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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 National
Grid consistently, reliably, and transparently calculate savings from the installation of efficient equipment
or the installation of efficient equipment, collectively called “measures,” over the course of the 2010
program year. This reference manual provides methods, formulas and default assumptions for estimating
energy, peak demand and other resource impacts from efficiency measures.

Within this TRM, efficiency measures are organized by the sector for which the measure is eligible and
by the primary energy source associated with the measure. The two sectors are Residential and
Commercial & Industrial (“C&I”)." The primary energy sources addressed in this TRM 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) engineering judgment to develop credible
and realistic factors.

"In this document, the Residential and Low Income programs are represented in a single “Residential” sector due to the degree of
overlap in savings assumptions for similar measures in the standard income programs.
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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.

Measure Name

A single device or behavior may be analyzed as a range of measures depending on a variety of factors
which largely translate to where it is and who is using it. Such factors include hours of use, location, and
baseline (equipment replaced or behavior modified). For example, the same screw-in compact
fluorescent lamp will produce different savings if installed in an emergency room waiting area than if
installed in a bedside lamp.

Measure Overview

This section will include a plain text description of the efficient and baseline technology and the benefit(s)
of its installation, as well as subfields of supporting information including:

Description: <Description of the energy efficiency measure>

Primary Energy Impact: <Electric or Natural Gas>

Secondary Energy Impact: <e.g., Natural Gas, Propane, Oil, Electric, None>
Non-Energy Impact: <e.g., Water Resource, O&M, Non-Resource, None>
Sector: <Residential, Low Income or Commercial and Industrial>

Market: <Lost Opportunity, Retrofit and/or Products and Services>
End-Use: <Per PARIS database definition — see list below>

Program: <Per PA definition>

The PARIS database includes the following possible End-Uses:

Lighting Compressed Air Demand Response
HVAC Behavior Photovoltaic Panels
Motors /Drives Insulation Process
Refrigeration Combined Heat and Power
Hot Water Solar Hot Water

Notes

This is an optional section for additional notes regarding anticipated changes going forward. For
example, this section would not if there were upcoming statewide evaluations affecting the measure, or
any plans for development of statewide tool for calculating measure savings.

Algorithms for Calculating Primary Energy Impacts
This section will describe the method for calculating the primary energy savings in appropriate units, i.e.,

kWh for electric energy savings or MMBtu for natural gas energy savings. The savings algorithm will be
provided in a form similar to the following:

AkWh = AkW X Hours
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Similarly, the method for calculating electric demand savings will be provided in a form similar to the
following:

AW = (Watts ,, i, —Watts . )/1000

Below the savings algorithms, a table contains the definitions (and, in some cases, default values) of each
input in the equation(s). The inputs for a particular measure may vary and will be reflected as such in this
table (see example below).

AkWh = gross annual kWh savings from the measure
AKW = gross connected kW savings from the measure
Hours = average hours of use per year

Wattsgasg = baseline connected kW

Wattsgg = energy efficient connected kW

Baseline Efficiency

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.

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.

Hours

This section will note operating hours for equipment that is either on or off, or equivalent full load hours
for technologies that operate at partial loads, or reduced hours for controls. Reference tables will be used
as needed to avoid repetitive entries.

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.

Secondary Energy Impacts

This section described any secondary energy impacts associated with the energy efficiency measure,
including all assumptions and the method of calculation.
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Non-Energy Impacts

This section describes any non-energy impacts associated with the energy efficiency measure, including
all assumptions and the method of calculation.

Impact Factors for Calculating Adjusted Gross Savings

The section includes a table of impact factor values for adjusting gross savings. Impact factors for
calculating net savings (free ridership, spillover and/or net-to-gross ratio) are in Appendix B: Net to Gross
Impact Factors. Further descriptions of the impacts factors and the sources on which they are based are
described below the table.

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

Abbreviated program names may be used in the above table. The mapping of full program names to

abbreviated names is given below.

Full Program Name Abbreviation
Residential- |Residential New Construction & Major Renovation RNC
Electric Residential Cooling & Heating Equipment RHVAC
Multi-Family Retrofit MF Retrofit
MassSAVE MassSAVE
OPOWER Behavior/Feedback
ENERGY STAR Lighting ES Lighting
ENERGY STAR Appliances ES Appliances
Low Income- |Low-Income Residential New Construction LI RNC
Electric Low-Income 1-4 Family Retrofit LI Retrofit 1-4
Low-Income MultiFamily Retrofit LI MF Retrofit
C&lI - C&I New Construction and Major Renovation NC
Electric C&I Large Retrofit Large Retrofit
C&I Small Retrofit Small Retrofit
Residential — |Residential New Construction & Major Renovation RNC
Gas Residential Heating and Water Savings Residential
Heating and Water
Savings
MassSAVE MassSAVE
Multifamily Retrofit MF Retrofit
OPOWER Program Behavior/Feedback
Low Income —|Low-Income Single Family Retrofit Low-Income
Electric Single Family
Retrofit
C&I - Gas C&I New Construction & Major Renovation C&INC
C&I Retrofit C&I Retrofit
C&I Direct Install C&I Direct Install
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Impact Factors for Calculating Adjusted Gross and
Net Savings

National Grid uses 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. Impacts 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 applies to gross savings estimates. Definitions of the impact factors and other terms are also provided
in the Glossary (see 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
e 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
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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,
there may be separate realization rates for energy (kWh), peak demand (kW), or fossil fuel energy
(MMBtu).

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 the on-peak periods as defined by the ISO 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:

= 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

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 (SOxp).

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 RRg x SPF x ISR
net_kWh = adj_gross_kWh x NTG

Calculation of Net Summer Electric Peak Demand Coincident kW Savings

adj_gross_kWgp = gross_kW x RRgp X SPF X ISR x CFgp
net_kWsp = adj_gross_kWgp X NTG

Calculation of Net Winter Electric Peak Demand Coincident kW Savings

adj_gross_kWyp = gross_kW X RRwp X SPF X ISR X CFwp
net_kWwp = adj_gross_kWyp X NTG

Calculation of Net Annual Natural Gas Energy Savings

adj_gross_MMBtu = gross_MMBtu X RRg X SPF x ISR
net_MMbtu = adj_gross_MMBtu x NTG
Depending on the evaluation study methodology:
e NTGis equal to (1 — FR + SOp + SOnp), or

e NTG is a single value with no distinction of FR, SOp, SOxp, 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_kWgp = Gross Connected kW Savings (summer peak)
adj_gross_kWsp = Adjusted Gross Connected kW Savings (summer peak)
Gross_kWwp = Gross Connected kW Savings (winter peak)
adj_gross_kWwyp = Adjusted Gross Connected kW Savings (summer peak)
net_kWgp = Adjusted Gross Connected kW Savings (winter peak)
net_KkWwp 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
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CFsp
CFwp
RRg
RRgp
NTG
FR
SOp
SOnp

Peak Coincidence Factor (summer peak)
Peak Coincidence Factor (winter peak)
Realization Rate for electric energy (kWh)
Realization Rate for summer peak kW
Realization Rate for winter peak kW
Net-to-Gross Ratio

Free-Ridership Factor

Participant Spillover Factor
Non-Participant Spillover Factor
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Lighting — CFL Bulbs (Markdown)

Measure Overview

Description: This measure covers the installation of ENERGY STAR® screw-in compact
fluorescent lamps (CFLs) purchased through the PAs markdown programs. Compact fluorescent
lamps offer comparable luminosity to incandescent lamps at significantly less wattage and
significantly longer lamp lifetimes.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: One Time Non-Resource

Sector: Residential

Market: Lost Opportunity

End Use: Lighting

Program: ENERGY STAR Lighting

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on the following algorithms, which use averaged inputs:

AkWh = AkW X Hours

AW = AkW

Where:

Unit = Rebated CFL Bulb Spiral

AkWh = Average annual kWh reduction: 47 kWh

AKW
Hours

Average annual kW reduction: 0.0457 kW?>
Average annual operating hours

Baseline Efficiency

The baseline efficiency case is an incandescent bulb.
High Efficiency

The high efficiency case is an ENERGY STAR® rated CFL spiral bulb.

Hours

Average annual operating hours are 1,022 hours/year (2.8 hours/day’ * 365 days/year).

Measure Life

The measure life is 7 years for markdown bulbs and 5 years for coupon bulbs.*

2 Nexus Market Research (2009). Residential Lighting Markdown Impact Evaluation. Prepared for Markdown and Buydown
Program Sponsors in CT, MA, RI, and VT; Page 56.
3y

Ibid.
* Nexus Market Research, Inc., RLW Analytics (2008). Residential Lighting Measure Life Study. Prepared for New England
Residential Lighting Program Sponsors.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings

One-Time Non-Resource O&M Cost Impact55 $3.00/Bulb

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Screw-in Bulbs ES Lighting|0.42]1.00|{1.00| 1.00 | 1.00 |0.11 | 0.22

Screw-in Bulbs (Hard to Reach) ES Lighting|0.60|1.00|{1.00| 1.00 | 1.00 |0.11 | 0.22

Screw-in Bulbs (School Fundraiser) | ES Lighting |0.50|{1.00|1.00 | 1.00 | 1.00 | 0.11 | 0.22

Screw-in Bulbs (Specialty) ES Lighting|0.60|1.00|{1.00| 1.00 | 1.00 |0.11 | 0.22

In-Service Rates

In-service rates are based on Study 8, Evaluation of Residential Lighting Program, for Screw-in-Bulbs, hard to
reach, and specialty measures.” Note- these are NTG values shown here to remain consistent with the National Grid
tracking system.

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are 100% since savings estimates are based on evaluation results.

Coincidence Factors
Coincidence factors are from the 2009 Lighting Markdown Study.’

3 Massachusetts Electric Utilities (2003). Non-Electric Benefit Performance Metrics — Residential 1. Memo to Massachusetts
non-Electric Parties.

S NMR (2011). Massachusetts ENERGY STAR ® Lighting Program: 2010 Annual Report. Prepared for Massachusetts Energy
Efficiency Program Administrators and Massachusetts Energy Efficiency Advisory Council. Study 8 in the 2010 Massachusetts
Electric Energy Efficiency Annual Report.

7 Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for
Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.
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Lighting — CFL Bulbs

Measure Overview

Description: The installation of ENERGY STAR® screw-in compact fluorescent lamps (CFLs).
Compact fluorescent lamps offer comparable luminosity to incandescent lamps at significantly
less wattage and significantly longer lamp lifetimes.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: One Time O&M Cost Reduction, Low Income only: Annual Discounted
Rate Cost Reduction

Sector: Residential, Low Income

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: Residential New Construction & Major Renovation, MassSAVE, Low-Income
Residential New Construction, Low-Income 1-4 Family Retrofit

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

For Residential New Construction & Major Renovation, MassSAVE, and Low-Income Residential New
Construction:

AkWh = AkW X Hours

AW = AkW

Unit = Installed CFL bulb

AkWh = Average annual kWh reduction: 57 kWh

AkW = Average reduction in connected kW: 0.049 kW*
Hours = Average annual operating hours

For Low-Income 1-4 Family Retrofit:

AkWh = AkWh

AW = AkW

Where:

Unit = Installed CFL bulb

AkWh = Average annual kWh savings per unit: 41 kWh’
AKW = Max kW reduction: 0.011 kW'

8 Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Table 1-8.

® Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid; Table 1, Page 5.

1% Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.
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Baseline Efficiency

The baseline efficiency case is an incandescent bulb.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified compact fluorescent light bulb that uses 75%
less energy and lasts about 10 times longer than an incandescent bulb.

Hours

The annual operating hours are 1,168 hours/year (3.2 hours/day'' * 365 days/year).

Measure Life

For Residential New Construction & Major Renovation, MassSAVE, and Low-Income Residential New
Construction installations, the measure life is 7 years."

For Low-Income 1-4 Family Retrofit installations the measure life is 9 years."

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impact

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction'* $(R1-R2)/kWh Low Income
One-Time Non-Resource O&M Cost Reduction® $3/Bulb

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFgp | CEwp
Screw-in Bulbs RNC, LIRNC {0.99]1.00|1.00 | 1.00 [1.00 |0.11 [0.22
Screw-in Bulbs MassSAVE  10.90/1.00|1.00 |1.00 |1.00 |0.076(0.286
Screw-in Bulbs (piggyback) | MassSAVE  [0.90(1.00(1.00 | 1.00 |1.00 |0.076|0.286
CFL Bulb LI 1-4 Retrofit | 1.00|1.00|1.00 | 1.00 |[1.00 |0.35 [1.00

In-Service Rate
= RNC, LI RNC: 2006 ENERGY STAR® Homes New Homebuyer Survey Report.'®

" Thid.

12 Nexus Market Research, Inc., RLW Analytics (2008). Residential Lighting Measure Life Study. New England Residential
Lighting Program Sponsors.

1> Massachusetts Common Assumption: In the Low Income program there is no limit on the number of CFLs installed per home;
a longer lifetime is assumed to account for the shorter hours per day.

' Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

1 Massachusetts Electric Utilities (2003). Non-Electric Benefit Performance Metrics — Residential 1. Memo to Massachusetts
non-Electric Parties.

'® Nexus Market Research (2007). 2006 Energy Star Homes New Home Buyer Survey Report, Final Report, March 30, 2007.
Prepared for the Massachusetts Joint Management Committee.
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= MassSAVE: Impact evaluation of the MA, RI, VT 2003 Residential Lighting Programs'’
= LI 1-4 Retrofit: Assume 100% installation rate.

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors

= RNC, LI RNC, MassSAVE: Coincidence factors are based on the 2009 Lighting Markdown Study."®

= LI 1-4 Retrofit: Coincidence factors are estimated using the demand allocation methodology described in the
2000 EnergyWise program impact evaluation.'’

' Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.

'8 Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for
Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.

' Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Lighting — CFL Indoor Fixtures

Measure Overview

Description: The installation of ENERGY STAR® compact fluorescent (CFL) indoor fixtures.
Compact fluorescent fixtures offer comparable luminosity to incandescent fixtures at significantly
less wattage and significantly longer lifetimes. Hardwired fluorescent fixtures offer comparable
luminosity to incandescent fixtures at significantly lower wattage and offer significantly longer
lifespan.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: One-Time O&M Cost Reduction, Annual Discounted Rate Cost Reduction
(Low Income only)

Sector: Low Income, Residential

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: ENERGY STAR Lighting, Residential New Construction & Major Renovation, Low-
Income Residential New Construction,

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkW X Hours

AW = AkW

Where:

Unit = Rebated indoor fixture

AkWh = Average annual kWh reduction: 44 kWh

AkW = Average reduction in connected kW: 0.049 kW
Hours = Average annual operating hours

Baseline Efficiency
The baseline efficiency case is an incandescent, screw-based fixture with an incandescent lamp.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified compact fluorescent light fixture wired for
exclusive use with pin-based CFLs.

Hours

The average annual operating hours are 912.5 hours/year (2.5 hours/day' * 365 days/year).

% Nexus Market Research, Inc., RLW Analytics (2004) Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 11, Table 1-8.
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Measure Life

The measure life is 20 years.”

Secondary Energy Impact

There are no secondary energy impacts for this measure.

Non-Energy Impact

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction” $(R1-R2)/kWh | Low Income
One-Time Non-Resource O&M Cost Reduction?* $3.50/Fixture

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Indoor Fixture |ES Lighting |0.95/1.00|1.00| 1.00 | 1.00 | 0.11 | 0.22

Indoor Fixture |RNC, LIRNC|0.96/1.00|1.00| 1.00 | 1.00 | 0.11 | 0.22

In-Service Rates
= ES Lighting: 2004 Impact Evaluation of MA, RI, VT Residential Lighting Program®
= RNC, LI RNC: 2006 ENERGY STAR® Homes New Homebuyer Survey Report™®

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors

Coincidence factors for CFL fixtures are estimated using the demand allocation methodology described in the 2000
EnergyWise program impact evaluation.”” Coincidence factors for indoor fixtures are based on the 2009 Lighting
Markdown Study.*®

2! Nexus Market Research, Inc., RLW Analytics (2004) Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 104.

2 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Qualified Lighting Fixtures.
Interactive Excel Spreadsheet found at
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LF.

3 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

# Massachusetts Electric Utilities (2003). Non-Electric Benefit Performance Metrics — Residential 1. Memo to Massachusetts
non-Electric Parties.

»Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 11.

% Nexus Market Research & Dorothy Conant (2006). Massachusetts ENERGY STAR ® Homes: 2005 Baseline Study: Part II:
Homeowner Survey Analysis Incorporating Inspection Data Final Report. Prepared for Joint Management Committee; Table 8.1
%7 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.

% Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for
Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.
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Lighting — Outdoor Fixtures

Measure Overview

Description: The installation of hardwired ENERGY STAR® fluorescent outdoor fixtures with
pin-based bulbs. Savings for this measure are attributable to high efficiency outdoor lighting
fixtures and are treated similarly to indoor fixtures.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: One-time Non-Resource

Sector: Residential

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: ENERGY STAR Lighting

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on the following algorithms which use averaged inputs:

AkWh = AkW X Hours

AW = AkW

Where:

Unit = Rebated outdoor fixture

AkWh = Average annual kWh reduction: 156 kWh
AkW = Average connected kW reduction: 0.095 kW
Hours = Average annual operating hours

Baseline Efficiency

The baseline efficiency case is an incandescent, screw-based fixture with an incandescent bulb.

High Efficiency

The high efficiency case is an ENERGY STAR® fixture wired for exclusive use with a pin based CFL
bulb.

Hours

The average annual operating hours are 1,642.5 hours/year (4.5 hours per day™ * 365 days per year).

% Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Table 1-8.

30 Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 104
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Measure Life

The measure life is 6 years for markdown outdoor fixtures and 5 years for coupon outdoor fixtures.'

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings

One-Time Non-Resource O&M Cost Impacts32 $3.50/Bulb

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Outdoor Fixture | ES Lighting|0.87|1.00| 100 | 1.00 | 1.00 | 0.11 | 0.22

In-Service Rates
2004 Impact Evaluation of MA, RI, VT Residential Lighting Program.*

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on the 2009 Lighting Markdown Study.*

3! Nexus Market Research, Inc., RLW Analytics (2008). Residential Lighting Measure Life Study. Prepared for New England
Residential Lighting Program Sponsors; Page 1.

32 Massachusetts Electric Utilities (2003). Non-Electric Benefit Performance Metrics — Residential 1. Memo to Massachusetts
non-Electric Parties.

3 Nexus Market Research, Inc., RLW Analytics (2004) Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 11.

3 Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for
Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.
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Lighting — Torchieres

Measure Overview

Description: The installation of high-efficiency ENERGY STAR® torchieres. High efficiency
torchieres use fluorescent in place of halogen or incandescent bulbs to provide comparable
luminosity at significantly reduced wattage.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction (Low Income only)

Sector: Residential, Low Income

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: ENERGY STAR Lighting

Algorithms for Calculating Primary Energy Impact

Unit savings are based on the following algorithms which use averaged inputs:

AkWh = AkW X Hours

AW = AkW

Where:

Unit = Rebated ENERGY STAR® Torchiere

AkWh = Average annual kWh reduction: 106 kWh
AkW = Average connected kW reduction: 0.088 kW™
Hours = Average annual operating hours

Baseline Efficiency

The baseline efficiency case is a halogen (or incandescent) torchiere fixture.

High Efficiency

The high efficiency case is a fluorescent torchiere fixture.

Hours

The average annual operating hours are 1,204.5 hours/year (3.3 hours/day™ * 365 days/year).

Measure Life

The measure life is 8 years.

% Nexus Market Research, Inc., RLW Analytics (2004) Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting
Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont,
National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Table 1-8.

% Nexus Market Research, Inc., RLW Analytics (2004) Impact Evaluation of the Massachusetts, Rhode Island, and Vermont
2003 Residential Lighting Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for
Efficiency Vermont, National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 104
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Secondary-Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Torchieres

ES Lighting

0.83

1.00

1.00

1.00

1.00

0.11

0.22

In-Service Rates
2004 Impact Evaluation of MA, RI, VT Residential Lighting Program™®

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

Realization rates are based on Staff Assumptions.

Coincidence Factors

Coincidence factors are based on the 2009 Lighting Markdown Study.”

37 Ibid.

*¥Nexus Market Research, Inc., RLW Analytics (2004). Impact Evaluation of the MA, RI, and VT 2003 Residential Lighting

Programs. Submitted to The Cape Light Compact, State of Vermont Public Service Department for Efficiency Vermont Service

Department for Efficiency Vermont, National Grid, Northeast Utilities, NSTAR, and Unitil Energy Systems, Inc.; Page 11.
¥ Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for

Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.
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Lighting — Light-Emitting Diode Lights

Measure Overview

Description: The installation of Light-Emitting Diode (LED) screw-in bulbs. LEDs offer
comparable luminosity to incandescent bulbs at significantly less wattage and significantly longer
lamp lifetimes.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction (Low Income only)

Sector: Residential

Market: Lost Opportunity

End Use: Lighting

Program: ENERGY STAR Lighting, Residential New Construction & Major Renovation, Low-
Income Residential New Construction

Algorithms for Calculating Primary Energy Impact

Unit savings are based on the following algorithms which use averaged inputs:

AKWh = (kW — kW, ., )x Hours

AW = AkW

Where:

Unit = Rebated LED lamp or fixture

AkWh = Average annual energy savings: 48 kWh™
AKW = Average connected kW reduction: 0.013 kW™
kWgase = Average connected kW of baseline bulb
kWigp = Average connected kW of LED bulb

Hours = Average annual operating hours

Baseline Efficiency

The baseline efficiency case is a 65-watt incandescent bulb in a screw-based socket or fluorescent under
cabinet light.

High Efficiency

The high efficiency case is an 18-watt LED downlight.

Hours

The average annual operating hours are 1,022 hours/year (2.8 hours/day* * 365 days/year).

0 Homes: Energy Star. LED Light Bulbs for Consumers.
http://'www.energystar.gov/index.cfim?fuseaction=find_a_product.showProductGroup &pgw_code=ILB. Accessed on 10/15/10.
#! Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

2 Nexus Market Research (2009). Residential Lighting Markdown Impact Evaluation. Prepared for Markdown and Buydown
Program Sponsors in CT, MA, R, and VT; Page 6.
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Measure Life

The measure life is 20 years.*

Secondary-Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource | Annual Discounted Rate Cost Reduction** $(R1-R2)/kWh Low Income

No operations and maintenance cost adjustments are claimed for this measure. At this time, the
incremental cost is unclear given the continual changes in LED technology. In addition, the measure life
savings from not replacing incandescent bulbs are also unclear.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

LED Lamp ES Lighting |1.00{1.00{1.00| 1.00 | 1.00 | 0.11 | 0.22

LED Fixture ES Lighting |1.00{1.00|1.00| 1.00 | 1.00 | 0.11 | 0.22

LED Fixture RNC, LIRNC|1.00{1.00|0.73| 0.73 | 0.73 | 0.11 | 0.22

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are from the 2009 Lighting Markdown Study.*

* Expected lifetime form ENERGY STAR ®.

* Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

* Nexus Market Research and RLW Analytics (2009). Residential Lighting Markdown Impact Evaluation. Prepared for
Markdown and Buydown Program Sponsors in CT, MA, RL, and VT.
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Process — Computer Monitors

Measure Overview

Description: Rebates for ENERGY STAR® Computer Monitors
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Process

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Rebated ENERGY STAR® computer monitor
AkWh = Average annual kWh savings per unit: 35 kWh*
AkW = Average annual kW savings per unit: 0.010 kW*

Baseline Efficiency

The baseline efficiency case is a conventional computer monitor.
High Efficiency

The high efficiency case is an ENERGY STAR® rated LCD monitor.

Hours

Not applicable.

Measure Life

o 48
The measure life is 6 years.

“ Deemed savings developed based on assumptions in CEE (2008). Consumer Electronics Program Guide: Information on
Voluntary Approaches for the Promotion of Energy Efficient Consumer Electronics - Products and Practices; Page 9, Table 1.
47 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

“8 CEE (2008). Consumer Electronics Program Guide: Information on Voluntary Approaches for the Promotion of Energy
Efficient Consumer Electronics - Products and Practices.

August 2011 29



Massachusetts Technical Reference Manual

Residential Electric Efficiency Measures

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Computer Monitors | ES Appliances

1.00

1.00

1.00

1.00

1.00

0.35

1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.
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Process — Desktop Computers

Measure Overview

Description: Rebates for ENERGY STAR® Desktop Computers
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Process

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are based on engineering estimate of delta kW between computers that are idle, in sleep
mode, or off:

AkWh = AkWh

AW = AkW

Where:

Unit = Rebated ENERGY STAR® desktop computer

AkWh
AkW

Average annual kWh reduction per unit: 76 kWh*
Average kW savings per unit: 0.01 kW

Baseline Efficiency

The baseline efficiency case is a conventional desktop computer.

High Efficiency

The high efficiency case is an ENERGY STAR® rated desktop computer.

Hours

The operational hours include: 3,322 annual idle hours, 399 annual sleep hours, and 5,039 annual off
hours.”!

Measure Life

The measure life is 4 years.

* Environmental Protection Agency (2010). Life Cycle Cost Estimate for ENERGY STAR Office Equipment. Interactive Excel
Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_office_eq.xls.
50 13.:
Ibid.
> Ihid.
> Ibid.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

PC Computers |ES Appliances|1.00{1.00|{1.00| 1.00 | 1.00 | 0.35| 1.00

In-Service Rates

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.
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Process — Room Air Cleaner

Measure Overview

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.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Process

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed and based on the following algorithms which use averaged inputs:

AkWh = AkWh

AkW = AkWh [ Hours

Where:

Unit = Rebated room air cleaner

AkWh = Average annual kWh savings per unit: 268 kWh™
AkW = Average connected load reduction: 0.032 kW*
Hours = Annual operating hours

Baseline Efficiency

The baseline efficiency case is a conventional unit with clean air delivery rate (CADR) of 51-100.
High Efficiency

The high efficiency case is an ENERGY STAR® qualified air cleaner with a CADR of 51-100.
Hours

The savings are based on 8,760 operating hours per year.

Measure Life

The measure life is 9 years.

33 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Room Air Cleaner. Interactive Excel
Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorRoomAirCleaner.xls
54y
Ibid.
> Ibid.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Room Air Cleaner

ES Appliances

1.00

1.00

1.00

1.00

1.00

0.85

1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.
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Process — Smart Strips

Measure Overview

Description: Switches off plug load using current sensors and switching devices which turn
off plug load when electrical current drops below threshold low levels. Smart Strips can be
used on electrical home appliances or in the workplace.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction (Low Income only)

Sector: Residential, Low Income

Market: Lost Opportunity, Retrofit

End Use: Process

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Unit = Rebated smart strip

AKkWh = Average annual kWh savings per unit: 75 kWh>
AKW = Max kW savings per unit: 0.060 kW

Baseline Efficiency

The baseline efficiency case is no power strip and leaving peripherals on or using a power surge protector.

High Efficiency

The high efficiency case is a Smart Strip Energy Efficient Power Bar.

Hours

The savings are based on 8,760 hours per year.

Measure Life

The measure life is 5 years.

Secondary-Energy Impacts

There are no secondary energy impacts for this measure.

> ECOS 2008 Entertainment Center and DVDs.
57 Massachusetts Common Assumptions.
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Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp
Smart Strips ES Appliances | 1.00|1.00|1.00 | 1.00 | 1.00 | 0.35 | 1.00
Smart Strips MF Retrofit 1.00|1.00|1.00| 1.00 | 1.00 | 0.35| 1.00
Smart Strips LI MF Retrofit|1.00|1.00|1.00 | 1.00 | 1.00 | 0.35 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.
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Process — Televisions

Measure Overview

Description: Rebates for televisions that meet ENERGY STAR® version 4.1 and 5.1
specifications.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Process

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

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

AWh = kWhy,, — kWh,,
AW = kW, i, —kW,,

Where:

Unit = Rebated television

kWhgasg = Average kW consumption of baseline models

kWhgg = Average kWh consumption of energy efficient models
kWgase = Average kW load of baseline models

kWgg = Average kW load of energy efficient models

Baseline Efficiency

The baseline efficiency case is a CEE Tier 1 television.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified television, which uses about 40% less energy
than standard units. Qualifying ENERGY STAR® TV products include standard TVs, HD-ready TVs,
and the large flat-screen plasma TVs.™ The savings, which are weighted between on and standby modes,
are given in the following table.

Television Size | Weighted kW Savings | AkWh /Unit

LCD/TV 0.022 194

Hours

Since the TV is assumed to be plugged in all year, the savings are based on 8,760 operational hours per
year. The weighted savings are based on 5 hours on and 19 hours standby each day.

%% Homes: Energy Star. Televisions for Consumers.
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=TV. Accessed on 10/11/10.

August 2011 37



Massachusetts Technical Reference Manual Residential Electric Efficiency Measures

Measure Life

o 59
The measure life is 6 years.

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impact

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

LCD/TV ES Appliances | 1.00{1.00|1.00| 1.00 | 1.00 | 0.50 | 0.85

In-Service Rates

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

% Environmental Protection Agency (2008). Life Cycle Cost Estimate for ENERGY STAR Television. Interactive Excel
Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_Televisions_Bulk.xls
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Refrigeration — Refrigerators (Lost Opportunity)

Measure Overview

Description: Rebates for purchase of ENERGY STAR® qualified refrigerators. ENERGY
STAR® qualified refrigerators use at least 20% less energy than new, non-qualified models.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction (Low Income only)

Sector: Residential, Low Income

Market: Lost Opportunity

End Use: Refrigeration

Program: ENERGY STAR Appliances, Residential New Construction & Major Renovation,
Low-Income Residential New Construction

Algorithms for Calculating Primary Energy Impact

Unit savings are based on the following algorithms which use averaged inputs:

AcWh = AkWh,,, — AkWh,

AW = AkW

Where:

Unit = Installed ENERGY STAR® refrigerator

AkWh = Annual savings over non-ES refrigerators averaged by model type: 107 kWh®
AkW = Average kW reduction over non-ES refrigerator: 0.014 kW®'

Baseline Efficiency

The baseline efficiency case is a residential refrigerator that meets the Federal minimum standard for
energy efficiency.

High Efficiency

The high efficiency case is an ENERGY STAR® residential refrigerator that uses 20% less energy than
models not labeled with the ENERGY STAR® logo.

Hours

Not applicable.

% Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Residential Refrigerator. Interactive
Excel Spreadsheet found at

www.energystar.gov/.../business/bulk_purchasing/bpsavings_calc/Consumer_Residential Refrig_Sav_Calc.xls; average of
savings form all refrigerator models.

8! Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.
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Measure Life

The measure life is 12 years.”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource | Annual Discounted Rate Cost Reduction® $(R1-R2)/kWh Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Refrigerator Rebate | ES Appliances | 1.00|1.00| 1.00 | 1.00 | 1.00 | 1.00 | 0.92

Refrigerators RNC, LIRNC {1.00|1.00|1.00 | 1.00 | 1.00 | 1.00 | 0.92

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

62 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Residential Refrigerator. Interactive
Excel Spreadsheet found at
www.energystar.gov/.../business/bulk_purchasing/bpsavings_calc/Consumer_Residential_Refrig_Sav_Calc.xls

5 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
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Refrigeration — Refrigerators (Retrofit)

Measure Overview

Description: This measure covers the replacement of an existing inefficient refrigerator with a
new ENERGY STAR® rated refrigerator. ENERGY STAR® qualified refrigerators use at least
20% less energy than non-qualified models.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income only: Annual Discounted Rate Cost Reduction, One-Time
Avoided Refrigerator Purchase

Sector: Residential, Low Income

Market: Retrofit

End Use: Refrigeration

Program: MassSAVE, Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact
For MassSAVE:

Unit savings are deemed based on the following algorithms and averaged inputs:

AWh = AkWh e + AkWh
AW = AW e + AW

Where:

Unit = Replacement of existing refrigerator with new ENERGY STAR® Refrigerator
AkWhgerre = Annual energy savings over remaining life of existing equipment: 884 kWh®
AkWhgg = Annual energy savings over full life of new ES refrigerator: 80 kWh*%
AKWRETIRE = Average demand reduction over remaining life of existing equipment: 0.030 kW’
AKW gg = Average demand reduction over full life of new ES refrigerator: 0.010 kW

For Low-Income 1-4 Family Retrofit:
Unit savings are deemed based on study results:

AkWh = AkWh
AW = AkW

% Michael Blasnik & Associates (2004). Measurement & Verification of Residential Refrigerator Energy Use 2003 - 2004
Metering Study. Prepared for NSTAR MECO, NECO, and WMECO.
5 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Residential Refrigerator. Interactive
Excel Spreadsheet found at
www.energystar.gov/.../business/bulk_purchasing/bpsavings_calc/Consumer_Residential_Refrig_Sav_Calc.xls
5 NSTAR uses the Lost Opportunity savings of 107 kWh as the annual savings over the life of the new ES refrigerator. See
Refrigerator (Lost Opportunity) section.
57 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
gnergyWise Program. Prepared for National Grid.

