19 years.® For Attached Low Rise and High Rise the measure persistence was estimated to
be 69%° so the effective measure life is 13 years (19 years * 69%).

Measure Name Iniioart?ve PA | EUL | OYF | RUL | AML
Programmable Thermostat (Single Family) RES_CD All 19 n/a n/a 19
Programmable Thermostat (Attached Low Rise)| RES_CD All 19 n/a n/a 13
Programmable Thermostat (High Rise) RES_CD All 19 n/a n/a 13
Programmable Thermostat RES _RETAIL| All 19 n/a n/a 19

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁ?art?ve PA | ISR | RRe | RRxe | RRsr | RRwe | CFsp | CFwp

Programmable Thermostat,

Electric (Single Family) RES_CD All | 079 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25

Programmable Thermostat, Gas

. . RES _CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04
(Single Family) -

Programmable Thermostat, Oil

. . RES CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04
(Single Family) -

Programmable Thermostat, Other

. . RES_CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04
(Single Family) -

Programmable Thermostat,

Electric (Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25
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Programmable Thermostat, Gas

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat, Oil

(Attached Low Rise) RES_CD All | 0.79 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat, Other

(Attached Low Rise) RES_CD All | 079 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat,
Electric Resistance, No AC (High| RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.43
Rise)

Programmable Thermostat,
Electric Resistance, With AC RES _CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.06 | 0.45
(High Rise)

Programmable Thermostat, AC

only (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat, Heat

Pump (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.39 | 0.14

Programmable Thermostat, Oil

(High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | n/a n/a

Programmable Thermostat,

Gas (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | n/a n/a

Programmable Thermostat,

. RES RETAIL| All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.24 | 0.25
Electric -

Programmable Thermostat, Gas |RES_RETAIL| All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat, Oil |RES_RETAIL| All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

Programmable Thermostat, Other |[RES_RETAIL| AIll | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.50 | 0.04

In-Service Rates:

RCD Single Family and Attached Low Rise in-service rates are blended and based on evaluation results.” ® Retail
and RCD High Rise assume 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since savings are deemed

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:
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Net to gross factors are based on evaluation results.*

Measure Name .C.Ore. PA FR SOp | SOne | NTG
Initiative

Programmable Thermostat (Single Family) — electric,

. RES CD All 0.13 | 0.12 0 0.99
oil, and other -

Programmable Thermostat (Single Family) — gas RES_CD All | 0.25 | 0.12 0 0.87

Programmable Thermostat (Attached Low Rise) —

electric, oil. and other RES_CD All | 0.13 | 0.12 0 0.99

Programmable Thermostat (Attached Low Rise) - gas RES_CD All | 025 | 0.12 0 0.87

Programmable Thermostat (High Rise) — electric, oil

RES CD All 0.14 0 0 0.86
and other -

Programmable Thermostat (High Rise) - gas RES CD All | 0.14 0 0 0.86

Programmable Thermostat — electric, oil, and other |RES_RETAIL| All | 0.13 | 0.12 0 0.99

Programmable Thermostat — gas RES_RETAIL| All | 0.25 | 0.12 0 0.87

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B. The thermostat NEI values are per
household and the PAs adjust the total value by the average number of thermostats per account depending on the
initiative.

Annual | O™ | annuat | O™ | Annual | O
Core time $ time $ time $
Measure Name o PA| $per $ per $ per
Initiative Unit per KWh Per | rnerm | _Per
Unit KWh Therm
Programmable
Thermostat (Single Family) RES_CD [ All} 3545
Programmable RES. CD |All| $5.45
Thermostat (Attached Low Rise) - '
Programmable RES CD |All| $14.35
Thermostat (High Rise) - '
Programmable Thermostat |RES_RETAIL | All | $5.45
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Endnotes:

1 : Guidehouse Inc (2021) Residential Wi-Fi and Programmable Thermostat Impacts

2 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact Evaluation

3 : The Cadmus Group (2012). Massachusetts Multifamily Program Impact Analysis July 2012 — Revised May
2013. CADMUS 2012 Multifamily Impacts_Analysis_Report

4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
5 : Guidehouse (2021). Comprehensive TRM Review. 2021_Guidehouse_ TRM_Final_Report

6 : The Cadmus Group, Inc. (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Analysis.
CADMUS 2012 Multifamily Impacts Analysis_Report

7 : Guidehouse (2021). Virtual Home Energy Assessment Study. 2021 Guidehouse VHEA Report FINAL
8 : Guidehouse (2021). RCD ISR Analysis. 2021 Guidehouse RCD ISR 2020 Analysis_FINAL

9 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
10 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021_Guidehouse Res_NTG_Final_Results Memo
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1.42. HVAC - Quality Installation (QI) with Duct Modification

Measure Code

RES-HVAC-QIDM

Market

Residential

Program Type

Time of Sale

Category

Heating Ventilation and Air Conditioning

Measure Description:

50% reduction in duct leakage from 20% to 10%. This measure may also include duct modifications.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

QI w/ Duct modifications Residential Retail (RES_RETAIL) EA2c107
Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on an evaluation study.!
Savings for Quality Installation with Duct Modification:
Measure Name Energy Type AkWh AKW
QI w/ Duct modifications Electric 230 0.33

Baseline Efficiency:

The baseline efficiency case is a system with an installation that is inconsistent with manufacturer specifications

and may include leaky ducts.

High Efficiency:

The high efficiency case is a system with an installation that is consistent with manufacturer specifications and

may have reduced duct leakage.

Measure Life:

The measure life is based on evaluation results.?

Measure Name Core Initiative PA EUL OYF RUL AML
QI w/ Duct modifications RES_RETAIL All 18 n/a n/a 18
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Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative | PA | ISR | RRe |RRne| RRsp RRwp CFsp CFwp

Ol w/ Duct modifications | RES RETAIL | All | 1.00 | 1.00 | 1.00 | 1.00 1.00 0.37 0.00

In-Service Rates:

All installations have 100% in service rate.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.?

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

QI w/Duct modifications RES_RETAIL All 0.34 0.12 0.10 0.88

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual | One- | Annual t?n?s-$ Annual t?n?s-$
Measure Name oo PA | $per time $ $ per $ per
Initiative Unit er Unit| kWh per Therm per
P kWh Therm

QI w/Duct modifications |RES_RETAIL| All | $1.53

Endnotes:

1: Final Study Results 2021 _Guidehouse TRM_Final_Report

2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and
HVAC Measures. Prepared for The New England State Program Working Group; Page 1-3, Table 1.

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
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1.43. HVAC - Room Air Conditioner

Measure Code

RES-PL-ROOMAC

Market

Residential

Program Type

Time of Sale

Category

Heating Ventilation and Air Conditioning

Measure Description:

Rebates provided for the purchase of an ENERGY STAR® qualified room air conditioner.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Room Air Conditioner

Residential Retail (RES_RETAIL)

EA2c086

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on averaged results from the ENERGY STAR appliance calculator, run with
inputs for five sizes of units.! Demand savings are derived from the demand impact model which is developed as

part of the Residential Baseline Study.?

Measure Name kWh kw

Room Air Conditioner 36 0.05
Baseline Efficiency:
The baseline efficiency case is a unit meeting the current federal standard.?
High Efficiency:
The high efficiency case is an ENERGY STAR® qualified air conditioner.*
Measure Life:
The measure life is 12 years.®

Measure Name Core Initiative PA | EUL OYF RUL AML
Room Air Conditioner RES_RETAIL All 12 n/a n/a 12

Other Resource Impacts:
There are no other resource impacts identified for this measure.
November 2021 179

© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED




Massachusetts Technical Reference Manual Residential Efficiency Measures

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | REne | RRsp | RRwp | CFsp | CFRwp

Room Air Conditioner RES_RETAIL All | 1.00 | 1.00 n/a 1.00 1.00 | 050 | 0.04

In-Service Rates:

All installations are assumed to have 100% in service rate.®

Realization Rates:

Realization rates are set to 100% since unit savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Net to gross factors based on evaluation results.®

2022
Name Core Initiative PA FR SOp SOnp NTG
Room Air Conditioner RES_RETAIL All 0.42 0.00 0.00 0.56

2023
Name Core Initiative PA FR SOp SOnp NTG
Room Air Conditioner RES_RETAIL All 0.46 0.00 0.00 0.54

2024
Name Core Initiative PA FR SOp SOnp NTG
Room Air Conditioner RES_RETAIL All 0.48 0.00 0.00 0.52

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1: EPA (2009). Lifecycle Cost Estimate for Energy Star Room Air Conditioners.

EPA 2009 Lifecycle Cost Estimate for ENERGY STAR Room_Air_Conditioner

: Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse Residential _Baseline_Phase 4
- https://www.ecfr.gov/current/title-10/chapter-11/subchapter-D/part-430/subpart-C/section-430.32

- https://www.energystar.gov/products/heating_cooling/air_conditioning_room/key_product_criteria

: Guidehouse (2021). Comprehensive TRM Review. 2021 _Guidehouse_ TRM_Final_Report

: NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021 _NMR_Products ISR

OOk WN
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7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
8 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021 NMR_Res_Products NTG_Report
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1.44. Hot Water - Condensing Water Heater

Measure Code RES-WH-CWH
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

Condensing water heaters recover energy by using either a larger heat exchanger or a second heat exchanger to
reduce the flue-gas temperature to the point that water vapor condenses, thus releasing even more energy.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Water Heater, Gas Storage Condensing Residential Retail (RES_RETAIL) GA2c025

Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on study results.t
Measure Name A MMBtu A kWh A kW

Water Heater, Condensing, Gas 7.0 -43 -0.01

There is an electric penalty associated with the gas storage condensing water heaters to account for increased
electrical consumption for powered damper and electronic (not manual) pilot ignition.?

AkWh = Average annual energy reduction per unit: -43.0 kWh
AKW = Average demand reduction per unit: -0.01 kW

Baseline Efficiency:

The baseline efficiency case is a standalone tank water heater with an UEF of 0.60.

High Efficiency:

The high efficiency case is a condensing water heater with a UEF>= 0.80.

Measure Life:
The measure life is 15 years.®
Measure Name Core Initiative PA | EUL | OYF | RUL | AML

Water Heater, Condensing, Gas RES RETAIL All 15 n/a n/a 15
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initioative PA ISR RRe RRNE RRsp RRwp CFsp CFWP

Water Heater, Condensing, Gas |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 100 | 031 | 0.84

In-Service Rates

In-service rates are set to 100% since all PAs verify equipment installation.

Realization Rates

Realization rates are set to 100% for deemed measures.

Coincidence Factors

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Net-to-gross is based on evaluation results.’
Measure Name Core Initiative PA | FR | SOp | SOne | NTG

Water Heater, Condensing, Gas RES_RETAIL All | 0.36 | 0.12 0.00 0.76

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One- One- Annual $ One-

Measure Name Core pa | Annual $ | time$ | Annual $| time $ Der time $
Initiative per Unit per | per kWh | per Therm per

Unit KWh Therm

Water Heater,

Condensing, Gas RES_RETAIL | All $0.70

Endnotes:

1 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task

2 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task

3: DOE (2008). ENERGY STAR® Residential Water Heaters: Final Criteria Analysis. Prepared for the DOE;
Page 10 DOE 2008 ENERGY_STAR_Residential Water Heaters_Final_Criteria_Analysis

4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020_Guidehouse Residential _Baseline_Phase 4
5: NTG results came from the following study: 2021 Guidehouse Res NTG_Final_Results_Memo
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1.45. Hot Water - Faucet Aerator
Measure Code RES-WH-FA
Market Residential
Program Type Retrofit

Category

Water Heating

Measure Description:

An existing faucet aerator with a high flow rate is replaced with a new low flow aerator.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure

ID
Faucet Aerator, Electric (Single Family) Residential Coordinated Delivery (RES_CD) EA2a051
Faucet Aerator, Gas (Single Family) Residential Coordinated Delivery (RES_CD) EA2a052
Faucet Aerator, Qil (Single Family) Residential Coordinated Delivery (RES_CD) EA2a053
Faucet Aerator, Other (Single Family) Residential Coordinated Delivery (RES_CD) EA2a054
Faucet Aerator, Ellqﬁggic (Attached Low Residential Coordinated Delivery (RES_CD) EA2a128
Faucet Aerator, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2a129
Faucet Aerator, Oil (Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a130
Faucet Aerator, Other (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) EA2a131
Faucet Aerator, Electric (High Rise) Residential Coordinated Delivery (RES_CD) EA2a216
Faucet Aerator, Gas (High Rise) Residential Coordinated Delivery (RES_CD) EA2a217
Faucet Aerator, Oil (High Rise) Residential Coordinated Delivery (RES_CD) EA2a218
Faucet Aerator, Other (High Rise) Residential Coordinated Delivery (RES_CD) EA2a219
Faucet Aerator, Gas (Single Family) Residential Coordinated Delivery (RES_CD) GA2a007
Faucet Aerator, Gas (Attached Low Rise) | Residential Coordinated Delivery (RES_CD) GA2a052
Faucet Aerator, Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a086
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Algorithms for Calculating Primary Energy Impact:

Unit kwWh and MMBtus savings are deemed based on study results.! 2 Demand savings are derived from the
demand impact model which is developed as part of the Residential Baseline Study.?

Measure Name AkWh AKW A MMBtu
Faucet Aerator, Electric (Single Family) 43.0 0.01
Faucet Aerator, Gas (Single Family) 0.21
Faucet Aerator, Oil (Single Family) 0.22
Faucet Aerator, Other (Single Family) 0.21
Faucet Aerator, Electric (Attached Low Rise) 43.0 0.01
Faucet Aerator, Gas (Attached Low Rise) 0.21
Faucet Aerator, Qil (Attached Low Rise) 0.22
Faucet Aerator, Other (Attached Low Rise) 0.21
Faucet Aerator, Electric (High Rise) 97.0 0.02
Faucet Aerator, Gas (High Rise) 0.86
Faucet Aerator, Oil (High Rise) 0.86
Faucet Aerator, Other (High Rise) 0.86
Baseline Efficiency:
The baseline efficiency case is the existing faucet aerator with a high flow.
High Efficiency:
The high efficiency case is a low flow faucet aerator.
Measure Life:
The measure life is 7 years.
Measure Name Core Initiative PA EUL OYF RUL AML
Faucet Aerator RES_CD All 7 n/a n/a 7
Other Resource Impacts:
Residential water savings for faucet aerators is 332 gallons per unit.*
Impact Factors for Calculating Adjusted Gross Savings:
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Measure Name Iniioart?ve PA| ISR | RRe | RRue | RRsr | RRwp | CFsp | CFup

Faucet Aerator (Single Family) RES CD |All| 0.74 | 1.00 | 1.00 | 1.00 | 1.00 | 0.15 | 0.42
Faucet Aerator (Attached Low Rise) | RES CD |All| 0.74 | 1.00 | 1.00 | 1.00 | 1.00 | 0.15 | 0.42
Faucet Aerator (High Rise RES CD |All| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.15 | 0.42

In-Service Rates:

For Single Family and Low Rise in service rates are blended and based on evaluation results. ¢ All high rise
installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.®

Measure Name Core Initiative PA FR SOp SOnp NTG
Faucet Aerator (Single Family) RES_CD All 0.04 0.12 0.00 1.08
Faucet Aerator (Attached Low Rise) RES_CD All 0.04 0.12 0.00 1.08
Faucet Aerator (High Rise) RES CD All 0.14 0.0 0.0 0.86
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- One- One-
Core Annual time $ Annual time $ Annual time $
Measure Name Initiati PA $ per $ per $ per
nitiative Unit per KWh per Therm per
Unit KWh Therm
Faucet Aera_tor (Single RES CD | All
Family) -
Faucet Aerator_ (Attached RES CD | All
Low Rise) -
Faucet Aerator (High Rise) | RES_CD | All $0.58
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Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact_Evaluation

2 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
4 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area, Residential and
Low-Income Non-Energy Impacts (NEI) Evaluation.

Tetra_Tech_and NMR_2011 MA _Res and LI _NEI_Evaluation

5 : Guidehouse (2021). Virtual Home Energy Assessment Study. 2021 Guidehouse VHEA Report FINAL
6 : Guidehouse (2021). RCD ISR Analysis. 2021 Guidehouse RCD ISR 2020 Analysis_FINAL

7 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
8 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021_Guidehouse Res NTG_Final_Results Memo
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1.46. Hot Water - Heat Pump Water Heater

Measure Code RES-WH-HPWH
Market Residential
Program Type Time of Sale

Category

Water Heating

Measure Description:

Installation of a heat pump water heater (HPWH) instead of an electric resistance water heater.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Heat Pump Water Heater displacing . . .
Existing Water Heater, Oil Residential Retail (RES_RETAIL) EA2c286
Heat Pump Water Heater displacing | po o ntial Retail (RES_RETAIL) EA2c287
Existing Water Heater, Propane
Heat Pump Water Heater displacing . . .
Existing Water Heater, Gas Residential Retail (RES_RETAIL) GA2c077
Water Heater, Heat Pump, <55 gallon, | g ential Retail (RES_RETAIL) EA2c018
Energy Star
Yyater Heater, Heat PUmip. 55 gallon. | pesidential Retail (RES_RETAIL) EA2c019

Algorithms for Calculating Prima

ry Energy Impact:

Unit savings are deemed based on study results *

Water I_—ieatlng Heating Savings Total Savings
Savings (Penalty)
Measure Name
Max Load

AKkWh | AMMBTU | AkWh | AMMBTU |AkWh Factor AKW | AMMBTU
Gas = 0.50

Gas =-0.50 o
Water Heater, Heat Pump, | ;g9 0 863 | 0il=-010 | 1712 | 0.00025 |0.43| O =010
<55 gallon, Energy Star Propane = -0.07 Propane =

pane = -%. 0.07
Water Heater, Heat Pump,
>55 gallon, UEF 2.70 360 0 0 0 360 0.00025 | 0.09 0
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Heat Pump Water Heater

Heater, Oil

displacing Existing Water -1130 20.0 0 -0.67 -1130 | 0.00025 |-0.28 19.3

Heat Pump Water Heater

Heater, Propane

displacing Existing Water -831 17.1 0 -0.67 -831 0.00025 |-0.21 16.4

Heat Pump Water Heater

Heater, Gas

displacing Existing Water -831 17.1 0 -0.67 -831 | 0.00025 |-0.21 16.4

Baseline Efficiency:

The baseline efficiency case is for the Water Heater, Heat Pump <55 gallon is a new, baseline code efficiency
electric resistance hot water heater. The baseline efficiency case for the Water Heater, Heat Pump > 55 gallon is a
new, baseline code heat pump water heater. The baseline for the oil water heater is a weighted average of an oil
tankless coil water heater (75%) and a baseline code standard oil tank water heater (25%). The baseline for the
propane water heater is a baseline code standard propane tank water heater with a UEF =0.62. The baseline for the
gas water heater is a baseline code standard natural gas tank water heater with a UEF =0.62.

High Efficiency:

The high efficiency case for the < 55 gallon and both of the oil and propane to high efficiency HPWH is a 2.0
UEF or greater HPWH and the > 55 gallon HPWH is a 2.7 UEF or greater HPWH. Savings are based on 2020
production.

Measure Life:

The measure life is 13 years.?

Measure Name Core Initiative PA EUL OYF RUL AML
Heat Pump Water IE CD Al 13 n/a n/a 13
Heater -

Other Resource Impacts:

There are heating fuel penalties associated with the <=55 gallon heat pump water heater to account for additional
consumption for space heating when replacing a standard electric water heater.

AMMBLtu = Average annual fuel reduction per unit = -0.50 MMBtu (oil)
AMMBtu = Average annual fuel reduction per unit = -0.10 MMBtu (natural gas)
AMMBtu = Average annual fuel reduction per unit = -0.07 MMBTtu (propane)

There are fuel savings associated with going from either an oil water heating system or a propane water heating
system to a HPWH. The penalties shown above are also included in the savings values for the two measures
shown below. Savings for oil is reduced by 0.67 MMBTU and similarly are reduced for propane/natural gas with
the same 0.67 MMBTU value.
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Since the baseline for Water Heater, Heat Pump, >55 gallon, UEF 2.70 is already a heat pump water heater, this
penalty would be experienced for both the baseline and the energy efficiency heat pump and due to this there is no

heating penalty included.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Inic'i?a:?ve PA| ISR | RRe | RRue | RRsp | RRwp | CFsp | CFup
Waterg;'ﬁgﬁré:':f‘gtypggf' <55 Res RETAIL| ANl | 100 | 100 | 100 | 100 | 100 | 031 | 084
Waterg'ael?éer{’géf;‘;'gp’ >55 Res ReTAIL| All| 100 100 | 100 | 100 | 100 | 031 | 084
Heat;t‘i's‘:%gv\j‘\}g[et'eHaetg[e‘:ng:fCi“g REs ReTAIL| All [ 100|100 | 100 | 100 | 100 | 031 | 0.4
o v gt | [ 100] 10 100 [ 100 | 100 |03t | om
HeatEF;(‘i’;”ﬂﬂg’Vvi‘,taetLr'ﬁf:{egiSGp;";‘Ci”9 Res ReTAlL| All [ 100|100 | 100 | 100 | 100 | 031 | 0.4

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are based on evaluation results.

Impact Factors for Calculating Net Savings:

Impact factors for net savings:®

Measure Name Core Initiative PA | FR | SOp | SOne | NTG
Water Heater, Heat Pump, <55 | pocidential Retail (RES_RETAIL) | All | 0.30 | 0.12 | 0.00 | 0.82
gallon, Energy Star
Water Heater, Heat Pump, >55 | po i qential Retail (RES_RETAIL) | All | 0.30 | 0.12 | 0.00 | 0.82
gallon, UEF 2.70

Heat Pump Water Heater displacing . . -
Existing Water Heater, Oil Residential Retail (RES_RETAIL) | All | 0.30 | 0.12 | 0.00 | 0.82

Heat Pump Water Heater displacing . . .
Existing Water Heater, Propane Residential Retail (RES_RETAIL) | All | 0.30 | 0.12 | 0.00 | 0.82
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Heat Pump Water Heater displacing . . -
Existing Water Heater, Gas Residential Retail (RES_RETAIL) | All | 0.36 | 0.12 | 0.00 | 0.76
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Annual| O™ | Annual | €™ | Annual | O"%:
Core time $ time time $
Measure Name T PA | $ per $ per $ per
Initiative Unit per KWh $ per Therm per
Unit kWh Therm
Water Heater, Heat Pump, <55
gallon, Energy Star RES_RETAIL All'} $0.70
Water Heater, Heat Pump, >55
gallon, UEF 2.70 RES_RETAIL All' | $0.70
Heat Pump Water Heater displacing
Existing Water Heater, Oil RES RETAIL All'} 3070
Heat Pump Water Heater displacing All | $0.70
Existing Water Heater, Propane RES_RETAIL '
Heat Pump Water Heater displacing
Existing Water Heater, Gas RES_RETAIL Al $0.70

Endnotes:

1 : Guidehouse 2021 - Savings Calculations MA21R39-E-HPWHQH_Task 3 Findings Spreadsheet- 31Aug2021
2 : Guidehouse 2021 - Savings Calculations MA21R39-E-HPWHQH_Task 3 Findings Spreadsheet- 31Aug2021
3 : Guidehouse (2021) - NTG Study 2021_Guidehouse Res NTG_Final_Results Memo
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1.47. Hot Water - Indirect Water Heater

Measure Code RES-WH-IWH
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

Indirect water heaters use a storage tank that is heated by the main boiler. The energy stored by the water tank
allows the boiler to turn off and on less often, saving considerable energy.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure 1D
Water Heater, Indirect, Oil Residential Retail (RES_RETAIL) EA2c015
Water Heater, Indirect, Other Residential Retail (RES_RETAIL) EA2c016
Water Heater, Indirect, Gas Residential Retail (RES_RETAIL) GA2c028

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.!

Measure Name A MMBtu
Water Heater, Indirect, Oil 4.7
Water Heater, Indirect, Other 4.0
Water Heater, Indirect, Gas 4.0

Baseline Efficiency:

The baseline efficiency case is the existing water heater.

High Efficiency:

The high efficiency case is an indirect water heater attached to an ENERGY STAR® rated forced hot water
boiler.
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Measure Life:

The measure life is 20 years. 2

Measure Name Core Initiative PA EUL OYF RUL AML
Water Heater, Indirect RES_RETAIL All 20 n/a n/a 20
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwe
Water Heater, Indirect RES_RETAIL All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
In-Service Rates:
All installations have 100% in service rate since programs include verification of equipment installations.
Realization Rates:
Realization rates are set to 100% since savings are deemed
Coincidence Factors:
Not applicable for this measure since no electric savings are claimed.
Impact Factors for Calculating Net Savings:
Net to gross factors are based on multiple evaluation results.®
Measure Name Core Initiative PA FR SOp | SOne | NTG
Water Heater, Indirect, Oil RES RETAIL All 0.30 0.12 0.00 0.82
Water Heater, Indirect, Other RES_RETAIL All | 0.30 0.12 0.00 0.82
Water Heater, Indirect, Gas RES_RETAIL All | 0.36 | 0.12 0.00 0.76
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- One-time | Annual | One-time
Measure Name Inﬁ?artei}ve PA Agrlﬁ‘rl\if time $ A:rnﬂs\llﬁ $ per $ per $ per
P per Unit P KWh Therm | Therm
Water Heater,
Indirect. Oil RES_RETAIL | All $0.70
Water Heater,
Indirect, Other RES_RETAIL | All $0.70
November 2021 193

© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual

Residential Efficiency Measures

Water Heater,
Indirect, Gas

RES_RETAIL | All $0.70

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.
2018 Navigant HES_ Impact Evaluation

2 : GDS Associates, Inc. (2009). Natural Gas Energy Efficiency Potential in Massachusetts.

GDS 2009 Natural Gas Energy Efficiency Potential in MA

3 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures

Workbook 2021 Guidehouse MA Res NTG Final Report
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1.48. Hot Water - Low-Flow Showerhead

Measure Code RES-WH-S
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

An existing showerhead with a high flow rate is replaced with a new low flow showerhead.

BCR Measure IDs:

Measure Name Core Initiative

BCR Measure ID

Low-Flow Showerhead, Electric

(Single Family) Residential Coordinated Delivery (RES_CD) EA2a055
LOW_FIOW Shower_head, Gas Residential Coordinated Delivery (RES_CD) EA2a056
(Single Family)
LOW_FIO-W Shower_head, ol Residential Coordinated Delivery (RES_CD) EA2a057
(Single Family)
LOW_FIOW Showerh_ead, Other Residential Coordinated Delivery (RES_CD) EA2a058
(Single Family)
Low-Flow Showerhead, Electric I . .
(Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a132
Low-Flow Showerhead, Gas . . . .
(Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2a133
Low-Flow Showerhead, Oil S . .
(Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2al34
Low-Flow Showerhead, Other I . .
(Attached Low Rise) Residential Coordinated Delivery (RES_CD) EA2al35
Low-Flow Shower_head, Electric Residential Coordinated Delivery (RES_CD) EA2a220
(High Rise)
Low-Flow Sho;vii’rer;ead, Gas (High Residential Coordinated Delivery (RES_CD) EA2a221
Low-Flow ShoF\QgtSag;ead, Oil (High Residential Coordinated Delivery (RES_CD) EA2a222
Low-Flow Showe_rhead, Other Residential Coordinated Delivery (RES_CD) EA2a223
(High Rise)
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LOW_FIO\.N Showerhead, Residential Coordinated Delivery (RES_CD) GA2a008
Gas (Single Family)
Low-Flow Showerhead, Gas . . . .
(Attached Low Rise) Residential Coordinated Delivery (RES_CD) GA2a053
Low-Flow Showerhead, . . . .
Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a087
Low-Flow Showerhead, Gas Residential Retail (RES_RETAIL) GA2c034

Algorithms for Calculating Primary Energy Impact:

Unit kWh and MMBtu savings are deemed based on study results.* 2 Demand savings are derived from the
demand impact model which is developed as part of the Residential Baseline Study.®

Measure Name AKkWh AKW A MMBtu

Low-Flow Showerhead, Electric (Single Family) 187.0 0.05
Low-Flow Showerhead, Gas (Single Family) 0.92
Low-Flow Showerhead, Oil (Single Family) 0.98
Low-Flow Showerhead, Other (Single Family) 0.92

Low-Flow Showerhead, Electric (Attached Low Rise) 187.0 0.05
Low-Flow Showerhead, Gas (Attached Low Rise) 0.92
Low-Flow Showerhead, Qil (Attached Low Rise) 0.98
Low-Flow Showerhead, Other (Attached Low Rise) 0.92

Low-Flow Showerhead, Electric (High Rise) 129.0 0.03
Low-Flow Showerhead, Gas (High Rise) 1.14
Low-Flow Showerhead, Oil (High Rise) 1.14
Low-Flow Showerhead, Other (High Rise) 1.14
Low-Flow Showerhead, Gas (Single Family) 1.2

Baseline Efficiency:

The baseline efficiency case is the existing showerhead with a baseline flow rate of 2.5 GPM.

High Efficiency:

The high efficiency case is a low flow showerhead having a maximum flow rate between 1.5 and 1.7 GPM.
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Measure Life:

The measure life is 15 years.*

Measure Name Core Initiative PA EUL OYF RUL AML
RES CD
Low-Flow Showerhead RES_RETAIL All 15 n/a n/a 15

Other Resource Impacts:

Water savings for Retail and Single Family are 2,401 gallons per unit and for Attached Low Rise and High Rise
water savings are 2,165 gallons per unit.’

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwe
Low-Flow Showerhead, RES CD All | 066 | 1.00 | 100 | na | nfa | 015 | 042
Electric (Single Family) -

Low—FonvShower_head, RES CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a

Gas (Single Family) -

Lovx{-FIquhower_head, RES CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a

Oil (Single Family) -

Low-Flow Showerhead,
Other (Single Family) RES_CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a
Low-Flow Showerhead,
Electric (Attached Low RES_CD All | 0.66 | 1.00 | 1.00 n/a n/a 0.15 | 0.42
Rise)
Low-Flow Showerhead,
Gas (Attached Low Rise) RES_CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a
Low-Flow Showerhead,
Oil (Attached Low Rise) RES_CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a
Low-Flow Showerhead,
Other (Attached Low RES_CD All | 0.66 | 1.00 | 1.00 n/a n/a n/a n/a
Rise)
Low-Flow Showerhead,

Electric (High Rise) RES _CD All | 1.00 | 1.00 | 1.00 n/a n/a 0.15 0.42
Low—FIow§how_erhead, RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

Gas (High Rise) -

Low-Flow Showerhead,

Oil (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
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Low-Flow Showerhead,

Other (High Rise) RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

LOW'F'OWGSaZO""emead’ RES_RETAIL | All | 1.00 | 1.00 | 1.00 | nfa | na | nfa | nla

In-Service Rates:

For Single Family and Low Rise in service rates are blended and based on evaluation results. 7 All High Rise
installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

All PAs use 100% energy realization rate.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.’

Measure Name Core Initiative | PA | FR | SOp | SOne | NTG

Low-Flow Showerhead (Single Family) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Low-Flow Showerhead (Attached Low Rise) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Low-Flow Showerhead (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86
Low-Flow Showerhead RES_RETAIL All | 0.04 | 0.12 | 0.00 | 1.08

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Annual One- Annual One- Annual One-
Core time $ time $ time $
Measure Name Initiati PA $ per $ per $ per
nitiative Unit per KWh per Therm per
Unit KWh Therm
Low-Flow Showerhead
(Single Family) RES CD All $0.03
Low-Flow
Showerhead (Attached RES CD All $0.03
Low Rise)
Low-Flow Showerhead
(High Rise) RES_CD All $0.58
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Low-Flow Showerhead

(Single Family) RES_RETAIL | All $0.03

Endnotes:

1 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact Evaluation

2 : The Cadmus Group (2012). Massachusetts Multifamily Program Impact Analysis July 2012 — Revised May
2013. CADMUS 2012 Multifamily Impacts_Analysis_Report

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
4 : Guidehouse (2021). Comprehensive TRM Review. 2021 _Guidehouse_ TRM_Final_Report

5 : Staff calculations based on the methodology from The Cadmus Group, Inc. (2012). Home Energy Services
Impact Evaluation. CADMUS 2012 HES Impact Evaluation Report

6 : Guidehouse (2021). Virtual Home Energy Assessment Study. 2021 Guidehouse VHEA Report FINAL
7 : Guidehouse (2021). RCD ISR Analysis. 2021 Guidehouse RCD ISR 2020 Analysis_FINAL

8 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
9 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021_Guidehouse_Res NTG_Final Results Memo
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1.49. Hot Water - Low-Flow Showerhead with Thermostatic Valve

Measure Code RES-WH-STV
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

An existing showerhead is replaced with a low-flow showerhead with an integrated thermostatic shut-off valve
(TSV).

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Low-Flow Shower_head W'th TSV, Electric Residential Coordinated Delivery (RES_CD) EA2a224
(High Rise)

Low-Flow Shovyerhegd with TSV, Oil Residential Coordinated Delivery (RES_CD) EA2a225
(High Rise)

Low-Flow Showgrheac_j with TSV, Other Residential Coordinated Delivery (RES_CD) EA22a226
(High Rise)

Low-Flow Showerhead with TSV, Electric Residential Retail (RES_RETAIL) EA2c078
Low-Flow Showerhead with TSV, Gas Residential Retail (RES_RETAIL) EA2c079
Low-Flow Showerhead with TSV, Qil Residential Retail (RES_RETAIL) EA2c080

Low-Flow Showerhead with TSV, Other Residential Retail (RES_RETAIL) EA2c081
Low-Flow Showerhead with TSV, I . .

Gas (High Rise) Residential Coordinated Delivery (RES_CD) GA2a088

Low-Flow Showerhead with TSV, Gas Residential Retail (RES_RETAIL) GA2c032

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on engineering analysis.! Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Measure Name AkWh AkW A MMBtu
Low-Flow Showerhead with TSV, Gas (High Rise) 1.41
Low-Flow Showerhead with TSV, Electric (High Rise) 183 0.05
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Low-Flow Showerhead with TSV, Qil (High Rise) 1.44
Low-Flow Showerhead with TSV, Other (High Rise) 1.41
Low-Flow Showerhead with TSV, Electric 247 0.06
Low-Flow Showerhead with TSV, Gas 1.22
Low-Flow Showerhead with TSV, Oil 1.32
Low-Flow Showerhead with TSV, Other 1.22

Baseline Efficiency:

The Baseline Efficiency case is an existing standard-flow showerhead (2.5 GPM) with no thermostatic shut-off
valve.

High Efficiency:

The high efficiency case is a low-flow showerhead (1.7 GPM) with integrated thermostatically actuated valve.

Measure Life:

The measure life is 15 years.®
Measure Name Core Initiative PA | EUL | OYF | RUL | AML

RES_CD

RES_RETAIL All 15 n/a n/a 15

Low-Flow Showerhead with TSV

Other Resource Impacts:

Water savings for Low-Flow Showerheads with TSV in RCD is 2,723 gallons per unit. Water savings for Low-
Flow Showerheads with TSV in Res Retail is 3,022 gallons per unit.*

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA| ISR | RRe | RRue | RRsp | RRwe | CFsp | CFwp

Low-Flow Showerhead with TSV RES CD |AIl|1.00|1.00| 1.00 | 1.00 | 1.00 | 0.31 | 0.84

Low-Flow Showerhead with TSV  |RES_RETAIL|All | 0.78 | 1.00 | 1.00 | 1.00 | 1.00 | 0.31 | 0.84

In-Service Rates:

In-Service rate for Res Retail is based on evaluation results.®

Realization Rates:

Realization rates are set to 100% for deemed measures.
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Coincidence Factors:

Coincidence factors are estimated using the demand allocation methodology described in the Demand Impact
Model.®

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.”®

Measure Name Core Initiative | PA | FR | SOp | SOne | NTG
Low-Flow Showerhead with TSV (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86
Low-Flow Showerhead with TSV RES_RETAIL All | 0.03 | 0.0 | 0.00 | 0.97
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- One-
Core Annual One- | Annual $| time$ Annual $| e $
Measure Name — . |PA| $per time $ per
Initiative Unit er Unit | PE" kWh per Therm per
P KWh Therm
Low-Flow Showerhead with
TSV (High Rise) RES CD | All| $0.58

Endnotes:

1 : Guidehouse (2021). Comprehensive TRM Review. 2021 Guidehouse TRM_Final_Report

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
3 : Guidehouse (2021). Comprehensive TRM Review. 2021 Guidehouse_ TRM_Final_Report

4 : National_Grid 2014 ShowerStart_Savings_Final_2015-2-9

National Grid_2014 ShowerStart_Savings_Final 2015-2-9

5: NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021_NMR_Products_ISR

6 : Navigant Consulting (2018). Demand Impact Model Update.

2018 Navigant Baseline_Loadshape Comprehensive_Report

7 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021 _Guidehouse Res NTG_Final_Results Memo

8 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021 _NMR_Res _Products NTG_Report
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1.50. Hot Water - On Demand/Tankless Water Heater

Measure Code RES-WH-ODTWH
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

Tankless water heaters circulate water through a heat exchanger to be heated for immediate use, eliminating the
standby heat loss associated with a storage tank.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Water Heater, On-Demand, Other Residential Retail (RES_RETAIL) EA2c017
Water Heater, On Demand Tankless Residential Retail (RES_RETAIL) GA2c027

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results' . For gas the savings have been adjusted to reflect the mix of
replace on failure and early replacement based. There is an electric penalty associated with the gas on-demand
tankless water heater to account for additional electrical consumption for power venting and electronic pilot
ignition.