Ibid.
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Where:

Unit = Removal of existing refrigerator and installation of new efficient refrigerator
AkWh = Average annual kWh savings per unit: 1,122 kWh®

AKW = Max kW Reduction: 0.148 kW™

Baseline Efficiency
For MassSAVE:
The baseline efficiency case is an existing refrigerator for savings over the remaining life of existing
equipment. The baseline efficiency case is a full-sized refrigerator (7.75 cubic feet) that meets the
Federal minimum standard for energy efficiency for savings for the full life.”'
For Low-Income 1-4 Family Retrofit:
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 an ENERGY STAR® rated refrigerator that meets the ENERGY STAR®

criteria for full-sized refrigerators (7.75 cubic feet), using at least 20% less energy than models meeting
the minimum Federal government standard.

Hours

Savings are based on 8,760 operating hours per year.

Measure Life

For MassSAVE the remaining life of the existing refrigerator is 1 year, and the measure life for the new
refrigerator is 12 years. ”* For Low-Income 1-4 Family Retrofit the measure life is 19 years.”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

% Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid; Page 5, Table 1.

70 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

"' Home: ENERGY STAR (2008). ENERGY STAR Refrigerators & Freezers Key Product Criteria.
http://www.energystar.gov/index.cfm?c=refrig.pr_crit_refrigerators. Accessed 10/11/10.

" Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Residential Refrigerator. Interactive
Excel Spreadsheet found at

www.energystar.gov/.../business/bulk_purchasing/bpsavings_calc/Consumer_Residential Refrig_Sav_Calc.xls.

73 Massachusetts Common Assumption.
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Non-Energy Impacts

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction’ $(R1-R2)/kWh Low Income
One-Time Non-Resource One-Time Avoided Refrigerator Purchase” $200/Unit Low Income 1-4
Family Retrofit
only

Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

Refrigerators MassSAVE 1.00|1.00{1.00| 1.00 | 1.00 | 1.00 | 0.92

Refrigerator Replacement | LI 1-4 Retrofit| 1.00|{1.00| 1.00| 1.00 | 1.00 | 1.00 | 0.92

In-Service Rates
In-service rates are 100% as it is assumed all refrigerators are in-use.

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
» MassSAVE: Realization rates are based on Massachusetts Common Assumptions.
= LI 1-4 Retrofit: Realization rates are set to 100% since deemed savings are based on evaluation results.

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.”

™ Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
75 11
Ibid.
76 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Refrigeration — Freezers (Lost Opportunity)

Measure Overview

Description: Rebates provided for the purchase of ENERGY STAR® freezers. ENERGY
STAR® qualified freezers use at least 10% less energy than new, non-qualified models and return
even greater savings compared to old models.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Refrigeration

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are based on the following algorithms which use averaged inputs:

ACWh = AkWh,,, — AkWh,

AW = AkW

Where:

Unit = Installed ENERGY STAR® freezer

AkWh = Annual savings over non-ES freezers averaged by model type: 136 kWh'’
AkW = Average kW reduction over non-ES freezer: 0.018 kW™

Baseline Efficiency

The baseline efficiency case is a residential freezer that meets the Federal minimum standard for energy
efficiency.

High Efficiency

The high efficiency case is based on an ENERGY STAR® rated freezer that uses 10% less energy than
models not labeled with the ENERGY STAR® logo.

Hours

Not applicable.

Measure Life

The measure life is 12 years.”

"' NEEP. Refrigerator and Freezer Screening Tool; average savings of all given models.

78 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

7 Massachusetts Common Assumption: it has been assumed that LI customers would replace with a used inefficient unit so the
full savings are counted for the full lifetime.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impact

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Freezer Rebate |ES Appliances|1.00{1.00|{1.00| 1.00 | 1.00 | 1.00 | 0.92

In-Service Rates

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.
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Refrigeration — Freezers (Retrofit)

Measure Overview

Description: This measure covers the replacement of an existing inefficient freezer with a new
energy efficient model.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income only: Annual Discounted Rate Cost Reduction, One-Time
Avoided Refrigerator Purchase

Sector: Low Income

Market: Retrofit

End Use: Refrigeration

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Removal of existing freezer and installation of new efficient freezer
AkWh = Average annual kWh savings per unit: 637 kWh*

AKW = Max kW Reduction: 0.084 kW'

Baseline Efficiency

The baseline efficiency case for both the replaced and baseline new freezer is represented by the existing
freezer. Itis 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.

Hours

Not applicable.

Measure Life

The measure life is 19 years.”

8 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid; Page 5, Table 1.

8! Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction® $(R1-R2)/kWh Low Income
One-Time Non-Resource One-Time Avoided Refrigerator Purchase™” $200/Unit Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Freezer Replacement | LI 1-4 Retrofit|1.00|1.00|1.00| 1.00 | 1.00 | 1.00 | 0.92

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.®

%2 Massachusetts Common Assumption: it has been assumed that LI customers would replace with a used inefficient unit so the
full savings are counted for the full lifetime.
8 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
84 1.
Ibid.
8 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Refrigeration — Refrigerator/Freezer Recycling

Measure Overview

Description: The retirement of old, inefficient secondary refrigerators and freezers.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Retrofit

End Use: Refrigeration

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed and are obtained from the referenced study.

AkWh = AkWh

AW = AkW

Where:

Unit = Removed secondary refrigerator or freezer
AkWh = Average annual kWh savings per unit: 490 kWh®
AkW = Average kW reduction per unit: 0.08 kW*’

Baseline Efficiency

The baseline efficiency case is an old, inefficient secondary working refrigerator or freezer. Estimated
average usage is based on combined weight of freezer energy use and refrigerator energy use.

High Efficiency

The high efficiency case assumes no replacement of secondary unit.

Hours

Refrigerator and freezer operating hours are 8,760 hours/year.

Measure Life

The measure life is 8 years.

8 Nexus Market Research, Group (2011). Evaluation of Appliance Recycling Program. Prepared for Massachusetts Energy
Efficiency Program Administrators. Study 9 in the 2010 Electric Energy Efficiency Annual Report. Weighted average of
refrigerators and freezers rebated in 2010.
8 Ibid

id.
% Ibid.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Ref Frz Recycling

ES Appliances

1.00

1.00

1.00

1.00

1.00

1.00

0.92

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.
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Refrigeration — Appliance Removal

Measure Overview

Description: Removal of second working refrigerator or freezer.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction
Sector: Low Income

Market: Retrofit

End Use: Refrigeration

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AKW = AkW

Where:

Unit = Removal of secondary refrigerator or freezer with no replacement

AkWh Average annual kWh savings per unit: 1,321 kWh*
AKW = Max kW reduction: 0.174 kW *

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.

Hours

Not applicable.

Measure Life

The measure life is 5 years.

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

% Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid; average of refrigerator and freezer removal, Table 15.

% Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

91 .
Massachusetts Common Assumption.
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Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost Reduction’> $(R1-R2)/kWh Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Appliance Removal | LI 1-4 Retrofit | 1.00({1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.92

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.”

°2 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
% Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Refrigeration — Basic Educational Measures

Measure Overview

Description: Installation of basic educational measures during an audit to help customers become
more aware of energy efficiency.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction, One-Time Arrearage Reduction
Sector: Low Income

Market: Retrofit

End Use: Behavior

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact
Unit savings are deemed based on study results:

AkWh = AkWh
AW = max(AkW, ,AkW,,,,)

Where:

Unit = Completed audit

AKWh = Average annual kWh savings per unit: 138 kWh®*
AKW = Max kW Reduction: 0.038 kW*

Baseline Efficiency
The baseline efficiency case assumes no measures installed.

High Efficiency

The high efficiency case includes basic educational measures such as CFLs, low flow showerheads, pool
and air conditioner timers, torchieres, and programmable thermostats.

Hours

Not applicable.

Measure Life

The measure life is 5 years.

% Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.

% Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

% Massachusetts Common Assumption.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost Reduction®”’ $(R1-R2)/kWh | Low Income

Annual Non-Resource Annual Fire, Illness and Moving Avoidance $100.48 Low Income
Benefits”® /Participant

One-Time Non-Resource One-Time Arrearage Reduction” $70/Participant Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Baseload LI 1-4 Retrofit [ 1.00|1.00 | 1.00 | 1.00 | 1.00 | 0.35 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.'®

°7 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
98 1u:
Ibid.
% Ibid.
19 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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HVAC - Central Air Conditioning

Measure Overview

Description: The installation of high efficiency Central AC systems.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

12 kBtu/ h
AkWh =Tons X kBtu/hr X ! - X Hours
Ton SEER;,; SEER,,
12 kBtu/ h
AkW =Tons X kBiu/ x b1
Ton EER;,,. EER,,
Where:
Unit = Installation of central AC system
Tons = Cooling capacity of AC equipment: Current default is 3 tons'"'

SEERgase = Seasonal Energy Efficiency Ratio of baseline AC equipment
SEERgg = Seasonal Energy Efficiency Ratio of new efficient AC equipment
EERgase = Energy Efficiency Ratio of base AC equipment

EERgg = Energy Efficiency Ratio of new efficient AC equipment

Hours = Equivalent full load hours

The savings for this measure are given in the table below.'””

Measure kW Savings | kWh Savings

CoolSmart AC (SEER 14.5 / EER 12) 0.273 103

Baseline Efficiency

The baseline efficiency case is a 13 SEER Central AC system with an EER of 11.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified Central AC system. The high efficiency case
has a 14.5 SEER and 12 EER.

191 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-12, Table 4-9.
192 The PAs are looking into abilities to track and calculate savings based on actual installed efficiencies for each project.
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Hours

The equivalent full load cooling hours are 360 hours per year."

Measure Life

The measure life is 18 years.'®

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

3

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

CoolSmart AC

RHVAC

1.00

1.00

1.00

1.00

1.00

0.85

0.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Fac

tors

Coincidence factors are based on Massachusetts Common Assumptions.

193 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;

Page 4-5, Table 4-3

1% 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.
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HVAC - Air Source Heat Pump

Measure Overview

Description: The installation of high efficiency Air Source Heat Pumps.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

Jx Hours,, }

AkWh =Tons X 12 kBtu/thK ! _ JXHOI/H"SC +( ! !
Ton SEER;,; SEER,, HSPF,,,, HSPF,,
AW = max(AkW o, AKW 07 )
MW = Tonsx 12 kBtu/hr){ 11 J
Ton EER;.. FEER,.
MW, = Tonsx 12 kBtu/hr){ 1 J
Ton HSPF,,,, HSPF,,
Where:
Unit = Installation of heat pump system
Tons = Capacity of HP equipment: Current default is 3 tons'®
SEERgase = Seasonal efficiency of baseline HP equipment
SEERgg = Seasonal efficiency of new efficient HP equipment
EERgasge = Peak efficiency of base HP equipment
EERge = Peak efficiency of new efficient HP equipment
HSPFpasg = Heating efficiency of baseline HP equipment
HSPFgg = Heating efficiency of new efficient HP equipment
Hoursc = EFLH for cooling
Hoursy = EFLH for heating
Deemed savings for 2010:
Measure SEERgg | EERgg | HSPFgg | kW Savings | kWh Savings
CoolSmart HP (SEER 14.5 / EER 12) 14.5 12 8.2 0.347 519
CoolSmart HP (SEER >=15.0/ EER 12) 15 12 8.5 0.502 735

195 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;

Page 4-12, Table 4-9.
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Baseline Efficiency

The baseline efficiency case is a heat pump with a HSPF of 7.6, SEER of 13, and EER of 11.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified Air Source Heat Pump.

Hours

Equivalent full load hours are 1200 hours/year for heating'® and 360 hours/year for cooling.'”’

Measure Life

The measure life is 18 years.'®

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEFwp

CoolSmart HP |RHVAC |1.00{1.00|1.00| 1.00 | 1.00 | 0.67 | 0.50

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

196 Massachusetts Common Assumption.

197 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

1% 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.
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HVAC - Ductless Mini Split Heat Pump

Measure Overview

Description: The installation of a more efficient ENERGY STAR® rated Ductless Mini Split HP

system.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

AkWh= AkWh,,, + AkWh
AW =max(AkW,p , AW pi7) + AW,

DuctSealirg

uctSealing
AkWhyp =Tons X 12 kBtu/ hr K ! ! ijoursC +[ ! ! ijoursH}
Ton SEERpssr  SEERpp HSPFgp g HSPFgp
AW, = Tonsx \2KBulhr X( 11 j
Ton EER,,. EER,,
AW, = Tonsx L2 KBrul hr X[ (S j
Ton HSPF,,,. HSPF,,
Where:
Unit = Installation of high efficiency ductless Mini Split System
AkWhyp = Reduction in annual kWh consumption of HP equipment
AkWyp = Reduction in electric demand of HP equipment
AkWhpyeseaing = Annual energy savings from duct sealing: See HVAC — Duct Sealing
AKkWnpyaseaiing = Annual demand reduction from duct sealing: See HVAC — Duct Sealing
Tons = Capacity of HP equipment: Current default is 3 tons'®
SEERgAsE = Seasonal efficiency of baseline HP equipment
SEERgE = Seasonal efficiency of new efficient HP equipment, assumed to be 15 SEER
EERgAsE = Peak efficiency of base HP equipment
EERgg = Peak efficiency of new efficient HP equipment, assumed to be 12.5 EER
HSPFgask = Heating efficiency of baseline HP equipment
HSPFgg = Heating efficiency of new efficient HP equipment, assumed to be 8.2 EER
Hoursc = EFLH for cooling
Hoursy = EFLH for heating

19 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;

Page 4-12, Table 4-9.
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Baseline Efficiency

The baseline efficiency case is a non- ENERGY STAR® rated ductless mini split heat pump.

High Efficiency

The high efficiency case is an ENERGY STAR® qualified Ductless Mini Split System. The savings for
2010 are listed in the table below. ''°

Measure kW Savings | kWh Savings
CoolSmart HP Mini Split (SEER 15/ EER 12.5) 0.693 761
Hours

The equivalent full load hours are 1200 hours/year for heating''' and 360 hours/year for cooling."'"

Measure Life

The measure life is 18 years.'”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEyp

Ductless Mini Split HP | RHVAC |1.00|1.00|1.00| 1.00 | 1.00 | 0.67 | 0.50

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

!9 These numbers are late correction and are not reflected in the reported savings. The reported savings are based on 1.039 kW
and 720 kWh.

! Massachusetts Common Assumptions.

112 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

13 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.
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HVAC - Central AC Quality Installation Verification (QIV)

Measure Overview

Description: The verification of proper charge and airflow during installation of new Central AC
system.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

12 kBtu/ hr 1

AkWh=Tons X X X Hours x5%
Ton SEER
AkW =Tons X 12 kBiu/ hr X ! X 5%
Ton EER
Where:
Units = Completed QIV
Tons = Cooling capacity of AC equipment: Current default is 3 tons '"*
SEER = Seasonal efficiency of AC equipment
EER = Peak efficiency of AC equipment
Hours = Equivalent full load hours
5% = Average percent demand reduction: 5.0%'"

Baseline Efficiency

The baseline efficiency case is a system whose installation is inconsistent with manufacturer
specifications.

High Efficiency

The high efficiency case is a system whose installation is consistent with manufacturer specifications.
The measure savings for 2010 are listed in the table below:

Measure kW Savings | kWh Savings

CoolSmart AC QIV ES and NES 0.164 50

!4 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-12, Table 4-9.
!5 Massachusetts Common Assumption.
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Hours

Equivalent full load cooling hours are 360 hours per year.'"®

Measure Life

The measure life is 18 years.""”’

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFywp

CoolSmart AC QIVES |RHVAC |1.00{1.00|1.00| 1.00 | 1.00 |0.85 | 0.00

CoolSmart AC QIV NES |RHVAC |1.00{1.00|1.00| 1.00 | 1.00 |0.85 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

118 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

"7 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.
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HVAC - Heat Pump Quality Installation Verification (QIV)

Measure Overview

Description: The verification of proper charge and airflow during installation of new Heat Pump
systems.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

AkWh =Tons X

12 kBtu/ hr [ 1
X X Hours, +

Ton SEER
AW = max(AkW,, o, , AKW yir)

AW 0 = Tons X 12 kBiu/ hr X[ ! jXS%
Ton EER

1
X Hours,, jx 5%
F

AkWHEAT:Tonsxlsztu/hrx[ ! jXS%

Ton HSPF
Where:
Unit = Completed QIV
Tons = Cooling capacity of HP equipment: Current default is 3 tons '"®
SEER = Seasonal cooling efficiency of HP equipment
EER = Peak cooling efficiency of HP equipment
HSPF = Heating efficiency of HP equipment
Hoursc = EFLH for cooling
Hoursy = EFLH for heating
5% = Average demand reduction: 5%'"

Baseline Efficiency

The baseline efficiency case is a system whose installation is inconsistent with manufacturer
specifications.