Measure Name A KWh A KW? A MMBtu
Water Heater, On Demand, Gas -43.0 -0.01 7.0
Water Heater, On-Demand, Other -43.0 -0.01 5.4

Baseline Efficiency:

The baseline efficiency case is a standalone tank water heater with a 0.63 UEF. For the early retirement portion,
the baseline efficiency is an existing 0.60 UEF standalone water heater.?

High Efficiency:
The high efficiency case is an On Demand tankless water heater with an UEF >= 0.87

Measure Life:

The measure life is 19 years for gas equipment® and 20 years for propane equipment
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Measure Name Core Initiative PA EUL OYF RUL AML
Water Heater, On Demand, Gas RES_RETAIL All 20 n/a n/a 19
Water Heater, On-Demand, Other RES_RETAIL All 20 n/a n/a 20

Other Resource Impacts:
There are no other resource impacts identified for this measures.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Ini('iioarteive PA | ISR | RRe | RRue | RRsp | RRwe | CFsp | CFwp

Water Heater, On Demand, Gas |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.31 | 0.84

Water Heater, On Demand, Other |RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.31 | 0.84

In-Service Rates:
All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.®

Measure Name Core Initiative PA | FR | SOP | SONP | NTG

Water Heater, On Demand, Gas RES_RETAIL All | 0.36 | 0.12 0.00 0.76

Water Heater, On-Demand, Other RES RETAIL All | 0.30 | 0.12 0.00 0.82
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.%’

; One- .

Core Annual $ One-time | Annual time $ Annual $ | One-time
Measure Name Initiative PA er Unit $ per $ per o per $ per
P Unit | kwh | PST | Therm | Therm

Water Heater, On

Demand, Gas | REs_ReTAIL | Al | 8123

Water Heater, On

Demand, Other | RES_RETAIL | Al | $0-70

Endnotes:

1 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task

2 : Demand savings were calculated taking the gross energy savings * the peak max load factor (-43*0.00025 = -
0.01) using the results from the following study: 2020 Guidehouse Residential_Baseline Phase_4

3 : Early Retirement baseline is considered to be the high draw value from the following source.

2021 _Guidehouse_ TRM_Final_Report

3 : DOE (2008). Energy Star Residential Water Heaters: Final Criteria Analysis and The Cadmus Group (2013).
2012 Residential Heating, Water Heating, and Cooling Equipment Evaluation: Net-to-Gross, Market Effects, and
Equipment Replacement Timing. The calculation of the adjustment can be found in MA PAs (2021). 2020 Annual
Report Gas HVAC and Water Heating Calculations Workbook. MA PAs 2020 Annual

Report Gas HVAC_WH_Calculations_ GH_2021-03-08

4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

5 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021 _Guidehouse Res NTG_Final_Results_Memo

6 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area, Residential and
Low-Income Non-Energy Impacts (NEI) Evaluation. Prepared for the Massachusetts Program Administrators.
Adjusted based on NMR Group, Inc. (2013) Massachusetts Residential Non-Energy Impacts (NEIs): Deemed NEI
Values Addressing Differences in NEIs for Heating, Cooling, and Water Heating Equipment that is Early
Replacement Compared to Replace on Failure. Tetra_Tech_and NMR_2011 MA Res and LI _NEI_Evaluation
7 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area, Residential and
Low-Income Non-Energy Impacts (NEI) Evaluation. Prepared for the Massachusetts Program Administrators.
Adjusted based on NMR Group, Inc. (2013) Massachusetts Residential Non-Energy Impacts (NEIs): Deemed NEI
Values Addressing Differences in NEIs for Heating, Cooling, and Water Heating Equipment that is Early
Replacement Compared to Replace on Failure. NMR_2013 Residential HVAC_ Replace_On_Failure NEIs
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1.51. Hot Water - Pipe Wrap (Water Heating)
Measure Code RES-WH-PW
Market Residential
Program Type Retrofit

Category

Water Heating

Measure Description:
Installation of DHW pipe wraps.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

Pipe Wrap (Water Heating), Electric

(Single Family) Residential Coordinated Delivery (RES_CD) EA2a044

Pipe Wrap (Watli;:?f; )ing), Gas (Single Residential Coordinated Delivery (RES_CD) EA2a045

Pipe Wrap (Watlg;nl:ﬁ;t)ing), Oil (Single Residential Coordinated Delivery (RES_CD) EA2a046

Pipe Wrap (Watelrzé-lrsﬁt)i/? 9), Other (Single Residential Coordinated Delivery (RES_CD) EA2a047

Pipe Wr(ﬁ)tt(;/gr?;grli e\z;tgi%l,)Electric Residential Coordinated Delivery (RES_CD) EA2a121

Pipe Wrap (Wat(le_r Heat_ing), Gas (Attached Residential Coordinated Delivery (RES_CD) EA2al122
ow Rise)

Pipe Wrap (WatEr Hea’ging), Oil (Attached Residential Coordinated Delivery (RES_CD) EA2al123
ow Rise)

Pipe W(ﬁ?ta(gxsée[?ﬁag?s?j Other Residential Coordinated Delivery (RES_CD) EA2al24

Pipe Wrap (Water E?Sa;;ng), Electric (High Residential Coordinated Delivery (RES_CD) EA22a209

Pipe Wrap (WatelgiI::)ating), Gas (High Residential Coordinated Delivery (RES_CD) EA2a210

Pipe Wrap (WatngiSHet;ating), Oil (High Residential Coordinated Delivery (RES_CD) EA2a211

Pipe Wrap (WaterRI;ISeea;ting), Other (High Residential Coordinated Delivery (RES_CD) EA2a212
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Pipe Wrap (WattT:raHme;?;l)ng), Gas (Single Residential Coordinated Delivery (RES_CD) GA2a005

Pipe Wrap (Water Heat_lng), Gas (Attached Residential Coordinated Delivery (RES_CD) GA2a050
Low Rise)

Pipe Wrap (Watelg::gi ting), Gas (High Residential Coordinated Delivery (RES_CD) GA2a084

Algorithms for Calculating Primary Energy Impact:

Unit kwh and MMBtu savings are deemed based on study results where unit is a household with pipe wrap
installed on hot water pipes.! 2 Demand savings are derived from the demand impact model which is developed
as part of the Residential Baseline Study.®

Savings for Pipe Wrap (Water Heating):

Measure Name AKWh AKW A MMBtu
Pipe Wrap (Water Heating), Electric (Single Family) 28 0.01
Pipe Wrap (Water Heating), Gas (Single Family) 0.29
Pipe Wrap (Water Heating), Oil (Single Family) 0.20
Pipe Wrap (Water Heating), Other (Single Family) 0.30
Pipe Wrap (Water Heating), Electric (Attached Low Rise) 28 0.01
Pipe Wrap (Water Heating), Gas (Attached Low Rise) 0.29
Pipe Wrap (Water Heating), Oil (Attached Low Rise) 0.20
Pipe Wrap (Water Heating), Other (Attached Low Rise) 0.30
Pipe Wrap (Water Heating), Electric (High Rise) 129 0.03
Pipe Wrap (Water Heating), Gas (High Rise) 1.14
Pipe Wrap (Water Heating), Oil (High Rise) 1.14
Pipe Wrap (Water Heating), Other (High Rise) 1.14

Baseline Efficiency:

The baseline efficiency case is the existing hot water equipment.

High Efficiency:

The high efficiency case includes pipe wrap.

Measure Life:

The measure life is 15 years.*
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PA Measure Name Core Initiative PA | EUL | OYF | RUL | AML
All Pipe Wrap (Water Heating) RES_CD All 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core PA | ISR | RRe | RR\e | RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Pipe Wrap (Water Heating), | peg cp | All'| 100 | 200 | 100 | 1.00 | 1.00 | 0.15 | 0.42
Electric (Single Family) -
Pipe Wrap (Water Heating),
Gas (Single Family) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Pipe Wrap (Water Heating), | peg cp | All'| 1,00 | .00 | 100 | nfa | nfa | na | nia
Oil (Single Family) -
Pipe Wrap (_Water Hefatlng), RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Other (Single Family) -
Pipe Wrap (Water Heating),
Electric (Attached Low Rise) RES _CD All | 1.00 | 1.00 | 1.00 | 1.00 1.00 | 0.15 | 042
Pipe Wrap (Water Heating),
Gas (Attached Low Rise) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Pipe Wrap (Water Heating),
Oil (Attached Low Rise) RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Pipe Wrap (Water Heating),
Other (Attached Low Rise) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Pipe Wrap (Water Heating), | pes op | Al | 100 | 200 | 1.00 | 100 | 1.00 | 015 | 042
Electric (High Rise) -
Pipe Wrap (Vyater.Heatlng), RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Gas (High Rise) -
Pipe Wrap (Water Heating),
Oil (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
Pipe Wrap (Water Heating),
Other (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a
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In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

Realization Rates:

The realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.®

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG

Pipe Wrap (Water Heating) (Single Family) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Pipe Wrap (Water Heating) (Attached Low Rise) RES_CD All | 0.04 | 0.12 | 0.00 | 1.08
Pipe Wrap (Water Heating) (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1: The Cadmus Group, Inc. (2015). Massachusetts Low Income Multifamily Impact Evaluation.

CADMUS 2015 Low Income Multifamily Impact Evaluation

2 : Navigant Consulting (2018). HES Impact Evaluation. 2018 Navigant HES Impact Evaluation
3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

4 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial and HVAC

Measures. GDS 2007 Measure Life Report Residential and CI Lighting and HVAC Measures

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4
6 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:
Results Memo 2021_Guidehouse_Res NTG_Final _Results Memo
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1.52. Hot Water - Solar Hot Water

Measure Code RES-S-HW
Market Residential
Program Type Retrofit, Time of Sale
Category Water Heating

Measure Description:

Installation of Solar Hot Water in a residence with existing electric hot water.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Solar Hot Water Residential Retail (RES_RETAIL) EA2c340

Algorithms for Calculating Primary Energy Impact:

AkWh = [WHkwh_base] - [[HWHDkwh)*(1-%SHWdesign)]/(%WHsupp)]

Where

WHkwh_base = Federal standards for maximum allowable energy consumption.

HWHDkwh = The total household water heating demand in kWh.

%SHWdesign = The design percent of household water heating demand met by the solar hot water system.
%WHSsupp = The efficiency of the supplemental hot water system for household water heating demand not met by
the solar hot water system.

Baseline Efficiency:

WHkwh_base = (365 days/year)*(0.000293071 kWh/BTU)*(V)*(p)*(Cp)*(AT)/UEF

Where

V = Volume of hot water drawn based on draw pattern (Gallon), where V = 10 for the very-small-usage draw
pattern, V= 38 for the low-usage draw pattern, VV = 55 for the medium-usage draw pattern, V = 84 for high-usage
draw pattern

p = Water density (Ib/gallon) = 8.24

Cp = Specific heat of water (Btu/lb) = 1

AT = Difference between inlet and outlet temp (AT) = 67

UEF = Uniform Energy Factor (see table below)

Electric Storage Water Heater Conservation Standards!

Where:
Vr=Rated Storage VVolume (Gallon)
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Rated Storage

Draw Pattern

Uniform Energy Factor

Volume
Very Small 0.7836 - (0.0013 xVr)
Low 0.8939 - (0.0008 xVTr)
<20
Medium 0.9112 - (0.0007 xVr)
High 0.9255 - (0.0006 xVr)
Very Small 0.8808 - (0.0008 xVr)
Low 0.9254 - (0.0003 xVr)
>20 and <55
Medium 0.9307 - (0.0002 xVr)
High 0.9349 - (0.0001 xVr)
Very Small 1.9236 - (0.0011 xVr)
Low 2.0440 - (0.0011 xVr)
>55 and <120
Medium 2.1171 - (0.0011 xVr)
High 2.2418 - (0.0011 xVr)
Very Small 0.6802 - (0.0003 xVr)
Low 0.8620 - (0.0006 xVr)
>120
Medium 0.9042 - (0.0007 xVr)
High 0.9437 - (0.0007 xVr)

High Efficiency:

The new system is a solar hot water heater paired with a supplemental electric water heating source.

Measure Life:

The measure life for a new solar hot water system is 20 years.?

Measure Name Core Initiative PA EUL OYF RUL AML
Solar Hot Water RES_RETAIL All 20 n/a n/a 20
Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Measure Name | Core Initiative | PA ISR RRe RRNe RRsp RRwp CFsp CFwp

Solar Hot Water | RES_RETAIL | All | 1.00 | 1.00 1.00 1.00 1.00 0.31 0.84

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% until an evaluation occurs.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.?

Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.*
Measure Name Core Initiative PA FR SOp SOnp NTG

Solar Hot Water RES_RETAIL All 0.30 0.12 0.00 0.82

Non-Energy Impacts:
There are no non-energy impacts identified with this measure.

Endnotes:

1 : https://www.federalregister.gov/documents/2020/05/21/2020-10564/energy-conservation-program-energy-
conservation-standards-for-consumer-water-heaters

2: GDS 2007 Measure_Life Report Residential and_CI_Lighting_and HVAC_Measures

3 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
4: 2021 _Guidehouse_Res NTG_Final_Results Memo
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1.53. Hot Water - Stand Alone Water Heater

Measure Code RES-WH-SASWH
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

Stand-alone storage water heaters are high efficiency water heaters that are not combined with space heating
devices.

BCR Measure IDs:

BCR

Core Initiative Measure Name
Measure 1D

Water Heater, Gas Storage Water Heater (<=55 Gallons) | Residential Retail (RES_RETAIL) GA2c026

Algorithms for Calculating Primary Energy Impact:

Savings are deemed and have been adjusted to reflect the mix of replace on failure and early replacement based
on evaluation results.! Demand savings are derived from the demand impact model which is developed as part of
the Residential Baseline Study.?

Measure Name Core Initiative AKkWh | AKW | A MMBtu

Water Heater, Stand Alone Water Heater, Gas | RES_CD, RES_RETAIL -43.0 | -0.01 25

Baseline Efficiency:

The baseline efficiency case is a standalone tank water heater with an UEF of 0.63%. For the early retirement
portion. the baseline efficiency is an existing 0.58* UEF standalone water heater.

High Efficiency:

The high efficiency case is a stand-alone storage water heater with an energy factor >= 0.66*.

Measure Life:

The measure life is assumed to be 9 years.®

PA Measure Name Core Initiative EUL | OYF | RUL | AML
RES _CD,
All | Water Heater, Stand Alone Water Heater, Gas RES_RETAIL 10 n/a n/a 9
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
PA Measure Name Initiative ISR RRe RRNE RRsp RRwp CFsp CFWP

Water Heater, Stand Alone RES_CD,

All Water Heater, Gas RES_RETAIL

1.00 | 1.00 | 1.00 1.00 100 | 031 | 0.84

In-Service Rates

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates

Realization rates are set to 100% for deemed measures.

Coincidence Factors

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.’
PA Measure Name Core Initiative FR | SOP | SONP | NTG

All | Water Heater, Stand Alone Water Heater, Gas RES_RETAIL 0.36 | 0.12 0.00 0.76

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Annual One- | Annual (_)ne- Annual _One-
Core ) time $ time $
PA Measure Name Initiati $ per time$ | $per $ per
nitiative Unit er Unit| kWh per Therm per
P KWh Therm

Water Heater, Stand

All Alone Water Heater, Gas

RES_RETAIL| 1.30 0.00 0.00 0.00 0.00 0.00

Endnotes:

1 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
3: This is the weighted average baseline UEF of the medium and high draw units based in 2016-2017 rebated
units.

4 : This is the weighted average baseline UEF of the medium and high draw units based in 2016-2017 rebated
units. Source for updated baseline can be found here - 2021 _Guidehouse TRM_Final_Report

4 : This is the weighted average efficient UEF of the medium and high draw units based in 2016-2017 rebated
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units.

5 : DOE (2008). Energy Star Residential Water Heaters: Final Criteria Analysis and The Cadmus Group (2013).
2012 Residential Heating, Water Heating, and Cooling Equipment Evaluation: Net-to-Gross, Market Effects, and
Equipment Replacement Timing. The calculation of the adjustment can be found in MA PAs (2018). 2019-2021
Gas HVAC and Water Heating Calculations Workbook. MA_PAs 2020 Annual

Report Gas HVAC_WH_Calculations_ GH_2021-03-08

6 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4

7 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021_Guidehouse Res_NTG_Final_Results Memo
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1.54. Hot Water - Thermostatic Valve

Measure Code RES-WH-TV
Market Residential
Program Type Retrofit
Category Water Heating

Measure Description:

A stand-alone valve that may be used with existing showerhead. Thermostatic shut-off valve technology is

known by the trademarked name ShowerStart™.

BCR Measure IDs:

Measure Name Core Initiative Mefs(lere ID
Thermostatic Shut-off Valve, Electric (High Rise) | Residential Coordinated Delivery (RES_CD) | EA2a227
Thermostatic Shut-off Valve, Oil (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a228
Thermostatic Shut-off Valve, Other (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a229
Thermostatic Shutoff Valve, Elec Residential Retail (RES_RETAIL) EA2c082
Thermostatic Shutoff Valve, Gas Residential Retail (RES_RETAIL) EA2c083
Thermostatic Shutoff Valve, Oil Residential Retail (RES_RETAIL) EA2c084
Thermostatic Shutoff VValve, Other Residential Retail (RES_RETAIL) EA2c085
Thermostatic Shut-off Valve, Gas (High Rise) Residential Coordinated Delivery (RES_CD) | GAZ2a089
Thermostatic Shut-off Valve, Gas Residential Retail (RES_RETAIL) GA2c033
Algorithms for Calculating Primary Energy Impact:
The unit savings are deemed based on engineering analysis.!
Measure Name AKWh AKW? A MMBtu
Thermostatic Shut-off Valve, Electric (High Rise) 69 0.02
Thermostatic Shut-off Valve, Gas (High Rise) 0.34
Thermostatic Shut-off Valve, Oil (High Rise) 0.39
Thermostatic Shut-off Valve, Other (High Rise) 0.34
Thermostatic Shutoff Valve, Elec 76 0.02
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Thermostatic Shutoff Valve, Gas 0.38
Thermostatic Shutoff Valve, Oil 0.43
Thermostatic Shutoff VValve, Other 0.38

Baseline Efficiency:

The Baseline Efficiency case is an existing standard-flow showerhead (2.5 GPM) with no thermostatic shut-off
valve.

High Efficiency:

The high efficiency case is a standard-flow showerhead (2.5 GPM) with the addition of the stand-
alone thermostatic shut-off valve (the “Ladybug”).

Measure Life:

The measure life is 15 years.®

Measure Name Core Initiative PA | EUL OYF RUL AML
. RES CD
Thermostatic Shut-off Valve RES_RETAIL All 15 n/a n/a 15

Other Resource Impacts:

In Res Retail the water savings are 621 gallons per unit. In RCD the water savings are 558 gallons per unit.*

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initiative PA | ISR RRe | RRne | RRsp | RRwe CFsp CFWP

Thermostatic Shut-off Valve, Electric RES CD |AIl|1.00|1.00| 1.00 | 1.00 | 1.00 | 0.31| 081

Thermostatic Shut-off Valve, Gas RES CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

Thermostatic Shut-off Valve, Oil RES CD |AIl|1.00|1.00| 1.00 | n/a n/a n/a n/a

Thermostatic Shut-off Valve, Other RES CD |AIl|1.00|1.00| 1.00 | n/a n/a n/a n/a

Thermostatic Shut-off Valve, Elec |RES_RETAIL|AIll | 0.78 | 1.00 | 1.00 | 1.00 | 1.00 | 0.31 | 0.81

Thermostatic Shut-off Valve, Gas |RES _RETAIL|AIl | 0.78 | 1.00 | 1.00 | n/a n/a n/a n/a

Thermostatic Shut-off Valve, Oil RES _RETAIL|AIl| 0.78 | 1.00 | 1.00 n/a n/a n/a n/a

Thermostatic Shut-off Valve, Other |RES RETAIL| All | 0.78 | 1.00 | 1.00 n/a n/a n/a n/a

In-Service Rates:
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In RCD all installations have 100% in service rate. Res Retail in service rate is based on evaluation results.

Realization Rates:

Realization rates are set to 100% since savings are deemed.

Coincidence Factors:

Coincidence factors are estimated using the demand allocation methodology described in the Demand
Impact Model.®

Impact Factors for Calculating Net Savings:

Net to gross factors for High Rise based on evaluation results.” 8

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG
Thermostatic Shut-off Valve (High Rise) RES_CD All | 0.14 | 0.0 0.0 0.86
Thermostatic Shutoff Valve RES_RETAIL All | 0.03 | 0.00 | 0.00 | 0.97

Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1 : National Grid (2014). Review of ShowerStart evolve. National Grid_2014 ShowerStart_Savings_Final_2015-
2-9

2 : Navigant Consulting (2018). Demand Impact Model Update.

2018 Navigant_Baseline Loadshape Comprehensive Report

3 : Guidehouse (2021). Comprehensive TRM Review. 2021_Guidehouse_ TRM_Final_Report

4 : National Grid (2014). Review of ShowerStart evolve. National Grid 2014 ShowerStart_Savings_Final 2015-
2-9

5: NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021_NMR_Products_ISR

6 : Navigant Consulting (2018). Demand Impact Model Update.

2018 Navigant Baseline_Loadshape Comprehensive_Report

7 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures
Workbook 2021_Guidehouse Res_NTG_Final_Results Memo

8 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021 _NMR_Res Products NTG_Report
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1.55. Lighting - LED Fixture

Measure Code RES-L-F
Market Residential

Program Type Retrofit

Category Lighting

Measure Description:

Replacement of existing inefficient fixtures with the installation of new efficient fixtures.

BCR Measure IDs:

BCR
Measure Core Initiative Measure
ID

LED Fixture, Common Area (Attached Low Rise)  |Residential Coordinated Delivery (RES_CD) |[EA2a160

LED Fixture, Common Area, Linear (Attached Low

Rise) Residential Coordinated Delivery (RES_CD) |[EA2a161

LED Fixture, Common Area, Exterior (Attached Low

Rise) Residential Coordinated Delivery (RES_CD) |[EA2a162

LED Fixture, Indoor Common Area (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a244

LED Fixture, Linear Indoor Common Area (High Rise) | Residential Coordinated Delivery (RES_CD) | EA2a245

LED Fixture, Outdoor Common Area (High Rise) Residential Coordinated Delivery (RES_CD) | EA2a246

Algorithms for Calculating Primary Energy Impact:

Vendor calculated unit savings are calculated using the following algorithms and assumptions:
AkWh = Hourspre * ((QTYPRE X WattSpRE) - (QTYEE X WattsEE)) /1000
AkW = AkWh x KW/KWh

Where:

QTYpPre = Quantity of pre-retrofit fixtures/bulbs

QTYEE = Quantity of efficient fixtures/bulbs installed

Wattspre = Rated watts of pre-retrofit fixtures/bulbs

Wattsee = Rated watts of efficient fixtures/bulbs installed

Hourspre = Annual hours of operation for pre-retrofit case lighting fixtures. Note that any reduction in hours of
operation due to the addition of lighting controls are calculated separately; refer to that TRM entry.

kW/kWh = Average kW reduction per kWh reduction: 0.00030 kW/kWh?
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Annual hours of use for Residential Coordinated Delivery are based on evaluation results.2 *# Annual hours of
use for Income Eligible in-unit fixtures are deemed based on the space type -- see table below.> Annual hours of
use for Income Eligible common area fixtures are determined on a site-by-site basis by the vendor.

Measure Name Core Initiative | A Watts HOU #of Bulbs| AKWh AKW
LED Fixture, Common Area Vendor Vendor
(Attached Low Rise) RES_CD Vendor Calc 6388 Calc Calc Calculated
LED Fixture, Common Area, Vendor Vendor
Linear (Attached Low Rise) RES CD Vendor Calc 6388 Calc Calc Calculated
LED Fixture, Common Area, Vendor Vendor
Exterior (Attached Low Rise) RES_CD Vendor Calc 6388 Calc Calc Calculated
LED Fixture, Indoor Vendor Vendor
Common Area (High Rise) RES_CD Vendor Calc 6388 Calc Calc Calculated
LED Fixture, Linear Indoor Vendor Vendor
Common Area (High Rise) RES CD Vendor Calc 6388 Calc Calc Calculated
LED Fixture, Outdoor Vendor Vendor
Common Area (High Rise) RES CD Vendor Calc 6388 Calc Calc Calculated
In-Unit Space Type Annual Hours of Use (HOU)
Bedroom 730
Bathroom 657
Kitchen 1,460
Living Space 1,205
Dining Room 986
Exterior 2,008
Other 621

Baseline Efficiency:

The baseline efficiency case for Residential Coordinated Delivery and Income Eligible Coordinated Delivery is
the existing fixture on site, as identified by the vendor.

High Efficiency:
The high efficiency case is an ENERGY STAR ® rated LED fixture.
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Measure Life:
The tables below include the EUL and AML for LED Fixtures.?
Measure Name Core Initiative PA EUL OYF RUL AML

LED Fixture, Indoor In Unit

(Multifamily) RES_CD All 20 n/a n/a 5

LED Fixture, Common Area
(Attached Low Rise);
RES_CD All 6 n/a n/a 6
LED Fixture, Indoor Common Area
(High Rise)

LED Fixture, Common Area,
Linear (Attached Low Rise);
RES CD All 8 n/a n/a 8
LED Fixture, Linear Indoor
Common Area (High Rise)

LED Fixture, Common Area,

Exterior (Attached Low Rise);

RES_CD All 11 n/a n/a 11

LED Fixture, Outdoor Common
Area (High Rise)

Other Resource Impacts:

There are no other resource impacts. Interactive effects for direct install lighting are assumed to be captured in the
realization rates for insulation measures within the same program.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative| PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

LED Fixture, Common Area

(Attached Low Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.19 | 0.35

LED Fixture, Common Area,

Linear (Attached Low Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.19 | 0.35

LED Fixture, Common Area,

Exterior (Attached Low Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.19 | 0.35

LED Fixture, Indoor Common

Area (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.34 | 0.30

LED Fixture, Linear Indoor

Common Area (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.34 | 0.30

LED Fixture, Outdoor Common

Area (High Rise) RES_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.19 | 0.20
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In-Service Rate:
Residential Coordinated Delivery high rise LED fixture ISRs are from the Navigant evaluation report.!!

Realization Rates:
The realization rate for Multifamily Common Area lighting in Income Eligible Coordinated Delivery are PA
specific and come from the 2015 Cadmus Low-Income Multifamily evaluation report.?

Coincidence Factors:
Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.

Impact Factors for Calculating Net Savings:

Net to gross factors for Residential Coordinated Delivery high rise and common area LED Fixtures are from the
Navigant Multi-Family evaluation.®

Measure Name Core Initiative | PA | FR | SOp |SOne |NTG
LED Fixture, Common Area (Attached Low Rise) RES_CD All 0.86
LED Fixture, Common Area, Linear (Attached Low Rise) RES_CD All 0.86
LED Fixture, Common Area, Exterior (Attached Low Rise) RES CD All 0.86
LED Fixture, Indoor Common Area (High Rise) RES_CD All 0.86
LED Fixture, Linear Indoor Common Area (High Rise) RES_CD All 0.86
LED Fixture, Outdoor Common Area (High Rise) RES_CD All 0.86
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Core Annual | One-time Annual $ One-time | Annual $ | One-time
Measure Name Initiative PA | $per $ per er KWh $ per per $ per
Unit Unit P KWh Therm | Therm
LED Fixture, Common
Area (Attached Low Rise) RES CD | All | $91.00 $0.03
LED Fixture, Common
Area, Linear (Attached |RES _CD | All $0.03
Low Rise)
LED Fixture, Common
Area, Exterior (Attached |RES_CD | All $0.03
Low Rise)
LED Fixture, Indoor
Common Area (High Rise) RES_CD | All | $91.00 $0.03
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LED Fixture, Linear

Indoor Common Area | RES _CD | All | $91.00 $0.03
(High Rise)
LED Fixture, Outdoor | pes o | Al | $91.00 $0.03

Common Area (High Rise)

Endnotes:

1 : Navigant Consulting (2018). Demand Impact Model Update.
2018 Navigant Baseline Loadshape Comprehensive Report

2 : NMR Group, Inc. (2018). 2019-2021 Planning Assumptions: Lighting Hours-of-Use and In-Service Rate.
2018 NMR_LTGHOU ISR

3 : NMR Group, Inc. (2014). Northeast Residential Hours of Use Study. NMR_2014

Northeast Residential Lighting HOU

4 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant Multifamily Program Impact Evaluation

5: NMR Group, Inc. (2020). Residential Lighting Hours-of-Use Quick Hit Study (MA20R21-E).

2019 NMR LightingHOU

Update

9 : MA PAs (2018). 2019-2021 Lighting Worksheet. MA_PAs_Lighting_Worksheet PY?2019-2021
11 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant Multifamily Program Impact Evaluation

12 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation

CADMUS 2015 Low Income Multifamily Impact Evaluation

13 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential _Baseline Phase 4
16 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant Multifamily Program Impact Evaluation
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1.56.  Lighting - Occupancy Sensors

Measure Code RES-L-OS

Market Residential
Program Type Retrofit
Category Lighting

Measure Description:

The installation of occupancy sensors for lighting fixtures. This measure involves installing an occupancy sensor
that controls lighting fixtures and limits their use when the space is unoccupied.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Occupancy Sensor, Common Residential Coordinated Delivery EA2a163
Avrea (Attached Low Rise) (RES_CD)
Occupancy Sensor, Common Residential Coordinated Delivery EA2a247
Area (High Rise) (RES_CD)
Occupancy Sensor, Common C&l Existing Building Retrofit EC22098
Area (Residential End Use) (CI_RETRO)

Algorithms for Calculating Primary Energy Impact:
Unit savings are based on one of the following algorithms, as appropriate to the situation.

For on/off sensors, savings are as follows:
AkWh = (WattsControlled * Hours * SVG)/ 1000

Where:

Watts controlled = Connected load wattage controlled by Sensor

Hours = Run time of fixture before the installation of sensors

Svg = Percentage by which hours of operation are reduced due to the sensor; site specific

For high/low sensors, savings are as follows:
AkWh = ((HighWatts - LowWatts) * Hours)/ 1000

Where:

HighWatts = Full load of fixture

LowWatts = Wattage of fixture when no occupancy is detected; input by auditor, typically 50% of HighWatts
Hours = Run time of fixture (24 hours, fixtures are always on)

November 2021 224
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Residential Efficiency Measures

Baseline Efficiency:

The baseline condition for this measure is a lighting fixture that is not controlled by an occupancy sensor.

High Efficiency:
The high efficiency case is a lighting fixture that operates with connected occupancy sensors.

Measure Life:

The measure life is 10 years.

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Ini(iioart?ve PA| ISR | RRe |RRwe| RRsp | RRwe | CFsp | CFup
Occupancy Sensor, Common Area All All | 1.00 | 1.00 | 1.00 | 1.00 1.00 0.15 0.13
In-Service Rates:
In-service rates are set to 100% based on the assumption that all purchased units are installed.
Realization Rates:
Realization rates are set to 100%.
Coincidence Factors:
Coincidence factors come from the Demand Impact Model.
Impact Factors for Calculating Net Savings:
Net to gross factors for Residential Coordinated Delivery are from the Guidehouse NTG evaluation.
Measure Name Core 1 pA| FR | SOp | SOw | NTG
Initiative
Occupancy Sensor, Common Area (Attached Low Rise) RES CD
Occupancy Sensor, Common Area (High Rise) RES CD | All | 0.14 0.86
Occupancy Sensor, Common Area (Residential End Use) | CI_RETRO
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
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. Annual . Annual | One-time
meesure ame | S0t | pa | AT 8P| Sneime s per | OneiheS) s | S per
P kWh P Therm | Therm
Occupancy Sensor, RES D | All
Common Area -
Endnotes:
1 : Navigant Consulting (2018). Demand Impact Model Update.
2018 Navigant Baseline Loadshape Comprehensive Report
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1.57. Lighting - Residential

Measure Code RES-L-LEDB
Market Residential
Program Type Lost Opportunity, New Construction, Retrofit
Category Lighting

Measure Description:

The installation of Light-Emitting Diode (LED) bulbs and fixtures. LEDs offer comparable luminosity to
incandescent and halogen bulbs at significantly less wattage and significantly longer lamp lifetimes.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
LED Bulb, Common Area, Other Residential Coordinated Delivery EA2a159
(Attached Low Rise) (RES_CD)
LED Bulb, Common Area (High Residential Coordinated Delivery
Rise) (RES_CD) EA2a243
LED Bulb, Common Area C&l Existing Building Retrofit EC24094
(Residential End Use) (CI_RETRO)
LED Fixture, Common Area Residential Coordinated Delivery EA2a160
(Attached Low Rise) (RES_CD)
LED Fixture, Common Area, Residential Coordinated Delivery EA2a161
Linear (Attached Low Rise) (RES_CD)
LED Fixture, Common Area, Residential Coordinated Delivery EA2a162
Exterior (Attached Low Rise) (RES_CD)
LED Fixture, Indoor Common Residential Coordinated Delivery EA2a244
Area (High Rise) (RES_CD)
LED Fixture, Linear Indoor Residential Coordinated Delivery EA2a245
Common Area (High Rise) (RES_CD)
LED Fixture, Outdoor Common Residential Coordinated Delivery EA2a246
Area (High Rise) (RES_CD)
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Algorithms for Calculating Primary Energy Impact:

Factors for Calculating Savings for Residential Lighting

Delta watts! and hours of use? ® noted in the table below for deemed measures are based on evaluation results. For
vendor-calculated measures, delta watts are based on verification of pre-installation wattage, and hours of use are
input by the vendor based on space type. For common area measures in multifamily buildings (labeled Attached
Low Rise, High Rise, and Residential End Use), vendors reference the hours recommended in the Navigant
Multifamily Impact Study*(see table below). For Income Eligible In-Unit Fixtures, vendors reference the

2014 Northeast HOU Study (see table below).> For Income Eligible common area measures, vendors calculate
the hours based on site conditions.

Savings are then calculated per the algorithm below.
AkWh = ((QTYPRE X WattSpRE) - (QTYEE X WattsEE) X HOUFS)/lOOO
AkW = AkWh x kW/kWh

Where:
QTYPRE = Quantity of pre-retrofit fixtures/bulbs
QTYEE = Quantity of efficient fixtures/bulbs installed

WattsPRE = Rated watts of pre-retrofit fixtures/bulbs

WattsEE = Rated watts of efficient fixtures/bulbs installed

Hours = Annual hours of operation for pre-retrofit case. Note that any reduction in hours of operation due to the
addition of lighting controls are calculated separately; refer to the relevant TRM entry.

KW/KWh = Average KW reduction per kWh reduction: 0.00025 kW/kWh?®

Core Annual
Measure Name Initiative A Watts HOU # of Bulbs AKWh AKW
LED Bulb, Common Area Vendor Varies by Vendor
(Attached Low Rise) RES_CD Input Space Type N/A Calculated Calculated
LED Bulb, Common Area RES CD
(High Rise) - Vendor | Varies by N/A vendor | e
LED Bulb, Common Area || reTro|  IMPUt | Space Type Calculated
(Residential End Use) -
LED Fixture, Common Area Vendor Vendor Vendor
(Attached Low Rise) RES_CD Calc 6388 Calc Calc Calculated
LED Fixture, Common Area, Vendor Vendor Vendor
Linear (Attached Low Rise) RES_CD Calc 6388 Calc Calc Calculated
LED Fixture, Common Area, Vendor Vendor Vendor
Exterior (Attached Low Rise) RES_CD Calc 6388 Calc Calc Calculated
LED Fixture, Indoor Common Vendor Vendor Vendor
Area (High Rise) RES_CD Calc 6388 Calc Calc Calculated
LED Fixture, Linear Indoor Vendor Vendor Vendor
Common Area (High Rise) RES_CD Calc 6388 Calc Calc Calculated
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LED Fixture, Outdoor Vendor Vendor Vendor

Common Area (High Rise) RES_CD 6388 Calculated

Calc Calc Calc

Income-Eligible In-Unit Fixture HOU

Space Type Annual HOU
Bedroom 730
Bathroom 657

Kitchen 1,460
Living Space 1,205
Dining Room 986

Exterior 2,008

Other 621

Baseline Efficiency:

The baseline efficiency case for Income Eligible Coordinated Delivery in-unit bulbs is a combination of an
incandescent bulb and halogen bulb. The baseline efficiency case for In-Unit Fixtures and all Common Area bulbs
and fixtures is the existing site conditions, as identified by the vendor.

High Efficiency:
The high efficiency case is an LED.

Measure Life:

The table below includes the Expected Useful Life (amount of time the LED is physically expected to last) and
Adjusted Measure Life (the amount of time that the PAs claim savings). EULs for bulbs are based on a rated
lifetime of 15,000 hours, per ENERGY STAR specifications. EULs for Common Area Fixtures are based on the
following rated lives: Indoor - 55,000 hours; Linear - 75,000 hours; Exterior - 50,000 hours. AMLs for in-unit
bulbs were derived via a consensus process with DOER. AMLs for Common Area lighting utilize.