'8 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-12, Table 4-9.
19 Massachusetts Common Assumption.
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High Efficiency

The high efficiency case is a system whose installation is consistent with manufacturer specifications. The
measure savings for 2010 are listed in the table below:

Measure kW Savings | kWh Savings
CoolSmart HP QIV ES and NES 0.237 334
Hours

The equivalent full load heating hours are 1,200 hours per year and the equivalent full load cooling hours
are 360 hours per year.'”

Measure Life

The measure life is 18 years."”!

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEyp

CoolSmart HP QIV ES |RHVAC |1.00(1.00|1.00| 1.00 | 1.00 | 0.59 | 0.50

CoolSmart HP QIV NES|RHVAC |1.00(1.00|1.00| 1.00 | 1.00 | 0.59 | 0.50

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

120 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

121 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.
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HVAC - Central AC Digital Check-up/Tune-up

Measure Overview

Description: Tune-up of an existing central AC system.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

12 kBtu ! hr 1
X

AkWh=Tons X X Hours x5%
Ton SEER

AkW =Tons X 12 kBiu/ hr X ! X 5%

Ton EER
Where:
Unit = Completed tune-up
Tons = Cooling capacity of AC equipment: Current default is 3 tons'*
SEER = Seasonal efficiency of AC equipment, assumed to be 10 SEER.
EER = Peak efficiency of AC equipment, assumed to be 8.5 EER.
Hours = Equivalent full load hours
5% = Average demand reduction: 5%'*

Baseline Efficiency

The baseline efficiency case is a system that does not operate according to manufacturer specifications.

High Efficiency

The high efficiency case is a system that operates according to manufacturer specifications. The measure
savings for 2010 are listed in the table below:

Measure kW Savings | kWh Savings

CoolSmart AC Digital Check-up/Tune-up 0.212 65

122 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-12, Table 4-9.
12 Massachusetts Common Assumption.
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Hours

The equivalent full load cooling hours are 360 hours per year.'**

Measure Life

The measure life is 5 years.'”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEyp

CoolSmart AC Digital Check-up/Tune-up| RHVAC |1.00({1.00|1.00| 1.00 | 1.00 | 0.85 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

124 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

125 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.
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HVAC - Heat Pump Digital Check-up/Tune-up

Measure Overview

Description: Tune-up of an existing heat pump system.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

AkWh =Tons X

12 kBtu/ hr [ 1
X X Hours, +

Ton SEER
AW = max(AkW,, o, , AKW yar)

1
x Hours,, jx 5%
F

12 kBtul h
AW, = Tons X kBiu/ rx[ ! jXS%
Ton EER

12 kBtu/ h
AW, = Tons X kBiu/ rx[ ! jXS%

Ton HSPF
Where:
Unit = Completed tune-up
Tons = Cooling capacity of HP equipment: Current default is 3 tons'*®
SEER = Seasonal cooling efficiency of HP equipment, assumed to be 10 SEER.
EER = Peak cooling efficiency of HP equipment, assumed to be 8.5 EER.
HSPF = Heating efficiency of HP equipment, assumed to be 7 HSPF.
Hoursc = EFLH for cooling
Hoursy = EFLH for heating
5% = Average demand reduction: 5%'”’

Baseline Efficiency

The baseline efficiency case is a system that does not operating according to manufacturer specifications.

High Efficiency

The high efficiency case is a system that does operate according to manufacturer specifications. The
measure savings for 2010 are listed in the table below:

126 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-12, Table 4-9.
127 Massachusetts Common Assumption.
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Measure kW Savings | kWh Savings
CoolSmart AC Digital Check-up/Tune-up 0.257 373
Hours

The equivalent full load hours are 1200 hours per year for heating'*® and 360 hours per year for
cooling.'”

Measure Life

The measure life is 5 years'”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFywp

CoolSmart HP Digital Check-up/Tune-up | RHVAC |1.00({1.00(1.00| 1.00 | 1.00 | 0.70 | 0.50

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

128 Massachusetts Common Assumptions.

12 ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.

139 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.
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HVAC - Duct Sealing

Measure Overview

Description: A 66% reduction in duct leakage from 15% to 5% of supplied CFM.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on results of DOE2 modeling'*'":

AkWh = AkWh

AW = AkW

Where:

Unit = Completed job

AkWh = Average annual kWh reduction based on DOE2 modeling'**: 212 kWh
AW = Average annual kW reduction based on DOE2 modeling'**: 0.300 kW

Baseline Efficiency

The baseline efficiency case is assumes a 15% leakage.

High Efficiency

The high efficiency case is a system with duct leakage reduced by 66% to 5% leakage.

Hours

Not applicable.

Measure Life

The measure life is 18 years.'*

3! The PAs are looking into abilities to track and calculate savings based on project-specific detail.

B2 RLW Analytics (2002). Market Research for the Rhode Island, Massachusetts, and Connecticut Residential HVAC Market;
Page 3, Table 2.

32 Ibid.

13 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.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Duct Sealing RHVAC

1.00

1.00

1.00

1.00

1.00

0.85

0.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.
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HVAC - Down Size V2 Ton

Measure Overview

Description: Reduction in system size consistent with manual J calculations.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: One-Time Cost Reduction

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact
Unit savings are deemed based on results of DOE2 modeling:

AkWh = AkWh/Tonx Y, Ton
AW = AkW [Tonx ), Ton

Where:

Units = Completed job

AKWh/Ton = Average annual kWh reduction based on DOE2 modeling'*: 203 kWh
AkW/Ton = Average annual kW reduction based on DOE2 modeling"®: 0.030 kW

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.

Hours

Not applicable.

Measure Life

The measure life is 18 years."’

B35S RLW Analytics (2002). Market Research for the Rhode Island, Massachusetts, and Connecticut Residential HVAC Market;
Page 3, Table 2.

" Tbid.

137 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.
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Secondary-Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings

One-Time Non-Resource | O&M Cost savings due to smaller size unit $300/Unit
(by ¥ ton) that is purchased compared to the
unit that would have been purchased.'*®

Impact Factors for Calculating Adjusted Gross Savings

Measure Name |Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFyp

Down Size ¥2 Ton | RHVAC |1.00/1.00|{1.00| 1.00 | 1.00 | 0.85 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

138 Massachusetts Common Assumption.
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HVAC - Right Sizing

Measure Overview

Description: Documentation that system size is in compliance with manual J calculations.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: O&M

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on results of DOE2 modeling:

AkWh = AkWh

AW = AkW

Where:

Units = completed job

AkWh = average annual kWh reduction based on DOE2 modeling': 123 kWh
AW = average annual kW reduction based on DOE2 modeling'*’: 0.150 kW

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.

Hours

Not applicable.

Measure Life

The measure life is 18 years."*!

¥ RLW Analytics (2002). Market Research for the Rhode Island, Massachusetts, and Connecticut Residential HVAC Market;
Page 3, Table 2.

“O'Ibid.

11 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.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings

One-Time Non-Resource | O&M Cost savings due to smaller size unit $30/Unit
(by ¥ ton) that is purchased compared to the
unit that would have been purchased. '**

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEywp

Right Sizing RHVAC |1.00|{1.00|1.00| 1.00 | 1.00 |0.85 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

"> Massachusetts Common Assumptions
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HVAC - Early Replacement of Central AC or Heat Pump Unit

Measure Overview

Description: Early replacement of Central Air Conditioning or Heat Pump Unit. This measure
represents the additional savings achieved for the early replacement of existing inefficient AC or
heat pump units over the remaining life of the existing equipment.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Retrofit

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on engineering estimates and assumptions:

AkWh = AkWh

AW = AkW

Where:

Unit = Replacement of existing inefficient system with new efficient system
AkWh = Average kWh savings per unit listed in table below.

AKkW = Average kW savings per unit listed in table below.

The measure savings for 2010 are listed in the table below:

Measure kW Savings | kWh Savings

Early Replacement of AC Equipment 0.963 415

Early Replacement of HP Equipment 1.235 876

Baseline Efficiency

The baseline efficiency case is assumed to be a typical 10-12 years old AC or heat pump unit.

High Efficiency

The high efficiency case is a code compliant central AC or HP unit.

Hours

The equivalent full load hours are 1,200 hours per year for heating'* and 360 hours per year for
cooling."*

13 Massachusetts Common Assumptions.
1% ADM Associates, Inc. (2009). Residential Central AC Regional Evaluation — Free-Ridership Analysis. Prepared for CL&P;
Page 4-5, Table 4-3.
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Measure Life

The measure life is 7 years.'*

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEyp

Early Replacement of AC Equipment | RHVAC [1.00|1.00|1.00| 1.00 | 1.00 | 0.85 | 0.00

Early Replacement of HP Equipment [ RHVAC [1.00|1.00|1.00| 1.00 | 1.00 | 0.67 | 0.50

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

15 Massachusetts Common Assumption; The early replacement measure life of 7 years was determined by subtracting the
estimated target age range of existing equipment between 10 and 12 years old from the 18 year measure life for new equipment.
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HVAC - Quality Installation with Duct Sealing

Measure Overview

Description: 50% reduction in duct leakage from 20% to 10%. This measure may also include
duct modifications.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on results of DOE2 modeling:

AkWh = AkWh

AW = AkW

Where:

Unit = Completed job

AKWh = Average annual kWh reduction based on DOE2 modeling'*: 513 kWh with duct
modifications, 212 kWh without duct modifications

AW = Average annual kW reduction based on DOE2 modeling'"’: 0.850 kW with duct

modifications, 0.300 kW without duct modifications

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.

Hours

Not applicable.

Measure Life

The measure life is 18 years.'*

46 RLW Analytics (2002). Market Research for the Rhode Island, Massachusetts, and Connecticut Residential HVAC Market;
Page 3, Table 2.
47 Ibid.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFywp
Energy Star QI RHVAC [1.00|1.00|{1.00| 1.00 | 1.00 | 0.85| 0.00
Energy Star QI w/ Duct modifications | RHVAC |1.00|1.00|1.00| 1.00 | 1.00 | 0.85 | 0.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.

8 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.
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HVAC - Warm Air Furnace Electronically Commutated Motor (ECM)

Measure Overview

Description: Installation of an electronically commutated variable speed air supply motor.
Primary Energy Impact: Electric

Secondary Energy Impact: NG — Res Heating

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

AkWh = AkWh

AW = AkW

Where:

Unit = Installation of ECM

AkWh = Gross annual kWh savings from the measure: 600 kWh'*

150

AKW

Gross connected kW savings from the measure: 0.116 kW

Baseline Efficiency

The baseline efficiency case is the installation of a furnace with a standard efficiency steady state motor.

High Efficiency

The high efficiency case is the installation of a furnace with an electronically commutated motor.

Hours

Not applicable.

Measure Life

The measure life is 18 years."'

Secondary Energy Impacts

This is the increased heating load as a result of a more efficient motor.

19 Sachs, Harvey (2003). Energy Savings form Efficient Furnace Air Handlers in Massachusetts.

130 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

131 Sachs, Harvey (2003). Energy Savings form Efficient Furnace Air Handlers in Massachusetts.

August 2011 78



Massachusetts Technical Reference Manual

Residential Electric Efficiency Measures

Measure Energy Type Savings AMMB tu/Unit
CoolSmart Warm Air Furnace ECM | NG — Residential Heating|-1.575 MMBtu"? -1.575
Non-Energy Impacts
There are no non-energy impacts for this measure.
Impact Factors for Calculating Adjusted Gross Savings
Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFywp
CoolSmart Warm Air Furnace ECM |RHVAC |1.00{1.00|1.00| 1.00 | 1.00 | 0.67 | 0.50

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.

132 Ibid. An adjustment is made to the savings value of 2.3 MMBtu given in the study. The original savings value is multiplied
by 420 heating hours divided by 600 total running hours (420/600 = 0.70). An AFUE adjustment of 90/92 is also multiplied to
the original value to create a more realistic final value.
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HVAC - Brushless Furnace Fan Motor

Measure Overview

Description: Installation of a high efficiency steady state brushless furnace fan motor.
Primary Energy Impact: Electric

Secondary Energy Impact: Gas

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: HVAC

Program: Residential Cooling & Heating Equipment

Algorithms for Calculating Primary Energy Impact

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

AkWh = AkWh

AW = AkW

Where:

Unit = Installation of BFF motors

AKWh = Gross annual kWh savings: 600 kWh'>
AW = Gross connected kW savings: 0.116 kW'*

Baseline Efficiency

The baseline efficiency case is the installation of a furnace with a standard efficiency steady state motor.

High Efficiency

The high efficiency case is the installation of a furnace with a brushless fan motor.

Hours

Not applicable.

Measure Life

The measure life is 18 years."”

Secondary Energy Impacts

This is the increased heating load as a result of a more efficient motor.

133 Sachs, Harvey (2003). Energy Savings form Efficient Furnace Air Handlers in Massachusetts.

134 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

15 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.
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Measure Energy Type Savings AMMB tu/Unit
Brushless Furnace Fan Motor | NG — Residential Heating | -1.575 MMBtu"° -1.575
Non-Energy Impacts
There are no non-energy impacts for this measure.
Impact Factors for Calculating Adjusted Gross Savings
Measure Name Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CEyp
Brushless Furnace Fan Motor | RHVAC |1.00|{1.00|1.00| 1.00 | 1.00 | 0.67 | 0.50

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are based on Massachusetts Common Assumptions.

136 Sachs, Harvey (2003). Energy Savings form Efficient Furnace Air Handlers in Massachusetts. An adjustment is made to the

savings value of 2.3 MMBtu given in the study. The original savings value is multiplied by 420 heating hours divided by 600
total running hours (420/600 = 0.70). An AFUE adjustment of 90/92 is also multiplied to the original value to create a more

realistic final value.
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HVAC - Room AC (Lost Opportunity)

Measure Overview

Description: The installation of ENERGY STAR® qualified room air conditioners. ENERGY
STAR® qualified air conditioners are typically 10% more efficient than models meeting federal
standards.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity, Retrofit

End Use: HVAC

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are based on the following algorithms which use averaged inputs:

AkWh = AkWh

AkW = AkWh [ Hours

Where:

Unit = Rebated room AC unit

AkWh = Average annual kWh savings per unit: 49 kWh'’
AW = Average demand reduction per unit: 0.24 kW
Hours = Equivalent full load hours

Baseline Efficiency

The baseline efficiency case is a window AC unit that meets the minimum federal efficiency standard for
efficiency.

High Efficiency

The high efficiency level is a room AC unit meeting or exceeding the federal efficiency standard by 10%
or more. Average size and EERs is estimated from rebated units in previous year and updated annually.

Hours

Equivalent full load hours are 200 hours per year."®

157 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Room Air Conditioner. Interactive
Excel Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorConsumerRoomAC.xls.
138 RLW Analytics (2008). Coincidence Factor Study Residential 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.
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Measure Life

The measure life is 9 years."”

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Room AC (Upstream) | ES Appliances | 1.00|1.00|1.00 | 1.00 | 1.00 |{0.134| 0.00

In-Service Rates

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
All PAs use CFs from a 2008 residential room AC coincidence factor study.'®

19 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Room Air Conditioner. Interactive

Excel Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorConsumerRoomAC.xls.

160 RLW Analytics (2008). Coincidence Factor Study Residential Air Conditioners. Prepared for Northeast Energy Efficiency

Partnerships’ New England Evaluation and State Program Working Group.
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HVAC - Window AC Replacement (Retrofit)

Measure Overview

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.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction, Annual Participant Benefit
Sector: Low Income

Market: Retrofit

End Use: HVAC

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Removal of existing window AC unit and installation of new efficient window AC unit
AKWh = Average annual kWh savings per unit: 100 kWh'®'

AKW = Max load kW reduction: 0.214 kW'

Baseline Efficiency

The baseline efficiency case is the existing air conditioning unit.

High Efficiency

The high efficiency case is the high efficiency room air conditioning unit.

Hours

Not applicable.

Measure Life

The measure life is 12 years.'®

11 Quantec, LLC (2005). Evaluation of National Grid’s 2003 Appliance Management Program: Room Air Conditioning

Metering and Non-Energy Benefits Study. Prepared for National Grid.

162 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

163 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Room Air Conditioner. Interactive
Excel Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorConsumerRoomAC.xls.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impact

Benefit Type Description Savings Notes
Annual Non-Resource | Annual Discounted Rate Cost Reduction'® $(R1-R2)/kWh | Low Income
Annual Non-Resource | Annual participant benefit including comfort, safety, $104/unit Low Income
and health effects'®
Impact Factors for Calculating Adjusted Gross Savings
Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp
Window AC Replacement | LI 1-4 Retrofit | 1.00|1.00|1.00 | 1.00 | 1.00 | 1.00 | 0.02

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise

program impact evaluation.

166

1 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

165

Metering and Non-Energy Benefits Study. Prepared for National Grid; Page iv-19.

166

Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.

Quantec, LLC (2005). Evaluation of National Grid’s 2003 Appliance Management Program: Room Air Conditioning
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HVAC - Electric Weatherization

Measure Overview

Description: Installation of weatherization measures such as air sealing and insulation in
electrically heated homes.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction, One-Time Arrearage Reduction,
Annual Fire, Illness and Moving Avoidance Benefits, One-Time Property Value Benefit

Sector: Low Income

Market: Retrofit

End Use: HVAC

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Electrically-heated household with weatherization measures installed
AKWh =  Average annual kWh reduction: 374 kWh'"’

AKW = Average annual kW reduction: 0.047 kW'®

Baseline Efficiency

The baseline efficiency case is any existing home shell measures.

High Efficiency

The high efficiency case includes increased weatherization insulation levels.

Hours

Not applicable.

Measure Life

The measure life is 20 years.'®

167 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid; Table 1.

168 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

18 Massachusetts Common Assumption.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes
Annual Non-Resource | Annual Discounted Rate Cost Reduction'”’ $(R1-R2)/kWh | Low Income
One-Time Non-Resource | The One-Time Property Value Benefit'"' $20.70 x Low Income
($Cost/kWh) x kWh
Saved
Impact Factors for Calculating Adjusted Gross Savings
Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp
Electric Weatherization | LI 1-4 Retrofit| 1.00|1.00 | 1.00| 1.00 | 1.00 | 0.03 | 1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise

program impact evaluation.

172

1% Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

71 bid.
172

Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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HVAC - Oil Weatherization

Measure Overview

Description: Installation of weatherization measures such as air sealing and insulation in oil
heated homes. Electric savings are achieved from reduced fan run time for heating and cooling
systems.

Primary Energy Impact: Oil

Secondary Energy Impact: Electric

Non-Energy Impact: Annual Discounted Rate Cost Reduction, One-Time Arrearage Reduction,
Annual Fire, Illness and Moving Avoidance Benefits, One-Time Property Value Benefit
Sector: Low Income

Market: Retrofit

End Use: HVAC

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Oil heated household with weatherization measures installed
AkWh = Average annual kWh reduction: 70 kWh'”

AKW = Average annual KW reduction: 0.009 kW'

Baseline Efficiency

The baseline efficiency case is any existing home shell measures.

High Efficiency

The high efficiency case includes increased weatherization insulation levels.

Hours

Not applicable.

Measure Life

The measure life is 20 years.'”

13 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.

1" Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

175 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 A-2.
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Secondary Energy Impacts

Measure Energy Type Savings176 AMMBtu/Unit

Oil Weatherization | Oil 98 gallons/home 13.7

Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost $(R1-R2)/kWh Low Income
Reduction'”’

One-Time Non-Resource | The One-Time Property Value Benefit $20.70 x ($Cost/kWh) Low Income
(Electric)'”® x kWh Saved

One-Time Non-Resource The One-Time Property Value Benefit $20.70 x ($Cost/gal Low Income
(0iD'™ 0il) x gal Oil Saved

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Oil Weatherization | LI 1-4 Retrofit|{1.00{1.00| 1.00| 1.00 | 1.00 | 0.03 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.'®

176 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.
17 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
178 1.
Ibid.
7 Ibid.
1% Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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HVAC - Heating System Replacement (Oil)

Measure Overview

Description: Replacement of existing oil heating system with a new high efficiency system.
Electric savings can be attributed to reduced fan run time and reduced usage of electric space
heaters.

Primary Energy Impact: Oil

Secondary Energy Impact: Electric

Non-Energy Impact: Annual Discounted Rate Cost Reduction, One-Time Arrearage Reduction,
Annual Fire, Illness and Moving Avoidance Benefits, One-Time Property Value Benefit
Sector: Low Income

Market: Retrofit

End Use: HVAC

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Installation of new high efficiency oil heating system
AkWh = Average annual kWh savings per unit: 194 kWh'®'
AKW = Average annual kKW reduction per unit: 0.024 kW'

Baseline Efficiency

The baseline efficiency case is the existing inefficient heating equipment.

High Efficiency

The high efficiency case is the new efficient heating equipment.

Hours

Not applicable.

Measure Life

The measure life is 18 years.'®

181 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.

182 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

18 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Furnace. Interactive Excel
Spreadsheet found at www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_Furnaces.xls.
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Secondary Energy Impacts

Measure Energy Type | Savings AMMB tu/Unit

Heating System Replacement (Oil) | Oil 87 Gallons/home ' ** 12.2

Non-Energy Impacts

Benefit Type Description Savings185 Notes
Annual Non- Annual Discounted Rate Cost Reduction $(R1-R2)/kWh Low
Resource Income
One-Time Non- One-Time Property Value Benefit (Electric) $20.70 x $Cost/kWh x kWh Low
Resource Saved Income
One-Time Non- One-Time Property Value Benefit (Oil) $20.70 x $Cost/gal Oil x gal Oil Low
Resource Saved Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Heating System Replacement (Oil) | LI 1-4 Retrofit|1.00|{1.00| 1.00| 1.00 | 1.00 | 0.03 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.'®

18 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.

185 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

18 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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HVAC/Hot Water - ENERGY STAR® Homes Heating, Cooling, and DHW
Measures

Measure Overview

Description: To capture lost opportunities, encourage the construction of energy-efficient homes,
and drive the market to one in which new homes are moving towards net-zero energy.

Primary Energy Impact: Electric

Secondary Energy Impact: Natural Gas, Oil, Propane

Non-Energy Impact: Annual Discounted Rate Cost Reduction (Low Income only)

Sector: Residential, Low Income

Market: Lost Opportunity

End Use: HVAC, Hot Water

Program: Residential New Construction & Major Renovation, Low-Income Residential New
Construction

Algorithms for Calculating Primary Energy Impact

As part of the ENERGY STAR® certification process, projected energy use is calculated for each home
completed through the program and a geometrically matching baseline home (User Defined Reference
Home) using Beacon, an ICF International proprietary DOE-2 based building energy simulation tool. The
difference between the projected energy consumption of these two homes represents the energy savings
produced by the certified home. This process is used to calculate electric demand as well as electric and
fossil fuel energy savings due to heating, cooling, and water heating for all homes, both single family and
multifamily. This process is documented in “Energy/Demand Savings Calculation and Reporting
Methodology for the Massachusetts ENERGY STAR® Homes Program.”'™’

Baseline Efficiency

The User Defined Reference Home was revised for 2006 as a result of the baseline study completed in
2006."%

High Efficiency

The high efficiency case is represented by the specific energy characteristics of each “as-built” home
completed through the program.

Hours

Not applicable.

187 ICF (2008). Energy/Demand Savings Calculation and Reporting Methodology for the Massachusetts ENERGY STAR ®
Homes Program. Prepared for Joint Management Committee.

18 Nexus Market Research & Dorothy Conant (2006). Massachusetts ENERGY STAR ® Homes: 2005 Baseline Study: Part I:
Inspection Data Analysis Final Report. Prepared for Joint Management Committee. AND Nexus Market Research & Dorothy
Conant (2006). Massachusetts ENERGY STAR ® Homes: 2005 Baseline Study: Part II: Homeowner Survey Analysis
Incorporating Inspection Data Final Report. Prepared for Joint Management Committee.
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Measure Life

Measure Type | Measure Life (years)"™
Cooling 25
Heating 25
Water Heating 15

Secondary Energy Impacts

Gas, Oil and Propane savings for heating and water heating measures are custom calculating using the
same methodology described for the electric energy and demand savings.

Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost Reduction'” | $(R1-R2)/kWh Low Income

One-Time Non-Resource | One Time Arrearage Reduction'”! $35/Participant Low Income

heating measures
only
Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg [ RRgp | RRyp| CFgp | CFwp

ES Homes — Cooling RNC, LIRNC|1.00{1.00| 1.00| 1.00 | 1.00 |custom |custom

ES Homes — Heating RNC, LIRNC|1.00{1.00| 1.00| 1.00 | 1.00 |custom |custom

ES Homes — Water Heating | RNC, LI RNC|1.00{1.00| 1.00| 1.00 | 1.00 |custom |custom

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are 100% because energy and demand savings are custom calculated based on project specific
detail.

Coincidence Factors
Coincidence factors are custom calculated based on project-specific detail.

18 Massachusetts Common Assumption.
1% Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
191 1.

Ibid.
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Hot Water — Domestic Hot Water Measures (Electric)

Measure Overview

Description: Installation of domestic hot water (DHW) measures including low flow
showerheads, faucet aerators, and tank and pipe wraps in homes with electric water heating.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Residential Water, Annual Discounted Rate Cost Reduction

Sector: Low Income

Market: Retrofit

End Use: Hot Water

Program: Low-Income 1-4 Family Retrofit,

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkW

Where:

Unit = Household with hot water efficiency measures installed
AkWh = Average annual kWh savings per unit: 134 kWh'”
AKW = Average annual kKW reduction per unit: 0.017 kW'*

Baseline Efficiency

The baseline efficiency case is the existing hot water equipment.

High Efficiency

The high efficiency case includes low flow showerheads and faucet aerators as well as tank and pipe
wraps.

Hours

Not applicable.

Measure Life

The measure life is 7 years.'”*

192 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.

193 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

19 Massachusetts Common Assumption.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes
Residential Water Residential water savings per participant 8,785 Gallons/Participant
Annual Non-Resource | Annual Discounted Rate Cost Reduction'” $(R1-R2)/kWh Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

DHW Measures (Electric) | LI 1-4 Retrofit|1.00|{1.00|1.00| 1.00 | 1.00 | 0.75 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.'”

195 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
1% Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Hot Water — Domestic Hot Water Measures (Oil and Gas)

Measure Overview
Description: Installation of domestic hot water (DHW) measures including low flow
showerheads, faucet aerators, and tank and pipe wraps in homes that have oil or gas water
heaters.
Primary Energy Impact: Oil or Gas
Secondary Energy Impact: None
Non-Energy Impact: Residential Water, Annual Discounted Rate Cost Reduction
Sector: Low Income
Market: Retrofit

End Use: Hot Water
Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

No electric savings are claimed for this measure.

Baseline Efficiency

The baseline efficiency case is the existing hot water equipment.

High Efficiency

The high efficiency case includes low flow showerheads and faucet aerators as well as tank and pipe
wraps.

Hours

Not applicable.

Measure Life

The measure life is 7 years."’

Secondary Energy Impacts

Measure Energy Type Savings198 AMMBtu/Unit
DHW Measures (Gas) | NG — Residential DHW |9 Therms 0.9
DHW Measures (Oil) | Oil 6.4 Gallons 0.9

17 Massachusetts Common Assumption.
1% Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization
Program. Prepared for National Grid.
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Non-Energy Impacts

Benefit Type Description Savings Notes
Residential Water Residential water savings per participant 8,785 Gallons/Participant
Annual Non-Resource | Annual Discounted Rate Cost Reduction'* $(R1-R2)/kWh Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp
DHW Measures (Gas/Other) | LI 1-4 Retrofit | 1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00 | 0.00
DHW Measures (Oil) LI 1-4 Retrofit | 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.

Savings Persistence Factor
All PAs use 100% savings persistence factors.

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

Coincidence Factors
Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise
program impact evaluation.””

19 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
20 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Hot Water — Dishwashers

Measure Overview

Description: Installation of ENERGY STAR® qualified dishwashers in residential homes during new
construction or major renovation. ENERGY STAR® dishwashers are on average, 10% more energy-
efficient than non-qualified models.

Primary Energy Impact: Electric

Secondary Energy Impact: Natural Gas, Oil, Propane

Non-Energy Impact: Water Savings, Low Income only: Annual Discounted Rate Cost Reduction

Sector: Residential

Market: Lost Opportunity

End Use: Hot Water

Program: Residential New Construction & Major Renovation, Low-Income Residential New Construction

Algorithms for Calculating Primary Energy Impact

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

AWh = kWhy, g, — kWh,,
AW = AkW

Where:

Unit Installation of ENERGY® dishwasher

AkWh = National Grid gross average annual kWh savings per unit*"': 28 kWh for RNC, 25 kWh for LI RNC
AKW = Average annual kW savings per unit***: 0.003 kW

kWhpasg = Average unit energy consumption for non-qualified product

kWhgg = Average unit energy consumption for ENERGY STAR® qualified product

Baseline Efficiency

The baseline efficiency case is a conventional standard sized non-ENERGY STAR® qualified model
meeting Federal Standards energy performance metric criteria effective January 1, 2010 for dishwashers
with maximum energy consumption of less than or equal to 355 kWh/year and maximum water
consumption of 6.5 gallons of water/cycle.””

High Efficiency

The high efficiency case is an ENERGY STAR® qualified standard sized dishwasher meeting the energy
performance metric criteria effective July 1, 2011 for dishwashers with maximum energy consumption of
greater than or equal to 307 kWh/year and maximum water consumption of 5.0 gallons/cycle.

2! Source for these values is the 9/7/09 version of the energystar.gov appliance calculator using 1/1/10 Federal Standard for
baseline consumption.

2 Ibid.

23 Home: ENERGY STAR (2010). Dishwasher Key Product Criteria.
http://www.energystar.gov/index.cfm?c=dishwash.pr_crit_dishwashers. Accessed on 10/20/10.
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Hours

Dishwashers are assumed to run 215 cycles per year.”**

Measure Life

The measure life is 10 years.””

Secondary Energy Impacts

Gas, Oil and Propane savings occur in homes where the water is heated by that fuel.”

Program | Natural Gas Savings | Oil Savings |Propane Savings
(MMBtu/unit) (MMBtu/unit) | (MMBtu/unit)

RNC 0.0714 0.002 0.0041

LIRNC 0.1035 0.0002 0.0096

Non-Energy Impacts

Benefit Type Description Savings Notes
Residential Water Reduction in annual water usage compared to conventional 430

unit "’ Gallons/Unit
Annual Non- Annual Discounted Rate Cost Reduction™ $(R1-R2)/kWh Low
Resource Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program | ISR | SPF | RRg | RRgp | RRyp | CFsp | CFywp

Dishwasher RNC 1.00/1.00|1.00| 1.00 | 1.00 |0.89 | 1.00

Dishwasher LIRNC |1.00|1.00|{1.00| 1.00 | 1.00 | 0.91 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factors
Coincidence factors are based on Massachusetts Common Assumptions.

2 Environmental Protection Agency (2010). Life Cycle Cost Estimate for ENERGY STAR Residential Dishwasher. Interactive
Excel Spreadsheet found at

1210t5tp:// www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorConsumerDishwasher.xls

b

*7 Tbid.

28 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
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Hot Water — Pool Pump

Measure Overview

Description: The installation of a 2-speed or variable speed drive pool pump. Operating a pool
pump for a longer period of time at a lower wattage can move the same amount of water using
significantly less energy.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Lost Opportunity

End Use: Hot Water

Program: ENERGY STAR Appliances

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on the following algorithms which use averaged inputs:

AWh = (kW,, 5, X Hours)x 55%

AW = AkW
Where:
Unit = Rebated 2-speed or variable speed pool pump

AkWh = Average annual kWh reduction: 400 kWh

AW = Average annual kW reduction: 0.071 kW*”

Hours = Average annual operating hours of pump

kWgase = connected kW of baseline pump

55% = average percent energy reduction from switch to 2-speed or variable speed pump®"

Baseline Efficiency

The baseline efficiency case is a single speed pump.

High Efficiency

The high efficiency case is a 2-speed or variable speed pump.

Hours

Hours are considered on a case-by-case basis since they are dependent on seasonal factors, pool size, and
treatment conditions.

29 Quantec (2001). National Grid Demand Impact Template. Interactive spreadsheet tool developed for National Grid.

20 Davis Energy Group (2008). Proposal Information Template for Residential Pool Pump Measure Revisions. Prepared for
Pacific Gas and Electric Company; Page 2.

August 2011 100



Massachusetts Technical Reference Manual Residential Electric Efficiency Measures

Measure Life

The measure life is 10 years.”"’