Measure Name Core Initiative PA EUL OYF RUL AML

LED Bulb, Common Area

(Attached Low Rise) RES_CD
LED Bulb, Common Area | peq o All 3 nia nia 1

(High Rise) -

LED Bulb, Common Area CIRETRO

(Residential End Use)
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LED Fixture, Indoor In

Unit (Multifamily) RES_CD All 20 n/a n/a 5

LED Fixture, Common
Area (Attached Low Rise);
RES CD All 6 n/a n/a 6

LED Fixture, Indoor
Common Area (High Rise)

LED Fixture, Common
Area, Linear (Attached

Low Rise); RES CD All 8 n/a n/a 8
LED Fixture, Linear Indoor
Common Area (High Rise)

LED Fixture, Common
Area, Exterior (Attached
Low Rise); RES_CD Al 11 n/a n/a 11

LED Fixture, Outdoor
Common Area (High Rise);

Other Resource Impacts:

There are no other resource impacts. Interactive effects for direct install lighting are assumed to be captured in the
realization rates for insulation measures within the same program.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initiative PA | ISR RRe RRnNe RRsp RRwe CFsp CFWP

LED Bulb, Common Area,

(Attached Low Rise) RES_CD | All |1.00| 1.00 1.00 1.00 1.00 0.80 0.61

LED Bulb, Common Area
(High Rise) RES_CD

All {1.00| 1.00 1.00 1.00 1.00 0.80 0.61
LED Bulb, Common Area |ClI_RETRO
(Residential End Use)

LED Fixture, Common Area

(Attached Low Rise) RES_CD | All {1.00| 1.00 1.00 1.00 1.00 0.19 0.35

LED Fixture, Common Area,

Linear (Attached Low Rise) RES_CD | All |{1.00| 1.00 1.00 1.00 1.00 0.19 0.35

LED Fixture, Common Area,

Exterior (Attached Low Rise) RES_CD | All |1.00| 1.00 1.00 1.00 1.00 0.19 0.35
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LED Fixture, Indoor Common

Area (High Rise) RES_CD | All |1.00| 1.00 1.00 1.00 1.00 0.34 0.30

LED Fixture, Linear Indoor

Common Area (High Rise) RES_CD | All |1.00| 1.00 1.00 1.00 1.00 0.34 0.30

LED Fixture, Outdoor Common

Area (High Rise) RES_CD | All {1.00| 1.00 1.00 1.00 1.00 0.19 0.20

In-Service Rate:
Residential Coordinated Delivery high rise ISRs are based on evaluation.® All other Direct Install ISRs are
assumed to be 100%.

Realization Rates:
Realization rates for Multifamily Common Area Lighting in Income Eligible Coordinated Delivery are PA
specific and based on evaluation.®

Realization rates for Income Eligible In-Unit lighting and non-income-eligible Common Area lighting are also
100% as vendors are using deemed HOU by space type.™

Impact Factors for Calculating Net Savings:

Net to gross factors for Residential Coordinated Delivery are from the "Massachusetts Residential Programs Net-
to-Gross Research of RCD and Select Products Measures" evaluation.®

Core
Measure Name Initiative PA FR | SOp | SOne | NTG
LED Bulb, Common Area (Attached Low Rise) RES_CD | All | 0.14 0.86
LED Bulb, Common Area (High Rise) RES_CD
All | 0.14 0.86
LED Bulb, Common Area (Residential End Use) ClI_RETRO
LED Fixture, Common Area (Attached Low Rise) RES_CD | All | 0.14 0.86
LED Fixture, Common Area, Linear (Attached Low Rise) | RES CD | All | 0.14 0.86
LED Fixture, Common Area, Exterior (Attached Low Rise)| RES CD | All | 0.14 0.86
LED Fixture, Indoor Common Area (High Rise) RES_CD | All | 0.14 0.86
LED Fixture, Linear Indoor Common Area (High Rise) RES CD | All | 0.14 0.86
LED Fixture, Outdoor Common Area (High Rise) RES_CD | All | 0.14 0.86
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Core One-| Annual One- Annual One-
Measure Name Initiative PA Annual $ per Unit time| $per time $ $ per time $
$ kWh Therm
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per per per
Unit KWh Therm
LED Bulb, $26/Unit. Values are
Common Area applied per fixture in the
(Attached Low RES_CD | All BC model, and adjusted for $0.027
Rise) the number of fixtures/unit.
LED Bulb,
Common Area
. ; RES_CD .
(High Rise) - $26/Unit. Values are
applied per fixture in the
LED Bulb, Al B model, and adjusted for $0.027
Common Area the number of fixtures/unit.
(Residential End CI_RETRO
Use)
LED Fixture, $26/Unit. Values are
Common Area applied per fixture in the
(Attached Low RES_CD | All BC model, and adjusted for $0.027
Rise) the number of fixtures/unit.
LED Fixture,
Common Area,
Linear (Attached RES _CD | All $0.027
Low Rise)
LED Fixture,
Common Area,
Exterior (Attached RES_CD | All $0.027
Low Rise)
LED Fixture, a $2Iii/c§J ntlatr. ﬁtjrisi?]rihe
Indoor Common | RES cD | All | 2P y f Hadusted $0.027
Area (High Rise) BC model, an adjusted for
the number of fixtures/unit.
LED Fixture, $26/Unit. Values are
Linear Indoor RES CD | All applied per fixture in the $0.027
Common Area - BC model, and adjusted for '
(High Rise) the number of fixtures/unit.
LED Fixture, a $2Ii6e/(;J ntlatr' ﬁtjrisiirfhe
Outdoor Common | RES_CD | All Bé)p q F d adiusted f $0.027
Area (High Rise) MOGe, and a Juste or
the number of fixtures/unit.
Endnotes:
1: NMR Group, Inc. (2020). Delta Watt Update (MA19R09-E). 2019 NMR_DeltaWattReport
2 : NMR Group, Inc. (2020). Residential Lighting Hours-of-Use Quick Hit Study (MA20R21-E).
2019 NMR_LightingHOU_Update
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3 : Navigant (2017). Multifamily Program Improvement Strategies (RES42).

Navigant 2017 _MF _Program_Improvement Strategies Premil Results

4 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

5: NMR Group, Inc. (2014). Northeast Residential Hours of Use Study. NMR_2014

Northeast_Residential _Lighting HOU

6 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
9 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

10 : Cadmus (2015). Low Income Multifamily Impact Impact Evaluation.

CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

11 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

16 : Guidehouse (2021). Massachusetts Residential Programs Net-to-Gross Research of RCD and Select Products
Measures. 2021_Guidehouse MA_Res NTG_Final_Report
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1.58. Motor - Pool Pump

Measure Code RES-MAD-PP
Market Residential
Program Type Retrofit
Category Motors and Drives

Measure Description:

The installation of an Energy Star rated pool pump.

BCR Measure IDs:

Measure Name Core Initiative

BCR Measure ID

Pool Pump (Energy Star) Residential Retail (RES_RETAIL)

EA2c071

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions® :
AkWh = UEChaseline - UECefficient

UECannual = UECday * days

UECuday = (hourSiow * Piow + hourshigh * Phigh )/1000

Where:

UEChaseline = Unit Energy Consumption per year for the baseline condition (kWh)
UECsiicient = Unit Energy Consumption per year for the efficient condition (kWh)
UEC = Unit Energy Consumption per year (kwh)

days = Annual days of operation, 122 days

Prhigh = Input power at high speed (W)

hoursnigh = Daily operating hours at high speed

Piow = Input power at high speed (W)

hoursi,w = Daily operating hours at low speed

1,000 = 1,000 Watt-hours per kwWh

Demand savings are derived from the demand impact model which is developed as part of the Residential

Baseline Study.?

Measure Name AKWh

AKW

Pool Pump 151

0.16
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Baseline Efficiency:
The baseline efficiency case is pump that meets the July 2021 federal standard.®

High Efficiency:

The high efficiency case is an Energy Star rated pump.

Measure Life:

The measure life is 6 years.*

Measure Name Core Initiative PA EUL OYF RUL AML
Pool pump RES_RETAIL All 6 n/a n/a 6
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core Initiative PA | ISR | RRe | RRne | RRse | RRwe | CFsp | CFwe
Pool Pump RES_RETAIL All | 1.00 | 1.00 n/a 1.00 1.00 0.55 | 0.05

In-Service Rates:

In-service rates are set to 100% based on the assumption that all purchased units are installed.

Realization Rates:

Realization rates are set to 100% as savings are deemed.

Coincidence Factor:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the

Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-gross factors are based on evaluation study results.®

2022
Measure Name Core Initiative PA FR SOp SOnp NTG
Pool Pump RES_RETAIL All 0.11 0.00 0.00 0.89
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2023
Measure Name Core Initiative PA FR SOp SOnp NTG
Pool Pump RES_RETAIL All 0.13 0.00 0.00 0.87

2024
Measure Name Core Initiative PA FR SOp SOnp NTG
Pool Pump RES_RETAIL All 0.16 0.00 0.00 0.84

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2021). Pool Pump Savings Calculations. 2021_Guidehouse_Pool Pump Savings

Estimate July2021

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 _Guidehouse_Residential_Baseline_Phase_4
3 : DOE Direct Final Rule Technical Support Document https://www.regulations.gov/document/EERE-2015-BT-

STD-0008-0105

4 : Guidehouse (2021). Comprehensive TRM Review. 2021 _Guidehouse_ TRM_Final_Report
5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline_Phase 4

6 : NMR Group, Inc. (2021). Residential Products NTG Report. 2021 NMR_Res_Products NTG_Report
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1.59. Motor - Variable Frequency Drive

Measure Code RES-MAD-VFD
Market Residential
Program Type Retrofit
Category Motors and Drives

Measure Description:

This measure covers the installation of variable speed drives according to the terms and conditions stated on the
statewide worksheet. The measure covers multiple end use types and building types. The installation of this
measure saves energy since the power required to rotate a pump or fan at lower speeds requires less power than
when rotated at full speed.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Custom - Motors & VFD Residential Coordinated Delivery (RES_CD) EA2a250

Algorithms for Calculating Primary Energy Impact:
AkWh = (HP)(kWh/HP)

AKW = (HP)(kW/HPsp)

Where:

HP = Rated horsepower for the impacted motor.
kWh /HP = Annual electric energy reduction based on building and equipment type. See table below.
kw / HPsp = Summer demand reduction based on building and equipment type. See table below.

WS
. S . . Boiler Hot MAF - Heat
_ Buildi | Building | Cooling | Chilled Feed | Water | Make- | Return Supp Pump
Savings Factor| ng Exhaust | Tower | Water . . : ly .
Water | Circulati| up Air | Fan Circula
Type Fan Fan Pump Fan -
Pump [{ng Pump| Fan ting
Loop
Annual Energy Multi-
Savings Factors Eamil 3202 889 1633 | 2340 1548 3082 1788 | 2033 | 2563
(KWh/HP) y
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Summer
Demand Multi-
Savings Factors | Family
(KW/HPsp)

0.109 | -0.023 | 0.183 | 0.457 | 0.096 0.109 | 0.302 |0.288| 0.229

Winter
Demand Multi-
Savings Factors | Family
(KW/HPwp)

0.109 -0.006 | 0.194 | 0.221 | 0.221 0.109 | 0.274 |0.265| 0.297

kW / HPwe = Winter demand reduction based on building and equipment type. See table below.

Savings factors below already account for motor efficiency and consequently an adjustment is not required in the
algorithm.

Savings Factors for VFDs! 2 (kwWh/HP and kW/HP)

Baseline Efficiency:

The baseline efficiency case measure varies with equipment type. All baselines assume either a constant or 2-
speed motor. Air or water volume/temperature is controlled using valves, dampers, and/or reheats.

High Efficiency:

In the high efficiency case, pump flow or fan air volume is directly controlled using downstream information. The
pump or fan will automatically adjust its speed based on inputted set points and the downstream feedback it
receives.

Measure Life:
The lifetime is 15 years.®
Measure Name Core Initiative PA EUL OYF RUL AML

VFDs (High Rise) RES_CD All 15 n/a n/a 15

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp

VFDs (High Rise) RES_CD All | 1.00 | 0.86 | 1.00 0.86 086 | 024 | 0.24

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment installations.

November 2021 238
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED




Massachusetts Technical Reference Manual Residential Efficiency Measures

Realization Rates:

Realization rate is based on evaluation results.*

Coincidence Factors:

CFs for all PAs set to 1.0 since summer and winter demand savings are based on evaluation results.

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.®
Measure Name Core Initiative PA FR SOp SOnp NTG

VFDs (High Rise) RES_CD All 0.14 0.00 0.00 0.86

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Measure Name Core PA Annual $| One-time |Annual $| One-time $ | Annual $ Oge-’g;ne
Initiative per Unit |$ per Unit| per kWh | per KWh |per Therm Thgrm
VFD (High Rise) | RES_CD | All $0.00 $0.00 $0.20 $0.00 $0.00 $0.00
Endnotes:

1 : For Chilled Water Pump, Hot Water Circ. Pump, Return Fan, Supply Fan, and WSHP Circ. Loop: kW and
kWh /HP estimates derived from Cadmus (2012). Variable Speed Drive Loadshape Project. Prepared for the
NEEP Regional Evaluation, Measurement & Verification Forum. Other drive type savings estimates based on
Chan, Tumin (2010). Formulation of a Prescriptive Incentive for the VFD and Motors & VFD impact tables at
NSTAR. Cadmus_2014 VSD_L oadshape_Project

2 : For Chilled Water Pump, Hot Water Circ. Pump, Return Fan, Supply Fan, and WSHP Circ. Loop: kW and
kWh /HP estimates derived from Cadmus (2012). Variable Speed Drive Loadshape Project. Prepared for the
NEEP Regional Evaluation, Measurement & Verification Forum. Other drive type savings estimates based on
Chan, Tumin (2010). Formulation of a Prescriptive Incentive for the VFD and Motors & VFD impact tables at
NSTAR.

Chan_2010 Formulation_of a Prescriptive Incentive for_the VFD and Motors and VFD_Impact_Tables_at
NSTAR

3 : Energy & Resource Solutions (2005). Measure Life Study. ERS 2005 Measure _Life_Study

4 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

5 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products.

2021 Guidehouse_ MA Res NTG Final Report
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1.60. Other - Codes and Standards Advocacy

Measure Code RES-CM-CSA
Market Residential
Program Type Lost Opportunity, New Construction
Category Other

Measure Description:

The Mass Save Codes and Standards Advocacy program works with stakeholders to advocate for higher energy
code and appliance standards. This Advocacy is on both the state and federal level.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Codes Development and Support Residential New Homes & Renovations (RES_NH&R) EA1a020

Standards Adoption Residential Retail (RES_RETAIL) EA2c343

Codes Development and Support Residential New Homes & Renovations (RES_NH&R) GAla017

Standards Adoption Residential Retail (RES_RETAIL) GA2c079

Algorithms for Calculating Primary Energy Impact:

Savings for Program Administrator activity in the Codes and Standards Advocacy initiative will be reviewed on a
case by case basis. Each activity will have its own unique level of effort and its own corresponding level of
savings.

Savings for the Codes Development and Support measure are outlined in the table below. There are no Electric
PA residential savings for this measure. Savings are based on an evaluation study.! Savings were distributed
among gas PAs based on residential customer counts.

Savings (Therms)
PA 2022 2023 2024
Berkshire Gas 4,062 3,874 2,250
Eversource Gas of Massachusetts 34,404 32,816 19,054
Eversource Gas 30,623 29,210 16,960
Liberty Utilities 6,081 5,800 3,368
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National Grid

98,695

94,140

54,662

Unitil

1,677

1,600

929

Baseline Efficiency:

The baseline level of efficiency will also be determined on a case by case basis. The baseline level of efficiency
for each avenue of advocacy would correspond to the energy code or appliance standard that would have been in
place without the intervention of the Program Administrators.

High Efficiency:

The high efficiency case would be the energy code or appliance standard that was advocated for by the Program

Administrators.

Measure Life:

The measure life is assumed to be 20 years but could be adjusted on a case by case basis.

Measure Name Core Initiative PA EUL OYF RUL AML
Codes Development and Support RES_NH&R All 20 n/a n/a 20
Other Resource Impacts:
There are no other resource impacts associated with this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Core
Measure Name o PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp
Initiative
Codes Development and Support| RES_NH&R | All | 1.00 | 1.00 | 1.00 | 1.00 1.00 n/a n/a
Standards Adoption RES_RETAIL| All | 1.00 | 1.00 | 1.00 | 1.00 1.00 n/a n/a

In-Service Rates:

All PAs use 100% in service rate.

Realization Rates:

All PAs use 100% realization rates.

Coincidence Factors:

Per Statewide agreement, KW will not be claimed for this measure.

Impact Factors for Calculating Net Savings:

The net-to-gross value is assumed to be 100% but will be adjusted on a case by case basis. Each activity will
have its own unique level of effort and its own corresponding net-to-gross value.
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Measure Name Core Initiative PA FR SOp SOnp NTG
Codes Development and Support RES_NH&R All 0.00 0.00 0.00 1.00
Standards Adoption RES_RETAIL All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
There are no non-energy impacts associated with this measure.
Endnotes:
1: NMR Group, Inc. (2020). Code Promulgation Attribution Study.
2020_NMR_Code_Promulgation_Attribution_Study
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1.61. Other - Small Equipment Electrification

Measure Code

RES-HVAC-ELEC

Market

Residential

Program Type

Lost Opportunity

Category

Plug Load

Measure Description:

Rebates provided for the purchase of electric equipment instead of gas or propane equipment.

BCR Measure IDs:

Measure

Core Initiative

BCR Measure ID

Electric Lawnmower

Residential Retail (RES_RETAIL)

EA2c341

Electric Leafblower

Residential Retail (RES_RETAIL)

EA2c349

Electric Trimmer

Residential Retail (RES_RETAIL)

EA2c350

Electric Chainsaw

Residential Retail (RES_RETAIL)

EA2c351

Algorithms for Calculating Primary Energy Impact:
Unit kWh savings are deemed.! Demand savings are derived from the demand impact model which is developed

as part of the Residential Baseline Study.?

Measure Name Core Initiative AkWh AKW
Electric Lawnmower RES RETAIL -218 -0.23
Electric Leafblower RES_RETAIL -0.78 0.00

Electric Trimmer RES_RETAIL -0.71 0.00

Electric Chainsaw RES RETAIL -1.02 0.00

Baseline Efficiency:

The baseline efficiency case for electric lawn equipment is gas powered versions of the equipment.

High Efficiency:

The high efficiency case is electric lawn equipment.
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Measure Life:

The measure life is shown below.?

Measure Name Core Initiative PA | EUL | OYF | RUL | AML
Electric Lawnmower RES_RETAIL All 7 n/a n/a 7
Electric Leafblower RES_RETAIL All 8 n/a n/a 8

Electric Trimmer RES_RETAIL All 8 n/a n/a 8

Electric Chainsaw RES_RETAIL All 8 n/a n/a 8

Other Resource Impacts:

Measure Name Core Initiative PA (MGI\;‘?.:_iBi)4
Electric Lawnmower RES_RETAIL All 2.5
Electric Leafblower RES_RETAIL All 14

Electric Trimmer RES RETAIL All 14

Electric Chainsaw RES_RETAIL All 14
Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative |PA| ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp
Electric Lawnmower RES_RETAIL |AIl| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.55 | 0.00
Electric Leafblower RES_RETAIL |AIl| 1.00|1.00 | 1.00 | 1.00 | 1.00 | 0.55 | 0.00

Electric Trimmer RES_RETAIL |AIl| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.55 | 0.00
Electric Chainsaw RES_RETAIL |AIl| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.55 | 0.00

In-Service Rates:

The in-service rate is assumed to be 100% absent evaluation.

Realization Rates:

The realization rate is assumed to be 100% absent evaluation.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described in the
Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA | FR SOp | SOne | NTG
Electric Lawnmower RES_RETAIL All | 0.00 0.00 0.00 1.00
Electric Leafblower RES_RETAIL All | 0.00 0.00 0.00 1.00

Electric Trimmer RES_RETAIL All | 0.00 0.00 0.00 1.00

Electric Chainsaw RES_RETAIL All | 0.00 0.00 0.00 1.00

Non-Energy Impacts:

There are no non-energy impacts for this measure.

Endnotes:

1: Vermont Act 56 Tier Il Technical Advisory Group 2020 Annual Report

2 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline Phase 4
3: Vermont Act 56 Tier Il Technical Advisory Group 2020 Annual Report

4 : Vermont Act 56 Tier 11l Technical Advisory Group 2020 Annual Report

5 : Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse Residential Baseline Phase 4
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1.62. Plug Load - Advanced Power Strip

Measure Code RES-PL-APS
Market Residential
Program Type Retrofit
Category Plug Load

Measure Description:

Advanced power strips can automatically eliminate standby power loads of electronic peripheral devices that are
not needed (DVD player, computer printer, scanner, etc.) either automatically or when an electronic control
device (typically a television or personal computer) is in standby or off mode.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Smart Strip, Tier 1 Residential Coordinated Delivery (RES_CD) EA22a008
Smart Strip, Tier 2 Residential Coordinated Delivery (RES_CD) EA2a009
Smart Strip, Tier 1 Residential Retail (RES_RETAIL) EA2c073
Smart Strip, Tier 2 Residential Retail (RES_RETAIL) EA2c074
Smart Strip, Tier 1 Residential Coordinated Delivery (RES_CD) GA2all6
Smart Strip, Tier 2 Residential Coordinated Delivery (RES_CD) GA2all7

Algorithms for Calculating Primary Energy Impact:

Unit kWh savings are deemed based on study results.! Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Savings for Smart Strips

Measure Name Core Initiative kWh kW
Smart Strip, Tier 1 All 105 0.01
Smart Strip, Tier 2 All 207 0.02

Baseline Efficiency:

The baseline efficiency case is the customers' devices as they are currently operating.
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High Efficiency:

The high efficiency case is the installation of an Advanced Power Strip.

Measure Life:

The measure life is assumed to be 5 years.
Measure Name Core Initiative PA EUL OYF RUL AML

Smart Strip RES_CD, RES_RETAIL All 5 n/a n/a 5

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name | Core Initiative| PA ISR RREe RRNe RRsp RRwp CFsp CFwp

Smart Strip, Tier 1 RES_CD All | 0.73 | 0.92 n/a 0.92 0.92 1.00 1.00

Smart Strip, Tier 2 RES_CD All | 0.73 | 0.92 0.92 0.92 0.92 1.00 1.00

Smart Strip, Tier1 | RES_RETAIL | All | 0.83 | 0.92 0.92 0.92 0.92 1.00 1.00

Smart Strip, Tier 2 | RES_RETAIL | All | 0.83 | 0.92 0.92 0.92 0.92 1.00 1.00

In-Service Rates

For RCD In-Service Rates are blended and based on evaluation results.2* For Retail In-service rates are based on
consumer surveys, as found in the referenced study.®

Realization Rates

Realization rates account for the savings lost due to improper customer set-up/use of devices, as found in the
referenced study.®

Coincidence Factors

Summer and winter coincidence factors are from the referenced study.’

Impact Factors for Calculating Net Savings:

Net to gross factors are based on study results.2  The study produced separate values for smart strips that were
mailed as part of a VHEA and those that were left behind during an in-person HEA. The values in the table
below are a weighted average where it was assumed that half would be mailed and half would be left behind in
2022-2024.
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Measure Core Initiative PA 2022 NTG 2023 NTG 2024 NTG
Smart Strip, Tier 1 RES_CD All 0.94 0.94 0.92
Smart Strip, Tier 2 RES_CD All 0.94 0.94 0.92
Smart Strip, Tier 1 RES_RETAIL All 0.91 0.90 0.88
Smart Strip, Tier 2 RES_RETAIL All 0.91 0.90 0.88

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

CONOOT A~ WN B

: NMR Group, Inc. (2019). Advanced Power Strip Metering Study. 2019 NMR_APSMeteringReport_Revised

: Guidehouse (2020). Residential Baseline Study Phase 4 2020 Guidehouse_Residential _Baseline Phase 4
: Guidehouse (2021). Virtual Home Energy Assessment Study. 2021 Guidehouse VHEA Report FINAL

: Guidehouse (2021). RCD ISR Analysis. 2021_Guidehouse_RCD ISR 2020 Analysis FINAL

: NMR Group Inc. (2021). Residential Products In Service Rates Memo. 2021_NMR_Products ISR

: NMR Group, Inc. (2019). Advanced Power Strip Metering Study. 2019 NMR_APSMeteringReport_Revised

: NMR Group, Inc. (2019). Advanced Power Strip Metering Study. 2018 NMR_APS_Metering_Report

: NMR Group, Inc. (2021). Residential Products NTG Report. 2021_NMR_Res Products NTG_Report

November 2021

© 2021 Massachusetts Electric and Gas Energy

Efficiency Program Administrators, ALL RIGHTS RESERVED

248


https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488726996f2b1b57df7a3/view?authToken=a3e3210de23b43cc903a1b7518880a47207f78c263186eac12b1a27bec89cd5cbe2dbb0977e78eca65b7d74358ee95e1199262a5bbebab88871831687f38be4c89fdbbc2640f3a
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=d0098dab8f61e98f9f8f5f18f7781562b23b699e6ec7935bb315ecded801916c311212382d6fc5443ecdfb1e38c51e99034af0b40bcdfe1909e73ee609c856b144577385a370ee
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/604f5abd7052b569e8c588b2/view?authToken=99fb81ef35cbf64d80ae14e36a74720fce330f612198dbb23e8c1906605ce335658d1c54cc3ca4e5ccd87ec3ca14129f8d7e69bf7b21265f59acda8cf13fa6e7a1102d6c850c2d
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/604f5accd3cabcc056515601/view?authToken=bb990c8bef97ce8ab5c91905025dd96c8c59d3576572eccb0084f4e786ed59b46d17110e37c16dd58e1a8e030ef715e2c6aee960d57b5801d2063a9bf64b2b24874a4a83fe364c
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/605b451c728e9071a5b9259a/view?authToken=c1400d61b0af21e6123b090488728242ce54de1dcd1555f745696ac47f519fbc0f0b9d284eb643fa61e59038be27a29403af13f048bf26d5e18b1f56dcfb36221c9fef495ed2e6
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488726996f2b1b57df7a3/view?authToken=38f79faa351b9edfce7852cd1a34edf5bcdc3bf15edb6feb4c6b84986da1f3eefe32ffef5cdfe5344a1c386121fa16c830bb654f7dc7572bf873403fbf69d432eb7788685f409e
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885d6996f2671b7df749/view?authToken=b195794e318792e45a96ad481dcfadcd0ba6e33c55315a5a66e8eb0bb7106899b42efe9ab1ff2a78a3d762ea5d1166958a7c1970215ecff76250a34a05fca74201ab92dae58c86
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/60f702453b918e0481ba635b/view?authToken=16ef85eb1a3dd3432edde567b85260bd0187264ed44c47865480efee6355d853feafefc4fd7d09b9b2297718b687ac3014bec80b52a3f8263417b511e23846b7d788b93322b4bc

Massachusetts Technical Reference Manual Residential Efficiency Measures

1.63. Refrigeration - Vending Miser

Measure Code RES-R-VM
Market Residential
Program Type Retrofit
Category Refrigeration

Measure Description:

Controls can significantly reduce the energy consumption of vending machine lighting and refrigeration systems.
Qualifying controls must power down these systems during periods of inactivity but, in the case of refrigerated
machines, must always maintain a cool product that meets customer expectations. This measure applies to
refrigerated beverage vending machines, non-refrigerated snack vending machines, and glass front refrigerated
coolers. This measure should not be applied to ENERGY STAR® qualified vending machines, as they

already have built-in controls.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Vending Misers Residential Coordinated Delivery (RES_CD) EA2a249

Algorithms for Calculating Primary Energy Impact:

AkWh = (kWRATED )(Hours)(SAVE)
AkW = AkWh / Hours

Where:

kWrated = Rated kW of connected equipment. See table below for default rated kW by connected equipment
type.

Hours = Operating hours of the connected equipment: default of 8,760 hours

SAVE = Percent savings factor for the connected equipment. See table below for values.

Vending Machine and Cooler Controls Savings Factors!

Equipment Type kWRATED SAVE (%) AKW AKWh

Refrigerated Beverage Vending Machines 0.40 46 0.18 1612

Baseline Efficiency:

The baseline efficiency case is a standard efficiency refrigerated beverage vending machine without a control
system capable of powering down lighting and refrigeration systems during periods of inactivity.
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High Efficiency:

The high efficiency case is a standard efficiency refrigerated beverage vending machine with a control system
capable of powering down lighting and refrigeration systems during periods of inactivity.

Measure Life:

The measure life is 5 years.?
Measure Name Core Initiative PA EUL OYF RUL AML

Vending Misers RES_CD All 5 n/a n/a 5

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

Vending Misers RES_CD All | 1.00 | 0.86 n/a 0.86 0.86 0.23 0.23

In-Service Rates:

All installations have 100% in service rate since all PAs’ programs include verification of equipment
installations.

Realization Rates:

Realization rates are based on evaluation study results.

Coincidence Factors:

CFs based on staff estimates- assumed that savings occur during off peak hours.

Impact Factors for Calculating Net Savings:

Net to gross factors based on evaluation results.*
Measure Name Core Initiative PA FR SOp SOnp NTG

Vending Misers RES CD All 0.14 0.00 0.00 0.86

Non-Energy Impacts:
There are no non-energy impacts identified for this measure.

Endnotes:

1: USA Technologies Energy Management Product Sheets (2006).

USA_Tech_2006_Energy Management Product Sheets

2 : Energy & Resource Solutions (2005). Measure Life Study. ERS_ 2005 Measure_Life_Study
3 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.
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2018 Navigant_Multifamily_Program_Impact Evaluation
4 : Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products.
2021 Guidehouse MA Res NTG_Final_Report
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1.64.  Whole Building - Residential New Construction
Measure Code RES-BE-RNC
Market Residential

Program Type

New Construction

Category

Heating Ventilation and Air Conditioning, Water Heating

Measure Description:

The Residential New Construction (RNC) program and Renovations & Additions (R&A) program aim to capture
lost opportunities and to drive the new homes market towards net-zero energy.

BCR Measure IDs:

Measure Name

Core Initiative

BCR Measure ID

RNC Heating (Low Rise) Residential New Homes & Renovations (RES_NH&R) EAla001
RNC Cooling (Low Rise) Residential New Homes & Renovations (RES_NH&R) EA1a002
RNC Water Heating (Low Rise)| Residential New Homes & Renovations (RES_NH&R) EA1a003
RNC Heating (High Rise) Residential New Homes & Renovations (RES_NH&R) EA1a008
RNC Cooling (High Rise) Residential New Homes & Renovations (RES_NH&R) EA1a009
RNC Watequil;ig;atmg (High Residential New Homes & Renovations (RES_NH&R) EA1a010
RNC Lighting (High Rise) Residential New Homes & Renovations (RES_NH&R) EAla011
RNC Heating (Passive House) | Residential New Homes & Renovations (RES_NH&R) EAla013
RNC Cooling (Passive House) | Residential New Homes & Renovations (RES_NH&R) EAla014
RNC Watehlglsgzl)ng (Passive Residential New Homes & Renovations (RES_NH&R) EAla015
RNC Lighting (Passive House) | Residential New Homes & Renovations (RES_NH&R) EAl1a016
RNC Heating - All-Electric Residential New Homes & Renovations (RES_NH&R) EAl1a018
RNC Watélretlt??émg -All- Residential New Homes & Renovations (RES_NH&R) EA1a019
R&A Heating Residential New Homes & Renovations (RES_NH&R) EA1a005

R&A Cooling Residential New Homes & Renovations (RES_NH&R) EA1a006

R&A Water Heating Residential New Homes & Renovations (RES_NH&R) EA1a007
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Heating (New Construction) | Residential New Homes & Renovations (RES_NH&R) GA1a001
Cooling (New Construction) | Residential New Homes & Renovations (RES_NH&R) GA1a002
Water Heatin_g (New Residential New Homes & Renovations (RES_NH&R) GA1a003
Construction)
Heating (Additions) Residential New Homes & Renovations (RES_NH&R) GA1a005
Cooling (Additions) Residential New Homes & Renovations (RES_NH&R) GA1a006
Water Heating (Additions) Residential New Homes & Renovations (RES_NH&R) GA1a007
Heating (High Rise) Residential New Homes & Renovations (RES_NH&R) GA1a008
Cooling (High Rise) Residential New Homes & Renovations (RES_NH&R) GA1a009
Water Heating (High Rise) Residential New Homes & Renovations (RES_NH&R) GA1a010
Lighting (High Rise) Residential New Homes & Renovations (RES_NH&R) GAla011
Heating (Passive House) Residential New Homes & Renovations (RES_NH&R) GA1a013
Cooling (Passive House) Residential New Homes & Renovations (RES_NH&R) GAla014
Water Heating (Passive House) | Residential New Homes & Renovations (RES_NH&R) GA1la015
Lighting (Passive House) Residential New Homes & Renovations (RES_NH&R) GA1a016

Algorithms for Calculating Primary Energy Impact:

Savings are derived from two modeling pathways within this initiative: the Low-Rise Performance Path, and the
Multifamily High-Rise Performance Path.

The Program Administrators currently use vendor calculated energy savings for Low-Rise Performance Path
projects. These savings are calculated using a RESNET accredited Rating Software Tool (Ekotrope) where a
user inputs a detailed set of technical data about a project, comparing as-built projected energy consumption to
that of a baseline home, the User-Defined Reference Home (UDRH). This process is used to calculate electric
and fossil fuel energy savings due to heating, cooling, and water heating for all homes, both single

family and multifamily buildings (three stories and below).

For homes participating in the Multifamily High-Rise Path, the vendor models savings using a proprietary
software. The software models the consumption of the as-built efficient building and compares that consumption
to an architecturally similar building with baseline efficient equipment. The difference in consumption

yields Heating, Cooling, Water Heating, and Lighting savings.

Measure kW-per-kWh
Heating 0.00073
Cooling 0.00143
Water Heating 0.00025
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Lighting (High Rise) 0.00025

Baseline Efficiency:

The User-Defined Reference Home (UDRH) is used for low-rise projects. It was updated in early 2020.1
The Multifamily High-Rise baseline is evaluated separately.?

Starting in 2020, renovation project savings use an Industry Standard Practice (ISP) baseline, per the
recommendation provided by NMR in the R&A Market Characterization Study.®

High Efficiency:
The high-efficiency case is represented by the specific energy characteristics of each *“as-built” home completed

through the program.

Measure Life:

Measure Name Core Initiative PA EUL OYF RUL AML
Heating RES_NH&R All 25 n/a n/a 25
Cooling RES_NH&R All 25 n/a n/a 25

Water Heating RES_NH&R All 15 n/a n/a 15

Lighting (High Rise) RES_NH&R All 1 n/a n/a 1

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp
Heating RNH&R All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.43
Cooling RNH&R All | 1.00 | 1.00 | 1.00 1.00 1.00 0.50 | 0.04
Water Heating RNH&R All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.15 | 0.42
Lighting (High Rise) RNH&R All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.19 | 0.35

In-Service Rates:

All installations have 100% in-service rate since all PA programs include verification of equipment installations.

Realization Rates:

Realization rates are 100% because energy and demand savings are custom-calculated based on project
specific detail.

Coincidence Factors:
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Summer and winter coincidence factors are estimated using the demand allocation methodology described in the

Demand Impact Model which is developed based on the Residential Baseline Study.*

National Grid uses custom calculated coincidence factors based on vendor-calculated project-specific detail.

Impact Factors for Calculating Net Savings:

Net to gross factors are based on evaluation results.® ©

Measure Name Core Initiative PA FR SOp SOnp NTG
RNC Low Rise (2023) RNH&R All | 082 | 0.00 0.31 0.49
RNC Low Rise (2023) RNH&R All 0.82 0.00 0.25 0.43
RNC Low Rise (2024) RNH&R All | 082 | 0.00 0.20 0.38

RNC High Rise RNH&R All -- -- -- 0.83

RNC Passive House RNH&R All -- -- -- 0.90
Renovations & Additions RNH&R All | 0.22 0.02 0.12 0.92

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.” The heating values are applied based
on the home's primary heating fuel.

Measure Name Core PA Annual $|One-time| Annual |One-time| Annual |One-time
Initiative /Unit $/Unit | $/kWh | $/KWh | $/Therm | $/Therm
Heating (New
Construction) RNH&R | All | $142.30
Cooling (New RNH&R | All
Construction)
Water Heating (New
Construction) RNH&R | All
Heating (Renovations) | RNH&R | All | $142.30
Cooling (Renovations) | RNH&R | All
Water Heating RNH&R | Al
(Renovations)
Heating (High Rise) RNH&R | All
Cooling (High Rise) RNH&R | All
Water Heating (High RNH&R | Al
Rise)
Lighting (High Rise) RNH&R | All
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Endnotes:

1: NMR Group, Inc. (2019). 2019 Residential New Construction Baseline/Compliance Study. 2019 NMR_RNC-
LowRise-UDRH_Baseline
2 : NMR Group Inc. (2017). Massachusetts Multifamily High Rise Baseline Study.
NMR_2017 MA_ MFHR_Baseline
3: NMR Group, Inc. (2019). Renovations and Additions Market Characterization and Potential Savings Study.
2019 NMR_R&A-Market-Potential
4 : Guidehouse (2020). Residential Baseline Study Phase 4 2020_Guidehouse Residential Baseline Phase 4
5: NMR Group, Inc. (2018). Residential New Construction and CCSI Attribution Assessment.
2018 NMR_RNC_CCSI_Attribution
6 : NMR Group. Inc. (2021). Non Residential New Construction NTG Report. 2021_NMR_Non
Residential New_Construction_ NTG_Report
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2. Income Eligible Efficiency Measures
2.1, Appliance - Dehumidifier

Measure Code IE-PL-ERDH
Market Income Eligible
Program Type Retrofit
Category Plug Load

Measure Description:

Rebate for the purchase of an Energy Star dehumidifier or early retirement of an existing dehumidifier.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Income Eligible Coordinated

Delivery (IE_CD) EBlal2l

Early Retirement Dehumidifier

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:
AkWh = Dehumidification Load * ((1/EffRETIRE)-(1/EffEE))

Where:

Dehumidification Load = Typical annual moisture removal, in Liters/year. Average annual
dehumidifictaion load is 1,520 Liters/year.

EffRETIRE = Average efficiency of model being recycled, in Liters/kWh (1.6 Liters/kWh)
EffEE = Efficiency of ENERGY STAR® model, in Liters/kWh (3.3 Liters/lkWh)

Demand savings are derived from the demand impact model which is developed as part of the Residential
Baseline Study.?

Measure Name AKkWh AKW

Early Retirement Dehumidifier 489 0.11

Baseline Efficiency:

The baseline efficiency is a unit that is approximately 8 years old, meeting the standard that was in place
at the time.2
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High Efficiency:
The high efficiency case is a new ENERGY STAR® unit.*

Measure Life:

The measure life is 12 years.®

Measure Name Core PA | EUL OYF RUL AML
Initiative
Early Retirement Dehumidifier IE_CD All 12 n/a n/a 12

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Ini(:ﬁ(;:?ve PA | ISR | RRe | RRxe | RRs» | RRwp | CFsp | CFwp

Early Retirement

R IE CD All | 1.00 | 1.00 n/a 1.00 1.00 0.82 0.17
Dehumidifier -

In-Service Rates:

In-service rates are 100% because recycled units are collected.

Realization Rates:

Realization rates are set to 100% as unit savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core PA FR SO» SOwp NTG
Initiative
Early Retirement Dehumidifier IE_CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.

Endnotes:

1 : Guidehouse (2021). Comprehensive TRM Review. 2021 Guidehouse TRM_Final_Report
2 : Guidehouse (2020). Residential Baseline Study Phase 4
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2020_Guidehouse Residential_Baseline_Phase 4

3 : The Energy Policy Act of 2005, 42 USC 813201 et seq. Accessed at
https://www.gpo.gov/fdsys/pkg/BILLS-109hr6enr/pdf/BILLS-109hr6enr.pdf

4 : ENERGY STAR® Program Requirements Product Specification for Dehumidifiers, Version 4.0.
Accessed at
https://www.energystar.gov/sites/default/filessENERGY%20STAR_Dehumidifiers_V4%200_Specificati
on_Final.pdf

5 : Environmental Protection Agency (2018). Savings Calculator for ENERGY STAR Qualified
Appliances. Energy Star 2018 Consumer_Appliance Calc

6 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse Residential_Baseline_Phase_4
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2.2. Appliance - Early Retirement Clothes Washer

Measure Code IE-A-ERCW
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:

The replacement and recycling of a working top-loading clothes washer with an agitator with an Energy
Star rated washing machine.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Early Retirement CW Elec Income Eligible Coordinated Delivery EB1a123
DHW & Elec Dryer (IE_CD)
Early Retirement CW Gas Income Eligible Coordinated Delivery EB1a124
DHW & Elec Dryer (IE_CD)
Early Retirement CW Elec Income Eligible Coordinated Delivery EB1a125
DHW & Gas Dryer (IE_CD)
Early Retirement CW Gas Income Eligible Coordinated Delivery EB1a127
DHW & Gas Dryer (IE_CD)
Early Retirement CW Qil Income Eligible Coordinated Delivery EB1a126
DHW & Elec Dryer (IE_CD)
Early Retirement CW Propane Income Eligible Coordinated Delivery EB1al28
DHW & Elec Dryer (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on the following algorithms and assumptions:

AkWh = [(Capacity x 1/IMEFbase x Ncycles) * (%CWkwhbase + %DHWkwhbase + %Dryerkwhbase)]
- [(Capacity x 1/IMEFeff x Ncycles) x (%CWkwheff + %DHWkwheff + %Dryerkwheff)]
AMMBTUs = [(Capacity x 1/MEFbase x Ncycles) x ( (%DHWffbase x r_eff) + %Dryerffbase]

- [(Capacity x 1/MEFeff x Ncycles) x (%DHWffeff x r_eff) + %Dryergaseff[xMMBTU_convert

Where:

Capacity = washer volume in ft3. Existing top loading washer is 3.09 ft3, new standard efficiency top
loading washer is 3.38 ft3, ENERGY STAR front loading is 3.90 ft

IMEF = Integrated Modified Energy Factor and is measured in ft3 /kWh/cycle
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Ncycles = 283 loads per year!

%CWkwh = % of total kwWh energy consumption for clothes washer operation (different for baseline
and efficient unit). See table below

%DHWkwh = % of total kWh energy consumption used for water heating (different for baseline and
efficient unit). See table below. If water is heated by gas or propane this is 0%

%DHWITT = % of total KWh energy consumption for dryer operation (different for baseline

and efficient unit). See table below. If the dryer is gas this is 0%

%Dryerkwh = % of total fossil fuel energy consumption used for water heating (different for baseline
and efficient unit). See table below. If water is heated by electric this is 0%.

%Dryerff = % of total fossil fuel energy consumption for dryer operation (different for baseline and
efficient unit). See table below. If the dryer is electric this is 0%.

r_eff =recovery energy factor used to account for the difference in recovery efficiencies of electric and
gas/oil/propane hot water heaters. Electric water heaters are 100% efficient while other water heaters
are 75% efficient. The ratio is 1.33 (100%/75%)

MMBTU_convert = Conversion factor from kWh to MMBTU is 0.003412

Efficiency Ratings and Percentage of Total Energy Consumption?
% Energy used for: IMEF IWF Volume

Washer | Water

operation | heating Drying | ft3/kWh/cycle | gallons/cycle/ft3 ft3

Existing-Top Loading

o 8% 34% | 59% 0.84 9.92 3.09
New-Federal Standard 0 0 0

Top Loading CW 5% 37% | 58% 1.29 8.44 3.38

New-Energy Star 8% 20% | 72% 2.38 3.70 3.90

Front Loading CW

Savings from Early Retirement of Clothes Washers

Measure Name AKWh AKW? AMMBtu
Early Retirement CW Elec
DHW & Elec Dryer 600 0.18 0.00
Early Retirement CW Gas DHW 260.5 0.08 154
& Elec Dryer
Early Retirement CW Elec
DHW & Gas Dryer 375 0.11 0.76
Early Retirement CW Oil DHW 260.5 0.08 154
& Elec Dryer
Early Retirement CW Gas DHW 357 0.01 231
& Gas Dryer
Early Retirement CW Propane
DHW & Elec Dryer 260.5 0.08 1.54
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Baseline Efficiency:

It is assumed that the existing top loading clothes washer met the 2007 federal standard which was an
MEF > 1.262 and WF < 9.53. This is equivalent to an IMEF of 0.84 and IWH of 9.92. A new standard
efficiency clothes washer meets the federal standard for top loading washers effective 1/1/18 which
requires an IMEF > 1.57 and an IWF < 6.5.

MEF is Modified Energy Factor and is measured in ft3)kWh/cycle

WEF is Water Factor and is measured in gallons/cycle/ft

IMEF is Integrated Modified Energy Factor and is measured in ft2/kWh/cycle
IWF is Integrated Water Factor and is measured in gallons/cycle/ft

High Efficiency:

The new high efficiency washer is an Energy Star (Version 8.0) rated front loader washer with a
minimum IMEF > 2.76 and IWF < 3.2.4

Measure Life:

The effective useful life of the new clothes washer is assumed to be 12 years.® It is assumed that without
the program, Income Eligible customers would have purchased a used clothes washer meeting the 2007
federal standards, so the savings are counted for the full lifetime of the measure.

Measure Name Core Initiative PA EUL OYF RUL AML

Early Retirement CW IE_CD All 12 n/a n/a 12

Other Resource Impacts:

Water savings are calculated using the following algorithm:
AWater (gallons) = (Capacity * (IWFbase - IWFeff)) * Ncycles
Total water savings are 4,777 gallons.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA| ISR | RRe | RRve | RRs | RRwe | CFsp | CFuwp

Early Retirement CW | IE_.CD | All | 1.00 | 1.00 n/a 1.00 1.00 0.42 0.56

In-Service Rates:

In-service rates are set to 100% based on the assumption that all purchased units are installed.

Realization Rates:

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:
Net-to-Gross values have not been studied. The default NTG is 1.00.
Measure Name Core Initiative PA FR SOp SOnp NTG

Early Retirement CW IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual| One- | Annual | One-time |Annual |One-time
Measure Name Initiative PA | $per | time$ | $per $ per $ per $ per
Unit | per Unit| kWh KWh | Therm | Therm
. Varies
Early Retirement CW | IE_CD | All by PA 0.01

Endnotes:

1: DOE (2013). 10 CFR Parts 429 and 430 Energy Conservation Program: Test Procedures for
Residential Clothes Dryers; Final Rule DOE_2013 Test_Procedures_for_Residential _Clothes Dryers
2 : DOE (2012). Residential Clothes Washers Direct Final Rule Technical Support Document; Chapter 7.
DOE_2012_Technical_Support Document_Clothes_Washers

3 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

4 : New Energy Star standard as of 2/5/18

5 : Environmental Protection Agency (2018). Savings Calculator for ENERGY STAR Qualified
Appliances. https://www.energystar.gov/sites/default/files/asset/document/appliance_calculator.xlsx
Energy Star 2018 Consumer_Appliance Calc

6 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4
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2.3. Appliance - Freezer Replacement

Measure Code IE-A-FR
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:

This measure covers the replacement of an existing inefficient freezer with a new energy efficient model

BCR Measure IDs:

BCR

Measure Core Initiative
Measure ID

Freezer Replacement (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a037

Freezer Replacement (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EBlall4

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.! Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Measure Name Core Initiative AkWh AKW
Freezer Replacement (Single Family) IE_ CD 239 0.04
Freezer Replacement (Multifamily) IE_CD 158 0.03

Baseline Efficiency:

The baseline efficiency case for both the replaced and baseline new freezer is represented by the
existing freezer. It is assumed that low-income customers would replace their freezers with a used
inefficient unit.

High Efficiency:

The high efficiency case is a new high efficiency freezer.
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Measure Life:

The measure life is 12 years.®

Measure Name Core | pA | EUL | OYF RUL AML
Initiative
Freezer Replacement (Single Family) | IE_CD | All 12 n/a n/a 12
Freezer Replacement (Multifamily) IE CD | Al 12 n/a n/a 12

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core

Measure Name Initiative PA ISR RRe RRNE RRsp RRwe CFsp CFWP

Freezer Replacement

. . IE_.CD | All | 1.00 | 1.00 n/a 1.00 1.00 0.85 0.65
(Single Family) -

Freezer Replacement

(Multifamily) IE.CD | All | 1.00 | 1.00 n/a 1.00 1.00 0.85 0.65

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Freezer Replacement IE CD All | 0.00 0.00 0.00 1.00
(Single Family) -
Freezer Replacement IE_ CD All | 000 | 000 0.00 1.00
(Multifamily) -
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Non-Energy Impacts:

Annual | O™ | annual | O™ | Annual | O"%
Core time $ time $ time $
Measure Name o . | PA| $per $ per $ per
Initiative Unit per KWh Per | rnerm | _Per
Unit kWh Therm
Freezer Replacement Varies
(Single Family) IE_.CD | All | $1.40 by PA $0.01
Freezer Replacement Varies
(Multifamily) IE_CD | All | $20.29 by PA $0.01
Endnotes:

1: The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.

CADMUS 2012 Single Family Low_Income_Impact Eval

2 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

3 : Environmental Protection Agency (2018). Savings Calculator for Energy Star Qualified Appliances.
Energy Star 2018 Consumer_Appliance Calc

4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4
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2.4, Appliance - Refrigerator Replacement - I1E Multi-Family

Measure Code IE-A-RR-MF
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:

Removal of old inefficient refrigerator or freezer with the installation of new efficient refrigerator or
freezer.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Refrigerator Replacement Income Eligible Coordinated Delivery EB1all5
(Multifamily) (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are calculated using the following algorithms and assumptions:
AkWh = ((kWhpre - kWhES) X RU L/EU L) +((kthtd+kWhused/2 - kWhES)XEU L‘RUL/EUL))XFQCC
AkW = AkWhxkW/kWh

Where:

kWhpre= Annual kWh consumption of existing equipment. Value is based on metering or AHAM
database. The default value is 874 kwh.

kWhes = Annual kWh consumption of new ENERGY STAR qualified refrigerator orfreezer. This is
from the nameplate on the new unit. The default value is 358 kWh.

STD = Average annual consumption of equipment meeting federal standard: Calculated by dividing the
kWhES by 0.9 (i.e., the Energy Star units are assumed to be 10% more efficient than the kWhstd
units). The default value is 398 kwh.

kWhused = Average annual consumption of used equipment. Default value is 475 kWh.!

RUL = Remaining Useful life assumed to be 6 years

EUL = Estimated useful life for a new refrigerator is 12 years.?

Foce = Occupant adjustment factor used to adjust the energy savings according to the number of
occupants in the dwelling unit. See table below. Default is 2.3 occupants per tenant unit

AkWh = 330, using the default assumptions

kW/kWh = Average kW reduction per kWh reduction: 0.00018 kW/kWh?
AkW = 0.06, using the default assumptions
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Occupant Adjustment Factor*

Number of Occupants Focc
0 occupants 1.00

1 occupants 1.05

1.8 occupants 1.09

2 occupants 1.10

2.3 occupants 1.11

3 occupants 1.13

4 occupants 1.15

5 occupants 1.16

Baseline Efficiency:

The baseline efficiency case is an existing refrigerator for which the annual kwh may be looked up in
a refrigerator database. If the manufacturer and model number are not found, the refrigerator is metered
for 1.5 hours in order to determine the annual kWh.

High Efficiency:

The high efficiency case is a new more efficiency refrigerator. The manufacturer and model number
is looked up in a refrigerator database to determine annual kWh.

Measure Life:

The measure life is 12 years.®

Measure Name Core | pA | EUL | OYF | RUL | AML
Initiative
Refrigerator Replacement (Multifamily) | IE_CD | All 12 n/a n/a 12

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Iniioz;[?ve PA| ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFwp

Refrigerator Replacement

(Multifamily) IE_.CD | All | 1.00 | 1.00 n/a 1.00 1.00 | 0.85 | 0.65
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In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since this measure has not been evaluated.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core | pbA | FR | sor | sow | NTG
Initiative
Refrigerator Replacement (Multifamily) | IE_CD | All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.”

Annual | O™ | Annual | ©" | Annual | O"-

Core time $ time $ time $
Measure Name Initiati PA | $per $ per $ per

nitiative Unit per KWh Per | rherm | _Per

Unit kWh Therm
Refrigerator Replacement Varies
(Multifamily) IE_ CD | All | $20.29 | $0.00 by PA $0.01 | $0.00 | $0.00
Endnotes:

1 : Association of Home Appliance Manufacturers (2014 Revised Feb. 2015), Technical Support
Document: Early Replacement Program, (Value estimated based on Figure 9 on page 23)

2 : Environmental Protection Agency (2014). Savings Calculator for Energy Star Qualified Appliances.
ENERGY_STAR_2015 Appliance Calculator

3 : Navigant Consulting (2018). Demand Impact Model Update.

2018 Navigant Baseline_Loadshape Comprehensive_Report

4 : The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact
Analysis. CADMUS 2012 _Multifamily Impacts_Analysis_Report

5 : Environmental Protection Agency (2018). Savings Calculator for Energy Star Qualified Appliances.
Energy_Star 2018 Consumer_Appliance_Calc

6 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

7 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area,
Residential and Low-Income Non-Energy Impacts (NEI) Evaluation.

Tetra_Tech_and NMR_2011 MA _Res and LI _NEI_Evaluation
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2.5. Appliance - Refrigerator Replacement - IE Single Family

Measure Code IE-A-RR-SF
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:

Removal of old inefficient refrigerator or freezer with the installation of new efficient refrigerator or
freezer.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure 1D
Refrigerator Replacement Income Eligible Coordinated Delivery EB12038
(Single Family) (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.! Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Measure AKkWh AKW

Refrigerator Replacement (Single Family) 762 0.13

Baseline Efficiency:

The baseline efficiency case for both the replaced and baseline new refrigerator is an existing refrigerator.
It is assumed that low-income customers would otherwise replace their refrigerators with a used
inefficient unit.

High Efficiency:

The high efficiency case is a new Energy Star refrigerator.

Measure Life:

The measure life is 12 years.®

Measure Name Core Initiative PA EUL OYF RUL AML
Refrlge_rator Repl_acement IE CD Al 12 n/a n/a 12
(Single Family) -
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

C
Measure Name Initioart?ve PA | ISR | RRe | RRnve | RRsp | RRwe | CFsp | CFwp
Refrigerator Replacement |\ oy | Ay | 100 | 1.00 | nfa | 100 | 1.00 | 0.85 | 065
(Single Family) -

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of equipment

installations.

Realization Rates:

Realization rates are set to 100% since this measure has not been evaluated.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Refrigerator Replacement IE_CD Al | 000 | 000 0.00 1.00
(Single Family)
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- One-
Core Annual |- One- |\ ol $ [time $ Annual time $
Measure Name g PA | $per | time$ $ per
Initiative Unit er Unit | PE" kWh | per Therm | _Per
P kWh Therm
Refrigerator Replacement Varies by
(Single Family) IE_.CD | All | $1.40 $0.00 PA $0.01 | $0.00 | $0.00

Endnotes:

1: The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.
CADMUS 2012 Single Family Low_Income Impact Eval

2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

3 : Environmental Protection Agency (2018). Savings Calculator for Energy Star Qualified Appliances.
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Energy Star 2018 Consumer Appliance Calc
4 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4
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2.6. Appliance - Secondary Refrigerator/Freezer Removal

Measure Code IE-A-AR
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:
Removal of second working refrigerator or freezer.

BCR Measure IDs:

Measure Core Initiative BCR Measure ID
Appliance Removal Income Eligible Coordinated Delivery
(Single Family) (IE_CD) EB1a039
Appliance Removal Income Eligible Coordinated Delivery
(Multifamily) (IE_CD) EBlall3

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.! Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Measure Name AKWh AKW

Appliance Removal 874 0.15

Baseline Efficiency:
The baseline efficiency case is the old, inefficient secondary working refrigerator or freezer.

High Efficiency:
The high efficiency case assumes no replacement of secondary unit.

Measure Life:

The measure life is 5 years.®

Measure Name Core Initiative PA EUL OYF RUL AML
Appliance Removal IE_ CD All 5 n/a n/a 5
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Iniioart?ve PA | ISR | RRe | RRae | RRs | RRwe | CFsp | CFwp

Appliance Removal | IE_CD | All | 1.00 | 1.00 1.00 1.00 1.00 0.85 0.65

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Appliance Removal IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

Core Annual | One- |Annual| One- |Annual$ One-time $
Measure Name Initiative PA | $per | time$ | $per | time$ per er Therm
Unit | per Unit | kWh |per kWh| Therm P
. Varies
Appliance Removal | IE_CD | All | $0.00 | $0.00 by PA $0.01 $0.00 $0.00

Endnotes:

1: The Cadmus Group, Inc. (2015). Massachusetts Low-Income Multifamily Initiative Impact
Evaluation. CADMUS 2015 Low_Income Multifamily Impact Evaluation

2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

3 : Massachusetts Common Assumption.

4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4
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2.7. Behavior - Basic Educational Measures

Measure Code IE-A-BEM
Market Income Eligible
Program Type Retrofit
Category Appliances

Measure Description:

Installation of basic educational measures during an audit to help customers become more aware of
energy efficiency.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure 1D
Participants (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a001
TLC Kit (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a278
Participants (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a277
TLC Kit (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a052
Participant, Gas Income Eligible Coordinated Delivery (IE_CD) GB1a001

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.? Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.?

Measure Name AKkWh AKW
TLC Kit (Single Family) 69 0.01
TLC Kit (Multifamily) 69 0.01

Baseline Efficiency:

The baseline efficiency case assumes no measures installed.

High Efficiency:

The high efficiency case includes basic educational measures such as LED nightlights,
refrigerator thermostats, hot water thermostats, refrigerator coil brush, wall plate stoppers.
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Measure Life:

The measure life is 5 years.®
Measure Name Core Initiative PA EUL OYF RUL AML

All Measures IE_ CD All 5 n/a n/a 5

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioartfve PA| ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFwp

TLC Kit (Single Family) | IE_CD | All | 1.00 | 1.00 n/a 1.00 1.00 0.65 | 0.80

TLC Kit (Multifamily) IECD | All | 1.00 | 1.00 n/a 1.00 1.00 0.65 | 0.80

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
TLC Kit (Single Family) IE_ CD All 0.00 0.00 0.00 1.00
TLC Kit (Multifamily) IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Annual | One-time | Annual | One-time | Annual | One-time
PA | $per | $per | $per | $per $ per $ per
Unit Unit kWh kWh Therm | Therm

Core

Measure Name o
Initiative

TLC Kit (Single Varies
Family) IE_CD All | $0.00 $0.00 by PA $0.01 $0.00 $0.00
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TLC Kit Varies
(Multifamily) IE_CD All | $0.00 $0.00 by PA $0.01 $0.00 $0.00
Pa”'c'paG”gsT'-C Kit | e co AN $7.70 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00
Participants (Single |\ o | Al | $10.37 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00
Family)
Participants
(Multifamily) IE_CD All | $7.70 $0.00 $0.00 $0.00 $0.00 $0.00
Endnotes:
1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation
CADMUS 2012 Single Family Low_Income Impact Eval
2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase 4
3 : Massachusetts Common Assumption.
4 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential _Baseline_Phase 4
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2.8. Building Shell - Air Sealing - IE Multi-Family

Measure Code IE-BS-AS-MF

Market Income Eligible
Program Type Retrofit

Category Building Shell

Measure Description:

Air sealing will decrease the infiltration of outside air through cracks and leaks in the building.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure 1D

Air Sealing, Electric (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) EB1a056

Air Sealing, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a057

Air Sealing, Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a058

Air Sealing, Gas (Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a018

Algorithms for Calculating Primary Energy Impact:
Eversource:

The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.
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All PAs except Eversource:

Unit savings are calculated using the following algorithms and assumptions:

MMBtu = (Vol x AACH x 0.018 x HDD60 x 24) / (1,000,000 * nheating)
kWh = MMBtu * 293.1
kW = kWh x kW/kWh

Where:

Vol = [ft3] This is the air volume of the treated space, calculated from the dimensions of the space,
which could include the number of floors, the floor area per floor, and the floor-to-ceiling height, or the
dwelling floor area and number of dwellings. The treated space can be the entire building including the
common areas, or just the individual dwelling units. (Auditor Input)

AACH = [°F-day] Infiltration reduction in Air Changes per Hour, natural infiltration basis. This will
typically be a default value, but the source of the assumption should be transparent and traceable, or it
could come from a blower door test. (Stipulated Value or Blower Door Test)

HDDG60 = Heating degree-days, base 60 from TMY 3 weather data. See table below.

nheating = [AFUE, COP, thermal efficiency(%)] Efficiency of the heating system, as determined

on site (Auditor Input)

24 = Conversion factor: 24 hours per day

0.018 = [Btu/ft3- °F] Air heat capacity: The specific heat of air (0.24 Btu/°F.Ib) times the density of
air (0.075 Ib/ft3)

1,000,000 = Conversion factor: 1,000,000 Btu per MMBtu

293.1 = Conversion factor: 293.1 kWh/MMBtu

kW/kWh = Average kW reduction per kWh reduction: 0.00073 kW/kWh!

Hours:
Heating hours are characterized by the heating degree days for the facility.? The heating degree days are
looked up based on the nearest weather station to the customer, as selected by the program vendor.

TMY3 City HDD CDH
Barnstable Muni Boa 4,379 1,349
Beverly Muni 5,329 3,432
Boston Logan Int'l Arpt 4,450 4,329
Chicopee Falls Westo 5,016 4,116
Lawrence Muni 4,640 3,978
Marthas Vineyard 4,312 1,345
Nantucket Memorial AP 3,988 362
New Bedford Rgnl 4,434 4,232
North Adams 5,234 2,524
Norwood Memorial 4,872 4,763
Otis ANGBb 4,718 2,588
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Plymouth Municipal 4,559 2,138
Provincetown (AWOS) 4,368 2,195
Westfield Barnes Muni AP 5,301 3,784
Worchester Regional Arpt 5,816 1,753

These values have been derived from TMY3 data downloaded from the National Solar Radiation Data
Base. http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html. The HDD
values were calculated by taking the minimum and maximum temperatures for each day, and calculating a
daily average.

Baseline Efficiency:

The baseline efficiency case is the existing building before the air sealing measure is

implemented. The baseline building is characterized by the existing air changes per hour (ACHPRE)
for multi-family facilities, which is measured prior to the implementation of the air sealing

measure. This will typically be a default value of a baseline/pre-retrofit ACH =0.5.

High Efficiency:

The high efficiency case is the existing building after the air sealing measure is implemented. The high
efficiency building is characterized by the new air changes per hour (ACHPOST) for multi-

family facilities, which is measured after the air sealing measure is implemented. This will typically be
a default value of a baseline/pre-retrofit ACH =0.4.

Measure Life:

The measure life is 15 years 2.
Measure Name Core Initiative PA EUL OYF RUL AML

Air Sealing IE_ CD All 15 n/a n/a 15

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Realization rates are based on study results.*

Measure Name Iniioz;[?ve PA  |ISR|RRe|RRxe|RRsp | RRwe | CFsp | CFwp
Air Sealing, Electric IE_CD Al |1.00[1.00| n/a | 1.00 | 1.00 |0.00 | 0.43

(Multifamily)

Air Sealing, Gas (Multifamily) | IE_CD | Berkshire {1.00| n/fa | 0.80 | n/a | n/a | n/a | n/a

Air Sealing, Gas (Multifamily) | IE_CD | Columbia |{1.00| n/a | 0.96 | nfa | n/a | n/a | n/a

Air Sealing, Gas (Multifamily) | IE_CD |[Eversource|1.00| n/a | 1.05 | nfa | n/a | n/a | n/a
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Air Sealing, Gas (Multifamily) | IE_CD Liberty |1.00| n/fa | 096 | nfa | nfa | nfa | nla
Air Sealing, Gas (Multifamily) | IE_CD Nglr?gal 100 nfa | 075 | nfa | nfa | nfa | nla
Air Sealing, Gas (Multifamily) | IE_CD Unitil  |1.00| nfa | 096 | nfa | nfa | nfa | nla
Air Sealing, Oil (Multifamily) IE_CD All 1.00| nfa | 1.00 | n/fa | n/a | nfa | nla
Air Sealing, Other (Multifamily) | IE_CD All 1.00( nfa | 1.00 | nfa | nfa | nfa | nla

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of equipment

installations.

Realization Rates:

Realization rates are based on evaluation results.®

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Air Sealing (Multifamily) IE_CD All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.’
Core Annual | One- | Annual | One-time |Annual $|One-time
Measure Name | Initiative| PA | $per | time$ | $per $ per per $ per
Unit | per Unit | kWh KWh Therm | Therm
Air Sealing, Electric Varies
(Multifamily) IE_.CD | All [$389.29| $0.00 by PA $0.01 $0.00 $0.00
Air Sealing, Gas Varies by
(Multifamily) IE_.CD | All [$389.29| $0.00 $0.00 $0.00 PA $0.08
Air Sealing, Oil
(Multifamily) IE_.CD | All [$389.29| $0.00 $0.00 $0.00 $0.00 $0.00
Air Sealing, Other
(Multifamily) IE_.CD | All [$389.29| $0.00 $0.00 $0.00 $0.00 $0.00
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Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

2 : The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact
Analysis. CADMUS 2012 _Multifamily Impacts_Analysis_Report

3 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_Cl_Lighting_and HVAC_Measures

4 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

5 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact Evaluation

6 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

7 : NMR Group, Inc. (2021). Low Income Multifamily Non-Energy Impact Study

2021 NMR_LIMF_NEI_Study TXC50
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2.9. Building Shell - Insulation - IE Multi-Family

Measure Code IE-BS-I
Market Income Eligible

Program Type Retrofit
Category Building Shell

Measure Description:

Shell insulation installed through the Residential Coordinated Delivery program.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Insulation, Electric (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a059

Insulation, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a060
Insulation, Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a061
Insulation, Gas (Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a019

Algorithms for Calculating Primary Energy Impact:
Eversource:

The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.
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kW Factors for HES Vendor Measures? :

Measure kW/kWh Factor
Insulation (Electric) 0.00073
Insulation (Gas, Oil, Other FF) 0.00076

All PAs except Eversource:

MMBIU = ((1/Rexist - 1/Rnew)*HDD * 24 * Al‘ea) / (1000000 * nheat)
kWh = MMBtu * 293.1
kW = kWh * kW/kWhpeat

Where:

Rexist = EXisting effective R-value (R-ExistinglInsulation + R-Assembly),ft2-°F/Btuh
Rnew = New total effective R-value (R-ProposedMeasure + R-ExistinglInsulation+ R-Assembly), ft2-
°F/Btuh

Area = Square footage of insulated area

Nneat = Efficiency of the heating system (AFUE or COP)

293.1 = Conversion constant (IMMBtu = 293.1 kWh)

24 = Conversion for hours per day

HDD = Heating Degree Days; dependent on location, see table below

1,000,000 = Conversion from Btu to MMBtu

KW/kWhheat = Average annual kW reduction per kwWh reduction: 0.00073 kW/kWh

If Facility has central cooling then also calculate air conditioning savings:
kthooI = ((1/Rexist - 1/Rnew) * CDH * DUA* Al‘ea) / (1000 BtU/kBtU * nCOO')
kW = kWh * kW/kthooI

Where:

Rexist = Existing effective R-value (R-Existinglnsulation + R-Assembly),ft2-°F/Btuh

Rnew = New total effective R-value (R-ProposedMeasure + R-Existinglnsulation+ R-Assembly), ft2-
°F/Btuh

DUA = Discretionary Use Adjustment to account for the fact that people do not always operate their air
conditioning system when the outside temperature is greater than 75°F = 0.752

Area = Square footage of insulated area

ncool = Efficiency of air conditioning equipment (SEER or EER)

CDH = Cooling Degree Hours; dependent on location, see table below

1,000,000 = Conversion from Btu to MMBtu

kW/kWhcoo = Average annual kW reduction per kWh reduction: 0.00073 kW/kWh

Hours:
Heating hours are characterized by the heating degree days for the facility.®> The heating degree days are
looked up based on the nearest weather station to the customer, as selected by the program vendor.

TMY3 City HDD CDH
Barnstable Muni Boa 4,379 1,349
Beverly Muni 5,329 3,432
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Boston Logan Int'l Arpt 4,450 4,329
Chicopee Falls Westo 5,016 4116
Lawrence Muni 4,640 3,978
Marthas Vineyard 4,312 1,345
Nantucket Memorial AP 3,988 362
New Bedford Rgnl 4,434 4,232
North Adams 5,234 2,524
Norwood Memorial 4,872 4,763
Otis ANGBb 4,718 2,588
Plymouth Municipal 4,559 2,138
Provincetown (AWOS) 4,368 2,195
Westfield Barnes Muni AP 5,301 3,784
Worchester Regional Arpt 5,816 1,753

These values have been derived from TMY 3 data downloaded from the National Solar Radiation Data
Base. http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html. The HDD
values were calculated by taking the minimum and maximum temperatures for each day, and calculating a
daily average.

Baseline Efficiency:

The baseline efficiency case is the existing conditions of the participating household.

For high rise the baseline efficiency case is characterized by the total R-value of the existing attic,
basement or sidewall (Rexisit). This is calculated as the R-value of the existing insulation, estimated by

the program contractor, plus the R-value of the ceiling, floor, or wall (for all projects: RCEILING = 3.36;
RFLOOR = 6.16; RWALL =6.65).

High Efficiency:

The high efficiency case is characterized by the total R-value of the attic after the installation of
additional attic, basement or sidewall insulation. This is calculated as the sum of the existing R-value
(Rexisit) plus the R-value of the added insulation.

Measure Life:

The measure life is 25 years®

Measure Name Core Initiative PA EUL OYF RUL AML
Insulation IE_ CD All 25 n/a n/a 25
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initiative PA ISR RRe | RRne | RRsp RRwe CFsp CFWP

Insulation, Electric

(Multifamily) IE_CD All 1.00 | 1.00 | n/a 1.00 | 1.00 | 0.00 | 0.43

Insulation, Gas

e IE_CD Berkshire 1.00 | 1.00 | 0.80 | 1.00 | 1.00 | 0.35 | 0.00
(Multifamily) -

Insulation, Gas

e IE_CD Columbia | 1.00 | 1.00 | 096 | 1.00 | 1.00 | 0.35 | 0.00
(Multifamily) -

Insulation, Gas

e IE_CD | Eversource | 1.00 | 1.00 | 1.05 | 1.00 | 1.00 | 0.35 | 0.00
(Multifamily) -

Insulation, Gas

(Multifamily) IE_CD Liberty 1.00 | 1.00 | 096 | 1.00 | 1.00 | 0.35 | 0.00

Insulation, Gas | = op | National Grid | 1.00 | 1.00 | 075 | 1.00 | 1.00 | 0.35 | 0.00

(Multifamily)

Insulation, Gas | e, Unitil 1.00 | 1.00 | 0.96 | 1.00 | 1.00 | 0.35 | 0.00
(Multifamily) -

Insulation, Ol e oy Al 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.35 | 0.00
(Multifamily) -

Insulation, Other | e, All 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.35 | 0.00

(Multifamily)

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of installations.

Realization Rates:

Realization rates are based on evaluation results. ©

Coincidence Factor:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Insulation (Multifamily) IE_CD All 0.00 0.00 0.00 1.00
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.2

IE_.CD | All| $391.20 | $0.00

One- One- Annual $ One-
Core Annual $ | time $ |Annual $| time $ time $
Measure Name . .. | PA . per
Initiative per Unit per | per kWh| per Therm per
Unit KWh Therm
Insulation, Electric Varies by

$0.01 $0.00 $0.00

(Multifamily) PA
I?&ﬂﬁ%ﬁﬁ IECD |All| $39120 | $0.00 | $000 | $0.00 | VAUESDY| 008
'(rl‘\jlt'l"’t‘ﬂggigi)' IELCD | All | $391.20 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00
'n(s&ljftiﬁcgh(ﬁ%er IE_CD | All | $391.20 | $0.00 | $0.00 | $0.00 | $0.00 | $0.00
Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse Residential_Baseline_Phase 4

2 : The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact
Analysis. CADMUS 2012 _Multifamily Impacts_Analysis_Report

3: The Cadmus Group (2012). Massachusetts 2011 Residential Retrofit Multifamily Program Impact
Analysis. CADMUS 2012 _Multifamily Impacts_Analysis_Report

4 : Assumptions from National Grid program vendor.

5 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure Life Report Residential and_Cl_Lighting_and HVAC_Measures

6 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

7 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

8 : NMR Group, Inc. (2021). Low Income Multifamily Non-Energy Impact Study

2021 NMR_LIMF_NEI_Study TXC50
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2.10.

Building Shell - Weatherization

Measure Code

IE-BS-W

Market Income Eligible
Program Type Retrofit
Category Building Shell

Measure Description:

Installation of weatherization measures such as air sealing and insulation

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Weatherization, Electric (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a002
Weatherization, Oil (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a003
Weatherization, Other (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a004
Air Sealing, Electric (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a005
Air Sealing, Oil (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a006
Air Sealing, Other (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a007
Insulation, Electric (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a008
Insulation, Oil (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a009
Insulation, Other (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a010
Weatherization, Electric (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a053
Weatherization, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EBla054
Weatherization, Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a055
Weatherization (Single Family) Income Eligible Coordinated Delivery (IE_CD) | GB1a002

Air Sealing, Gas (Single Family) Income Eligible Coordinated Delivery (IE_CD) | GB1a003
Insulation, Gas (Single Family) Income Eligible Coordinated Delivery (IE_CD) | GB1a004
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Algorithms for Calculating Primary Energy Impact:

Unit savings are per home and deemed based on study results.! Demand savings are derived from the
demand impact model which is developed as part of the Residential Baseline Study.?  All other
assumptions are consistent with the Multi Family Offering.

Measure Name PA | Energy Type AKWh AKW AMMBtu
Weatherization, Electric (Single Family) | All Electric 1,616 1.18
Weatherization, Oil (Single Family) All Oil 377 0.60 28.1
Weatherization, Other (Single Family) | All Propane 344 0.55 26.3
Weatherization, Gas (Single Family) | All Gas 344 0.55 26.3
Air Sealing, Electric (Single Family) | All Electric 501 0.37
Air Sealing, Oil (Single Family) All Oil 9.9
Air Sealing, Other (Single Family) All Propane 10.5
Air Sealing, Gas (Single Family) All Gas 10.5
Insulation, Electric (Single Family) All Electric 1,115 0.37
Insulation, Oil (Single Family) All Oil 377 0.60 18.2
Insulation, Other (Single Family) All Propane 344 0.55 15.8
Insulation, Gas (Single Family) All Gas 344 0.55 15.8

Baseline Efficiency:

The baseline efficiency case is any existing home shell measures.

High Efficiency:

The high efficiency case includes the installation of weatherization measures (air sealing & insulation).

Measure Life:

For the combined weatherization measure the measure life is 20 years.® For insulation the measure life
is 25 years and for air sealing the measure life is 15 years.