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name | Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Pool Pumps ES Appliances | 1.00|1.00| 1.00| 1.00 | 1.00 | 0.30 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factor
Coincidence factors are based on Massachusetts Common Assumptions.

2! Davis Energy Group (2008). Proposal Information Template for Residential Pool Pump Measure Revisions. Prepared for
Pacific Gas and Electric Company.
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Hot Water — Waterbed Mattress Replacement

Measure Overview

Description: Replacement of waterbed mattress with a standard mattress.

Primary Energy Impact: Electric
Secondary Energy Impact: None

Non-Energy Impact: Annual Discounted Rate Cost Reduction

Sector: Low Income

Market: Retrofit

End Use: Hot Water

Program: Low-Income 1-4 Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AKW = AkW

Where:

Unit = Mattress replacement

AkWh = Average annual kWh reduction: 872 kWh*'?
AKW = Average annual KW reduction: 0.109 kW*"

Baseline Efficiency

The baseline efficiency case is an existing waterbed mattress.

High Efficiency

The high efficiency case is a new standard mattress.

Hours

Not applicable.

Measure Life

The measure life is 10 years.*"*

212 Cadmus Group, Inc. (2009). Impact Evaluation of the 2007 Appliance Management Program and Low Income Weatherization

Program. Prepared for National Grid.

213 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family

EnergyWise Program. Prepared for National Grid.

24 See the response to the question “How do I know when I need to buy a new mattress?” at the following link for more details:
http://www.serta.com/#/best-mattress-FAQs-mattresses-Serta-Number-1-Best-Selling-Mattress.html (8/19/2010).
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type

Description

Savings

Notes

Annual Non-Resource

Annual Discounted Rate Cost Reduction>!

5

$(R1-R2)/kWh

Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR | SPF

RRg

RRgp

RRyp

CFsp

CFwp

Waterbed

LI 1-4 Retrofit | 1.00 | 1.00

1.00

1.00

1.00

0.75

1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factors.

Realization Rates

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

Coincidence Factors

Coincidence factors are estimated using the demand allocation methodology described in the 2000 EnergyWise

program impact evaluation.

216

215 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

216

Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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MassSAVE - Vendor Measures

Measure Overview

Description: Retrofit measures installed through the MassSAVE program including: building
envelope insulation and air sealing, duct sealing and insulation, programmable thermostats,
heating system replacement, windows and DHW measures.

Primary Energy Impact: Electric

Secondary Energy Impact: Gas, Oil, Propane

Non-Energy Impact: Water

Sector: Residential

Market: Retrofit

End Use: HVAC, Hot Water

Program: MassSAVE

Algorithms for Calculating Primary Energy Impact

National Grid uses vendor calculated savings for these measures in the Residential MassSAVE 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.

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

High Efficiency

The high efficiency case includes installed energy efficiency measures that reduce heating, cooling and
water heating energy use.

Hours

Hours are project-specific.
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Measure Life

Measure Name Measure Life (years)
Air Sealing 15
DHW ISMs 7
Duct Insulation 20
Duct Seal 20
Heating System Replacement 18
Indirect Water Heater 20
Insulation 25
Thermostats 10
Windows 25

Secondary Energy Impacts

Gas, Oil and Propane savings are project-specific.

Non-Energy Impacts

Benefit Type Description Savings Notes

Residential Water |Residential water savings for DHW measure5217 8785 Gallons / Participant DHW ISMs only

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program |ISR |SPF |RRg|RRgp [ RRyp | CFsp | CFyp
Air Sealing (Electric) MassSAVE [1.00{1.00|1.00| 1.00 | 1.00 | 0.72 | 0.28
Air Sealing (Gas, Oil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00
DHW ISMs (Electric) MassSAVE [1.00{1.00|1.00 | 1.00 | 1.00 | 0.75 | 1.00
DHW ISMs (Gas, Oil, Other FF) MassSAVE [1.00{1.00|1.00 | 1.00 | 1.00 | 0.00 | 0.00
Duct Insulation (Electric) MassSAVE | 1.00|1.00{1.00| 1.00 | 1.00 | 0.72 | 0.28
Duct Insulation (Gas, Oil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00
Duct Sealing (Electric) MassSAVE [1.00{1.00|1.00| 1.00 | 1.00 | 0.72 | 0.28
Duct Sealing (Gas, Oil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00
Heating System Replacement (Gas, Oil, Other FF) | MassSAVE (1.00|1.00|1.00 | 1.00 | 1.00 | 0.00 | 0.00
Indirect Water Heater (Oil, Other FF) MassSAVE | 1.00|1.00|1.00 | 1.00 | 1.00 | 0.00 | 0.00
Insulation (Electric) MassSAVE [1.00{1.00|1.00| 1.00 | 1.00 | 0.72 | 0.28
Insulation (Gas, Oil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 1.00 | 0.00
Thermostats (Electric) MassSAVE | 1.00|1.00|1.00 | 1.00 | 1.00 | 0.03 | 1.00
Thermostats (Gas, Oil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 0.00 | 0.00
Windows (Electric) MassSAVE | 1.00[1.00|1.00 | 1.00 | 1.00 | 0.70 | 0.30
Windows (Gas, Qil, Other FF) MassSAVE | 1.00(1.00|1.00| 1.00 | 1.00 | 0.00 | 0.00

27 ACEEE 7™ Ed (1999). Consumer Guide to Home Energy Savings; Page 133, multiplied by 0.6275 to account for MECo
(Massachusetts Electric Co) territory family size-2000 US Census data.
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In-Service Rates
In-service rates are set to 100% based on the assumption that all purchased units are installed.

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Realization rates are based on Massachusetts Common Assumptions.

Coincidence Factor
Coincidence factors are based on Massachusetts Common Assumptions.

August 2011 106



Massachusetts Technical Reference Manual Residential Electric Efficiency Measures

Multifamily — Insulation (Walls, Roof, Floor)

Measure Overview

Description: Insulation upgrades are applied in existing facilities.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction, Annual Fire,
[llness and Moving Avoidance Benefits, One-Time Property Value Benefit

Sector: Residential, Low Income

Market: Retrofit

End Use: HVAC

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact

AkWh = SQFT x kWh/ SQFT x ! - !
R-VALUE,,, R-VALUE,,

AW = AkWhXx kW | kWh

Where:
SQFT = Square feet of insulation installed
R-VALUEgase = R-Value of the existing insulation
R-VALUEEgg = R-Value of the new installed insulation
kWh/SQFT = Average annual kWh reduction per SQFT of insulation. See Table below.
KW/KkWh = Average annual kW reduction per kWh reduction: 0.000125 kW/kWh*'®
Insulation Type | kWh/Sqft™"”’
Basement 10.62
Attic 38.803
WALL (N, S) 11.477
WALL (W, E) 10.025

Baseline Efficiency

The baseline efficiency case is the R-value of the existing insulation.

High Efficiency

The high efficiency case is insulation installed with a higher R-Value.

Hours

Not applicable.

218 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

219 National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables
is unavailable. Evaluation results have consistently shown realization rates close to 100%.
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Measure Life

The measure life is 25 years.”

Secondary Energy Impacts

There are no secondary energy impacts for this measure

Non-Energy Benefits

Benefit Type Description Savings221 Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction $(R1-R2)/kWh Low Income
Annual Non-Resource Annual Fire, Illness and Moving $203/Participant Low Income

Avoidance Benefits

One-Time Non-Resource | The One-Time Property Value Benefit $20.70 x $Cost/kWh x Low Income
kWh Saved

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Insulation (Electric) MF Retrofit, LI MF Retrofit|1.00{1.00|0.91 | 0.91 | 0.91 | 0.03 | 1.00

Insulation (Non-Electric) | MF Retrofit, LI MF Retrofit | 1.00|1.00 | 0.99 | 0.99 | 0.99 | 0.03 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates from the National Grid Energy Wise 2008 Program Evaluation.”**

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**

20 GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.
Prepared for The New England State Program Working Group.

2! Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

222 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

3 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Multifamily - DHW (Showerheads and Aerators)

Measure Overview

Description: An existing showerhead or aerator with a high flow rate is replaced with a new low
flow showerhead or aerator.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Residential Water, Low Income Only: Annual Discounted Rate Cost
Reduction

Sector: Residential, Low Income

Market: Retrofit

End Use: Hot Water

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact
Unit savings are deemed based on study results:

AkWh = AkWh
AW = AkWhx kW [ kWh

Unit = Showerhead or aerator installation.
AkWh = Average annual kWh reduction per unit: 80.3 kWh***
KW/kWh = Average kW reduction per kWh reduction: 0.000125 kW/kWh**

Baseline Efficiency

The baseline efficiency case is an existing shower head or faucet aerator with a high flow.

High Efficiency

High efficiency is a low flow showerhead or faucet aerator.

Hours

Not applicable.

Measure Life

The measure life is 7 years.”®

24 National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables
is unavailable. Evaluation results have consistently shown realization rates close to 100%.

2 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

26 Massachusetts Common Assumption.

August 2011 109



Massachusetts Technical Reference Manual Residential Electric Efficiency Measures

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Benefits

Benefit Type Description Savings Notes
Residential Water | Gallons water saved per year per unit that received DHW 8785

measures”’ Gallons/Participant
Annual Non- Annual Discounted Rate Cost Reduction™® $(R1-R2)/kWh Low
Resource Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

Showerhead/Aerator (Electric) MF Retrofit, LI MF Retrofit|1.00{1.00|0.91 | 0.91 | 0.91 | 0.75 | 1.00

Showerhead/Aerator (Non-Electric) | MF Retrofit, LI MF Retrofit | 1.00| 1.00{0.99 | 0.99 | 0.99 | 0.75 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates from the National Grid Energy Wise 2008 Program Evaluation.”

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**

27 ACEEE 7™ Ed (1999). Consumer Guide to Home Energy Savings; Page 133, multiplied by 0.6275 to account for MECo
(Massachusetts Electric Co) territory family size-2000 US Census data.

28 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

29 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

50 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Multifamily - DHW (Tank and Pipe Wrap)

Measure Overview

Description: A wrap is added to the water heater tank or pipes.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction
Sector: Residential, Low Income

Market: Retrofit

End Use: Hot Water

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkWhx kW | kWh

Where:

Unit = Each installation for tank wraps, per linear foot for pipe wrap.

kWh = Average annual KkWh reduction per unit: 55 kWh*"'

KW/kWh = Average annual kW reduction per kWh reduction: 0.000125 kW/kWh**

Baseline Efficiency

The baseline efficiency case is no wrap on the tank or pipes.

High Efficiency

High efficiency is the addition of a wrap.

Hours

Not applicable.

Measure Life

The measure life is 7 years.””

Secondary-Energy Impacts

There are no secondary energy impacts for this measure.

B! National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables
is unavailable. Evaluation results have consistently shown realization rates close to 100%.

2 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

3 Massachusetts Common Assumption
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Non-Energy Impacts

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost Reduction >* $(R1-R2)/kWh Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Tank/Pipe Wrap (Electric Heat) MF Retrofit, LI MF Retrofit | 1.00|1.00 {0.91 | 0.91 | 0.91 | 0.75 | 1.00

Tank/Pipe Wrap (Non-Electric Heat) | MF Retrofit, LI MF Retrofit| 1.00|{1.00|0.99| 0.99 | 0.99 | 0.75 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates from the National Grid Energy Wise 2008 Program Evaluation.”’

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**®

24 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
35 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.
56 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.

August 2011 112




Massachusetts Technical Reference Manual Residential Electric Efficiency Measures

Multifamily — Thermostats

Measure Overview

Description: Installation of programmable thermostats

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction
Sector: Residential, Low Income

Market: Retrofit

End Use: HVAC

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkWhx kW | kWh

Where:

Unit = Installation of programmable thermostat.

AkWh = Average annual KWh reduction per unit: 288 kWh*’

KW/KkWh = Average annual kW reduction per kWh reduction: 0.000125 kW/kWh**

Baseline Efficiency

The baseline efficiency case is a system without a set back programmable thermostat.

High Efficiency

The high efficiency case is a system with a set-back programmable thermostats and fixed set point
(common areas) thermostats.

Hours

Not applicable.

Measure Life

The measure life is 10 years.””

57 National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables
is unavailable. Evaluation results have consistently shown realization rates close to 100%.

8 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

29 GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.
Prepared for The New England State Program Working Group.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type

Description

Savings

Notes

Annual Non-Resource

Annual Discounted Rate Cost Reduction >

40

$(R1-R2)/kWh

Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp
Thermostat (Electric) MF Retrofit, LI MF Retrofit|1.00{1.00|0.91 | 0.91 | 0.91 | 0.03 | 1.00
Thermostat (Non-Electric) | MF Retrofit, LI MF Retrofit | 1.00|1.00{0.99| 0.99 | 0.99 | 0.03 | 1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factor.

Realization Rates

Realization rates from the National Grid Energy Wise 2008 Program Evaluation.**!

Coincidence Factors

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

Grid 2000 EnergyWise impact evaluation.

242

#0 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
21 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

242

Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Multifamily — Heat Pump Tune-Up

Measure Overview

Description: Heat pump tune-up for electrically-heated homes only.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction
Sector: Residential, Low Income
Market: Retrofit

End Use: HVAC

Program: Multi-Family Retrofit

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AkWh = AkWh

AW = AkWhx kW | kWh

Where:

Unit = Heat pump tune-up performed

AkWh = Average annual kWh reduction per unit: 1162 kWh**

KW/kWh = Average kW reduction per kWh reduction: 0.000125 kW/kWh***

Baseline Efficiency

The baseline efficiency case is an existing heat pump that is not tuned up.

High Efficiency

The high efficiency case is an existing heat pump that is tuned up.

Hours

Not applicable.

Measure Life

The measure life is 5 years.**

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

3 National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables

is unavailable. Evaluation results have consistently shown realization rates close to 100%.

4 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family

EnergyWise Program. Prepared for National Grid.
5 Massachusetts Common Assumption

August 2011



Massachusetts Technical Reference Manual

Residential Electric Efficiency Measures

Non-Energy Benefits

There are no non-energy benefits for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

Heat Pump Tune-up (Electric)

MF Retrofit

1.00

1.00

0.91

0.91

0.91

0.03

1.00

In-Service Rates

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

Savings Persistence Factor

All PAs use 100% savings persistence factor.

Realization Rates

Realization rates from the National Grid Energy Wise 2008 Program Evaluation.**®

Coincidence Factors

Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**’

#6 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

247

Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Multifamily — Air Sealing

Measure Overview

Description: Thermal shell air leaks are sealed through strategic use and location of air-tight
materials.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction

Sector: Residential, Low Income

Market: Retrofit

End Use: HVAC

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact
Unit savings are calculated using the following algorithms and assumptions:

AkWh = Stories X SOFT X (CFM | SQFT p, — CFM | SQFT s )X AkWh/ CFM
AW = AkWhx kW | kWh

Where:

Stories = Total stories in the multi-family building

SQFT = Total SQFT of building

CFM/SQFTpgrg = Estimate of pre-retrofit air leakage in CFM/SQFT based on number of stories in the
building and air-tightness ratings of the existing roof and floor.

CFM/SQFTpost = Estimate of post-retrofit air leakage in CFM/SQFT based on number of stories in the
building and air-tightness ratings of the improved roof and floor.

AKWh/CFM = Average annual kWh reduction per CFM: 2.48633 kWh/CFM***

KW/KkWh = Average kW reduction per kWh reduction: 0.000125 kW/kWh**

Baseline Efficiency

The baseline efficiency case is a facility that has not received comprehensive air-sealing treatment.

High Efficiency

The high efficiency case is a facility with thermal shell air leaks that are sealed, leading to a reduction in
air leakage.

Hours

Not applicable.

8 National Grid’s Multifamily Screening Tool. This was developed in the early 1990’s. Documentation of the specific variables
is unavailable. Evaluation results have consistently shown realization rates close to 100%.

9 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.
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Measure Life

The measure life is 15 years.”’

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Benefits

Benefit Type Description Savings Notes

Annual Non-Resource Annual Discounted Rate Cost Reduction®" $(R1-R2)/kWh | Low Income

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Air Sealing (Electric Heat) MF Retrofit, LI MF Retrofit|1.00|{1.00|0.91 | 0.91 | 0.91 | 0.03 | 1.00

Air Sealing (Non-Electric Heat) | MF Retrofit, LI MF Retrofit | 1.00|1.00 0.99| 0.99 | 0.99 | 0.03 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates are from the National Grid Energy Wise 2008 Program Evaluation.*”

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.*”

20 GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.
Prepared for The New England State Program Working Group.

5! Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.