Measure Name Core Initiative | PA EUL OYF RUL AML
Air Sealing IE_CD All 15 n/a n/a 15
Insulation IE_ CD All 25 n/a n/a 25
Weatherization IE_CD All 20 n/a n/a 20
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initioative PA ISR RRe RRNE RRsp RRwp CFsp CFWP

Weatherization,

Electric (Single Family) IE_CD All | 1.00 | 1.00 n/a 1.00 1.00 0.00 | 0.43

Weatherization, Oil

. . IE_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
(Single Family) -

Weatherization, Other

. . IE_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
(Single Family) -

Weatherization, Gas

. . IE_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
(Single Family) -

Air Sealing, Electric

. . IE_CD All | 1.00 | 1.00 n/a 1.00 1.00 | 0.00 | 043
(Single Family) -

Air Sealing, Oil (Single

. IE_ CD All | 1.00 | n/a 1.00 n/a n/a n/a n/a
Family)

Air Sealing, Other

(Single Family) IE_CD All | 1.00 | n/a 1.00 n/a n/a n/a n/a

Air Sealing, Gas

(Single Family) IE_CD All | 1.00 | n/a 1.00 n/a n/a n/a n/a

Insulation, Electric

. . IE_CD All | 1.00 | 1.00 n/a 1.00 1.00 | 0.00 | 0.43
(Single Family) -

Insulation, Qil (Single

: IE_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
Family)

Insulation, Other

. . IE_ CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
(Single Family) -

Insulation, Gas (Single

: IE_CD All | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
Family)

Weatherization,

Electric (Multi Family) IECD | CLC | 1.00 | 1.00 n/a 1.00 1.00 | 0.00 | 043

Weatherization, Oil

(Multi Family) IECD | CLC | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00

Weatherization,

Propane (Multi Family) IE.CD | CLC | 1.00 | 1.00 | 1.00 1.00 1.00 | 0.35 | 0.00
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In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Inﬁioart?ve PA FR SOp SOnp NTG
Weatherization,
Electrio (Single Family)|  'E-CP Al 0.00 0.00 0.00 1.00
Weatherization, Oil IE_CD Al 0.00 0.00 0.00 1.00
(Single Family)
Weatherization, Other |\ Al 0.00 0.00 0.00 1.00
(Single Family) - ' ' ' '
Weatherization, Gas IE_CD Al 0.00 0.00 0.00 1.00
(Single Family)
Air Sealing, Electric |0 -, Al 0.00 0.00 0.00 1.00
(Single Family)
Air Sealing, Oil (Single | =y Al 0.00 0.00 0.00 1.00
Family) - ' ' ' '
Air Sealing, Other IE_CD Al 0.00 0.00 0.00 1.00
(Single Family)
Alr Sealing, Gas IE_CD All 0.00 0.00 0.00 1.00
(Single Family)
Insulation, Electric IE_CD All 0.00 0.00 0.00 1.00
(Single Family)
Insulation, Oil (Single | - -y Al 0.00 0.00 0.00 1.00
Family) - ' ' ' '
Insulation, Other IE_CD Al 0.00 0.00 0.00 1.00
(Single Family)
Insulation, Gas (Single | - -y Al 0.00 0.00 0.00 1.00
Family) - ' ' ' '
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Eleé’t\:fcat(rl‘\jﬁlzt?ﬁi:‘;’%”y) IE_CD cLC 0.00 0.00 0.00 1.00
W?&tﬂftrl'zf;'ﬁny)o” IE_CD cLC 0.00 0.00 0.00 1.00
Prog’:ﬁ:t(mftﬂ‘;%”y) IE_CD cLC 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Core Annual | One- | Annual| One- | Annual |One-time
Measure Name Initiative | PA | $per | time$ | $per | time$ | $per $ per
Unit | per Unit| kWh |per kWh| Therm | Therm
Wea(tgfr:glzti;a”rhﬁ;‘;c”ic IE.CD | All | $558.21 ?)/;r;)e: $0.01
Wf;tr?glrgzégﬁ]?l’y?i' IE.CD | All | $558.21 B’;"F',e: $0.01
We(asﬂl‘r?g'éa;';’;l I(;)ther IE.CD | All |$558.21 L’;"F',e': $0.01
W?gmgi'ezggﬁﬂlﬁas IE.CD | All | $558.21 ?)/;r;)e: $0.08
AiESSiﬁZ'IL”g;E]'ﬁ;t)”C IE.CD | All |$295.21 B’;"F',e: $0.01
Alr Sea';g?ﬁ%)' (Single | 1 cp | ANl | $295.21 L’;"F',e': $0.01
A('éli‘;"’l"e' r;%m?lt;‘fr IE.CD | All |$295.21 ?)/;r;)e: $0.01
Alr Sea'g‘agﬁﬁ;)s (Single | e cp | Al | $295.21 B/;ge: $0.08
'”(S;i'r?éil‘;”F’aEn']eif;;iC IE.CD | All |$263.00 L’;"F',e': $0.01
'”Su'a“g;‘rﬁy)(smg'e IE.CD | All |$263.00 L/;r;)e: $0.01
'”S“'atiogégit:‘)gr (Single | 1 cp | Al | $263.00 B/;ge: $0.01
'”S“'aﬁggﬁl‘;s) (Single | 1e cp | ANl | $263.00 ?)/;"F',e/j $0.08
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Weat(:jﬁlzt?t;‘;rr‘r"if;)ec”ic IE_.CD | CLC |$771.73 X;gf $0.01

W‘(*m?{l'?atmy?" IE_CD | CLC |$771.73 X;g‘i’ $0.01
We?mrli;ag;%:‘h;ther IE_CD | CLC |$771.73 L’;';e; $0.01
Endnotes:

1: The Cadmus Group, Inc (2012). Low Income Single Family Program Impact Evaluation.
CADMUS 2012 Single Family Low_Income_Impact Eval

2 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase_4

3 : Massachusetts Common Assumption.

4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

5: NMR Group, Inc., Tetra Tech (2011). Residential and Low-Income Non-Energy Impacts (NEI)
Evaluation. Tetra_Tech_and NMR_2011 MA Res and_ LI NEI_Evaluation
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2.11. Custom - Income Eligible

Measure Code IE-CM-CMIE
Market Income Eligible
Program Type Retrofit
Category Custom

Measure Description:

Vendors install a variety of electric and gas measures at IE multifamily facilities. The measures covered
in this entry are associated with commercial gas and electric meters. Measures include HVAC, process,
and domestic hot water equipment measures.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Heating System Retrofit, Heat Pump

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a015

Custom - HVAC (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al19
Custom - Hot Water (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al130
Custom - Process (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EBlal31
Custom - Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al32

Boiler Reset Control, Gas (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) GB1a038

Demand Circulator (Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a039

Algorithms for Calculating Primary Energy Impact:

Gross energy and demand savings estimates for custom IE Multifamily projects are calculated by
approved vendors with project-specific details. Energy and demand savings calculations are based on
projected or measured changes in equipment efficiencies and operating characteristics and are determined
on a case-by-case basis.

Baseline Efficiency:

For retrofit projects, the baseline efficiency case is the same as the existing, or pre-retrofit, case for
the facility.
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High Efficiency:

The high efficiency scenario is specific to the facility and may include one or more energy
efficiency measures.

Measure Life:

Measure Name Ini(iioart?ve PA EUL OYF | RUL AML
Demand Circulator
(Multifamily) IE_ CD All 15 n/a n/a 15
Boiler Reset Control, Gas 1
(Multifamily) IE_CD All 15 n/a n/a 15
Custom HVAC (Multifamily) | 1E_CD All custom n/a n/a custom
Custom Hot Water
(Multifamily) IE_CD All custom n/a n/a custom
Custom Process (Multifamily) | IE_CD All custom n/a n/a custom
Custom Other (Multifamily) IE_ CD All custom n/a n/a custom
Heating System Retrofit, Heat
Pump (Single Family) IE_ CD All 15 n/a n/a 15

Other Resource Impacts:

Other resource impacts are determined on a case by case basis.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inic'i?a:?ve PA ISR | RRe | RRye | RRsp | RRwp | CFsp | CFuwp
Gas Measures IE_ CD Berkshire 1 nfa | 0.80 | n/a n/a n/a n/a
Gas Measures IE_CD Columbia 1 nfa | 0.96 | nla n/a n/a n/a
Gas Measures IE_ CD Eversource 1 nfa | 1.05 | nla n/a n/a n/a
Gas Measures IE_ CD Liberty 1 nfa | 0.96 | nla n/a n/a n/a
Gas Measures IE_CD |National Grid| 1 nfa | 0.75 | nla n/a n/a n/a
Gas Measures IE_ CD Unitil 1 nfa | 0.96 | nla n/a n/a n/a
iﬁhﬁ?frm\{@)c IE_ CD All 1.00 | 1.00 | n/fa | 1.00 | 1.00 | custom | custom
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Custom Hot
Water IE_CD All 1.00 {100 | nfa | 1.00 | 1.00 | custom | custom
(Multifamily)

Custom Process

(Multifamily) IE_CD All 100|100 | n/a | 1.00 | 1.00 | custom | custom

Custom Other

(Multifamily) IE_CD All 1.00 | 1.00 | n/a | 1.00 | 1.00 | custom | custom

Heating System
Retrofit, Heat
Pump (Single

Family)

IE_CD All 1.00 | 1.00 | n/a | 1.00 | 1.00 0.38 0.05

In-Service Rates:

All installations have 100% in-service rates since all PA programs include verification of equipment
installations.

Realization Rates:

Realization rates are based on an evaluation study.?

Coincidence Factors:

For all PAs, gross summer and winter peak coincidence factors are custom-calculated for each custom
project based on project-specific information. The actual or measured coincidence factors are included in
the summer and winter demand realization rates.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

All Measures IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.2Custom - HVAC NEI values
for Multifamily are based on 2021 results.*

One- One- Annual $ One-
Measure Core Annual $ | time $ | Annual $ | time $ time $
e PA . per
Name Initiative per Unit per | per kWh per Therm per
Unit kWh Therm
Gas Varies by
Measures IE_CD All PA $0.08
Electric Varies by
Measures IE_CD All PA $0.01
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Heating
System
Retrofit, Heat
Pump (Single
Family)

IE_CD All

$310.82

Custom -
HVAC

IE_CD All

$836.39

Endnotes:

1: ACEEE (2006). Emerging Technologies Report: Advanced Boiler Controls. Prepared for ACEEE.
ACEEE_2006_Emerging_Technologies_Report_Advanced Boiler_Controls

2 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.

CADMUS 2015 Low Income Multifamily Impact Evaluation

3: NMR Group, Inc., Tetra Tech (2011). Residential and Low-Income Non-Energy Impacts (NEI)
Evaluation. Tetra_Tech_and NMR_2011 MA Res and LI NEI_Evaluation

4 : NMR Group, Inc. (2021). Low Income Multifamily Non-Energy Impact Study

2021 NMR_LIMF_NEI_Study TXC50
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2.12. HVAC - Boiler Reset Control

Measure Code IE-HVAC-BSC
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Boiler Reset Controls are devices that automatically control boiler water temperature based on outdoor or
return water temperature using a software program.

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Boiler Reset Controls, Qil (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a016

Boiler Reset Control, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD) |GB1a016

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.*

Measure Name Core Initiative AMMBtu/Unit
Boiler Reset Control, Oil (Single Family) IE_ CD 4.4
Boiler Reset Control, Gas (Single Family) IE_CD 45

Baseline Efficiency:

The baseline efficiency case is a boiler without reset controls.

High Efficiency:

The high efficiency case is a boiler with reset controls.
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Measure Life:

The measure life is 15 years.?

Measure Name Core PA EUL OYF RUL AML
Initiative
Boiler Reset Con_trol,Oll IE CD Al 15 n/a n/a 15
(Single Family) -
Boiler Reset Con'grol, Gas IE CD All 15 n/a n/a 15
(Single Family) -
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core | balISR|RRe |RRye |RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Boiler Reset Control, Qil (Single Family) | IE_CD |All|1.00| nfa | 1.00 | nfa | n/fa | n/a | n/a
Boiler Reset Control, Gas (Single Family) | IE_CD |All|{1.00| n/a | 1.00 | nfa | n/a | nfa | n/a

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

All PAs use 100% energy realization rate. The summer and winter peak realization rates are not
applicable for this measure since there are no electric savings claimed.

Coincidence Factors:

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA FR SOp SOnp NTG
Boiler Reset Control, Oil IE_CD Al | 000 | 000 0.00 1.00
(Single Family)
Boiler Reset Control, IE_CD All | 000 0.00 0.00 1.00
Gas (Single Family)
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.3
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Annual One- Annual One- | A nnuat | 9N
Core time time time $
Measure Name g PA | $per $ per $ per
Initiative Unit $ per KWh $ per Therm per
Unit kWh Therm
Boiler Reset Control, Oil
(Single Family) IE_CD | All
Boiler Reset Control, Varies
Gas (Single Family) IE_CD | Al by PA $0.08

Endnotes:

1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.
CADMUS 2012_Single Family Low_Income_Impact Eval

2 : ACEEE (2006). Emerging Technologies Report: Advanced Boiler Controls. Prepared for ACEEE.

ACEEE 2006 Emerging Technologies Report Advanced Boiler Controls

3 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area,
Residential and Low-Income Non-Energy Impacts (NEI) Evaluation.

Tetra Tech and NMR 2011 MA Res and LI NEI Evaluation
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2.13. HVAC - Boiler Retrofit

Measure Code IE-HVAC-BR
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:
Replacement of an old inefficient space heating boiler with a new boiler.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
Heating System Retrofit, Boiler, Oil Income Eligible Coordinated Delivery EB1a011
(Single Family) (IE_CD)
Heating System Retrofit, Boiler, Other Income Eligible Coordinated Delivery EB12012
(Single Family) (IE_CD)
Heating System Retrofit, Boiler, Gas Income Eligible Coordinated Delivery GB1a005
(Single Family) (IE_CD)
Algorithms for Calculating Primary Energy Impact:
Unit savings are deemed based on study results.!
Measure Name Energy Type AMMBtu
Heating System Retrofit, Boiler, Oil (Single Family) Oil 20.4
Heating System Retrofit, Boiler, Other (Single Family) Propane 194
Heating System Retrofit, Boiler, Gas (Single Family) Gas 194

Baseline Efficiency:
The baseline efficiency case is the existing inefficient boiler.

High Efficiency:
The high efficiency case is the new efficient boiler.
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Measure Life:

The measure life is 23 years.?

Measure Name Core Initiative PA EUL OYF RUL AML
Heating System Retrofi, IE_CD All | 23 n/a n/a 23
Boiler (Single Family) -
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core | pA| 1SR | RRe | RRue | RRs | RR CFs | CF
Initiative E NE SP WP SP WP
Heating System Retrofit, |\ o | An| 1.00| nfa | 200 | na | na | na | nia
Boiler (Single Family) -

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment

installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Not applicable for this measure since no electric savings are claimed.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Heating System Retrofit, IE CD All 0.00 0.00 0.00 1.00
Boiler (Single Family) - ' ' ' '
Non-Energy Impacts:
Core Annual| One- |Annual| One-time |Annual | One-time
Measure Name Initiative PA| $per | time$ | $per $ per $ per $ per
Unit | per Unit | kWh kWh [ Therm | Therm
Heating System Retrofit, Varies
Boiler, Oil (Single Family) | 'E-CP | All|$310.82 oy PA | 001
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Heating System Retrofit,
Boiler, Other (Single
Family)

Varies
by PA

IE_CD |AlIl|$310.82

$0.01

Heating System Retrofit,
Boiler, Gas (Single
Family)

IE_CD |AlIl|$310.82

Varies
by PA

$0.08

Endnotes:

1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.

CADMUS 2012 Single Family Low Income Impact Eval

2 : Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Boiler.
EPA 2009 Lifecycle Cost Estimate for ENERGY _STAR Qualified Boiler
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2.14. HVAC - CVEO Battery Storage Dispatch

Measure Code IE-HVAC-CVEO-BAT
Market Income Eligible
Program Type Active Demand Response
Category Heating Ventilation and Air Conditioning

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

CVEO Storage Daily Dispatch, Income Eligible Active Demand Reduction CVEO13
discharge (savings) Summer (IE_ADR)

CVEO Storage Daily Dispatch, Income Eligible Active Demand Reduction CVEO14
charge (consumption) Summer (IE_ADR)

CVEO Storage Targeted Dispatch, | Income Eligible Active Demand Reduction CVEOL5
discharge (savings) Winter (IE_ADR)

CVEO Storage Targeted Dispatch, | Income Eligible Active Demand Reduction CVEO16
charge (consumption) Winter (IE_ADR)

Under the Residential Storage Performance Offering, customers are incentivized to decrease demand
through the discharge of energy from storage in response to a signal.

The measures in the CVEO initiative planned by CLC are consistent with the Statewide Residential
Active Demand Core Initiative. CLC has not yet evaluated Battery Storage and plans to in the near
future.

Algorithms for Calculating Primary Energy Impact:
For Summer Storage Daily Dispatch, unit savings are deemed based on study results.

For Winter Storage Daily Dispatch, unit savings are deemed based on study results.?

PA kW Savings per Battery*
National Grid - Summer 5.5
National Grid - Winter 6.9
Unitil - Summer 1.3
Unitil - Winter 8.3

* Savings per battery represent the average demand savings (which is equivalent to the battery discharge)
during events for batteries that successfully participated.
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Baseline Efficiency:

For Storage Daily Dispatch, demand and energy impacts of the energy storage are measures assuming the
whole-home and solar PV data as the baseline.® *

High Efficiency:

N/A, Active Demand Reduction does not directly increase efficiency. Storage increases energy
consumption due to round trip efficiency losses.

Measure Life:

Because Active Demand Reduction is based on Program Administrators calling demand reduction
events each year, the measure life is one year.

Measure Name Core Initiative PA EUL OYF RUL AML

CVEOQ Battery Storage IE_ADR CLC 1 n/a n/a 1

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

For Storage Daily Dispatch, realization rates are set to 100% since deemed savings are based on
evaluation results.® ®

Measure Name Core | bA | 1SR | RRe | RRue | RRs» | RRwe | CFsr | CFup
Initiative

Storage Daily Dispatch, discharge

(savings) Summer IE_ADR |CLC |1.00|1.00| 1.00 | 1.00 | 1.00 | 1.00 | 0.00

Storage Daily Dispatch, discharge |\ aApp | e | 1.00| 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00
(consumption) Summer =

Storage Daily Dispatch, discharge

(savings) Winter IE_ADR | CLC|1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00 | 1.00

Storage Daily Dispatch, discharge

(consumption) Winter IE_ADR |CLC |1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00 | 1.00

Impact Factors for Calculating Net Savings:

Net-to-gross ratios are assumed to be 1.0 for Income Eligible measures.
Measure Name Core Initiative PA FR SOr | SOn | NTG

CVEOQ Battery Storage IE_ADR CLC | 0.00 | 0.00 0.00 1.00

Non-Energy Impacts:

There are no non-energy impacts identified for this measure.
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Endnotes:
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2.15. HVAC - CVEO Solar PV

Measure Code IE-HVAC-CVEO-SOLPV
Market Income Eligible
Program Type Early Replacement
Category Other

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

CVEO Solar PV Income Eligible Coordinated Delivery (IE_CD) CVEO12

Algorithms for Calculating Primary Energy Impact:

The annual energy (in kwh and kW) produced by the installed solar PV system, accounting for location,
system size, system orientation, and capacity factor.

The kWh for a particular system can be estimated using the National Renewable Energy Laboratory
(“NREL”) PVWatts Calculator, available at: https://pvwatts.nrel.gov/

Baseline Efficiency:
No Solar PV

High Efficiency:

Installation of Solar

Measure Life:

The measure life for a new solar PV system is assumed to be 25 years, consistent with net metering credit
availability in Massachusetts. See: https://www.mass.gov/guides/net-metering-guide

Measure Name Core Initiative PA EUL OYF RUL AML

CVEO Solar PV IE_CD CLC 25 n/a n/a n/a

Other Resource Impacts:

There are no other resource impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative PA | ISR | RRe | RRxe | RRse | RRwe | CFse | CFwe

CVEO Solar PV IE_CD CLC | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.80 | 0.00
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Impact Factors for Calculating Net Savings:

Net-to-Gross values are set to 100% until an evaluation occurs.

Measure Name Core Initiative PA FR SOe SOne NTG
CVEO Solar PV IE_CD CLC 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Core Annual | One- Annual $ One-time | Annual | One-time
Measure Name Initiative PA | $per | time$ er KWh $ per $ per $ per
Unit | per Unit P KWh Therm | Therm
CVEO SolarPV | IE_CD | CLC | $0.00 | $0.00 VarF',"'Af Y| g001 | $0.00 | $0.00
Endnotes:
1: Tetra Tech and NMR 2011 MA Res and LI _NEI_Evaluation
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2.16. HVAC - Communicating Thermostat

Measure Code IE-HVAC-WT
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

A communicating thermostat which allows remote set point adjustment and control via remote
application. System requires an outdoor air temperature algorithm in the control logic to operate
heating and cooling systems.

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Wi-Fi Thermostat, AC Only (Single

Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a044

Wi-Fi Thermostat, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a045

Wi-Fi Thermostat, Oil (Single Family) Income Eligible Coordinated Delivery (IE_CD) | EB1a047

Wi-Fi Thermostat, Other (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a049

Wi-Fi Thermostat, AC Only (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) | EB1a095

Wi-Fi Thermostat, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a096

Wi-Fi Thermostat, Other (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) | EB1a097

Wi-Fi Thermostat, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | GB1a014

Wi-Fi Thermostat, Gas (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | GB1a036

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.! 2 Demand savings are derived from the demand impact
model which is developed as part of the Residential Baseline Study.®> The total cooling savings of

64 kwh were adjusted to reflect the percent of homes that have cooling which based on the Residential
Baseline study is 28 percent.

Measure Name AKWh AKW A MMBtu

Wi-Fi Thermostat, Electric (AC Only)

(Single Family) 64 0.09
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Wi-Fi Thermostat, Gas (Single Family) 18 0.03 2.79
Wi-Fi Thermostat, Oil (Single Family) 18 0.03 2.78
Wi-Fi Thermostat, Other (Single Family) 18 0.03 2.78
Wi-Fi Thernzlt\)jha;:[[,ifg:ﬁﬁgc (AC Only) 64 0.09
Wi-Fi Thermostat, Gas (Multifamily) 18 0.03 2.79
Wi-Fi Thermostat, Oil (Multifamily) 18 0.03 2.78
Wi-Fi Thermostat, Other (Multifamily) 18 0.03 2.78

Baseline Efficiency:

The baseline efficiency case is an HVAC system with either a manual or a programmable thermostat.

High Efficiency:

The high efficiency case is an HVAC system that has a Wi-Fi thermostat installed.

Measure Life:

The measure life is 15 years.*

Measure Name Core Initiative PA EUL OYF RUL AML
Wi-Fi Thermostat IE_CD All 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core | oA | ISR | RRe | RRae | RRsp | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Wi-Fi Thermostat, Electric
(AC Only) (Single Family) IECD | All | 1.00 | 1.00 | 1.00 1.00 1.00 0.37 0.00
Wi-Fi Thermostat, Gas | e oy | Al | 1.00 | 1.00 | 1.00 | 1.00 | 12.00 | 0.37 | 0.0
(Single Family) -
Wi-Fi Thermostat, Ol | e oy | o)y | 100 | 1.00 | 100 | 2.00 | 100 | 0.37 | 0.0
(Single Family) -
Wi-Fi Thermostat, Other | & oy | A | 1.00 | 1.00 | 1.00 | .00 | 1.00 | 037 | 0.00
(Single Family) -
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Wi-Fi Thermostat, Electric

(AC Only) (Multifamily) IECD |AIl| 100 | 1.00 | 1.00 | 1.00 1.00 | 0.37 | 0.00

Wi-Fi Thermostat, Gas

(Multifamily) IECD |AIl| 100 | 1.00 | 1.00 | 1.00 1.00 | 0.37 | 0.00

Wi-Fi Thermostat, Oil

(Multifamily) IE.CD | All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.37 | 0.00

Wi-Fi Thermostat, Other

(Multifamily) IECD |AIl| 100 | 1.00 | 1.00 | 1.00 1.00 | 0.37 | 0.00

In-Service Rates:

All PAs assume 100% in service rate.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Wi-Fi Thermostat IE_CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B. The thermostat NEI values
are per household and the PAs adjust the total value by the average number of thermostats per account
depending on the initiative. In the case of income eligible, we assume one thermostat per household.

One- One- Annual $ One-
Measure Name Core PA Annual _$ time $ | Annual $ | time $ per time $
Initiative per Unit per |per kWh | per Therm per
Unit KWh Therm
Wi-Fi Thermostat, varies b
Electric (AC Only) | IE.CD | All |  $44.53 oa )| $0.01
(Single Family)
Wi-Fi Thermostat, Varies by
Gas (Single Family) IE_CD | All $44.53 PA $0.08
Wi-Fi Thermostat,
Oil (Single Family) | 'E-CD | All | $44.53
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Wi-Fi Thermostat,

Other (Multifamily)

Other (Single IE_.CD | All $44.53
Family)
Wi-Fi Thermostat, Varies b
Electric (AC Only) | IE_CD | All $16.02 Y1 $0.01
Y PA

(Multifamily)
Wi-Fi Thermostat, Varies by
Gas (Multifamily) IE_CD | All $16.02 PA $0.08
Wi-Fi Thermostat,
Oil (Multifamilyy | 'E-CD | All | $16.02
Wi-Fi Thermostat, IE_CD | All $16.02

Endnotes:

1 : Navigant Consulting (2018). Wi-Fi Thermostat Impact Evaluation--Secondary Research Study Memo.
2018 Navigant Wi-Fi_Thermostat Impact Evaluation_Secondary Literature Study

2 : Guidehouse (2021). Residential Wi-Fi and Programmable Thermostat Impacts.
2021 Guidehouse_Thermostat Impact Study

3 : Guidehouse (2020). Residential Baseline Study Phase 4

2020 Guidehouse Residential Baseline Phase 4

4 : Assumed to have the same lifetime as a regular programmable thermostat. Environmental Protection
Agency (2010). Life Cycle Cost Estimate for ENERGY STAR Programmable Thermostat.
EPA_2010_Lifecycle Cost Estimate for ENERGY_STAR_Programmable Thermostats

5 : Guidehouse (2020). Residential Baseline Study Phase 4

2020 Guidehouse Residential Baseline Phase 4
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2.17. HVAC - Duct Insulation

Measure Code IE-HVAC-DI
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, insulate ductwork.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Duct Insulation, Electric (Single Family) | Income Eligible Coordinated Delivery (IE_CD)| EB1al35

Duct Insulation, Oil (Single Family) | Income Eligible Coordinated Delivery (IE_CD)| EB1a018

Duct Insulation, Other (Single Family) |Income Eligible Coordinated Delivery (IE_CD)| EB1a019

Duct Insulation, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD)| GB1a008

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results®:

Measure Name AKkWh AKW? A MMBtu
Duct Insulation, Electric (Single Family) 726 0.51
Duct Insulation, Oil (Single Family) 4.3
Duct Insulation, Other (Single Family) 55
Duct Insulation, Gas (Single Family) 55

Baseline Efficiency:

The baseline efficiency case is existing, un-insulated ductwork in unconditioned spaces (e.g. attic or
basement).

High Efficiency:
The high efficiency condition is insulated ductwork in unconditioned spaces.
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Measure Life:

The measure life is 20 years.®
Measure Name Core Initiative PA EUL OYF RUL AML

Duct Insulation IE_ CD All 20 n/a n/a 20

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioart?ve PA| ISR |RRe | RRne | RRsp | RRwe | CFsp | CRwp

Duct Insulation, Electric (Single Family)| IE_CD |All{1.00{1.00| 1.00 | 1.00 | 1.00 | 0.37 | 0.22

Duct Insulation, Oil (Single Family) IE CD |All|1.00| nf/a| 100 | nfa | nfa | nfa | nla

Duct Insulation, Other (Single Family) | IE_.CD |All|{1.00| nfa | 1.00 | nfa | n/a | nla | nla

Duct Insulation, Gas (Single Family) IE_.CD |All|{1.00| nfa | 1.00 | nfa | nfa | nfa | n/a

In-Service Rates:

All installations have 100% in-service rates since programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA FR SOp | SOne | NTG

Duct Insulation, Electric (Single Family) IE_ CD All 0.00 | 0.00 | 0.00 | 1.00

Duct Insulation, Oil (Single Family) IE_CD All 0.00 | 0.00 | 0.00 | 1.00

Duct Insulation, Other (Single Family) IE_ CD All 0.00 | 0.00 | 0.00 | 1.00

Duct Insulation, Gas (Single Family) IE_CD All 0.00 | 0.00 | 0.00 | 1.00
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Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.

Core Annual One- | Annual | One-time | Annua | One-time
Measure Name Initiative PA| $per | time$ | $per $per |I1$per| $per
Unit | per Unit | kWh KWh | Therm | Therm
Duct Insulation, Varies
Electric (Single IE_.CD |All $0.01
) by PA
Family)
Duct Insulation, Oil
(Single Family) IE_CD | All
Duct Insulation, Other
(Single Family) | 'E-CP | Al
Duct Insulation, Gas Varies
(Single Family) | 'E-CP | Al oyPA | $008

Endnotes:

1 : Cadmus Group (2012). Massachusetts Low Income Single Family Program Impact Evaluation.
CADMUS 2012 Single Family Low_Income Impact Eval

2 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase_4

3 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and HVAC_Measures

4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

November 2021 315
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED


https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885f6996f29cc47df757/view?authToken=612dc2b9b04c4cd4dfae84324b0fed55c6b5156ac0fdaa8ce0b10b8983e3849e83fb726c912002ed09e4ae744b784166e42981ed1a4826718b582cc80b7c636d15654fac0288ca
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=bc540d783a2bb715b2ce4d4a5ec0a483352f30d3ee8040d146da80d1bc12827a6e94353fdbe6c6c67cd08cce02da72de114b6ec6b18fff93b38cf8450e4e684b182b9f6b4e5d39
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885f6996f205217df753/view?authToken=3ee7db2c1c3f1ee1075b2e924da80af3145ec993a435746e4cd12232f90e28ab19e3c1e4f4af20a5ada48243c209f3505661b42816d46cff61cf05dd1bd0d642ea0f990e5e7a06
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=75df7ce8cbb7375ff9aebc42dd39ccc8f5cb95f58eb31d322d57198d946a5d06675d92cdcf966e2e7deaa67b1314773c4a0f62aa12101ab55fe43198d7105b31c1aa10727f9093

Massachusetts Technical Reference Manual Income Eligible Efficiency Measures

2.18.  HVAC - Duct Insulation - IE Multi-Family

Measure Code IE-HVAC-DI-MF
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, insulate ductwork.

BCR Measure IDs:

Core Initiative Measure Name BCR Measure ID
Duct Epjﬂ:ggsrg’nsl)ecmc Income Eligible Coordinated Delivery (IE_CD) EB1a064
DU(E;/:SISI?]!Z:L?R/’)O” Income Eligible Coordinated Delivery (IE_CD) EB1a065
Duciﬂjﬂ;gr%?iy?mer Income Eligible Coordinated Delivery (IE_CD) EB1a066
Duitlvllﬂﬁjigm?)})(;as Income Eligible Coordinated Delivery (IE_CD) GB1la024

Algorithms for Calculating Primary Energy Impact:

Eversource:

The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
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their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.

All PAs except Eversource:

Unit savings are deemed based on study results:
AMMBtu = MMBtu x Units

Where:
Unit = Number of square feet of ductwork treated
MMBtu = Average annual MMBtu savings per unit: 0.035!

Baseline Efficiency:

The baseline efficiency case is existing, un-insulated ductwork in unconditioned spaces (e.g. attic or
basement).

High Efficiency:

The high efficiency condition is insulated ductwork in unconditioned spaces.

Measure Life:

The measure life is 20 years.?

Measure Name Core PA EUL OYF RUL AML
Initiative
Duct Insulation (Multifamily) IE_CD All 20 n/a n/a 20

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initiative PA ISR RRe | RRnNe | RRsp | RRwe CFsp CFWP
Duct Insulation, Electric | \e o | A | 100 | 1.00| nfa | 1.00 | 1.00 | 037 | 0.2

(Multifamily)

Duct Insulation, Gas

(Multifamily) IE_CD | Berkshire | 1.00 | n/fa | 0.80 | n/a n/a n/a n/a

Duct Insulation, Gas

(Multifamily) IE_CD | Columbia | 1.00 | n/a | 0.96 | nl/a n/a nfa | nla

Duct Insulation, Gas

(Multifamily) IE_CD |Eversource| 1.00 | nfa | 1.05 | n/a n/a n/a n/a
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Duct Insulation, Gas .
(Multifamily) IE_CD Liberty | 1.00 | n/fa | 0.96 n/a n/a n/a n/a
Duct Insulation, Gas National
(Multifamily) IE_CD Grid 1.00 | nfa | 0.75 n/a n/a n/a n/a
Ductlnsqlathn, Gas IE_ CD Unitil 1.00 | nfa | 0.96 n/a n/a n/a n/a
(Multifamily)
Duct Insulation, Qil
(Multifamily) IE_CD All 1.00 | nfa | 1.00 n/a n/a n/a n/a
Duct Insul_at|or_1,0ther IE_CD All 1.00 | nfa | 1.00 n/a n/a n/a n/a
(Multifamily) -

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core PA FR SOp SOwe NTG
Initiative
Duct Insulation (Multifamily) IE_CD All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- One- Annual $ One-
Measure Name Core PA Annual $ |time $|Annual $| time $ per time $
Initiative per Unit per |per KWh| per Therm per
Unit KWh Therm
Duct Insulation, varies b
Electric IECD | All oa )| $0.01
(Multifamily)
Duct Insulation, varies b
Gas IECD | All on | $0.08
(Multifamily)
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Duct Insulation,

Oil (Multifamily) | 'E-CD | Al

Duct Insulation,
Other IE_CD All
(Multifamily)

Endnotes:

1 : National Grid Staff Estimate (2010) MA SBS-DI Duct Sealing and Insulation Scenario and Deemed
Savings. NGrid_MA_SBS-DI_Duct_Sealing_and_Insulation_Scenario_and_Deemed_Savings_6-22-10
2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure Life Report Residential and_Cl_Lighting_and HVAC_Measures

3 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

4 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
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2.19.  HVAC - Duct Sealing - IE Multi-Family

Measure Code IE-HVAC-DSAF-MF
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, seal ductwork. This could include sealing leaky fixed
ductwork with mastic or aerosol.

BCR Measure IDs:

BCR

Measure Core Initiative
Measure 1D

Duct Sealing, Electric (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) EB1a067

Duct Sealing, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a068

Duct Sealing, Other (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) EB1a069

Duct Sealing, Gas (Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a023

Algorithms for Calculating Primary Energy Impact:

Eversource:

The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.
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All PAs except Eversource:
MMBtu = Annual Heating Consumption x % SAVE x 1/1,000,000

Where:

AnnualHeatingConsumption = The total annual heating consumption for the facility (Btu)
%SAVE = Average reduction in energy consumption.

1/1,000,000 = Conversion from Btu to MMBtu.

Savings Factors for Multifamily Duct Sealing:

Measure Name %SAVE!
Surface Area < 50 SQFT 7%
Surface Area > 50 SQFT and < 200 SQFT 3%
Surface Area > 200 SQFT 1%

Baseline Efficiency:

The baseline efficiency case is existing, non-sealed (leaky) ductwork in unconditioned spaces (e.g. attic
or basement).

High Efficiency:
The high efficiency condition is air sealed ductwork in unconditioned spaces.

Measure Life:

The measure life is 20 years.?
Measure Name Core Initiative PA EUL OYF RUL AML

Duct Sealing IE_ CD All 20 n/a n/a 20

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA  |ISR|RRe|RRue |RRsp | RRwe | CFsp | CFwe

Duct Sealing, Electric

(Multifamily) IE_CD All 1.00/1.00| n/a | 1.00 | 1.00 |0.37 | 0.22

Duct Sealing, Gas (Multifamily) | IE_CD | Berkshire {1.00| n/fa | 0.80 | nfa | n/a | nfa | n/a

Duct Sealing, Gas (Multifamily) | IE_CD | Columbia |[1.00| n/a | 0.96 | n/a | nfa | nfa | n/a

Duct Sealing, Gas (Multifamily) | IE_CD |Eversource|1.00| n/fa | 1.05 | nfa | n/a | nfa | n/a
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Duct Sealing, Gas (Multifamily) | IE_CD Liberty |1.00| nfa | 0.96 | nf/a | n/fa | nfa | n/a

Duct Sealing, Gas (Multifamily) | IE_CD Naé'r?gal 1.00| nfa| 075 | nla | nfa | nfa | nla

Duct Sealing, Gas (Multifamily) | IE_CD Unitil  |1.00| nfa | 0.96 | nf/a | nfa | nfa | n/a

Duct Sealing, Oil (Multifamily) | IE_CD All 1.00| nfa | 1.00 | nfa | nfa | nfa | n/a

Duct Sealing, Other

(Multifamily) IE_CD All 1.00| nfa | 1.00 | n/fa | nfa | nfa | nla

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are based on evaluation results.®

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG

Duct Sealing, Electric (Multifamily) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual| One- |Annual|One-time|Annual t(i)rr?:-$
Measure Name Initiative PA| $per | time$ | $per | $per | $per or
Unit | per Unit| kWh kWh | Therm P
Therm
. . Varies
Duct Sealing, Electric IE CD |All| $1.04 by PA $0.01
. Varies
Duct Sealing, Gas IE CD |All| $1.04 by PA $0.08
Duct Sealing, Oil/Other IE CD |All| $1.04
Endnotes:
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1 : Savings assumptions from National Grid program vendor.

2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_CI_Lighting_and HVAC_Measures

3 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact Evaluation

4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4
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2.20.  HVAC - Duct Sealing - I1E Single Family

Measure Code IE-HVAC-DSAF
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

For existing ductwork in non-conditioned spaces, seal ductwork. This could include sealing leaky fixed
ductwork with mastic or aerosol.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Duct Sealing, Oil (Single Family) Income Eligible Coordinated Delivery (IE_CD) | E19B1a020

Duct Sealing, Other (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | E19B1a021

Duct Sealing, Electric (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | E19B1al136

Duct Sealing, Gas (Single Family) Income Eligible Coordinated Delivery (IE_CD) | G19B1a007

Algorithms for Calculating Primary Energy Impact:

1Unit savings are deemed based on study results.* ?

Measure Name AKWh AKW? A MMBtu
Duct Sealing, Electric (Single Family) 442 0.31
Duct Sealing, Oil (Single Family) 3.3
Duct Sealing, Other (Single Family) 3.3
Duct Sealing, Gas (Single Family) 3.3

Baseline Efficiency:

The baseline efficiency case is existing, non-sealed (leaky) ductwork in unconditioned spaces (e.g. attic
or basement).

High Efficiency:
The high efficiency condition is air sealed ductwork in unconditioned spaces.
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Measure Life:

The measure life is 20 years.*

Measure Name Core Initiative PA EUL OYF RUL AML
Duct Sealing IE_CD All 20 n/a n/a 20
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name €ore | bA | ISR | RRe | RRye | RRs | RRwe | CFsp | CF
Initiative E NE SP WP SP WP
Duct Sealing, Electric | = o | Ay | 100 | 200 | na | 100 | 100 | 037 | 0.22
(Single Family) -
Duct Sealing,
Gas (Single Family) IE_CD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a
Duct Sealmg,_Oll (Single IECD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a
Family) -
DUCt. Sealing, cher IE CD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a
(Single Family) -

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluated results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-Gross values are based on evaluation results.

Measure Name Core Initiative PA FR SOp SOnp NTG
Duct Sealing IE_ CD All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
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Core Annual| One- |Annual{ One- |Annual|One-time
Measure Name Initiative PA | $per | time$ | $per | time$ | $per | $per
Unit | per Unit | kWh |per kWh| Therm | Therm
. . Varies
Duct Sealing, Electric IE_CD All | $6.21 by PA $0.01
. Varies
Duct Sealing, Gas IE_CD All | $6.21 by PA $0.08
Duct Sealing, Oil/Other | IE_CD All | $6.21

Endnotes:

1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.
CADMUS 2012_Single Family Low_Income_Impact Eval

2 : For Electric : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.
2018 Navigant HES Impact Evaluation

3 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse Residential_Baseline_Phase 4

4 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting

and HVAC Measures.

GDS 2007 Measure Life Report Residential and Cl Lighting and HVAC Measures

5 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
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2.21.

HVAC - Furnace Retrofit

Measure Code

IE-HVAC-FR

Market

Income Eligible

Program Type

Retrofit

Category

Heating Ventilation and Air Conditioning

Measure Description:

Replacement of an old inefficient space heating furnace with a new furnace.

BCR Measure IDs:

Gas (Single Family)

Measure Name Core Initiative BCR
Measure 1D
Heating Systgm Retrofl_t, Furnace, Oil Income Eligible Coordinated Delivery (IE_CD) EB1a013
(Single Family)
Heating System Retrofit, Furnace, - . .
Other (Single Family) Income Eligible Coordinated Delivery (IE_CD) EBla014
Heating System Retrofit, Furnace, Income Eligible Coordinated Delivery (IE_CD) GB1a006

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.! Electric savings can be attributed to reduced fan run

time.
Measure Name Energy Type | MMBtu/unit | kWh/Unit KW/Unit?
Heating Syste:m Retrofl_t, Furnace, Oil Oil 143 132 0.10
(Single Family)
Heating System Retrofit, Furnace,
Other (Single Family) Propane 20.7 172 0.13
Heating Syste_m Retroflt_, Furnace, Gas Gas 20.7 179 013
(Single Family)
Baseline Efficiency:
The baseline efficiency case is the existing inefficient furnace.
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High Efficiency:

The high efficiency case is the new efficient furnace.

Measure Life:

The measure life is 17 years.®

Measure Name Core PA EUL OYF RUL AML
Initiative
Heating Sy_stem Retrqflt, IE CD All 17 n/a n/a 17
Furnace (Single Family) -

Other Resource Impacts:

There are no other resource impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA| ISR | RRe | RRne | RRse | RRwp | CFsp | CFwp

Measure Name

Heating System Retrofit,

) . IE_.CD | All | 1.00 | 1.00 | 1.00 1.00 1.00 0.00 | 0.43
Furnace (Single Family)

In-Service Rates

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Heating System Retrofit,

Furnace (Single Family) IE_CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.
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Annual | One- | Annual | ©"% | Annual | ON¢;
Core ; time $ time $
Measure Name Initiati PA| $per | time$ | $per $ per
nitiative Unit er Unit| kWh per Therm per
P kWh Therm
Heating System Retrofit, Varies
Furnace, Oil/Other IE_CD | All} $310.82 by PA $0.01
Heating System Retrofit, Varies
Furnace. Gas IE_CD | All| $310.82 by PA $0.08

Endnotes:

1 : The Cadmus Group, Inc. (2012). Low Income Single Family Impact Evaluation.

CADMUS 2012 Single Family Low_Income Impact Eval

2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

3 : Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Furnace.
EPA 2009 Lifecycle Cost Estimate for ENERGY STAR _Furnace

4 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
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2.22. HVAC - Heat Pump - IE - Custom

Measure Code IE-HVAC-HP-C
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a heat pump to displace electric, oil, or propane heat.

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Custom - Heat Pumps displacing Electric

Heat (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EBla274

Custom - Heat Pumps displacing Qil

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a275

Custom - Heat Pumps displacing Propane Income Eligible Coordinated Delivery (IE_CD) | EB1a276

(Multifamily)
CVEOQO Heat Pumps, Electric Heat Income Eligible Coordinated Delivery (IE_CD) | CVEQ9
CVEOQO Heat Pumps, Oil Income Eligible Coordinated Delivery (IE_CD) | CVEO10
CVEOQO Heat Pumps, Propane Income Eligible Coordinated Delivery (IE_CD) | CVEO11

Algorithms for Calculating Primary Energy Impact:
For custom, heat pump savings will be calculated by the vendor based on existing site conditions.
For CVEO, heat pump savings will be calculated using the same assumptions and methods as the

measures shown in the following table. In addition, all assumptions for these measures will be based on
the BCR Measure Data Source.

Measure Name Core Initiative BCR Measure pa | BCR Measure
ID Data Source
Income Eligible
CVEOQ Heat PUMpS, | ¢ ordinated Delivery CVEO9 CLC EB1a266
Electric Heat
(IE_CD)
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Measure Name Core Initiative BCR Measure PA BCR Measure
ID Data Source
EB1a269
EB1a273
Income Eligible EBlaz7l
CVEO Heat Pumps, Oil | Coordinated Delivery CVEO10 CLC EB12286
(IE_CD)
EB1a281
EB1b284
EB1a268
EB1a272
Income Eligible EB1a270
CVEOPIr—(|)e1tnF;umps, Coordinated Delivery CVEO1 CLC
P (IE_CD) EB1a287
EB1a282
EB1b285
Baseline Efficiency:
For custom, the baseline efficiency case is existing site conditions.
High Efficiency:
For custom, the high efficiency case varies depending on the equipment installed.
Measure Life:
The measure life will vary depending on the actual equipment installed.
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
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Measure Name |nﬁioart?ve PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp

Custom Heat Pumps, Displacing

Electric Heat (Multifamily) IE.CD |AIl|1.00{1.00| 1.00 | 1.00 | 1.00 | 0.00 0.43

Custom Heat Pumps, Displacing

Oil (Multifamily) IECD |[AIl|1.00]1.00| 1.00 | 1.00 | 1.00 |Custom|Custom

Custom Heat Pumps, Displacing

Propane (Multifamily) IE_.CD |AIl|1.00{1.00| 1.00 | 1.00 | 1.00 |Custom |Custom

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% because the measure is new and has not been evaluated.

Coincidence Factors:

For replacing electric baseboard summer and winter coincidence factors are estimated using the demand
allocation methodology described in the Demand Impact Model which is developed based on the
Residential Baseline Study.! Coincidence factors for fuel switching will be custom calculated based on
site conditions.

Impact Factors for Calculating Net Savings:

NTG rates are set to 100% because the measure is new and has not been evaluated.

Measure Name | .C.Ore. PA FR SOp SOnp NTG
nitiative

Custom Heat Pumps, Displacing
Electric Heat (Multifamily) IE_CD All 0.00 0.00 0.00 1.00
Custom Heat Pumps, Displacing Oil IE CD Al 0.00 0.00 0.00 1.00

(Multifamily) - ' ' ' '

Custom Heat Pumps, Displacing

Propane (Multifamily) IE_CD All 0.00 0.00 0.00 1.00
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Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.?

One-| Annual | ©" | Annual | OMe
Core Annual $| time time $ time $
Measure Name - - | PA . $ per $ per
Initiative per Unit | $ per KWh per Therm per
Unit KWh Therm
Custom Heat Pumps,
Displacing Electric Heat | IE_CD | All | $836.39 $0.05 | $0.01
(Multifamily)
Custom Heat Pumps,
Displacing Oil IE_.CD | All | $836.39 $0.05 | $0.01
(Multifamily)
Custom Heat Pumps,
Displacing Propane IE_.CD | All | $836.39 $0.05 | $0.01
(Multifamily)
Endnotes:

1 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
2 : NMR Group, Inc. (2021). Low Income Multifamily Non-Energy Impact Study

2021 NMR_LIMF_NEI_Study TXC50
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2.23. HVAC - Heat Pump Displacing Existing Electric
Resistance Heat

Measure Code IE-HVAC-FS-DMSDEH

Market Income Eligible

Program Type Retrofit

Category Heating Ventilation and Air Conditioning

Measure Description:

The displacement of electric resistance heating with a more efficient ductless mini-split heat pump
(DMSHP) system.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
DMSHP dl_splacmg E_Iectrlc Heat Income Eligible Coordinated Delivery (IE_CD) EB1a266
(Single Family)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or
scaled to represent results based on the average tonnage size per home through 2019 production in the
residential retail program offering activity by multiplying the per ton savings by the capacity of the heat
pump in tons. Cooling savings are based on survey responses and include central air conditioning, room
air conditioning and no AC. These different types of AC are weighted to supply the overall AC

savings.!  Savings were calculated via simulation model runs assuming a full displacement of the areas
of the home being displaced by the heat pump.2

Capacity of new Heat Pump = 2.0 Tons®

OiliPropanesas AW AkWh
Measure Name P Per Ton/Per Whole | Per Ton/Per Whole
Per Ton/Per Whole
Home Home
Home
. . . 2.57/ 2316/
DMSHP displacing Electric Heat N/A 513 4631

Baseline Efficiency:

For displacement of electric heat, the equivalent HSPF for electric resistance heat is assumed to be 3.41
COpP.°
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High Efficiency:
For the minimum program qualifications, the high efficiency case is a 2.0-ton, SEER 16, HSPF 9.5

Measure Life:

The measure life is based on evaluation results.1°

Measure Name Core Initiative PA EUL OYF RUL AML

DMSHP displacing

Electric Heat IE_CD All 18 N/A N/A 18

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Initiative PA ISR RRe RRnNe RRs RRwe CFsp CFWP
DMSHP
displacing IE_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1200 | 002 | 031
Electric Heat

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.!!

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
DMSHP displacing IE CD Al 00.0 00.0 00.0 1,00
Electric Heat -
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual | One-time Annual $ One-time | Annual | One-time
Measure Name g PA | $per $ per $ per $ per $ per
Initiative Unit Unit per KWh kWh Therm| Therm
DMSHP displacing Varies by
Electric Heat IE CD | All | $0.00 $0.00 PA $0.005 N/A N/A

Endnotes:

1 : Savings were derived from energy simulation models that came from 2020 MA20R24 Heat Pump Fuel
Displacement Study. The results can be found in the attached excel file. 2022-2024 Annual Plan EO
Measures BCR Model - EO Eval Update - 09-01-2021

2 : More details on study methodology can be found here: (will update when we have final study results).
3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be
found in the following evaluation study (will be updated when study is final).

9 : The Cadmus Group, Inc. (2016). Ductless Mini Split Heat Pump Impact Evaluation
Cadmus_2016_DMSHP_Impact_Evaluation

10 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_Cl_Lighting_and HVAC_Measures

11 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4
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2.24.  HVAC - Heat Pump Fully Displacing Existing Boiler

Measure Code IE-HVAC-FS-DMSHP
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Full displacement of a boiler with a high efficiency ductless minisplit heat pump for heating.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
DMSHP Fully Displacing Existing Boiler, Oil Income Eligible EB1a286
DMSHP Fully Displacing Existing Boiler, Propane Income Eligible EB1a287

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or
scaled to represent results based on the average tonnage size per home through 2019 production in the
residential retail program offering activity by multiplying the per ton savings by the capacity of the heat
pump in tons. Cooling savings are based on survey responses and include central air conditioning, room
air conditioning and no AC. These different types of AC are weighted to supply the overall AC

savings.!  Savings were calculated via simulation model runs assuming the existing heating system will
be fully displaced.?

Capacity of new Heat Pump = 3.9 tons *

Saved MMBtu AKW AKWh

Measure Name Oil/Propane/Gas Per Ton/Per Per Ton/Per

Per Ton/Per Whole Home |  Whole Home Whole Home
DMSHP Fully Displacing 17.78/ -0.56 -1508/
Existing Boiler, Oil 69.33 -2.19 -5882
DMSHP Fully Displacing 17.78/ -0.56 -1508/
Existing Boiler, Propane 69.33 -2.19 -5882

Baseline Efficiency:

For propane the baseline is an existing inefficient boiler at 77.4% AFUE when the customer survey
responses stated that the existing unit was functioning properly and a 83.7% AFUE efficiency when the
customer survey responses stated the customer would have installed a new boiler without program
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intervention. For oil the baseline is an existing inefficient boiler at 79.4% AFUE furnace when the
customer survey responses stated that the existing unit was functioning properly and a 86% AFUE
efficiency when the customer survey responses stated the customer would have installed a new boiler
without program intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SSEER, 11.4 EER
Room AC and a load building no AC situation when the customer survey responses stated that the
existing unit was functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC
and a load building no AC situation when the customer survey responses stated the customer would have
installed a new AC unit without program intervention.

High Efficiency:
For the minimum program qualifications, the high efficiency case is a new 16 SEER/9.5 HSPF ductless

mini split heat pumps.

Measure Life:

Measure Name Core Initiative | PA | EUL* | OYF | RUL | AML

DMSHP Fully Displacing Existing Boiler IE_CD All 18 n/a n/a 18

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA | ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFwp

DMSHP Fully Displacing

. : IE_ CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.039 | 0.21
Existing Boiler -

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are custom calculated.
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Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA | FR | SOp | SOnp | NTG®

DMSHP Fully Displacing Existing Boiler IE_ CD All | 0.00 | 0.00 | 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One- | Annual | One-time | Annual | 9"
Core Annual $ | time $ time $
Measure Name Initiative PA per Unit per $ per $ per $ per per
Unit kWh kWh Therm Therm
DMSHP Fully Varies
Displacing Existing | IE_CD | All 0 0 by PA 0.005
Boiler, Oil y
DMSHP Fully Varies
Displacing Existing | IE_CD | All 0 0 by PA 0.005
Boiler, Propane y

Endnotes:

1: Savings were derived from energy simulation models that came from 2020 MA20R24 Heat Pump Fuel
Displacement Study. The results can be found in the attached excel file. Fuel Displacement Eval Measure
Impacts - 2021-09-10

2 : For more information on the weighting, please refer to the evaluation study. 2021 Guidehouse Fuel
Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be
found in the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

4 : Measure life Air source heat Pump GDS Associates, Inc. (2007). Measure Life Report: Residential and
Commercial/Industrial Lighting and HVAC Measures.

GDS_2007_Measure_Life Report Residential_and_CI_Lighting_and HVAC_Measures

5 : The income eligible sector assumes a 100% NTG value.
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2.25. HVAC - Heat Pump Fully Displacing Existing Furnace

Measure Code IE-HVAC-FSHP
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Full displacement of an existing inefficient propane or oil furnace with a high efficiency central ducted
heat pump.

BCR Measure IDs:

Measure Name Core Initiative BCR I:/IDeasure
Central Ducted Heat Pump Fully Displacing Income Eligible Coordinated EB1a273
Existing Furnace, Qil (Single Family) Delivery (IE_CD)
Central Ducted Heat Pump Fully Displacing Income Eligible Coordinated EB1a272
Existing Furnace, Propane (Single Family) Delivery (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or
scaled to represent results based on the average tonnage size per home through 2019 production in the
residential retail program offering activity by multiplying the per ton savings by the capacity of the heat
pump in tons. Cooling savings are based on survey responses and include central air conditioning, room
air conditioning and no AC. These different types of AC are weighted to supply the overall AC

savings.!  Savings were calculated via simulation model runs assuming the existing heating system will
be fully displaced. 2

Capacity of new Heat Pump = 4.7 tons 3

Saved MMBtu
Measure Name Oil/Propane/Gas AKW | AKkWh
Per Ton/Per Whole Home

Central Ducted Heat Pump Fully Displacing Existing 17.85/ -0.75/ | -1795/
Furnace, Propane 83.91 -3.53 | -8437
Central Ducted Heat Pump Fully Displacing Existing 17.85/ -0.75/ | -1795/
Furnace, Oil 83.91 -3.563 | -8437
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Baseline Efficiency:

For propane the baseline is an existing inefficient furnace at 81% AFUE when the customer survey
responses stated that the existing unit was functioning properly and a 90.1% AFUE efficiency when the
customer survey responses stated the customer would have installed a new furnace without program
intervention. For oil the baseline is an existing inefficient furnace at 77.7% AFUE when the customer
survey responses stated that the existing unit was functioning properly and a 83% AFUE efficiency when
the customer survey responses stated the customer would have installed a new furnace without program
intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SSEER, 11.4 EER
Room AC and a load building no AC situation when the customer survey responses stated that the existing
unit was functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC and a
load building no AC situation when the customer survey responses stated the customer would have installed
a new AC unit without program intervention. 3

High Efficiency:

For the minimum program qualifications, the high efficiency case is a new 4.7 ton 16 SEER/9.5 HSPF
ducted central heat pump.

Measure Life:

The measure life is 17 years.

Measure Name Core PA | EUL* | OYF | RUL | AML
Initiative

Central Ducted Heat Pump Fully Displacing

Existing Furnace, Oil IE_CD Al 17 n/a n/a 17

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA|ISR |RRe|RRne|RRsp | RRwp | CFsp | CFwp

Measure Name

Central Ducted Heat Pump Fully

Displacing Existing Furnace, Oil RES_RETAIL |All|1.00|1.00| 1.00 | 1.00 | 1.00 0.02 0.65
Central Ducted Heat Pump Fully i
Displacing Existing Furnace, RES RETAIL|AIl|1.00/1.00| 1.00 | 1.00 | 1.00 0.02 0.65
Propane '
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In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are calculated to reflect blend of heating and cooling.

Impact Factors for Calculating Net Savings:

Core

initiative | PA| FR | SOp | SOne |NTG

Measure Name

Central Ducted Heat Pump Fully Displacing Existing Furnace| IE_CD | All |0.00|0.00| 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual| One- | Annual| One- |Annual| One-time
Measure Name Initiative PA | $per | time$ | $per | time$ | $per $ per
Unit |per Unit| kWh [per kWh|Therm| Therm

Central Ducted Heat Varies
Pump Fully Displacing | IE_CD | All 0 0 0.005

Existing Furnace, Oil by PA
Central Ducted Heat
Pump Fully Displacing Varies
Existing Furnace, IECD |All| 0 0 by PA 0.005
Propane
Endnotes:

1 : Savings were derived from energy simulation models that came from 2020 MA20R24 Heat Pump Fuel
Displacement Study. The results can be found in the attached excel file. 2021 Guidehouse Fuel
Displacement Report HP

2 : Further information on the methodology used to calculate the overall savings can be found here:

2021 Guidehouse_Fuel Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be
found in the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

3 : Further information on the methodology used to calculate the overall savings can be found here: (Will
update when study has been finalized).

4 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures. Measure life Air source heat Pump

GDS_2007_Measure_Life Report Residential and_CIl_Lighting_and HVAC_Measures
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2.26. HVAC - Heat Pump Partially Displacing Existing Boiler

Measure Code IE-HVAC-FS-DMSHP-P
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Partial displacement of a boiler with a high efficiency ductless minisplit heat pump for heating.

BCR Measure IDs:

Measure Name Core Initiative BCR I:/IDeasure
DMSHP with Integrated Controls Partially Income Eligible Coordinated EB1a271
Displacing Existing Boiler, Oil (Single Family) Delivery (IE_CD)
DMSHP with Integrated Controls Partially . .
Displacing Existing Boiler, Propane (Single Incom[;a Ilgllglblellcziogr[()jmated EB1a270
Family) elivery (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or
scaled to represent results based on the average tonnage size per home through 2019 production in the
residential retail program offering activity by multiplying the per ton savings by the capacity of the heat
pump in tons. Cooling savings are based on survey responses and include central air conditioning, room
air conditioning and no AC. These different types of AC are weighted to supply the overall AC

savings. Savings were calculated via simulation model runs assuming using a weighted average of survey
responses for the most accurate switch over temperature between the MSHP and the secondary heating
source. Due to expected program changes, the weighting were updated for each year of the three year plan
showing better control strategies for propane throughout the three year plan. 2

Capacity of new Heat Pump = 2.8 Tons 3

Saved MMBtu AKW AKWh
Year Measure Name Oil/Propane/Gas Per Ton/Per | Per Ton/Per
Per Ton/Per Home Home Home
2022 - DMSHP with Integrated 15.8/ -0.32/ -994/
2024 Controls Partially 443 -0.89 -2784
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Displacing Existing Boiler,
Qil

DMSHP with Integrated

Propane

2022 Controls Partially 17.18/ -0.37/ -1122/
Displacing Existing Boiler, 48.1 -1.04 -3141
Propane
DMSHP with Integrated
2023 Controls Partially 18.1/ -0.40/ -1193/
Displacing Existing Boiler, 50.6 -1.13 -3340
Propane
DMSHP with Integrated 19.0/
2024 Controls Partially 53' 1 -.043/ -1264/
Displacing Existing Boiler, ' -1.21 -3538

Baseline Efficiency:

For propane the baseline is an existing inefficient boiler at 77.4% AFUE when the customer survey
responses stated that the existing unit was functioning properly and a 83.7% AFUE efficiency when the
customer survey responses stated the customer would have installed a new boiler without program

intervention. For oil the baseline is an existing inefficient furnace at 79.4% AFUE boiler when the

customer survey responses stated that the existing unit was functioning properly and a 86% AFUE

efficiency when the customer survey responses stated the customer would have installed a new boiler
without program intervention.
The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SSEER, 11.4 EER
Room AC and a load building no AC situation when the customer survey responses stated that the
existing unit was functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC
and a load building no AC situation when the customer survey responses stated the customer would have
installed a new AC unit without program intervention.

High Efficiency:

For the minimum program qualifications, the high efficiency case is a new 16 SEER/9.5 HSPF ductless
mini split heat pumps.

Measure Life:

Measure Name

Core Initiative

PA

EUL*

OYF

RUL

AML

DMSHP with
Integrated Controls
Partially Displacing

Existing Boiler

IE_CD

All

18

n/a

n/a

18

Other Resource Impacts:
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There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |nﬁioart?ve PA| ISR | RRE | RRaxe | RRsp | RRwe | CFsp | CFup

DMSHP with Integrated
Controls Partially IECD | All | 1.00 | 1.00 1.00 1.00 | 1.00 | 0.016 | 0.73
Displacing Existing Boiler

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are custom calculated.

Impact Factors for Calculating Net Savings:

Measure Name Core PA FR SOp SOwp NTG
Initiative

DMSHP with Integrated Controls
Partially Displacing Existing IE_ CD All 0.00 0.00 0.00 1.00
Boiler, Propane
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Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.

Annual| O™ | Annual| ©™ |Annual|  ©"e
Core time $ time $ time $
Measure Name Initiati PA | $per $ per $ per
nitiative Unit per KWh Per | Therm | _Per
Unit kWh Therm
DMSHP with Integrated
Controls Partially Varies
Displacing Existing IE_CD | Al 0 0 by PA 0.005
Boiler, Oil (Single Family)
DMSHP with Integrated
Controls Partially varies
Displacing Existing IE CD | Al 0 0 by PA 0.005
Boiler, Propane (Single y
Family)
Endnotes:

1 : Savings were derived from energy simulation models that came from the following study:

2021 Guidehouse Fuel Displacement Report_HP

2 : For more information on the weighting and savings calculations please refer to the evaluation report:
2021 Guidehouse_Fuel Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production in the residential retail program and can be
found in the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

4 : Measure life Air source heat Pump GDS Associates, Inc. (2007). Measure Life Report: Residential and
Commercial/Industrial Lighting and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_Cl_Lighting_and HVAC_Measures
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2.27. HVAC - Heat Pump Partially Displacing Existing
Furnace

Measure Code IE-HVAC-FSHP-P
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Partial displacement of an existing propane or oil furnace with a high efficiency central ducted heat pump.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID

Central Ducted Heat Pump Partially Income Eligible Coordinated

Displacing Existing Eurnace, Oil (Single Delivery (IE_CD) EB1a269
Family)
Central Ducted Heat Pump Partially - .
Displacing Existing Furnace, Propane Income Eligible Coordinated EB1a268

(Single Family) Delivery (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on a per ton savings: For planning purposes, savings are then calculated or
scaled to represent results based on the average tonnage size per home through 2019 production in the
residential retail program offering activity by multiplying the per ton savings by the capacity of the heat
pump in tons. These different types of AC are weighted to supply the overall AC savings. Energy
Savings were calculated via energy simulation models. The crossover temp was modeled at several
different crossover temps via customer survey responses and the results were weighted by the distribution
of responses. Due to expected program changes, the weighting were updated for each year of the three
year plan showing better control strategies for propane throughout the three year plan.* ?

Capacity of new Heat Pump = 3.7 tons Tons®

Saved MMBtu
Year Measure Name Oil/Propane/Gas AKW AKWh
Per Ton/Per Home

Central Ducted Heat Pump
2022-2024 | Partially Displacing Existing 12.7/47.0
Furnace, Oil

-0.36/ -900/
-1.34 -3328
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Central Ducted Heat Pump
2022 Partially Displacing Existing 14.5/53.8 0.43/ 1047/
-1.57 -3873
Furnace, Propane
Central Ducted Heat Pump
2023 Partially Displacing Existing 16.9/62.5 -0.53/ 1292
-1.96 -4781
Furnace, Propane
Central Ducted Heat Pump
2024 Partially Displacing Existing 17.85/66.1 -0.57] -1390/
-2.12 -5144
Furnace, Propane

Baseline Efficiency:

For propane the baseline is an existing inefficient furnace at 81% AFUE when the customer survey
responses stated that the existing unit was functioning properly and a 90.1% AFUE efficiency when the
customer survey responses stated the customer would have installed a new furnace without program
intervention. For oil the baseline is an existing inefficient furnace at 77.7% AFUE when the customer
survey responses stated that the existing unit was functioning properly and a 83% AFUE efficiency when
the customer survey responses stated the customer would have installed a new furnace without program
intervention.

The cooling baseline is a weighted average of the existing inefficient Central AC at 12 SEER, 11.4 EER
Room AC and a load building no AC situation when the customer survey responses stated that the
existing unit was functioning properly and a weighted average 14 SEER Central AC, 11 EER Room AC
and a load building no AC situation when the customer survey responses stated the customer would have
installed a new AC unit without program intervention. *

High Efficiency:
For the minimum program qualifications, the high efficiency case is a new efficient 3.7 ton 16

SEER/9.5 HSPF ducted central heat pump.

Measure Life:

Measure Name Core PA | EULS | OYF | RUL | AML
Initiative

Central Ducted Heat Pump Partially Displacing

. IE_ CD All | 17 n/a n/a 17
Existing Furnace -

Other Resource Impacts:

There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

Measure Name o
Initiative

PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwe

Central Ducted Heat Pump

Partially Displacing Existing IE_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.05| 0.70
Furnace, Oil

Central Ducted Heat Pump

Partially Displacing Existing IE_CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |-0.05| 0.70
Furnace, Propane

In-Service Rates:

All installations have 100% in-service rates since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are calculated to reflect blend of heating and cooling.

Impact Factors for Calculating Net Savings:

Measure Name Core PA FR SOr | SOwe | NTG
Initiative
Central Ducted Heat Pump Partially | = oy | Ay | 000 | 000 | 000 | 1.00
Displacing Existing Furnace -

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual Qne- Annual Qne- Annual | One-time
Measure Name Initiative PA | $per | time$ | $per | time$ | $per $ per
Unit |per Unit| kWh |per kWh| Therm | Therm
Central Ducted Heat
Pump Partially vVaries
Displacing Existing | IE_CD | All 0 0 by PA 0.005
Furnace, Oil (Single
Family)
Central Ducted Heat
Pump Partially Varies
Displacing Existing | IE_CD | All 0 0 b 0.005
y PA
Furnace, Propane
(Single Family)
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Endnotes:

1: Savings were derived from energy simulation models that came in the following study:

2021 Guidehouse_Fuel Displacement Report HP

2 : Further information can be found on the methodology used to calculate savings in the following
report: 2021_Guidehouse Fuel Displacement Report HP

3 : Tonnage sizes were calculated based on 2019 production via the retail program delivery and can be
found in the following evaluation study: 2021 Guidehouse Fuel Displacement Report HP

4 : Further information on the baseline and the associated baseline weights can be found in the following
report; 2021 Guidehouse Fuel Displacement Report HP

5 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting
and HVAC Measures.

GDS_2007_Measure_Life Report Residential and_CI_Lighting_and HVAC_Measures
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2.28. HVAC - Heating System

Measure Code IE-HVAC-HS
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of high efficiency heating equipment to replace the existing inefficient furnace, hydronic
boiler or steam boiler.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Heating System Retrofit, Boiler, Gas Income Eligible Coordinated GB12020
(Multifamily) Delivery (IE_CD)
Heating System Retrofit, Furnace, Gas Income Eligible Coordinated GB1a021
(Multifamily) Delivery (IE_CD)
Heating System, Commercial Boiler Income Eligible Coordinated GB13022
(Multifamily) Delivery (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Eversource:

The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.
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All PAs except Eversource:

AMMBtu = Btu/hr x (L/AFUEgase - VAFUEge) X EFLHneat X (1/1000000)

Where:

Btu/hr = Nominal heating capacity of the installed equipment (Btu/hr)
AFUEgase = Average fuel utilization efficiency of the existing equipment (%)
AFUEEe = Average fuel utilization efficiency of the efficient equipment (%)
EFLHuea = Equivalent full load heating hours for the facility (Hr)
1/1,000,000 = Conversion from Btu to MMBtu

Baseline Efficiency:

The baseline efficiency case is the existing inefficient heating system.
High Efficiency:
The high efficiency case is characterized by the rated efficiency (AFUEgg) of the new high

efficiency furnace or boiler.

Measure Life:

Measure Name Core | pp EUL OYF | RUL AML
Initiative
Heating System Retrofit, Boiler | IE_.CD | All 20t n/a n/a 20
Heating System Retrofit, Furnace | IE_.CD | All 182 n/a n/a 18
Heating Syst_e m Re_troflt, IE CD | All custom n/a n/a custom
Commercial Boiler

Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name |Program PA ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwe

Heating System,

Gas (Multifamily) IE_CD Berkshire 1.00 | n/a | 0.80 n/a n/a n/a n/a

Heating System,

Gas (Multifamily) IE_CD Columbia | 1.00 | n/a | 0.96 n/a n/a n/a n/a

Heating System,

Gas (Multifamily) IE_.CD | Eversource | 1.00 | nfa | 1.05 | n/a n/a n/a n/a

Heating System,

Gas (Multifamily) IE_CD Liberty 1.00 | nfa | 0.96 n/a n/a n/a n/a
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Heating System, . .

Gas (Multifamily) IE_CD | National Grid | 1.00 | n/a | 0.75 n/a n/a n/a n/a
Heating System, .

Gas (Multifamily) IE_CD Unitil 1.00 | nfa | 0.96 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since all PA programs include verification of equipment

installations.

Realization Rates:

The realization rate is based on evaluation results.?

Coincidence Factors:

There are no electric savings for this measure.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Heating System Retrofi, IE_CD Al | 000 | 0.00 0.00 1.00
Boiler -
Heating System Retrofit, IE_CD Al | 000 | 000 0.00 1.00
Furnace -
Heating System Retrofit, IE_CD Al | 000 | 000 0.00 1.00
Commercial Boiler
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Core Annual| One- |[Annual| One- | Annual | One-time
Measure Name Initiative PA| $per | time$ | $per | time$ | $per $ per
Unit | per Unit| kWh |per kwWh| Therm | Therm
Heating System Retrofit, Varies
Boiler IE_CD |All|$836.39 by PA $0.08
Heating System Retrofit, Varies
Furnace IE_CD |All|$836.39 by PA $0.08
Heating System Retrofit, Varies
Commercial Boiler IE_CD |All|$836.39 by PA $0.08
Endnotes:
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1 : Federal Register Title 10 Chapter 1l Subchapter D Part 430 Subpart C § 430.32. Up to date as of
10/08/2021. https://www.ecfr.gov/current/title-10/chapter-I1/subchapter-D/part-430/subpart-C/section-
430.32

1 : Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Qualified
Boilers. EPA_2009 Lifecycle Cost_Estimate for ENERGY_STAR_Qualified_Boiler

2 : Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Furnace.
EPA 2009 Lifecycle Cost Estimate for ENERGY STAR _Furnace

3 : The Cadmus Group, Inc. (2015). Massachusetts Low-Income Multifamily Initiative Impact
Evaluation. CADMUS _2015_Low_Income_Multifamily_Impact_Evaluation
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2.29. HVAC - Pipe Wrap (Heating)

Measure Code IE-HVAC-PW
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Insulation upgrades to existing heating system pipes

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Pipe Wrap (Heating), Oil (Single Family) |Income Eligible Coordinated Delivery (IE_CD)| EB1al37

Pipe Wrap (Heating), Oil (Multifamily) |Income Eligible Coordinated Delivery (IE_CD)| EB1a073

Pipe Wrap (Heating) (Multifamily) Income Eligible Coordinated Delivery (IE_CD)| GB1a026

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results.!

Measure Name A MMBtu
Pipe Wrap (Heating), Gas (Multifamily) 1.14
Pipe Wrap (Heating), Oil (Single Family) 1.14
Pipe Wrap (Heating), Oil (Multifamily) 1.14

Baseline Efficiency:

The baseline efficiency case is the existing equipment prior to the installation of additional insulation.

High Efficiency:

The high efficiency case includes pipe wrap.
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Measure Life:
The measure life is 15 years.?
Measure Name Core Initiative PA | EUL OYF RUL AML

Pipe Wrap (Heating) IE_ CD All 15 n/a n/a 15

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CRwp

Pipe Wrap (Heating) IE_ CD All | 1.00 | n/a | 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

The realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are set to zero since there are no electric savings for this measure.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG

Pipe Wrap (Heating), Gas (Multifamily) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00

Pipe Wrap (Heating), Oil (Single Family) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00
Pipe Wrap (Heating), Oil (Multifamily) IE_ CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Core Annual | One- | Annual | One- |Annual | One-time
Measure Name Initiative PA| $per | time$ | $per | time$ | $per $ per
Unit | per Unit | kWh |per kWh| Therm | Therm
Pipe Wrap (Heating), Varies
Gas (Multifamily) IE_.CD |All| $6.61 by PA $0.08
Pipe Wrap (Heating),
Oil (Single Family) | 'E-CD |All| $6.61
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Pipe Wrap (Heating),
Oil (Multifamily)

IE_.CD |All| $6.61

Endnotes:

1 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.

CADMUS 2015 Low

Income Multifamily Impact Evaluation

2 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting

and HVAC Measures.

GDS 2007 Measure Life Report Residential and Cl Lighting and HVAC Measures
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2.30.  HVAC - Programmable Thermostat

Measure Code IE-HVAC-PT
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Installation of a programmable thermostat, which gives the ability to adjust heating or air-conditioning
operating times according to a pre-set schedule.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Programmable Thermostat, Income Eligible Coordinated Delivery EB12040
Electric (Single Family) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12041
Gas (Single Family) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12042
Qil (Single Family) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12043
Other (Single Family) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12092
Electric (Multifamily) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12093
Oil (Multifamily) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery EB12094
Other (Multifamily) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery GB1a012
Gas (Single Family) (IE_CD)
Programmable Thermostat, Income Eligible Coordinated Delivery GB1a034
Gas (Multifamily) (IE_CD)

Algorithms for Calculating Primary Energy Impact:

Unit kWh and MMBtu savings are deemed based on study results.! 22 Demand savings are derived from
the demand impact model which is developed as part of the Residential Baseline Study.*
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Measure Name

AKkWh

AKW

AMMBtu

Programmable Thermostat, Electric (Single Family)

330

0.24

Programmable Thermostat, Gas (Single Family)

2.07

Programmable Thermostat, Qil (Single Family)

2.07

Programmable Thermostat, Other (Single Family)

2.06

Programmable Thermostat, Electric (Multifamily)

257

0.19

Programmable Thermostat, Gas (Multifamily)

2.07

Programmable Thermostat, Oil (Multifamily)

2.07

Programmable Thermostat, Other (Multifamily)

2.06

Baseline Efficiency:

The baseline efficiency case is an HVAC system without a programmable thermostat.