2 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

3 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Multifamily — Refrigerators and Freezers

Measure Overview

Description: Removal of old inefficient refrigerator or freezer with the installation of new
efficient refrigerator or freezer.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: Low Income Only: Annual Discounted Rate Cost Reduction, One-Time
Avoided Refrigerator Purchase

Sector: Residential, Low Income

Market: Retrofit

End Use: Refrigeration

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact
Unit savings are calculated using the following algorithms and assumptions:

AWh = kWh ey, — kWh,;
AW = AkWhx kW | kWh

Where:

Unit = Replacement of existing refrigerator with new ENERGY STAR® refrigerator
kWhpgrg = Annual kWh consumption of existing equipment. Value entered by the user.
kWhpost = Annual kWh consumption of new installed equipment. Value entered by the user.
KW/KkWh = Average kW reduction per kWh reduction: 0.00013 kW/kWh>*

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 manufacture and model number is
looked up in a refrigerator database to determine annual kWh.

Measure Life

The measure life is 12 years for non low income™’ and 19 years for low income.*

4 Estimated using demand allocation methodology described in: Quantec, LLC (2000). Impact Evaluation: Single-Family
EnergyWise Program. Prepared for National Grid.

3 Environmental Protection Agency (2009). Life Cycle Cost Estimate for ENERGY STAR Residential Refrigerator. Interactive
Excel Spreadsheet found at

www.energystar.gov/.../business/bulk_purchasing/bpsavings_calc/Consumer_Residential Refrig_Sav_Calc.xls.

6 Massachusetts Common Assumption.
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Hours

Not applicable.

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction »’ $(R1-R2)/kWh | Low Income
One-Time Non-Resource | One-Time Avoided Refrigerator Purchase *° $200/Unit

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Refrig/Freezers (Electric Heat) MF Retrofit, LI MF Retrofit|1.00|{1.00|0.91 | 0.91 | 0.91 | 1.00 | 0.92

Refrig/Freezers (Non-Electric Heat) | MF Retrofit, LI MF Retrofit| 1.00|{ 1.00 {0.99| 0.99 | 0.99 | 1.00 | 0.92

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates from the National Grid Energy Wise 2008 Program Evaluation.”’

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**

57 Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
258 1.
Ibid...
29 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.
60 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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MultiFamily - Fixtures and CFLs

Measure Overview

Description: Removal of existing inefficient fixtures/bulbs with the installation of new efficient
fixtures/bulbs

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: O&M, Low Income Only: Annual Discounted Rate Cost Reduction
Sector: Residential, Low Income

Market: Retrofit

End Use: Lighting

Program: Multi-Family Retrofit, Low-Income MultiFamily Retrofit

Algorithms for Calculating Primary Energy Impact
Unit savings are calculated using the following algorithms and assumptions:

AkWh = [(QTY o, XWatts pp X Hours . ) — (QTY . X Watts ., x Hours,,, )]/1000x 52
AW =[(QTY,,, xWatts ;. )— (QTY,, xWatts . )]/1000

Where:

QTYpre = Quantity of pre-retrofit fixtures/bulbs

QTYgr = Quantity of efficient fixtures/bulbs installed

Wattsprg = Rated watts of pre-retrofit fixtures/bulbs

Wattsgg = Rated watts of efficient fixtures/bulbs installed

Hoursprg = Weekly hours of operation for pre-retrofit case lighting fixtures/bulbs
Hoursgg = Weekly hours of operation for efficient lighting fixtures/bulbs

52 = Weeks per year

Baseline Efficiency

The baseline efficiency case is the existing fixture and bulbs.

High Efficiency

The high efficiency case is the new fixture and lamps.

Measure Life

The measure life is 7 years for CFLs and 20 years for fixtures.

Hours

Operating hours are estimated by the vendor for each facility. Typical assumptions are 24 hours/day for
common area lighting, 12 hours/day for exterior lighting, and 3 hours/day for in-unit lighting, but may be
adjusted based on type of housing. Estimates are verified with facility maintenance staff when possible.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

Benefit Type Description Savings Notes
Annual Non-Resource Annual Discounted Rate Cost Reduction ' | $(R1-R2)/kWh | Low Income
One-Time Non-Resource (CFL) O&M Cost Reduction 2% $3.00/Bulb

One-Time Non-Resource (Fixture) | Q&M Cost Reduction 263 $3.50/Fixture

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFwp

CFLs (Electric) MF Retrofit, LI MF Retrofit|1.00{1.00|0.91| 0.91 | 0.91 | 0.35 | 1.00

CFLs (Non-Electric) | MF Retrofit, LI MF Retrofit | 1.00|1.00{0.99| 0.99 | 0.99 | 0.35 | 1.00

Fixtures (Electric) MF Retrofit, LI MF Retrofit|1.00{1.00|0.91 | 0.91 | 0.91 | 0.35 | 1.00

Fixtures (Non-Electric) | MF Retrofit, LI MF Retrofit | 1.00|1.00{0.99| 0.99 | 0.99 | 0.35 | 1.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Realization rates from the National Grid Energy Wise 2008 Program Evaluation.”®*

Coincidence Factors
Summer and winter coincidence factors are estimated using demand allocation methodology described National
Grid 2000 EnergyWise impact evaluation.**

! Oppenheim, Jerry (2000). Memo - Low Income DSM Program non-energy benefits.
62 MA Electric Utilities (2003). Non-Electric Benefit Performance Metrics — Residential 1. Memo to MA non-Electric Parties.
263 1p.:
Ibid.
64 Cadmus Group (2010). EnergyWise 2008 Program Evaluation. Prepared for National Grid.

265 Quantec, LLC (2000). Impact Evaluation: Single-Family EnergyWise Program. Prepared for National Grid.
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Behavior - OPOWER Electric

Measure Overview

Description: The OPOWER program sends energy use reports to participating electric customers
in order to change customers’ energy-use behavior. In 2010, the program was planned with only
one measure for all participant cohorts. In 2011, the program was planned with unique measures
for each participant cohort. In 2011, the program’s name was changed to Behavior/Feedback.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Residential

Market: Products and Services

End Use: Behavior

Program: OPOWER Program

Algorithms for Calculating Primary Energy Impact

Unit savings are deemed based on study results:

AWh = (kWhy, g, (%SAVE)
AKW = AkWh/ 4000

Where:
Unit = One participant household
kWhgase = Baseline consumption of kWh. See Table below.
%SAVEw, = Energy savings percent per program participant. See Table below.

OPOWER Program - Electric Savings Factors**

Measure Name | KWhgase | %SAVE | AKkWh/Unit | AKW/Unit

CUSTSERV 13,017 1.61% 209.58 0.052

Baseline Efficiency

The baseline efficiency case is a customer who does not receive OPOWER Behavior/Feedback program
reports.

High Efficiency

The high efficiency case is a customer who receives an OPOWER Behavior/Feedback program report.

Hours

Not applicable.

66 ODC and Navigant (2011). MA Cross-Cutting Behavioral Program Evaluation. Prepared for Massachusetts Energy
Efficiency Advisory Council. Study 17 in the 2010 Massachusetts Electric Energy Efficiency Annual Report.
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Measure Life

The measure life is 1 year.

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name

Program

ISR

SPF

RRg

RRgp

RRyp

CFsp

CFwp

CUSTSERV

OPOWER

1.00

1.00

1.00

1.00

1.00

0.25

1.00

In-Service Rates

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

Savings Persistence Factor

Savings persistence is 100% since the measure life for each participant is 1 year.

Realization Rates

Realization rates are 100% because deemed savings are based on assumptions from year-to-date vendor findings

Coincidence Factors

Coincidence Factors are based on evaluation results. 2%’

27 Tbid.
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Commercial and Industrial Electric Efficiency
Measures
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Lighting — Advanced Lighting Design (Performance Lighting)

Measure Overview

Description: Advanced lighting design refers to the implementation of various lighting design
principles aimed at creating a quality and appropriate lighting experience while reducing
unnecessary light usage. This is often done by a professional in a new construction situation.
Advanced lighting design uses techniques like maximizing task lighting and efficient fixtures to
create a system of optimal energy efficiency and functionality.

Primary Energy Impact: Electric

Secondary Energy Impact: Gas, Oil

Non-Energy Impact: O&M

Sector: Commercial and Industrial

Market: Lost Opportunity

End Use: Lighting

Program: C&I New Construction & Major Renovation

Algorithms for Calculating Primary Energy Impact

o ( Watts g5, —Watts g ;
AkWh = Z( 1000
i=1

j(Area,.)(Hours,.)

ARW = Z (WattsBASE,, Watts g ; j(Areai )
pasy 1000

Where:

N = Total number of spaces in Space-by-Space Method or 1 for Building Area Method

Wattsgasg; = Allowed lighting wattage per square foot based on energy code requirements for
building or space type i. For values, see Appendix A: Table 16 and Appendix A:
Table 17.

Wattsgg; = Installed lighting wattage per square foot of the efficient lighting system for building or
space type i

1000 = Conversion factor: 1000 watts per 1 kW

Areg; = Area of building or space i in square feet

Hours; = Annual hours of operation of the lighting equipment for building or space type i

Note on HVAC system interaction: Additional Electric savings from cooling system interaction are
included in the calculation of adjusted gross savings for Lighting Systems projects. The HVAC
interaction adjustment factor is determined from lighting project evaluations and is included in the energy
realization rates and demand coincidence factors and realization rates.

Baseline Efficiency

The Baseline Efficiency assumes compliance with lighting power density requirements as mandated by
Massachusetts State Building Code. As described in Chapter 13 of the aforementioned document, energy
efficiency must be met via compliance with the International Energy Conservation Code (IECC) 2009.
IECC offers one compliance path, the Building Area Method. ASHRAE 90.1-2007 offers two compliance
paths. For completeness, the lighting power density requirements for both the Building Area Method and
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the Space-by-Space Method are presented.”*® Table 16 and Table 17 in Appendix A: Common Lookup
Tables detail the specific power requirements by compliance path.

High Efficiency
The high efficiency scenario assumes lighting systems that achieve lighting power densities below those

required by Massachusetts State Building Code. Actual site lighting power densities should be determined
on a case-by-case basis.

Hours

The annual hours of operation for lighting systems are site-specific and should be determined on a case-
by-case basis.

Measure Life

Measure Measure Life **
Fluorescent Fixture 15 years
Hardwired CFL 15 years
LED Exit Signs 15 years
HID (interior and exterior) 15 years

Secondary Energy Impacts

Heating energy will be increased due to reduced lighting waste heat. This impact is estimated as an
average impact in heating fossil fuel consumption per unit of energy saved.

270

Measure Energy Type | Impact
Interior Lighting | C&I Gas Heat | -0.0003649 MMBtu/AkWh
Interior Lighting | Oil -0.0007129 MMBtuw/AkWh

Non-Energy Impacts

Annual non-energy benefits are claimed due to the reduced operation and maintenance costs associated
with the longer measure lived of lamps and ballasts as compared to the base or pre-retrofit case. See Table
20 for values.

Benefit Type Description Savings Notes
Annual Non- Annual O&M dollars saved due to avoided incandescent $OM/Fixture| CFL Fixtures
Resource bulbs and labor only

68 TECC 2009 presents requirements consistent with ASHRAE 90.1-2007 for the Building Area Method but does not present
requirements for the Space-by-Space Method.

9 Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1.

7 Optimal Energy, Inc. (2008). Non-Electric Benefits Analysis Update. Memo Prepared for NSTAR.
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Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

All NC 1.00 | 1.00 | 1.07 | 0.80 0.73 | custom | custom

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
Energy and demand RRs derived from impact evaluation of National Grid 2008 custom lighting installations®’';
final realization rates developed in 2008 custom program analysis study.>’?

Coincidence Factors
CFs are custom calculated based on site-specific information.

7' KEMA, Inc. (2009). National Grid USA 2008 Custom Lighting Impact Evaluation, Final Report. Prepared for National Grid.
mn KEMA, Inc. (2009). Sample Design and Impact Evaluation Analysis of the 2008 Custom Program. Prepared for National
Grid; Table 19.
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Lighting — Lighting Systems

Measure Overview

Description: This measure promotes the installation of efficient lighting including, but not
limited to, efficient fluorescent lamps, ballasts, and fixtures, solid state lighting, and efficient high
intensity discharge (HID) lamps, ballasts, and fixtures.

Primary Energy Impact: Electric

Secondary Energy Impact: Gas, Oil

Non-Energy Impact: O&M

Sector: Commercial & Industrial

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: C&I New Construction & Major Renovation, C&I Large Retrofit, C&I Small Retrofit

Algorithms for Calculating Primary Energy Impact

AkWh = i Count, *Watts, _ i Count ; *Watts ; (Hours)
1000 BASE 1000 o

i=1 j=1

AW = Z”: Count, * Watts, B i Count ; *Watts
1000 BASE 1000 .

i=1 j=1

Where:

n = Total number of fixture types in baseline or pre-retrofit case

m = Total number of installed fixture types

Count; = Quantity of existing fixtures of type i (for lost-opportunity, Count; = Count;).
Watts; = Existing fixture or baseline wattage for fixture type i

Count; = Quantity of efficient fixtures of type j.

Watts; = Efficient fixture wattage for fixture type j.

1000 = Conversion factor: 1000 watts per kW.

Hours = Lighting annual hours of operation.

Note on HVAC system interaction: Additional Electric savings from cooling system interaction are
included in the calculation of adjusted gross savings for Lighting Systems projects. The HVAC
interaction adjustment factor is determined from lighting project evaluations and is included in the energy
realization rates and demand coincidence factors and realization rates.

Baseline Efficiency

For large retrofit installations, the baseline efficiency case is project-specific and is determined using
actual fixture counts from the existing space. Existing fixture wattages are provided in the MassSAVE
Retrofit Lighting Wattage Tables.”” For lost opportunity installations, the baseline efficiency case is
determined using assumed baseline wattages for each of the installed fixtures.””* Small retrofit
installations use the exact wattages and fixture counts from the existing space.

3 MassSave (2010). C&I Retrofit Lighting Wattage Tables.
7 MassSave (2010). C&I New Construction Lighting Baseline Wattage Tables.
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High Efficiency
For both large new construction and retrofit installations, the high efficiency case is project-specific and is

determined using actual fixture counts for the project and the MassSave Wattage Tables.””> Small retrofit
installations use the exact wattages and fixture counts from the existing space.

Hours

The annual hours of operation for lighting systems are site-specific and should be determined on a case-
by-case basis.

Measure Life

Measure Life”
Equipment Type Retrofit | Lost Opportunity
Bulb — CFL screw base 5 years N/A
Fluorescent Fixture 13 years 15 years
Hardwired CFL 13 years 15 years
HID (interior and exterior) 13 years 15 years
LED Lighting Fixtures 13 years 15 years
LED Integral Replacement Lamps 13 years 15 years
LED Low Bay — Garage & Canopy Fixtures | 13 years 15 years

Secondary Energy Impacts

Heating energy will be increased due to reduced lighting waste heat. This impact is estimated as an
average impact in heating fossil fuel consumption per unit of energy saved.

Measure Energy Type Saving5277
Interior Lighting | C&I Gas Heat | -0.0003649 MMBtuw/kWh
Interior Lighting | Oil -0.0007129 MMBtw/kWh

Non-Energy Impacts

Annual non-energy benefits are claimed due to the reduced operation and maintenance costs associated
with the longer measure lived of lamps and ballasts as compared to the base or pre-retrofit case. See Table
20 for values.

Benefit Type Description Savings |Notes
Annual Non- Annual O&M dollars saved due to avoided incandescent bulbs and $OM/Fixture
Resource labor

75 MassSave (2010). C&I New Construction Lighting Wattage Tables AND MassSave (2010). C&I Retrofit Lighting Wattage
Tables.

776 Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1 AND
GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.
Prepared for The New England State Program Working Group; Table 2

7" Optimal Energy, Inc. (2008). Non-Electric Benefits Analysis Update. Memo Prepared for NSTAR.
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Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CFyp
All NC 1.00 | 1.00 | 1.02 | 0.97 | 097 | 0.98 | 0.73
All Large Retrofit | 1.00 | 1.00 | 1.04 | 1.03 | 1.03 | 0.89 | 0.63
Screw-in CFLs Small Retrofit | 1.00 | 0.87 | 1.08 | 0.99 | 0.99 | 0.79 | 0.39
All (except screw in CFLs) | Small Retrofit | 1.00 | 1.00 | 1.08 | 0.99 | 099 | 0.79 | 0.39

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

Savings Persistence Factor
All PAs use 100% savings persistence factors. with one exception: 0.874 for screw-in CFLs installed through the
C&I Small Retrofit program based on 1996 savings persistence study.””®

Realization Rates

New Construction & Major Renovation Commercial

*  Energy and demand RRs from impact evaluation of National Grid’s 2007 Design 2000plus (New Construction)
Lighting installations.””” Demand RR is the connected demand RR; energy RR includes connected demand RR,
hours of use RR and HVAC Interactive adjustment.