High Efficiency:

The high efficiency case is an HVAC system that has a programmable thermostat installed.

Measure Life:

The measure life is 19 years.®

Measure Name Core Initiative

PA

EUL

OYF

RUL

AML

Programmable Thermostat IE_CD

All

19

n/a

n/a

19

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name _C_ore_ PA | ISR | RRe
Initiative

RRne

RRsp

RRwe

CFsp

CFwp

Programmable Thermostat,

Electric (Single Family) IE_CD | All'| 1.00 | 1.00

n/a

1.00

1.00

0.00

0.43

Programmable Thermostat,

Gas (Single Family) IECD |All|1.00 | n/a

1.00

n/a

n/a

n/a

n/a

Programmable Thermostat,

Oil (Single Family) IECD | All| 100 n/a

1.00

n/a

n/a

n/a

n/a

November 2021

© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED

359



Massachusetts Technical Reference Manual

Income Eligible Efficiency Measures

Programmable Thermostat,
Other (Single Family) IECD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a
Programmable Thermostat, | e n | Ay | 1,00 | .00 | na | 100 | 1.00 | 000 | 043
Electric (Multifamily) -
Programmable.The.rmostat, IECD | All|100| nfa | 1.00 n/a n/a n/a n/a
Gas (Multifamily) -
Programmable Thermostat,
Oil (Multifamily) IECD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a
Programmable Thermostat,
Other (Multifamily) IECD | All | 1.00 | n/a 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment

installations.

Realization Rates:

Realization rates are set to 100% since savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name

Core Initiative

PA

FR

SOp

SOnp

NTG

Programmable Thermostat

IE_CD

All

0.00

0.00

0.00

1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B. The thermostat NEI values are per
household and the PAs adjust the total value by the average number of thermostats per account depending on
the initiative. In the case of income eligible, we assume one thermostat per household.

Core Annual | One- | Annual | One-time | Annual | One-time
Measure Name Initiative PA| $per | time$ | $per $ per $ per $ per
Unit | per Unit | kWh KWh Therm | Therm
Programmable Thermostat, Varies
Electric (Single Family) IE_CD |All| $44.53 by PA $0.01
Programmable Thermostat, Varies
Gas (Single Family) IE_CD |All| $44.53 by PA $0.08
Programmable Thermostat,
Oil (Single Family) IE_CD |All| $44.53
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Programmable Thermostat,

Other (Multifamily)

Other (Single Family) IE_CD | All| $44.53

P“’E%;i’t?:‘ga(?\}leumszj)tm IE.CD |All| $16.02 B’;"F',e: $0.01
Proggg?&i'ﬁi;ﬁw“m' IECD |All| $16.02 L’;';f $0.08
Progg‘ﬂ"(“,\jg'lfifz :firlr;")OStat' IECD |All| $16.02

Programmable Thermostat, IECD |All| $16.02

Endnotes:

1 : Guidehouse Inc (2021). Residential Wi-Fi and Programmable Thermostat Impacts.

2021 Guidehouse Thermostat Impact Study

2 : Navigant Consulting (2018). Home Energy Services (HES) Impact Evaluation.

2018 Navigant HES Impact_Evaluation

3: The Cadmus Group (2012). Massachusetts Multifamily Program Impact Analysis July 2012 — Revised

May 2013. CADMUS_2012_Multifamily_Impacts_Analysis_Report
4 : Guidehouse (2020). Residential Baseline Study Phase 4

2020 Guidehouse Residential Baseline Phase 4

5 : Guidehouse (2021). Comprehensive TRM Review. 2021_Guidehouse_ TRM_Final_Report

6 : Guidehouse (2020). Residential Baseline Study Phase 4

2020 Guidehouse Residential Baseline Phase 4
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2.31. HVAC - Window AC Replacement (Retrofit)

Measure Code IE-HVAC-WACR
Market Income Eligible
Program Type Retrofit
Category Heating Ventilation and Air Conditioning

Measure Description:

Replacement of existing inefficient room air conditioners with more efficient models. This is only
offered as a measure when an AC timer would not reduce usage during the peak period.

BCR Measure IDs:

BCR
Measure Name Core Initiative Measure
ID

Window AC Replacement (Single Family) | Income Eligible Coordinated Delivery (IE_CD) |EB1a051

Window AC Replacement (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) |[EB1all16

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results except for National Grid’s multifamily
measure.! Demand savings are derived from the demand impact model which is developed as part of the
Residential Baseline Study.?

Measure Name .C.Ore. PA AKkWh AKW
Initiative
Window AC Replacement (Single Family) | IE_CD All 113 0.16

Eversource, Unitil,
CLC

National Grid’s multifamily unit savings are calculated using the following algorithms and assumptions:
AkWh = (Capacityexisting /EERexisting — Capacitynew/EERnew) * hours/1000
AkW = (Capacityexisitng/EERexisting — Capacitynew/EERnew) /1000

Window AC Replacement (Multifamily) | IE_CD 113 0.16

Where:

Capacityexisitng = size of existing unit in BTUs/hour

Capacitynew = size of new unit in BTUs/hour

EERexisitng = Energy Efficiency Ratio of base AC equipment
EERnew = Energy Efficiency Ratio of new efficient AC equipment
Hours = Equivalent full load hours= 200 3
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Baseline Efficiency:

The baseline efficiency case is the existing air conditioning unit.

High Efficiency:

The high efficiency case is an Energy Star room air conditioning unit.

Measure Life:

The measure life is 9 years.*

Measure Name Core | pa | EUL | OYF | RUL | AML
Initiative
Window AC Replacement (Single Family) | IE_CD | All 9 n/a n/a 9
Window AC Replacement (Multifamily) | IE_CD | All 9 n/a n/a 9
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Core | pa | 1SR | RRe | RRuw | RRs» | RRwe | CFsp | CF
| nitiative E NE SP WP SP WP
Window AC Replacement | =~ | Ajj | 100 | 1.00 | n/a | 1.00 | 1.00 | 0.37 | 0.00
(Single Family)
Window AC Replacement |\ ony | Al | 100 | 1.00 | nfa | 1.00 | 1.00 | 037 | 0.00
(Multifamily)

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment

installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

November 2021

© 2021 Massachusetts Electric and Gas Energy

Efficiency Program Administrators, ALL RIGHTS RESERVED

363



Massachusetts Technical Reference Manual

Income Eligible Efficiency Measures

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG
Window AC Replacement IE_CD Al | 000 | 000 0.00 1.00
(Single Family) -
Window AC Replacement IE_CD Al | 000 | 000 | 000 1.00
(Multifamily) -
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
One- .
Core Annual| One- |Annual time $ Annual | One-time
Measure Name Initiative PA | $per | time$ | $per or $per | $per
Unit |per Unit| kWh P Therm | Therm
kWh
Window AC Replacement Varies
(Single Family) IE_ CD | All | $49.50 by PA $0.01
Window AC Replacement Varies
(Multifamily) IE_CD | All | $49.50 by PA $0.01
Endnotes:

1: The Cadmus Group, Inc. (2015). Massachusetts Low-Income Multifamily Initiative Impact
Evaluation. CADMUS 2015 Low_Income_Multifamily Impact Evaluation

3 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse Residential_Baseline_Phase 4

2 : RLW Analytics (2008). Coincidence Factor Study: Residential Room Air Conditioners. Prepared for
Northeast Energy Efficiency Partnerships’ New England Evaluation and State Program Working Group;
Page 32, Table 22 - found by averaging the EFLH values for MA states (Boston and Worcester):
(228+172)/2 = 200. RLW_2008_Coincidence_Factor_Study Residential Room_Air_Conditioners

4 : Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Room Air
Conditioner. EPA 2009 Lifecycle Cost_Estimate for ENERGY_STAR_Room_Air_Conditioner

5 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase 4
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2.32. Hot Water - Faucet Aerator

Measure Code IE-WH-FA
Market Income Eligible
Program Type Retrofit
Category Water Heating

Measure Description:

An existing faucet aerator with a high flow rate is replaced with a new low flow aerator.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Faucet Aerator, Electric (Single

Family) Income Eligible Coordinated Delivery (IE_CD) EB1a029

Faucet Aerator, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a030

Faucet Aerator, Qil (Single Family) | Income Eligible Coordinated Delivery (IE_CD) EB1a031

Faucet Aerator, Other (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | EB1a032

Faucet Aerator, Electric (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) | EB1a089

Faucet Aerator, Oil (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a090

Faucet Aerator, Other (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) | EB1a091

Faucet Aerator, Gas (Single Family) | Income Eligible Coordinated Delivery (IE_CD) | GB1a010

Faucet Aerator (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | GB1a030

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on separate single family* and multifamily? evaluation study
results. Demand savings are derived from the demand impact model which is developed as part of the
Residential Baseline Study.®

Measure Name AKkWh AKW A MMBtu
Faucet Aerator, Electric (Single Family) 40.0 0.01
Faucet Aerator, Gas (Single Family) 0.20
Faucet Aerator, Qil (Single Family) 0.20
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Faucet Aerator, Other (Single Family) 0.20
Faucet Aerator, Electric (Multifamily) 62.0 0.02
Faucet Aerator, Gas (Multifamily) 0.30
Faucet Aerator, Oil (Multifamily) 0.30
Faucet Aerator, Other (Multifamily) 0.30

Baseline Efficiency:
The baseline efficiency case is the existing faucet aerator with a high flow (1.3 gallons/minute).

High Efficiency:
The high efficiency case is a low flow faucet aerator (1 gallon/minute).

Measure Life:

The measure life is 7 years.*
Measure Name Core Initiative PA EUL OYF RUL AML

Faucet Aerator IE_CD All 7 n/a n/a 7

Other Resource Impacts:

Residential water savings for faucet aerators in single family are 332 gallons per unit and multifamily are
708 gallons per unit.®

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Name Initiative PA ISR RRe RRnNe RRsp RRwp CFsp CFWP

Faucet Aerator, Electric | IE_CD |All| 1.00 1.00 n/a 1.00 1.00 | 031 | 0.84

Faucet Aerator, Gas IE.CD |All| 1.00 n/a 1.00 n/a n/a n/a n/a

Faucet Aerator, Qil IE CD |All] 1.00 n/a 1.00 n/a n/a n/a n/a

Faucet Aerator, Other IE.CD |All| 1.00 n/a 1.00 n/a n/a n/a n/a

In-Service Rates:
All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:
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Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA FR SOp SOnp NTG
Faucet Aerator (Single Family) IE_CD All 0.00 0.00 0.00 1.00
Faucet Aerator (Multifamily) IE_ CD All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.”
Core Annual | One- | Annual | One-time | Annual | One-time
Measure Name Initiative PA | $per | time$ | $per $ per $ per $ per
Unit |per Unit| kWh KWh | Therm | Therm
Faucet Aerator, Electric Varies
(Single Family) IE_CD Al by PA $0.01
Faucet Aerator, Gas Varies
(Single Family) IE_CD Al by PA $0.08
Faucet Aerator, Electric Varies
(Multifamily) IE.CD | All | $0.58 by PA $0.01
Faucet Aerator, Gas Varies
(Multifamily) IE CD | All | $0.58 by PA $0.08
Faucet Aerator, Oil
(Multifamily) IE CD | All | $0.58
Faucet Aerator, Other
(Multifamily) IE.CD | All | $0.58
Endnotes:
1 : Cadmus Group (2012). Low Income Single Family Impact Evaluation.
CADMUS 2012 Single Family Low_Income_Impact Eval
2 : Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact Evaluation
3 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
4 : MA Common Assumptions
5: NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area,
Residential and Low-Income Non-Energy Impacts (NEI) Evaluation.
Tetra Tech_and NMR 2011 MA_Res and LI _NEI Evaluation
6 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
7 : NMR Group, Inc., Tetra Tech (2011). Massachusetts Special and Cross-Sector Studies Area,
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Residential and Low-Income Non-Energy Impacts (NEI) Evaluation.
Tetra_Tech_and NMR_2011 MA Res and LI _NEI_Evaluation
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Income Eligible Efficiency Measures

2.33. Hot Water - Heat Pump Water Heater

Measure Code

IE-WH-HPWH

Market

Income Eligible

Program Type

Time of Sale

Category

Water Heating

Measure Description:

Installation of a heat pump water heater (HPWH) instead of an electric resistance water heater.

BCR Measure IDs:

Measure Name Core Initiative Mefs(lere ID
Heat Pump Water Heaters (50 | Income Eligible Coordinated Delivery EB1a017
gallon) (Single Family) (IE_CD)
Heat Pump Water Heaters (50 | Income Eligible Coordinated Delivery EB14079
gallon) (Multifamily) (IE_CD)
Heat Pump Water Heater, >55 | Income Eligible Coordinated Delivery EB1a280
gallon (Single Family) (IE_CD)
Heat Pump Water Heater Income Eligible Coordinated Delivery EB1a281
displacing Oil (Single Family) (IE_CD)
Heat Pump Water Heater . . .
displacing Propane (Single Income Eligible Coordinated Delivery EB14282
; (IE_CD)
Family)
Heat Pump Water Heater, >55 | Income Eligible Coordinated Delivery EB12283
gallon (Multifamily) (IE_CD)
Heat Pump Water Heater Income Eligible Coordinated Delivery EB12284
displacing Oil (Multifamily) (IE_CD)
Heat Pump Water Heater i . .
displacing Propane Income Ellglblzzlé:o(o:r[()j)lnated Delivery EB1a285
(Multifamily) -
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Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results for single family.! For multifamily, savings are custom

calculated.

Water Heating

Heating Savings

Total Savings

Savings (Penalty)
Max
Measure Name |AkWh | AMMBTU |AkWh| AMMBTU |AkWh| Load |AKW| AMMBTU
Factor
Water Heater, Heat Gas =-0.50 Gas = 0.50
Pump, <55 gallon, |, /4 0 863 | OM=-010 1 4215 | 900025 |043| O'=010
Energy Star (Single Propane = - Propane =
Family) 0.07 0.07
Water Heater, Heat
Pump, >55 gallon,
UEF 2.70 (Single 360 0 0 0 360 | 0.00025 | 0.09 0
Family)
Heat Pump Water
Heater displacing | -1,138 17.4 0 0 -1,138 | 0.00025 |-0.28 17.4
Qil (Single Family)
Heat Pump Water
Heater displacing | g5) | 144 0 0 831 | 000025 |-0.21| 164
Propane (Single
Family)

Baseline Efficiency:

The baseline efficiency case is the existing inefficient water heater.

High Efficiency:

The high efficiency case is an electric heat pump storage water heater < 55 gallon, medium draw pattern,
with an UEF of > 2.45.2

Measure Life:

The measure life is 13 years.®

Measure Name

Core Initiative

PA

EUL | OYF

RUL

AML

Heat Pump Water Heater

IE_CD

All

13 n/a

n/a

13
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Other Resource Impacts:
There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Core
Measure Initiative PA ISR RRe RRne RRsP RRwe CFsp CFWP

Heat Pump Water Heater | IE_CD | All | 1.00 | 1.00 | 1.00 1.00 1.00 031 | 0.84

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Coincidence factors are based on evaluation results.*

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative PA FR SOp SOnp NTG

Heat Pump Water Heater IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.

Core Annual| One- |Annual|One-time | Annual | One-time
Measure Name Initiative PA | $per | time$ | $per $ per $ per $ per
Unit | per Unit| kWh kWh | Therm| Therm
Heat Pump Water Varies
Heater, Single Family IECD | All | $4.64 by PA $0.01
Heat Pump Water Varies
Heater, Multifamily IECD | All | $1.19 by PA $0.01

Endnotes:

1 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task 7
2 : Energy Star is 2.0 UEF but no models exist that the efficiency level. Lowest available if 2.45 UEF.

3 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task
4 : Navigant Consulting (2018). Water Heating, Boiler, and Furnace Cost Study (RES 19) Add-On Task

November 2021 371
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Income Eligible Efficiency Measures

2.34. Hot Water - Low-Flow Showerhead

Measure Code IE-WH-S
Market Income Eligible

Program Type Retrofit
Category Water Heating

Measure Description:

An existing showerhead with a high flow rate is replaced with a new low flow showerhead.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Low-Flow Showerhead, Electric

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a025

Low-Flow Showerhead, Gas

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a026

Low-Flow Showerhead, Qil

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a027

Low-Flow Showerhead, Other

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a028

Low-Flow Showerhead, Electric

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a080

Low-Flow Showerhead, Qil

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a081

Low-Flow Showerhead, Other

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a082

Low-Flow Showerhead, Gas

(Single Family) Income Eligible Coordinated Delivery (IE_CD) GB1la011

Low-Flow Showerhead, Gas

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a031

Algorithms for Calculating Primary Energy Impact:

Unit kwh and MMBtu savings are deemed based on study results.* 2 Demand savings are derived from
the demand impact model which is developed as part of the Residential Baseline Study.?
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Measure Name AKWh | AKW | A MMBtu

Low-Flow Showerhead, Electric (Single Family) 188.0 0.05
Low-Flow Showerhead, Gas (Single Family) 0.9
Low-Flow Showerhead, Qil (Single Family) 1.1
Low-Flow Showerhead, Other (Single Family) 0.9

Low-Flow Showerhead, Electric (Multifamily) 217.0 0.05
Low-Flow Showerhead, Gas (Multifamily) 1.07
Low-Flow Showerhead, Oil (Multifamily) 1.07
Low-Flow Showerhead, Other (Multifamily) 1.07

Baseline Efficiency:
The baseline efficiency case is the existing showerhead with a baseline flow rate of 2.5 GPM.

High Efficiency:

The high efficiency case is a low flow showerhead having a maximum flow rate between 1.5 and
1.7 GPM.

Measure Life:

The measure life is 15 years.*
Measure Name Core Initiative PA | EUL OYF RUL AML

Low-Flow Showerhead IE_CD All 15 n/a n/a 15

Other Resource Impacts:
Water savings for Single Family are 2,401 gallons® per unit and multifamily are 1,759 gallons® per unit.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioart?ve PA | ISR | RRe | RRue | RRsp | RRwp | CFsp | CFwp
Low-Flow Showerhead, IECD |All|1.00|21.00| nfa | 1.00 | 1.00 | 0.31 | 0.84

Electric (Single Family)

Low-Flow Showerhead, Gas

. . IE CD All | 1.00 | n/fa | 1.00 n/a n/a n/a n/a
(Single Family) -

Low-Flow Showerhead, Qil

(Single Family) IE_CD All | 1.00 | nfa | 1.00 n/a n/a n/a n/a
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Low-Flow Showerhead,

Other (Single Family) IE_CD All | 1.00 | n/a | 1.00 n/a n/a n/a n/a

Low-Flow Showerhead,

Electric (Multifamily) IE_CD All | 100 | 1.00 | n/fa | 1.00 | 1.00 | 0.31 | 0.84

Low-Flow Showerhead, Gas

(Multifamily) IE_CD All | 1.00 | nfa | 1.00 | n/a n/a nfa | nla

Low-Flow Showerhead, Qil

(Multifamily) IE_CD All | 1.00 | n/fa | 1.00 | n/a n/a n/a n/a

Low-Flow Showerhead,

Other (Multifamily) IE_CD All | 1.00 | n/fa | 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

All PAs use 100% energy realization rate.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.’

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG
Low-Flow Showerhead (Single Family) IE_ CD All | 0.00 | 0.00 | 0.00 | 1.00
Low-Flow Showerhead (Multifamily) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Annual | 2" | annuat| One-
Core Annual $| One-time $ time time $
Measure Name —. . |PA . ) $ per $ per
Initiative per Unit | per Unit KWh $ per Therm | _P€r
KWh Therm
Low-Flow Showerhead, Varies
Electric (Single Family) IE_CD | Al $1.72 by PA $0.01
Low-Flow Showerhead, Varies
Gas (Single Family) IE CD | Al $1.72 by PA $0.08
Low-Flow Showerhead,
Oil (Single Family) | 'E-CD | Al $1.72
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Low-Flow Showerhead,

Other (Single Family) IE_CD | All $1.72

Low-Flow Showerhead, Varies
Electric (Multifamily) | 'E-CD |All| 3058 by PA | 3001
Low-Flow Showerhead, Varies
Gas (Multifamily) IE CD |All| $0.58 by PA $0.08

Low-Flow Showerhead,

Oil (Multifamily) IE_CD |All| $0.58

Low-Flow Showerhead,

Other (Multifamily) IE.CD |All| $0.58

Endnotes:

1: The Cadmus Group (2012). Low Income Single Family Impact Evaluation.
CADMUS 2012 Single Family Low_Income Impact Eval

2 : The Cadmus Group (2012). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.

CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

3 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

4 : 2021 Guidehouse_ TRM_Final_Report

5: Staff calculations based on the methodology from The Cadmus Group, Inc. (2012). Home Energy
Services Impact Evaluation.

6 : The Cadmus Group (2012). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.

CADMUS 2015 Low Income Multifamily Impact Evaluation
7 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4
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2.35. Hot Water - Low-Flow Showerhead with Thermostatic
Valve

Measure Code IE-WH-STV
Market Income Eligible
Program Type Retrofit
Category Water Heating

Measure Description:

An existing showerhead is replaced with a low-flow showerhead with an integrated thermostatic shut-off
valve (TSV).

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
Low-Flow Showerhead with Income Eligible Coordinated Delivery (IE_CD) | EB1a083

TSV, Electric (Multifamily)

Low-Flow Showerhead with TSV, Oil

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a084

Low-Flow Showerhead with TSV,

Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) | EB1a085

Low-Flow Showerhead with TSV, Gas

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) | GB1a032

Algorithms for Calculating Primary Energy Impact:

Unit kWh and MMBtu savings are deemed.! Demand savings are derived from the demand impact model
which is developed as part of the Residential Baseline Study.?

Measure Name AkWh | AKW | AMMBtu
Low-Flow Showerhead with TSV, Electric (Multifamily) 335 0.08
Low-Flow Showerhead with TSV, Gas (Multifamily) 1.9
Low-Flow Showerhead with TSV, Oil (Multifamily) 1.7
Low-Flow Showerhead with TSV, Other (Multifamily) 1.7
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Baseline Efficiency:

The Baseline Efficiency case is an existing standard-flow showerhead (2.5 GPM) with no
thermostatic shut-off valve.

High Efficiency:

The high efficiency case is a low-flow showerhead (1.5 GPM) with integrated thermostatically
actuated valve.

Measure Life:

The measure life is 15 years.®
Measure Name Core Initiative | PA | EUL | OYF | RUL | AML

Low-Flow Showerhead with TSV (Multifamily) IE_CD All | 15 n/a n/a 15

Other Resource Impacts:

Water savings is 2,723 gallons per unit.*

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Ini(iioart?ve PA | ISR | RRe | RRxe | RRsp | RRwe | CFsp | CFwp

Low-Flow Showerhead with
TSV, Electric (Multifamily) IE_ CD All | 1.00 | 1.00 | n/a 1.00 | 1.00 | 0.31 | 0.84

Low-Flow Showerhead with
TSV, Gas (Multifamily) IE_CD All | 1.00 | n/a | 1.00 n/a n/a n/a n/a
Low-Flow Showerhead with | = oy | Ay | 100 | n/a | 100 | nia | na | na | nia

TSV, Oil (Multifamily)

Low-Flow Showerhead with

TSV, Other (Multifamily) IE_ CD All | 1.00 | n/a | 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate.

Realization Rates:

Realization rates are set to 100% for deemed measures.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOnp | NTG

Low-Flow Showerhead with TSV (Multifamily) IE_ CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

Annual One- Annual One- Annual One-
Core time $ time $ time $
Measure Name o - | PA| $per $ per $ per
Initiative Unit per KWh Per | rrerm | _Per
Unit KWh Therm
Low-Flow Showerhead with Varies
TSV, Electric (Multifamily) | 'E-CD | All | $0.58 by PA | 3001
Low-Flow Showerhead with Varies
TSV, Gas (Multifamily) | 'E-CP | All | $058 by PA | $008

Low-Flow Showerhead with

TSV, Oil (Multifamily) | 'E-CP | All | $0.58

Low-Flow Showerhead with

TSV, Other (Multifamily) | 'E-CP | All | $0.58

Endnotes:

1:2021 Guidehouse TRM Final Report

2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4

3:2021 Guidehouse TRM Final Report

4 : National_Grid 2014 ShowerStart_Savings_Final_2015-2-9
National Grid 2014 ShowerStart Savings Final 2015-2-9

5 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4
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2.36. Hot Water - Pipe Wrap (Water Heating)

Measure Code IE-WH-PW
Market Income Eligible
Program Type Retrofit
Category Water Heating

Measure Description:
Installation of DHW pipe wraps.

BCR Measure IDs:

BCR Measure

Measure Name Core Initiative ID

Pipe Wrap (Water Heating),

Electric (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a022

Pipe Wrap (Water Heating), Oil

(Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a023

Pipe Wrap (Water Heating),

Other (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a024

Pipe Wrap (Water Heating),

Electric (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a070

Pipe Wrap (Water Heating), Oil

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a071

Pipe Wrap (Water Heating),

Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a072

Pipe Wrap, Gas (Water Heating)

(Single Family) Income Eligible Coordinated Delivery (IE_CD) GB1a009

Pipe Wrap (Water Heating)

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a025

Algorithms for Calculating Primary Energy Impact:

Unit savings are deemed based on study results where unit is a household with pipe wrap installed on hot
water pipes.! Demand savings are derived from the demand impact model which is developed as part of
the Residential Baseline Study.?
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Measure Name AKkWh | AKW | A MMBtu
Pipe Wrap (Water Heating), Electric (Single Family) 41 0.01
Pipe Wrap (Water Heating), Electric (Single Family) 129 0.03
Pipe Wrap (Water Heating), Gas 0.40
Pipe Wrap (Water Heating), Oil 0.40
Pipe Wrap (Water Heating), Other 0.40
Baseline Efficiency:
The baseline efficiency case is the existing hot water equipment.
High Efficiency:
The high efficiency case includes pipe wrap.
Measure Life:
The measure life is 15 years.®
Measure Name PA Core Initiative EUL | OYF | RUL | AML
Pipe Wrap (Water Heating) All IE_CD 15 n/a n/a 15
Other Resource Impacts:
There are no other resource impacts identified for this measure.
Impact Factors for Calculating Adjusted Gross Savings:
Measure Name Core 1ol ISR | RRe | RRue | RRsp | RRwe | CFs» | CF
Initiative E NE SP WP SP WP
Pipe Wrap (Water Heating), Electric| IE_.CD |All|{1.00|100| n/a | 1.00 | 1.00 | 0.31 | 0.81
Pipe Wrap (Water Heating), Gas IE.CD |All|1.00| nfa | 1.00 | n/a n/a nfa | nla
Pipe Wrap (Water Heating), Oil IECD |All|1.00| nfa | 1.00 | n/a n/a n/a | nla
Pipe Wrap (Water Heating), Other | IE_CD |All|1.00 | n/fa | 1.00 | n/a n/a nfa | nla

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment

installations.
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Realization Rates:

The realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*

Impact Factors for Calculating Net Savings:

PA Measure Name Core Initiative FR SOp | SOne | NTG

All Pipe Wrap (Water Heating) IE_CD 0.00 | 0.00 | 0.00 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One- | Annual | O | Annual | O"¢:
Core Annual $ | time time $ time $
Measure Name - |PA . $ per $ per
Initiative per Unit | $ per KWh PEr | Therm per
Unit KWh Therm
Pipe Wrap (Water Heating), Varies
Electric (Single Family) IE_CD |All| - $48.94 by PA $0.01
Pipe Wrap (Water Heating), Varies
Gas (Single Family) IE_ CD |All| $48.94 by PA $0.08
Pipe Wrap (Water Heating),
Oil (Single Family) IE_CD |All} $48.94
Pipe Wrap (Water Heating),
Other (Single Family) IE_CD |All} $48.94
Pipe Wrap (Water Heating), Varies
Electric (Multifamily) | 'E-CD |All} 3661 by PA | 3001
Pipe Wrap (Water Heating), Varies
Gas (Multifamily) IE_CD |All| $6.61 by PA $0.08
Pipe Wrap (Water Heating),
Oil (Multifamily) IE_CD Al $6.61
Pipe Wrap (Water Heating),
Other (Multifamily) IE_CD Al $6.61

Endnotes:

1 : Cadmus Group (2012). Massachusetts Low Income Single Family Program Impact Evaluation.
CADMUS 2012 Single Family Low_Income Impact Eval
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2 : Guidehouse (2020). Residential Baseline Study Phase 4

2020_Guidehouse_Residential _Baseline_Phase 4

3 : GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial and HVAC
Measures. GDS 2007 _Measure_Life_Report Residential and_Cl_Lighting_and HVAC_Measures

4 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4
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2.37. Hot Water - Solar Hot Water

Measure Code IE-S-HW
Market Income Eligible
Program Type Early Replacement
Category Other

Measure Description:

Installation of Solar Hot Water in a residence with existing electric hot water.

BCR Measure IDs:

Measure Core Initiative BCR Measure ID

Income Eligible Coordinated Delivery

(IE_CD) EB1a279

Solar Hot Water (Single Family)

Algorithms for Calculating Primary Energy Impact:

AkWh = [WHkwh base] - [(HWHDkwh)*(1-%SHWdesign)]/(%WHsupp)]

Where

WHkwh_base = Federal standards for maximum allowable energy consumption.

HWHDkwh = The total household water heating demand in kWh.

%SHWdesign = The design percent of household water heating demand met by the solar hot water
system.

%WHSsupp = The efficiency of the supplemental hot water system for household water heating demand
not met by the solar hot water system.

Baseline Efficiency:

WHkwh_base = (365 days/year)*(0.000293071 kWh/BTU)*(V)*(p)*(Cp)*(AT)/UEF

Where

V = Volume of hot water drawn based on draw pattern (Gallon), where V = 10 for the very-small-usage
draw pattern, V= 38 for the low-usage draw pattern, V = 55 for the medium-usage draw pattern, VV = 84
for high-usage draw pattern

p = Water density (Ib/gallon) = 8.24

Cp = Specific heat of water (Btu/lb) = 1

AT = Difference between inlet and outlet temp (AT) = 67

UEF = Uniform Energy Factor (see table below)

Electric Storage Water Heater Conservation Standards!
Where:
Vr=Rated Storage Volume (Gallon)
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Rated Storage Volume Draw Pattern Uniform Energy Factor
Very Small 0.7836 - (0.0013 xVr)

Low 0.8939 - (0.0008 xVTr)

<20

Medium 0.9112 - (0.0007 xVr)

High 0.9255 - (0.0006 xVr)

Very Small 0.8808 - (0.0008 xVr)

Low 0.9254 - (0.0003 xVr)

>20 and <55

Medium 0.9307 - (0.0002 xVr)

High 0.9349 - (0.0001 xVr)

Very Small 1.9236 - (0.0011 xVr)

Low 2.0440 - (0.0011 xVr)

>55 and <120

Medium 21171 - (0.0011 xVr)

High 2.2418 - (0.0011 xVr)

Very Small 0.6802 - (0.0003 xVr)

Low 0.8620 - (0.0006 xVr)

>120

Medium 0.9042 - (0.0007 xVr)

High 0.9437 - (0.0007 xVr)

High Efficiency:

The new system is a solar hot water heater paired with a supplemental electric water heating source.

Measure Life:

The measure life for a new solar hot water system is 20 years.?
Measure Name Core Initiative PA EUL OYF RUL AML

Solar Hot Water IE_ CD All 20 n/a n/a 20

Other Resource Impacts:
There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Core Initiative | PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CRwe

Solar Hot Water IE_ CD All | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.31 | 0.81

In-Service Rates:

All installations have 100% in service rate since programs include verification of equipment installations.

Realization Rates:

Realization rates are set to 100% until an evaluation occurs.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®

Impact Factors for Calculating Net Savings:

Net-to-Gross values have not been studied. The default NTG is 1.00.

Measure Name Core Initiative PA FR SOp SOnp NTG

Solar Hot Water IE_ CD All 0.00 0.00 0.00 1.00

Non-Energy Impacts:

There are no non-energy impacts identified with this measure.

Endnotes:

1 : https://www.federalregister.gov/documents/2020/05/21/2020-10564/energy-conservation-program-
energy-conservation-standards-for-consumer-water-heaters
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2.38. Hot Water - Thermostatic Valve

Measure Code IE-WH-TV
Market Income Eligible
Program Type Retrofit
Category Water Heating

Measure Description:

A stand-alone valve that may be used with existing showerhead. Thermostatic shut-off valve technology
is known by the trademarked name ShowerStart™.

BCR Measure IDs:

BCR

Measure Name Core Initiative
Measure ID

Thermostatic Shut-off Valve,

Electric (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a086

Thermostatic Shut-off Valve, Oil

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a087

Thermostatic Shut-off Valve,

Other (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1a088

Thermostatic Shut-off Valve, Gas

(Multifamily) Income Eligible Coordinated Delivery (IE_CD) GB1a033

Algorithms for Calculating Primary Energy Impact:

The unit kWh and MMBtu savings are deemed based on engineering analysis.! Demand savings are
derived from the demand impact model which is developed as part of the Residential Baseline Study.?

Measure Name AkWh | AKW | A MMBtu
Thermostatic Shut-off Valve, Electric (Multifamily) 69 0.02
Thermostatic Shut-off Valve, Gas (Multifamily) 0.34
Thermostatic Shut-off Valve, Oil (Multifamily) 0.39
Thermostatic Shut-off Valve, Other (Multifamily) 0.34
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Baseline Efficiency:

The Baseline Efficiency case is an existing standard-flow showerhead (2.5 GPM) with no
thermostatic shut-off valve.

High Efficiency:

The high efficiency case is a standard-flow showerhead (2.5 GPM) with the addition of the stand-
alone thermostatic shut-off valve (the “Ladybug”).

Measure Life:

The measure life is 15 years.®
Measure Name Core Initiative | PA | EUL | OYF | RUL | AML

Thermostatic Shut-off Valve (Multifamily) IE_CD All | 15 n/a n/a 15

Other Resource Impacts:

Water savings are 558 gallons per unit.*

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Ini(iioart?ve PA | ISR | RRe | RRne | RRsp | RRwe | CFsp | CFwp
Thermostatic Shut-off
Valve, Electric IECD | All|200]|100]| nfa | 1.00 | 1.00 | 031 | 0.84

(Multifamily)

Thermostatic Shut-off

Valve, Gas (Multifamily) IE_ CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

Thermostatic Shut-off

Valve, Oil (Multifamily) IE_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

Thermostatic Shut-off

Valve, Other (Multifamily) IE_CD All | 1.00 | 1.00 | 1.00 n/a n/a n/a n/a

In-Service Rates:

All installations have 100% in service rate.

Realization Rates:

Realization rates are set to 100% since savings are deemed.

Coincidence Factors:

Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.®
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Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOne | NTG
Thermostatic Shutoff Valve (Multifamily) IE_ CD All | 0.00 | 0.00 | 0.00 | 1.00
Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.
Annual One- Annual One- Annual One-
Core time time $ time $
Measure Name oo - |PA| $per $ per $ per
Initiative Unit $ per KWh PEr | Therm per
Unit kWh Therm
Thermostatic Shut-off Valve, Varies
Electric (Multifamily) | 'E-CP Al by PA | $0-01
Thermostatic Shut-off Valve, Varies
Gas (Multifamily) IE_CD | All by PA | 3008
Thermostatic Shut-off Valve,
Oil (Multifamily) IE_CD | All
Thermostatic Shut-off Valve,
Other (Multifamily) IE_CD | All
Endnotes:
1 : National Grid (2014). Review of ShowerStart evolve.
National Grid 2014 ShowerStart Savings Final 2015-2-9
2 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4
3:2021 Guidehouse TRM Final Report
4 : National Grid (2014). Review of ShowerStart evolve.
National Grid 2014 ShowerStart Savings Final 2015-2-9
5 : Guidehouse (2020). Residential Baseline Study Phase 4
2020 Guidehouse Residential Baseline Phase 4
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2.39. Hot Water - Water Heating System

Measure Code

IE-WH-WHS

Market

Income Eligible

Program Type

Retrofit

Category

Water Heating

Measure Description:

Installation of high efficiency water heating equipment to replace the existing inefficient water heater.

BCR Measure IDs:

Measure Name Core Initiative BCR Measure ID
Tankless Water Heater, Qil Income Eligible Coordinated EB1a074
(Multifamily) Delivery (IE_CD)
Tankless Water Heater, Other Income Eligible Coordinated EB14075
(Multifamily) Delivery (IE_CD)
Indirect Water Heater, Other Income Eligible Coordinated EB1a076
(Multifamily) Delivery (IE_CD)
Standalone Water Heater, Oil Income Eligible Coordinated EB1a077
(Multifamily) Delivery (IE_CD)
Standalone Water Heater, Other Income Eligible Coordinated EB14078
(Multifamily) Delivery (IE_CD)
Indirect Water Heater, Gas (Single Income Eligible Coordinated GB1a054
Family) Delivery (IE_CD)
Stand Alone Water Heater, Gas (Single Income Eligible Coordinated GB1a055
Family) Delivery (IE_CD)
On Demand Water Heater, Gas Income Eligible Coordinated GB1a027
(Multifamily) Delivery (IE_CD)
Indirect Water Heater, Gas Income Eligible Coordinated GB13028
(Multifamily) Delivery (IE_CD)
Stand Alone Water Heater, Gas Income Eligible Coordinated GB13029
(Multifamily) Delivery (IE_CD)
Algorithms for Calculating Primary Energy Impact:
Eversource:
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The program delivery agency uses vendor calculated energy savings for all allowed measures. These
savings values are calculated with custom building simulation model software where the user inputs a set
of technical data about the house and the software calculates building heating and cooling loads and other
key parameters. The building model is based on thermal transfer, building gains, and a variable-based
heating/cooling degree day/hour climate model. This provides an initial estimate of energy use that may
be compared with actual billing data to adjust as needed for existing conditions. Then, specific
recommendations for improvements are added and savings are calculated using measure-specific heat
transfer algorithms.

Rather than using a fixed degree day approach, the building model estimates both heating degree days and
cooling degree hours based on the actual characteristics and location of the house to determine the heating
and cooling balance point temperatures. Savings from shell measures use standard U-value, area, and
degree day algorithms, (see attached for details). Infiltration savings use site-specific seasonal factors to
convert measured leakage to seasonal energy impacts. HVAC savings are estimated based on changes in
system and/or distribution efficiency improvements, using ASHRAE 152 and BPI recommendations as
their basis. Interactivity between architectural and mechanical measures is always included, to avoid
overestimating savings due to “adding” individual measure results.

All PAs except Eversource:

MMBtu = Units x 18MMBtu/unit x (1/EFgase) - (1/EFee)

Where:

Unit = Total number of dwelling units utilizing the water heater

18 MMBtu/Unit = Average annual water heating energy demand per dwelling unit *

EFsase = Energy Factor for the baseline water heater
EFee = Energy Factor for the new efficient water heater

Baseline Efficiency:

The baseline efficiency case is a stand-alone tank water heater is an existing 0.58 UEF standalone water
heater.?

High Efficiency:

The high efficiency case is a stand-alone storage water heater with an energy factor >= 0.66.2

Measure Life:

Measure Name Iniioz;[?ve PA | EUL | OYF | RUL | AML
Indirect Water Heater IE_ CD All 20? n/a n/a 20
Stand Alone Water Heater IE_CD All 133 n/a n/a 13
On Demand/Tankless Water Heater IE_CD All 20* n/a n/a 20
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Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Iniioart?ve PA ISR | RRe | RRye | RRsp | RRwe | CFsp | CFwp
Water H.eatef’ Gas IE_CD Berkshire | 1.00| n/a | 0.80 | n/a na | nfa | n/a
(Multifamily) -
Water H.eatef’ Gas IE_ CD Columbia |1.00| nfa | 0.96 | n/a nfa | nfa | nla
(Multifamily) -
Water Heater, Gas
(Multifamily) IE_CD | Eversource [1.00| nfa | 1.05 | n/a na | nfa | n/a
Water Heater, Gas .
(Multifamily) IE_CD Liberty 1.00| nfa | 0.96 | n/a nfa | nfa | nla
Water H.eatef’ Gas IE_CD |National Grid|1.00| n/a | 0.75 | n/a nfa | nfa | nla
(Multifamily)
Water Heater, Gas .
(Multifamily) IE_CD Unitil 1.00| nfa | 0.96 | n/a na | nfa | n/a
Water Heater, Oil IE_CD Al |100| na| 100 | nfa | nfa | nia | nia
(Multifamily) -
Water He_ater,_Other IE_ CD All 1.00| nfa | 1.00 | n/a nfa | nfa | nla
(Multifamily)
In-Service Rates:
All installations have 100% in service rate since all PA programs include verification of equipment
installations.
Realization Rates:
Realization rates are based on evaluation results. ®
Coincidence Factors:
There are no electric savings for this measure.
Impact Factors for Calculating Net Savings:
Measure Name Core Initiative PA FR SOp SOnp NTG
Water Heater IE_ CD All 0.00 0.00 0.00 1.00
Non-Energy Impacts:
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NEI values are rolled up, component values can be found in Appendix B.

One- One- One-
Annual | . Annual | . Annual | ..
Core time time time $
Measure Name Initiati PA | $per $ per $ per
nitiative Unit $ per KWh $ per Therm | _Per
Unit kWh Therm
Stand Alone Water Heater Varies
(Single Family) IE_ CD All $1.30 by PA $0.08
Indirect Water Heater Varies
(Single Family) IE_ CD All $0.70 by PA $0.08
Water Heater, Gas Varies
(Multifamily) IE_ CD All $1.19 by PA $0.08
Water Heater, Oil/Other
(Multifamily) IE_ CD All $1.19
Endnotes:

1: GDS Associates, Inc. (2009). Natural Gas Energy Efficiency Potential in Massachusetts.

GDS_2009 Natural_Gas_Energy Efficiency Potential_in_ MA

2 : This is the weighted average baseline UEF of the medium and high draw units based in 2016-2017
rebated units. 2021_Guidehouse_ TRM_Final_Report

3: This is the weighted average efficient UEF of the medium and high draw units based in 2016-2017
rebated units. 2021 Guidehouse TRM_Final_Report

2 : GDS Associates, Inc. (2009). Natural Gas Energy Efficiency Potential in Massachusetts.

GDS_ 2009 Natural_Gas_Energy Efficiency Potential_in_ MA

3 : DOE (2008). ENERGY STAR® Residential Water Heaters: Final Criteria Analysis. Prepared for the
DOE; Page 10. DOE_2008 ENERGY_STAR_Residential Water Heaters_Final Criteria_Analysis

4 : DOE (2008). ENERGY STAR® Residential Water Heaters: Final Criteria Analysis. Prepared for the
DOE; Page 10. DOE_2008 ENERGY_STAR_Residential Water Heaters_Final_Criteria_Analysis

5 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation.
CADMUS 2015 Low_Income_Multifamily Impact Evaluation
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2.40.

Lighting - Income Eligible

Measure Code

IE-L-LEDB

Market

Income Eligible

Program Type

Lost Opportunity, New Construction, Retrofit

Category

Lighting

Measure Description:

The installation of Light-Emitting Diode (LED) bulbs and fixtures. LEDs offer comparable luminosity to
incandescent and halogen bulbs at significantly less wattage and significantly longer lamp lifetimes.

BCR Measure IDs:

Measure Name Core Initiative MeaBs(LirF:a D
LED Bulb (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a033
LED Bulb (Specialty) (Single Family) | Income Eligible Coordinated Delivery (IE_CD) EB1a034
LED Bulb (I:Raf;qﬂﬁgt)ors) (Single Income Eligible Coordinated Delivery (IE_CD) EB1a035
LED Bulb (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al103
LED Bulb (Specialty) (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) EB1al04
LED Bulb (Reflectors) (Multifamily) | Income Eligible Coordinated Delivery (IE_CD) EB1al05
LED Bulb, Common Area . . .
(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al08
Indoor Fixture (Single Family) Income Eligible Coordinated Delivery (IE_CD) EB1a036
LED Fixture, Indoor In Unit . . .
(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al07
LED Fixture, Outdoor In Unit - . .
(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al06
LED Fixture, Indoor Common Area - . .
(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1al09
LED Fixture, Linear Indoor Common i . .
Area (Multifamily) Income Eligible Coordinated Delivery (IE_CD) EB1all0
LED Fixture, Outdoor Common Area - . .
(Multifamily) Income Eligible Coordinated Delivery (IE_CD) EBlalll
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Algorithms for Calculating Primary Energy Impact:

Factors for Calculating Savings for Residential Lighting

Delta watts! and hours of use? ® noted in the table below for deemed measures are based on evaluation
results. For vendor-calculated measures, delta watts are based on verification of pre-installation wattage,
and hours of use are input by the vendor based on space type. For common area measures in multifamily
buildings (labeled Attached Low Rise, High Rise, and Residential End Use), vendors reference the hours
recommended in the Navigant Multifamily Impact Study*(see table below). For Income Eligible In-Unit
Fixtures, vendors reference the 2014 Northeast HOU Study (see table below).5 For Income Eligible
common area measures, vendors calculate the hours based on site conditions.

Savings are then calculated per the algorithm below.
AKkWh = ((QTYpgre X WattSpRE) - (QTYEE X WattsEE) X HOUI’S)/lOOO

AkW = AKWh x KW/kKWh

Where:

QTYPRE = Quantity of pre-retrofit fixtures/bulbs

QTYEE = Quantity of efficient fixtures/bulbs installed
WattsPRE = Rated watts of pre-retrofit fixtures/bulbs
WattsEE = Rated watts of efficient fixtures/bulbs installed
Hours = Annual hours of operation for pre-retrofit case. Note that any reduction in hours of operation due

to the addition of lighting controls are calculated separately; refer to the relevant TRM entry.

kW/kWh = Average KW reduction per kWh reduction: 0.00025 kW/kWh®

Core
Measure Name Initiativ| A Watts | Annual HOU B#u(I)t];s AKWh AKW
e
LED Bulb (Single Family) | IE_CD 43 949 1 40.8 0.01
LED Bulb (Specialty) | |z cp | 36 949 1 34.2 0.01
(Single Family) -
LED Bulb (Reflectors) | 1o oy | 45 949 1 4.7 0.01
(Single Family)
LED Bulb (Multifamily) IE_CD 43 949 1 40.8 0.01
LED Bulb (Specialty) | o op | 56 949 1 34.2 0.01
(Multifamily)
LED Bulb (Reflectors) |\ o | 45 949 1 427 0.1
(Multifamily)
LED Bulb, Common Area Vendor Varies by Vendor
(Multifamily) IE_CD Input Space Type N/A Calculated Calculated
Indoor letL_Jre (Single IE CD 62 0.02
Family) -
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LED Fixture, Indoor In Unit
(Multifamily) IE_ CD 37.63 803 1.49 41 0.01
LED Fixture, Outdoor In
Unit (Multifamily) IE_ CD 37.63 803 2 55 0.01
LED Fixture, Indoor Vendor Vendor Vendor
Common Area (Multifamily) IE_CD Calc 6388 Calc Calc Calculated
LED Fixture, Linear Indoor Vendor Vendor Vendor
Common Area (Multifamily) IE_CD Calc 6388 Calc Calc Calculated
LED Fixture, Outdoor Vendor Vendor Vendor
Common Area (Multifamily) IE_CD Calc 6388 Calc Calc Calculated

Income-Eligible In-Unit Fixture HOU

Space Type Annual HOU
Bedroom 730
Bathroom 657

Kitchen 1,460
Living Space 1,205
Dining Room 986

Exterior 2,008

Other 621

Baseline Efficiency:

The baseline efficiency case for Income Eligible Coordinated Delivery in-unit bulbs is a combination of
an incandescent bulb and halogen bulb. The baseline efficiency case for In-Unit Fixtures and all Common
Area bulbs and fixtures is the existing site conditions, as identified by the vendor.

High Efficiency:
The high efficiency case is an LED.

Measure Life:

The table below includes the Expected Useful Life (amount of time the LED is physically expected to
last) and Adjusted Measure Life (the amount of time that the PAs claim savings). EULSs for bulbs are
based on a rated lifetime of 15,000 hours, per ENERGY STAR specifications. EULs for Common Area
Fixtures are based on the following rated lives: Indoor - 55,000 hours; Linear - 75,000 hours; Exterior -
50,000 hours. AMLs for in-unit bulbs were derived via a consensus process with DOER. AMLs for
Common Area lighting utilize
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Measure Name Inﬁioart?ve PA | EUL | OYF | RUL | AML
LED Bulb (Single Family) IE_CD
All 15 n/a n/a 1
LED Bulb (Multi Family) IE_ CD
LED Bulb, Reflector (Single Family) IE_CD
All 15 n/a n/a 1
LED Bulb, Reflector (Multi Family) IE_CD
LED Bulb, Specialty (Single Family) IE_ CD
All 15 n/a n/a 1
LED Bulb, Specialty (Multi Family) IE_CD
LED Bulb, Common Area
(Multifamily) IE_CD All 3 n/a n/a 1
LED Fixture, Outdoor In Unit
(Multifamily) IE_CD All 20 n/a n/a 5
LED Fixture, Indoor Common Area
(Multifamily) IE_CD All 6 n/a n/a 6
LED Fixture, Linear Indoor Common
Area (Multifamily) IE_ CD All 8 n/a n/a 8
LED Fixture, Outdoor Common Area
(Multifamily) IE_CD All 11 n/a n/a 11
Indoor Fixture (Single Family) IE_CD All 20 n/a n/a 9

Other Resource Impacts:

There are no other resource impacts. Interactive effects for direct install lighting are assumed to be
captured in the realization rates for insulation measures within the same program.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

initiative| PA |1SR| RRe | RRwe | RRs | RRwe | CFsp | CFup

Measure Name

LED Bulb (Single
Family)

LED Bulb (Specialty)
(Single Family)

LED Bulb (Reflectors)
(Single Family)
IE_.CD | All {1.00| 1.01 1.00 1.20 093 | 055 | 0.85
LED Bulb
(Multifamily)

LED Bulb (Specialty)
(Multifamily)

LED Bulb (Reflectors)
(Multifamily)

LED Bulb, Common Varies | Varies | Varies | Varies

Area (Multifamily) | '==CP | AR by pat | bypa | byPa | bypa | 080 | 061

Indoor Fixture (Single

. IE CD | All {1.00| 1.01 1.00 1.20 093 | 019 0.35
Family)

LED Fixture, Indoor In

Unit (Multifamily) IE.CD | All |[1.00| 1.01 1.00 1.20 093 [019| 0.35

LED Fixture, Outdoor

In Uniit (Multifamily) IE.CD | All |[1.00| 1.01 1.00 1.20 093 [019| 0.35

LED Fixture, Indoor PA PA PA PA

Common Area IE CD | All |1.00 - . - .. 1034 ] 0.30
(Multifamily) Specific | Specific | Specific | Specific

LED Fixture, Linear

Indoor Common Area | IE_ CD | All | 1.00 S ch;ai\fic S zcﬁfic S Eﬁfic s I:;:Ai\fic 0.34 | 0.30
(Multifamily) P P P P

LED Fixture, Outdoor
Common Area IEcD | ANl |100| . PA PA PA PA 1019 020

(Multifamily) Specific | Specific | Specific | Specific

In-Service Rate:
Residential Coordinated Delivery high rise ISRs are based on evaluation.® All other Direct Install ISRs
are assumed to be 100%.

November 2021 397
© 2021 Massachusetts Electric and Gas Energy
Efficiency Program Administrators, ALL RIGHTS RESERVED



Massachusetts Technical Reference Manual Income Eligible Efficiency Measures

Realization Rates:
Realization rates for Multifamily Common Area Lighting in Income Eligible Coordinated Delivery are
PA specific and based on evaluation.®

Realization rates for Income Eligible In-Unit lighting and non-income-eligible Common Area lighting are
also 100% as vendors are using deemed HOU by space type.*!

Impact Factors for Calculating Net Savings:

Net to gross factors for Residential Coordinated Delivery are from the "Massachusetts Residential
Programs Net-to-Gross Research of RCD and Select Products Measures™ evaluation.®

Core

Initiative PA FR SOr | SOne | NTG

Measure Name

LED Bulb (Single Family)
LED Bulb (Multifamily)
LED Bulb (Specialty) (Single Family)
LED Bulb (Specialty) (Multifamily) IE_CD All 0.0 0.0 0.0 1.0
LED Bulb (Reflectors) (Single Family)
LED Bulb (Reflectors) (Multifamily)

LED Bulb, Common Area (Multifamily)

Indoor Fixture (Single Family) IE_CD All 0.00 0.00 0.00 1.00

LED Fixture, Indoor In Unit (Multifamily) IE_CD All 0.00 0.00 0.00 1.00

LED Fixture, Outdoor In Unit (Multifamily) IE_ CD All 0.00 0.00 0.00 1.00

LED Fixture, Indoor Common Area

(Multifamily) IECD | AIl | 000 | 000 | 0.00 | 1.00

LED Fixture, Linear Indoor Common Area

(Multifamily) IECD | All | 000 | 0.00 | 000 | 1.00

LED Fixture, Outdoor Common Area

(Multifamily) IE_CD All 0.00 0.00 0.00 1.00
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Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One- One- |Annua| O"
Core . |[time $ Annual time $ | 1$ per time $
Measure Name - - | PA | Annual $per Unit $ per per
Initiative per KWh per | Ther Ther
Unit KWh m
m
LED Bulb (Single
Family)
LED Bulb
(Multifamily)
LED Bulb
(Specialty) (Single Rate
Family) Discou
LED Bulb (Specialty)| 'E-CP | Al NS $0.005
(Multifamily) by PA
LED Bulb
(Reflectors) (Single
Family)
LED Bulb
(Reflectors)
(Multifamily)
$26/_Un|t. Values are Rate
applied per fixture in Discou
LED Bulb, C_:omr_non IE_CD | All the I_SC model, and nt NEI: | $0.005
Area (Multifamily) adjusted for the varies
number of by PA
fixtures/unit. y
Rate
Indoor Fixture Discou
(Single Family) IE_CD | All nt NEI; | $0.01
Varies
by PA
Rate
LED Fixture, Indoor IE cD | All r?tlilcl(E):J $0.01
In Unit (Multifamily) - Varies’ '
by PA
LED Fixture, Rate
Outdoor In Unit IE CD | All Discou | $0.01
(Multifamily) nt NEI,
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Varies
by PA
oL Vs || e
LED Fixture, Indoor the BC model. and Discou
Common Area IE_CD | All . ’ nt NEI; | $0.01
o adjusted for the .
(Multifamily) Varies
number of by PA
fixtures/unit. y
oL Vs || e
LED Fixture, Linear the BC model. and Discou
Indoor Common Area| IE_CD | All . ! nt NEI; | $0.01
o adjusted for the .
(Multifamily) Varies
number of by PA
fixtures/unit. y
e |
LED Fixture, the BC model. and Discou
Outdoor Common IE_CD | All . ! nt NEI; | $0.01
e adjusted for the .
Area (Multifamily) Varies
number of
. . by PA
fixtures/unit.

Endnotes:

1: NMR Group, Inc. (2020). Delta Watt Update (MA19R09-E). 2019 NMR_DeltaWattReport
2 : NMR Group, Inc. (2020). Residential Lighting Hours-of-Use Quick Hit Study (MA20R21-E).
2019 NMR_LightingHOU_Update

3 : Navigant (2017). Multifamily Program Improvement Strategies (RES42).

Navigant 2017 _MF_Program_Improvement_Strategies_Premil Results

4 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.
2018 Navigant_Multifamily Program_Impact Evaluation

5: NMR Group, Inc. (2014). Northeast Residential Hours of Use Study. NMR_2014
Northeast_Residential _Lighting HOU

6 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

9 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.
2018 Navigant_Multifamily Program_Impact Evaluation

10 : Cadmus (2015). Low Income Multifamily Impact Impact Evaluation.

CADMUS 2015 Low_Income_Multifamily Impact_Evaluation

11 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.
2018 Navigant_Multifamily Program_Impact Evaluation

16 : Guidehouse (2021). Massachusetts Residential Programs Net-to-Gross Research of RCD and Select
Products Measures. 2021_Guidehouse_ MA Res NTG_Final_Report
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2.41. Lighting - LED Fixture

Measure Code IE-L-F
Market Income Eligible

Program Type Retrofit

Category Lighting

Measure Description:

Replacement of existing inefficient fixtures with the installation of new efficient fixtures.

BCR Measure IDs:

Measure Core Initiative BCR Measure ID
Indoor Fixture (Single Family) | Income Eligible Coordinated Delivery (IE_CD) EB1a036
LED Fiz(;/?l:?{ifl;?]?;);)ln Unit Income Eligible Coordinated Delivery (IE_CD) EB1al07
LED Fix(ﬂj[#éjrtndi?;)r In Unit Income Eligible Coordinated Delivery (IE_CD) EB1al06
LED I':Ai;(;:rg\,/llur}g?;)r;ﬁ;)rnmon Income Eligible Coordinated Delivery (IE_CD) EB1al109
(I:‘Olznl]amii;(txrri;‘(:\r)lié}:i 11221?:);) Income Eligible Coordinated Delivery (IE_CD) EB1all10
LED thetjgez,l\/loulﬁﬂ%%i%mmon Income Eligible Coordinated Delivery (IE_CD) EBlalll

Algorithms for Calculating Primary Energy Impact:

Vendor calculated unit savings are calculated using the following algorithms and assumptions:
AkWh = Hourspre * ((QTYPRE X WattSpRE) - (QTYEE X WattsEE)) /1000
AkW = AkWh x kW/kWh

Where:

QTYrre = Quantity of pre-retrofit fixtures/bulbs

QTYEE = Quantity of efficient fixtures/bulbs installed

Wattspre = Rated watts of pre-retrofit fixtures/bulbs

Wattsee = Rated watts of efficient fixtures/bulbs installed

Hourspre = Annual hours of operation for pre-retrofit case lighting fixtures. Note that any reduction in
hours of operation due to the addition of lighting controls are calculated separately; refer to that TRM
entry.

kW/kWh = Average kW reduction per kwWh reduction: 0.00030 kW/kWh?
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Annual hours of use for Residential Coordinated Delivery are based on evaluation results.? 24 Annual
hours of use for Income Eligible in-unit fixtures are deemed based on the space type -- see table

below.> Annual hours of use for Income Eligible common area fixtures are determined on a site-by-site
basis by the vendor.

Measure Name Q_ore_: A Watts HOU #of Bulbs| AKWh AkW
Initiative
Indoor letL_Jre (Single IE CD 62 0.02
Family) -
LED Fixture, Indoor In
Unit (Multifamily) IE_CD 37.63 803 1.49 41 0.01
LED Fixture, Outdoor In
Unit (Multifamily) IE_CD 37.63 803 2 55 0.01
LED Fixture, Indoor
Common Area IE_ CD Vendor 6388 Vendor Vendor Calculated
e Calc Calc Calc
(Multifamily)
LED Fixture, Linear Indoor
Common Area IE_CD Vendor 6388 Vendor Vendor Calculated
e Calc Calc Calc
(Multifamily)
LED Fixture, Outdoor
Common Area IE_CD Vendor 6388 Vendor Vendor Calculated
e Calc Calc Calc
(Multifamily)
In-Unit Space Type Annual Hours of Use (HOU)
Bedroom 730
Bathroom 657
Kitchen 1,460
Living Space 1,205
Dining Room 986
Exterior 2,008
Other 621

Baseline Efficiency:

The baseline efficiency case for Residential Coordinated Delivery and Income Eligible Coordinated
Delivery is the existing fixture on site, as identified by the vendor.
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High Efficiency:
The high efficiency case is an ENERGY STAR® rated LED fixture.

Measure Life:
The tables below include the EUL and AML for LED Fixtures.?

Measure Name Core PA | EUL OYF RUL AML
Initiative
LED Fixture, Qutdpor In Unit IE CD All 20 n/a n/a 5
(Multifamily) -

LED Fixture, Indoor Common

Area (Multifamily) IE_CD All 6 n/a n/a 6
LED Fixture, Linear Indoor

Common Area (Multifamily) IE_CD Al 8 n/a n/a 8

LED Fixture, Outdoor Common
Area (Multifamily) IE_ CD All 11 n/a n/a 11
Indoor Fixture (Single Family) IE_ CD All 20 n/a n/a 9

Other Resource Impacts:

There are no other resource impacts. Interactive effects for direct install lighting are assumed to be
captured in the realization rates for insulation measures within the same program.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioartei}ve PA|ISR| RRe | RRue | RRs» | RRwe | CFsp | CEwp

Indoor Fixture

. . IECD | All |1.00| 1.01 1.00 1.20 093 |0.19| 0.35
(Single Family) -

LED Fixture, Indoor

In Unit (Multifamily) IE.CD | All 100 | 101 1.00 1.20 093 [019]| 0.35

LED Fixture,
Outdoor In Unit IECD | All {100 | 1.01 1.00 1.20 093 [0.19]| 035
(Multifamily)
LED Fixture, Indoor
Common Area | IECD | All | 100 | (oo | Pa | PR T PR 1034 | 030
(Multifamily) P P P P
LED Fixture, Linear
Indoor Common Area| IE_CD | All | 1.00 s I:(I:Ai\fic S z(ﬁfic S Eéﬁc S ngic 0.34 | 0.30
(Multifamily) P P P P
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LED Fixture,
Outdoor Common IE.CD | All | 1.00
Area (Multifamily)

PA PA PA PA

Specific | Specific | Specific | Specific 0.19 | 020

In-Service Rate:
Residential Coordinated Delivery high rise LED fixture ISRs are from the Navigant evaluation report.*

Realization Rates:
The realization rate for Multifamily Common Area lighting in Income Eligible Coordinated Delivery are
PA specific and come from the 2015 Cadmus Low-Income Multifamily evaluation report.2

Coincidence Factors:
Summer and winter coincidence factors are estimated using the demand allocation methodology described
in the Demand Impact Model which is developed based on the Residential Baseline Study.*®

Impact Factors for Calculating Net Savings:

Net to gross factors for Residential Coordinated Delivery high rise and common area LED Fixtures are
from the Navigant Multi-Family evaluation.'®

Measure Name Inﬁioart?ve PA| FR [SOp|SOne |NTG

Indoor Fixture (Single Family) IE_CD |AIl|0.00{0.00| 0.00 | 1.00

LED Fixture, Indoor In Unit (Multifamily) IE CD |[AIll|0.00{0.00| 0.00 | 1.00

LED Fixture, Outdoor In Unit (Multifamily) IE_CD |AIll|0.00({0.00| 0.00 | 1.00

LED Fixture, Indoor Common Area (Multifamily) IE_CD |AIll|0.00({0.00| 0.00 | 1.00
LED Fixture, Linear Indoor Common Area (Multifamily) IE CD |[AIll|0.00{0.00| 0.00 | 1.00
LED Fixture, Outdoor Common Area (Multifamily) IE_CD |AIll|0.00({0.00| 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One-1 Annual | O" | annual | [ ©":
Core Annual $| time time $ time $
Measure Name T PA . $ per $ per
Initiative per Unit | $ per KWh PEr | Therm per
Unit KWh Therm
Indoor Fixture (Single Varies
Family) IE_CD All by PA $0.01
LED Fixture, Indoor In Varies
Unit (Multifamily) | 'E-CP | All by PA | 0-01
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LED Fixture, Outdoor In Varies
Unit (Multifamity) | 'E-CP | Al by PA | $0-01
LED Fixture, Indoor Varies
Common Area IE.CD | All | $109.20 by PA $0.01
(Multifamily) y
LED Fixture, Linear Varies
Indoor Common Area IE.CD | All | $109.20 by PA $0.01
(Multifamily) y
LED Fixture, Outdoor Varies
Common Area IE.CD | All | $109.20 by PA $0.01
(Multifamily) y
Endnotes:

1 : Navigant Consulting (2018). Demand Impact Model Update.

2018 Navigant_Baseline Loadshape Comprehensive Report

2 : NMR Group, Inc. (2018). 2019-2021 Planning Assumptions: Lighting Hours-of-Use and In-Service
Rate. 2018 NMR_LTGHOU_ISR

3 : NMR Group, Inc. (2014). Northeast Residential Hours of Use Study. NMR_2014
Northeast_Residential _Lighting HOU

4 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

5: NMR Group, Inc. (2020). Residential Lighting Hours-of-Use Quick Hit Study (MA20R21-E).
2019 NMR_LightingHOU_ Update

9: MA PAs (2018). 2019-2021 Lighting Worksheet. MA_PAs_Lighting_Worksheet PY2019-2021
11 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation

12 : The Cadmus Group (2015). Massachusetts Low-Income Multifamily Initiative Impact Evaluation
CADMUS 2015 Low_Income Multifamily Impact Evaluation

13 : Guidehouse (2020). Residential Baseline Study Phase 4
2020_Guidehouse_Residential_Baseline_Phase_4

16 : Navigant Consulting (2018). Multi-Family Program Impact and Net-to-Gross Evaluation.

2018 Navigant_Multifamily Program_Impact Evaluation
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https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885a6996f23c5c7df73b/view?authToken=889748ed38d59cba81467473d8da6a2b3268e7e37fd2f47b785385649aeef9fd7c2841a4c6ce2428a919f12de6c6341bd962a8b11ed13934502b6fa1a01b63adf0c4aee7ae9a56
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885a6996f23c5c7df73b/view?authToken=889748ed38d59cba81467473d8da6a2b3268e7e37fd2f47b785385649aeef9fd7c2841a4c6ce2428a919f12de6c6341bd962a8b11ed13934502b6fa1a01b63adf0c4aee7ae9a56
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488496996f271fc7df6ea/view?authToken=111e2929d45c1b3efc9b587946e9aebae75c552c5b4ccd30d8892a1b8e9119c2ff7d9ce3cf916bfe596d95f5b35386a51433bf9ecc5e96a5d3391bd9404253501cf9b44d1ed09a
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488746996f2bffc7df7ad/view?authToken=2f1ea834cffa87d645fe638090387808d6850d00f4c1805342ffeb70ad2747a4e9863550bec569432aba94dc8c72d5adccb4b3f26edeaa6ae000c7a7a08b634f993bc1b55225d0
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee4885d6996f2845f7df74c/view?authToken=7dff625080044b26401ced49eeaaba7f30a589c1f25b1477bae6e87e6e63da54fb2e199aa897635e171362ecf551c6624f01be642eae9bc350055e38976f2e7ac6bbbcb15fbae4
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488496996f271fc7df6ea/view?authToken=1a7a8dd85c3ad8992a4c24df2584d803e51b5f03abb465816ababacf5bc8372ebc65fc3bd0245f19c3fecd09e77f386d22084c37b7152a52d6496c1380cb01cb130bd86c83a05c
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488566996f243947df72a/view?authToken=837aa753aaf41639440447da4f9867649f43b4d71ad0d59166a9abf6a3da16922e0d5a24bb96853978a60f3aaf898def9cab90fc88d1758678339cbb6cfb74f08bcc2294fa5b1f
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/615c6b547a393f6be7b37bce/view?authToken=8edf89824c6d55fec079e18319019aafd30c06cf9839d0c680d6370cfb7ab7117763854a8a36978957014881e269a3e81dca76031f784391bd328522bcc450646746d94e86140a
https://api-plus.anbetrack.com/etrm-gateway/etrm/api/v1/etrm/documents/5ee488496996f271fc7df6ea/view?authToken=8be0527592f0bda86e140763bd2a8fc53fe0f5b4b14b7cb005d46b6566428fac132124dc81943741bb5521b9d54a755250122f484d6a72ee799191d3b50c3976a8101ec8e5acf9
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2.42.  Lighting - Occupancy Sensors

Measure Code IE-L-OS
Market Income Eligible

Program Type Retrofit

Category Lighting

Measure Description:

The installation of occupancy sensors for lighting fixtures. This measure involves installing an occupancy
sensor that controls lighting fixtures and limits their use when the space is unoccupied.

BCR Measure IDs:

Measure Name Core Initiative BCR
Measure ID
Occupancy Sensor, Common Area Income Eligible Coordinated Delivery EB1all?
(Multifamily) (IE_CD)

Algorithms for Calculating Primary Energy Impact:
Unit savings are based on one of the following algorithms, as appropriate to the situation.

For on/off sensors, savings are as follows:
AkWh = (WattsControlled * Hours * SVG)/ 1000

Where:

Watts controlled = Connected load wattage controlled by Sensor

Hours = Run time of fixture before the installation of sensors

Svg = Percentage by which hours of operation are reduced due to the sensor; site specific

For high/low sensors, savings are as follows:
AkWh = ((HighWatts - LowWatts) * Hours)/ 1000

Where:

HighWatts = Full load of fixture

LowWatts = Wattage of fixture when no occupancy is detected; input by auditor, typically 50% of
HighWatts

Hours = Run time of fixture (24 hours, fixtures are always on)

Baseline Efficiency:

The baseline condition for this measure is a lighting fixture that is not controlled by an occupancy sensor.
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High Efficiency:
The high efficiency case is a lighting fixture that operates with connected occupancy sensors.

Measure Life:

The measure life is 10 years.

Other Resource Impacts:

There are no other resource impacts identified for this measure.

Impact Factors for Calculating Adjusted Gross Savings:

Measure Name Inﬁioart?ve PA| ISR | RRe |RRne| RRsp | RRwe | CFsp | CFwe

Occupancy Sensor, Common Area All All{1.00|1.00| 1.00 | 1.00 | 1.00 | 0.15 | 0.13

In-Service Rates:
In-service rates are set to 100% based on the assumption that all purchased units are installed

Realization Rates:
Realization rates are set to 100%.

Coincidence Factors:
Coincidence factors come from the Demand Impact Model.

Impact Factors for Calculating Net Savings:

Net to gross factors for Residential Coordinated Delivery are from the Guidehouse NTG evaluation.
Measure Name Core Initiative | PA| FR | SOp | SOne | NTG

Occupancy Sensor, Common Area (Multifamily) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:
NEI values are rolled up, component values can be found in Appendix B.

One-1 Annual | " | annuat | O"¢;
Core Annual $ | time time time $
Measure Name o IPA . $ per $ per
Initiative per Unit |$ per KWh $ per Therm | _Per
Unit KWh Therm
Occupancy Sensor, Common Varies
Area (Multifamily) IE_CD | All by PA | 3001

Endnotes:

1 : Navigant Consulting (2018). Demand Impact Model Update.
2018 Navigant Baseline Loadshape Comprehensive Report
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2.43. Motor - Variable Frequency Drive

Measure Code IE-MAD-VFD
Market Income Eligible
Program Type Retrofit
Category Motors and Drives

Measure Description:

This measure covers the installation of variable speed drives according to the terms and conditions stated
on the statewide worksheet. The measure covers multiple end use types and building types. The
installation of this measure saves energy since the power required to rotate a pump or fan at lower speeds
requires less power than when rotated at full speed.

BCR Measure IDs:

Measure Name Core Initiative BCR I:/IDeasure
Variable Frequency Drive Income Eligible Coordinated Delivery EB1a118
(Multifamily) (IE_CD)

Algorithms for Calculating Primary Energy Impact:

AkWh = (HP)(kWh/HP)
AKW = (HP)(kW/HPsp)

Where:

HP = Rated horsepower for the impacted motor.

kwh /HP = Annual electric energy reduction based on building and equipment type. See table below.
kW / HPsp = Summer demand reduction based on building and equipment type. See table below.

kW / HPwe = Winter demand reduction based on building and equipment type. See table below.

Savings factors below already account for motor efficiency and consequently an adjustment is not
required in the algorithm.
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Savings Factors for C&I VFDs (kWh/HP! and kW/HP?)

Hot WS
Buildi | Coolin | Chille | Boiler Water MAF - Heat
Savings Building| ng g d Feed Circul Make- | Retur | Suppl | Pump
Factor Type | Exhau | Tower | Water | Water atin up Air | nFan | y Fan | Circul
stFan| Fan | Pump | Pump 91 Fan ating

Pump
Loop

Annual Energy

Savings Multi- | 3505 | 889 | 1374 | 2340 | 2400 | 3082 | 1374 | 1319 | 3713
Factors Family

(KWh/HP)

Summer
Demand Multi-
Savings 0.109 | -0.023 | 0.174 | 0.457 | 0.091 | 0.109 | 0.287 | 0.274 | 0.218

Factors Family
(KW/HPsp)

Winter

Demand Multi-
Savings 0.109 | -0.006 | 0.184 | 0.355 | 0.21 | 0.109 | 0.26 | 0.252 | 0.282

Factors Family
(KW/HPwep)

Baseline Efficiency:

The baseline efficiency case measure varies with equipment type. All baselines assume either a constant
or 2-speed motor. Air or water volume/temperature is controlled using valves, dampers, and/or reheats.

High Efficiency:

In the high efficiency case, pump flow or fan air volume is directly controlled using downstream
information. The pump or fan will automatically adjust its speed based on inputted set points and the
downstream feedback it receives.

Measure Life:

The measure life is 13 years.®
Measure Name Core Initiative | PA | EUL | OYF | RUL | AML

Variable Frequency Drive (Multifamily) IE_ CD All | 13 n/a n/a 13

Other Resource Impacts:

There are no other resource impacts identified for this measure.
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Impact Factors for Calculating Adjusted Gross Savings:

Core

Initiative PA | ISR | RRe | RRne | RRsp | RRwp | CFsp | CFwp

Measure Name

Variable Frequency Drive | = oy | A | 100 | 2.00 | na | .00 | 1.00 | 1.00 | 1.00
(Multifamily) -

In-Service Rates:

All installations have 100% in service rate since all PAs programs include verification of equipment
installations.

Realization Rates:

Realization rates are assumed to be 100%.

Coincidence Factors:

Coincidence factors are set to 100% since kW savings are calculated.

Impact Factors for Calculating Net Savings:

Measure Name Core Initiative | PA| FR | SOp | SOnp | NTG

Variable Frequency Drive (Multifamily) IE_CD All | 0.00 | 0.00 | 0.00 | 1.00

Non-Energy Impacts:

NEI values are rolled up, component values can be found in Appendix B.

One- One- Annual $ One-
Measure Name Core PA Annual $ | time $ | Annual $ | time $ per time $
Initiative per Unit | per |perkWh | per Therm per
Unit kWh Therm
Variable Frequency Varies by
Drive (Multifamily) | 'E-C0 | All pa | 001

Endnotes:

1: Chan, Tumin (2010). Formulation of a Prescriptive Incentive for the VFD and Motors & VFD impact
tables at NSTAR.

Chan_2010 Formulation_of a Prescriptive Incentive_for_the VFD and_Motors_and_VFD_Impact Ta
bles at NSTAR

2 : For Chilled Water Pump, Hot Water Circ. Pump, Return Fan, Supply Fan, and WSHP Circ. Loop:
kW/HP estimates derived from Cadmus (2012). Variable Speed Drive Loadshape Project. Prepared for
the NEEP Regional Evaluation, Measurement & Verification Forum. Other drive type KW/HP savings
estimates based on Chan, Tumin (2010). Formulation of a Prescriptive Incentive for the VFD and Motors
& VFD impact tables at NSTAR. Prepared for NSTAR.

3 : Energy & Resource Solutions (2005). Measure Life Study. ERS 2005 Measure _Life_Study
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