C&lI Large Retrofit

* Energy RR is from impact evaluation of National Grid’s 2007 Energy Initiative (Large Retrofit) Lighting
program.”*® Energy RR is the ratio measured electric energy savings to gross estimates of electric energy
savings, and includes electric HVAC interaction adjustment by default. Demand RRs are from impact

evaluation of National Grid’s 2003 Energy Initiative Lighting program.*®' Demand RR is the connected demand
RR.

C&I Small Retrofit

= Energy RRs from statewide impact evaluation of 2010 Small Business Services programs.***

* Demand RRs are connected demand RRs, from statewide impact evaluation of 2010 Small Business Services
programs.**

Coincidence Factors

New Construction & Major Renovation Commercial
Coincidence Factors are based on a study of National Grid’s 2007 Design 2000plus Lighting subprogram.”*
Lighting coincidence factors include HVAC interactive effects.

C&lI Large Retrofit

7 HEC, Inc. (1996). Final Report for New England Power Service Company Persistence of Savings Study. Prepared for
NEPSCo.
7 KEMA (2009). Design 2000plus Lighting Hours of Use and Load Shape Measurement Study. Prepared for National Grid.
%0 Summit Blue Consulting, LLC. (2008). Large Commercial and Industrial Retrofit Program Impact Evaluation 2007.
Prepared for National Grid.
21 RLW Analytics (2004). 2003 Energy Initiative "EI" Lighting Impact Evaluation Final Report. Prepared for National Grid.
82 The Cadmus Group, ERS. (2011). Non-Controls Lighting Evaluation for the Massachusetts Small Commercial Direct Install
Program - Fourth Draft. Prepared for Massachusetts Energy Efficiency Program Administrators and Massachusetts Energy
ggﬁciency Advisory Council. Study 19 in the 2010 Massachusetts Electric Energy Efficiency Annual Report.

Ibid.

24 KEMA, Inc. (2009). Design 2000plus Lighting Hours of Use and Load Shapes Measurement Study. Prepared for National
Grid.
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Lighting coincidence Factors are based on a NEEP regional C&I Lighting Loadshape study. Coincidence factors
include HVAC interactive effects.*®

C&I Small Retrofit

Summer Coincidence Factor is based on a NEEP regional C&I Lighting Loadshape study.” Winter Coincidence
Factor is based on statewide impact evaluation of the 2010 Small Business Services programs.”®’ Coincidence
factors include HVAC interactive effects.

286

25 KEMA, Inc. (2011). C&I Lighting Loadshape Project. Prepared for NEEP Regional EM&YV Forum. Study 32 in the 2010
Massachusetts Electric Energy Efficiency Annual Report.
286 11.:

Ibid.
7 The Cadmus Group, ERS. (2011). Non-Controls Lighting Evaluation for the Massachusetts Small Commercial Direct Install
Program - Fourth Draft. Prepared for Massachusetts Joint Utilities. Study 19 in the 2010 Massachusetts Electric Energy
Efficiency Annual Report.
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Lighting — Lighting Controls

Measure Overview

Description: This measure promotes the installation of lighting controls in both lost-opportunity
and retrofit applications. Promoted technologies include occupancy sensors and daylight dimming
controls.

Primary Energy Impact: Electric

Secondary Energy Impact: Heating energy (non-electric)

Non-Energy Impacts: O&M

Sector: Commercial & Industrial

Market: Lost Opportunity, Retrofit

End Use: Lighting

Program: C&I New Construction & Major Renovation, C&I Large Retrofit, C&I Small Retrofit

Algorithms for Calculating Primary Energy Impact

AkWh = (Controlled kW )(HoursBASE — Hours ;)
AkW = (Controlled kW)

Where:

Controlled kW Controlled fixture wattage

Hoursgasg = Total annual hours that the connected Watts operated in the pre-retrofit
case (retrofit installations) or would have operated with code-compliance
controls (new construction installations).

Hoursgg = Total annual hours that the connect Watts operate with the lighting
controls implemented.

Note on HVAC system interaction: Additional Electric savings from cooling system interaction are
included in the calculation of adjusted gross savings for Lighting Systems projects. The HVAC
interaction adjustment factor is determined from lighting project evaluations and is included in the energy
realization rates and demand coincidence factors and realization rates.

Baseline Efficiency

The baseline efficiency case assumes no controls (retrofit) or code-compliant controls (new construction).

High Efficiency

The high efficiency case involves lighting fixtures connected to controls that reduce the pre-retrofit or
baseline hours of operation.
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Hours

The annual hours of reduction for lighting controls are site-specific and should be determined on a case-
by-case basis.

Measure Life

Measure Life™
Measure Retrofit | Lost Opportunity
Occupancy Sensors | 9 years 10 years
Daylight Dimming | 9 years 10 years

Secondary Energy Impacts

Heating energy will be increased due to reduced lighting waste heat.

Measure Energy Type Saving5289
Interior Lighting | C&I Gas Heat | -0.0003649 MMBtuw/kWh
Interior Lighting | Oil -0.0007129 MMBtw/kWh

Non-Energy Impacts

Annual non-energy benefits are claimed due to the reduced operation and maintenance costs associated
with the longer measure lived of lamps and ballasts as compared to the base or pre-retrofit case. See Table
20 for values.

Benefit Type Description Savings Notes
Annual Non- Annual O&M dollars saved due to avoided incandescent $OM/Fixture| CFL Fixtures
Resource bulbs and labor only

Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

Occupancy Sensors | NC, Large Retrofit | 1.00 | 1.00 | 0.76 | 0.96 | 0.96 | 0.30 | 0.19

Daylight Dimming | NC, Large Retrofit | 1.00 | 1.00 | 0.38 | 0.96 | 0.96 | 0.15 0

Occupancy Sensors | Small Retrofit 1.00 | 1.00 | 0.87 | 0.94 | 094 | 035 | 0.28

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
RRs from National Grid impact evaluation of C&I lighting controls installations.*

8 Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1

289 Optimal Energy, Inc. (2008). Non-Electric Benefits Analysis Update. Memo Prepared for NSTAR.

20 RLW Analytics (2007). Lighting Controls Impact Evaluation Final Report, 2005 Energy Initiative, Design 2000plus and
Small Business Services Program. Prepared for National Grid.

August 2011 134




Massachusetts Technical Reference Manual Commercial and Industrial Electric Efficiency Measures

Coincidence Factors
CFs from National Grid impact evaluation C&I lighting controls installations.”"

Pl bid.
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Lighting — Freezer/Cooler LEDs

Measure Overview

Description: Installation of LED lighting in freezer and/or cooler cases. The LED lighting
consumes less energy, and results in less waste heat which reduces the cooling/freezing load.
Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Commercial & Industrial

Market: Retrofit

End Use: Lighting

Program: C&I Small Retrofit

Algorithms for Calculating Primary Energy Impact

AkWh = AkWh, ., + AkWh,,

AkWh gy, = Zn:(COW”i kW, * Hoursi) - Z(COumj * ij * HOLtrSj)

i=1 BASE i=1 LED

AkWhy,,,, = AWh, o, *0.28* Eff o

AkW = AkWh/! Hours;

Where:

AkWhy gp = Reduction in lighting energy

AkWhyey = Reduction in refrigeration energy due to reduced heat loss from the lighting
fixtures

N = Total number of lighting fixture types in the pre-retrofit case

M = Total number of lighting fixture types in the post-retrofit case

Count; = Quantity of type i fixtures in the pre-retrofit case

kW; = Power demand of pre-retrofit lighting fixture type i (kW/fixture)

Hours; = Pre-retrofit annual operating hours of fixture type i

Count; = Quantity of type j fixtures in the pre-retrofit case

kW; = Power demand of lighting fixture type j (kW/fixture)

Hours; = Post-retrofit annual operating hours of fixture type j

0.28 = Unit conversion between kW and tons calculated as 3,413 Btuh/kW divided
by 12,000 Btuh/ton

Effgs = Efficiency of typical refrigeration system: 1.3 kW/ton*”

Baseline Efficiency

The baseline efficiency case is the existing lighting fixtures in the cooler or freezer cases.

22 RLW Analytics (2007). Small Business Services Custom Measure Impact Evaluation. Prepared for National Grid.
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High Efficiency

The high efficiency case is the installation of LED lighting fixtures on the cooler or freezer cases,
replacing the existing lighting fixtures.

Hours
Annual hours of operation are determined on a case-by-case basis and are typically 8760 hours/year.

Post-retrofit operating hours are assumed to be the same as pre-retrofit hours unless lighting occupancy
sensors were also implemented.

Measure Life

The measure life is 13 years.”’

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Name Program ISR | SPF | RRg | RRgp | RRyp | CFsp | CEwp

Freezer/Cooler LEDs | Small Retrofit|1.00|1.00|1.00| 1.00 | 1.00 | 1.07 | 1.15

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

Savings Persistence Factor
All PAs use 100% savings persistence factor.

Realization Rates
RRs for small retrofit installations based on impact evaluation of 2005 small retrofit custom measures.**

Coincidence Factors
CFs for small retrofit installations based on impact evaluation of 2005 small retrofit custom measures.

295

3 Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities.
24 RLW Analytics (2007). Small Business Services Custom Measure Impact Evaluation. Prepared for National Grid.
295 1.

Ibid.
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HVAC - Single-Package and Split System Unitary Air Conditioners

Measure Overview

Description: This measure promotes the installation of high efficiency unitary air conditioning
equipment in lost opportunity applications. Air conditioning (AC) systems are a major consumer
of electricity and systems that exceed baseline efficiencies can save considerable amounts of
energy. This measure applies to air, water, and evaporatively-cooled unitary AC systems, both

single-package and split systems.
Primary Energy Impact: Electric
Secondary Energy Impact: None
Non-Energy Impact: None
Sector: Commercial & Industrial
Market: Lost Opportunity
End Use: HVAC
Program: C&I New Construction & Major Renovation

Algorithms for Calculating Primary Energy Impact

For units with cooling capacities less than 65 kBtu/h:

AkWh = (kBru /h){

AKW = (kBtu/h)(

1 1

SEER,,, SEER,,

}H%HWJ

1 1
SEER,,, SEER,, j

For units with cooling capacities equal to or greater than 65 kBtu/h:

AkWh = (kBtu /h){

AKW = (kBtu/h)(

Where:

AkWh = Gross annual kWh savings from the measure.

AKW = Gross connected kW savings from the measure.

kBtu/h = Capacity of the cooling equipment in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/h)

SEERgase = Seasonal Energy Efficiency Ratio of the baseline equipment. See Table 1
for values.

SEERgg = Seasonal Energy Efficiency Ratio of the energy efficient equipment.

EFLHcoo = Cooling equivalent full load hours. See Hours section below.

EERgAsE = Energy Efficiency Ratio of the baseline equipment. See Table 1 for values.

1 1

EER;,,. EER,

}H%HWJ

1 1
EER;, . EEREEJ

Since IECC 2009 does not provide EER requirements for air-cooled air
conditioners < 65 kBtu/h, assume the following conversion from SEER to
EER: EER~SEER/1.1.
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EERgg = Energy Efficiency Ratio of the energy efficient equipment. For air-cooled
air conditioners < 65 kBtu/h, if the actual EERgg is unknown, assume the
following conversion from SEER to EER: EER~SEER/1.1.

Baseline Efficiency

Table 1 details the specific efficiency baselines by equipment type and capacity.

Table 1: Unitary Air Conditioners Baseline Efficiency Levels

Subcategory or Rating Baseline
Equipment Type Size Category Condition Efficiency
Air conditioners, air Split system and single 10 SEER
cooled <65,000 Btu/h system
>65,000 Btu/h and Split system and single 8.92 EER
<135,000 Btu/h package
Split system and single 8.6 EER
>135,000 Btu/h package
Air conditioners, 9.5 EER
Water and Split system and single
evaporatively cooled >240,000 Btu/h package

High Efficiency

The high efficiency case assumes the HVAC equipments meets or exceeds the Consortium for Energy
Efficiency’s (CEE) specification. This specification results in cost-effective energy savings by specifying
higher efficiency HVAC equipment while ensuring that several manufacturers produce compliant
equipment. The CEE specification is reviewed and updated annually to reflect changes to the ASHRAE
and IECC energy code baseline as well as improvements in the HVAC equipment technology. The
minimum efficiency requirements for program participation are outlined on the Cool Choice rebate forms.
Equipment efficiency is the rated efficiency of the installed equipment for each project.

Hours

National Grid uses 777 cooling hours for all units.*

Measure Life

The measure life is 15 years.”’

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

26 SAIC (1998). Impact Evaluation of the Design 2000plus Unitary HVAC Program. Prepared for National Grid.
7 Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1.
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Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

Unitary AC | NC 1.00 | 1.00 | 1.25 | 090 | 1.00 | 0.44 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Energy and demand RR based on 2011 NEEP load shape study.*”®

Coincidence Factors
CFs from 1998 unitary HVAC study.””

8 KEMA (2011). C&I Unitary HVAC Load Shape Project Final Report. Prepared for the Regional Evaluation, Measurement
and Verification Forum. Study 33 in the 2010 Massachusetts Electric Energy Efficiency Annual Report. AND The Fleming
Group (1994). Persistence of Commercial/Industrial Non-Lighting Measures, Volume 2, Energy Efficient HVAC and Process
Cooling Equipment. Prepared for New England Power Service Company. RRs found as the ratio between EFLH reported in each
study. RR calculated in order to maintain consistency with other PAs. New EFLHs from NEEP study to be used next year.

29 SAIC (1998). Impact Evaluation of the Design 2000plus Unitary HVAC Program. Prepared for National Grid
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HVAC - Single Package or Split System Heat Pump Systems

Measure Overview

Algo

Description: This measure applies to the installation of high-efficiency air cooled, water source,
ground water source, and ground source heat pump systems.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Commercial & Industrial

Market: Lost Opportunity

End Use: HVAC

Program: C&I New Construction & Major Renovation

rithms for Calculating Primary Energy Impact

For air cooled units with cooling capacities less than 65 kBtu/h:

AkWh = (kBtu/h)( ! ! j(EFLHCOOL JHF)

AW =

SEER,,, SEER,,

1 1
(kBtu/h)( —~ j
EER,,,, EER,,

For all water source, groundwater source, ground source units, and air cooled units with cooling

capacities equal to, or greater than, 65 kBtu/h:
1 1
AkWh = (kBtu / h){ - j(EFLHCOOL)
EERBASE EEREE
AW :(kBtu/h)( L j
EERBASE EEREE

Where:
AkWh = Gross annual kWh savings from the measure.
kBtu/h** = Capacity of the cooling equipment in kBtu per hour (1 ton of cooling

capacity equals 12 kBtu/h).
SEERgase = Seasonal Energy Efficiency Ratio of the baseline equipment. See Baseline

Efficiency section for values.
SEERgg = Seasonal Energy Efficiency Ratio of the energy efficient equipment.
EFLHcoor, = Cooling mode equivalent full load hours.
HF = Heating Factor to account for savings in heating mode for air cooled heat

pumps: 2.39*""

3% For equipment with cooling capacities less than 65 kBtu/h, it is assumed that the heating capacity and cooling capacity are

equal.
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EERgAsE = Energy Efficiency Ratio of the baseline equipment. See Baseline Efficiency
section for values. Since IECC 2009 does not provide EER requirements
for air-cooled heat pumps < 65 kBtu/h, assume the following conversion
from SEER to EER: EER=SEER/1.1.

EERgg = Energy Efficiency Ratio of the energy efficient equipment. For air-cooled
air conditioners < 65 kBtu/h, if the actual EERgg is unknown, assume the
following conversion from SEER to EER: EER~SEER/1.1.

Heating Capacity Conversion Factors.:

Air Source HPs
Heating Capacity = Cooling Capacity * 13,900/12,000 (Ratio of heat produced in the heating mode
divided by cooling produced in cooling mode)

Water/Ground Source HPs
Heating Capacity = Cooling Capacity * COP/EER (converts the rated cooling output to the rated heating
output)

Baseline Efficiency

National Grid specified 10 SEER for all air cooled heat pumps and 11.5 SEER for all water source heat
pumps.

High Efficiency
The high efficiency case assumes the HVAC equipments meets or exceeds the Consortium for Energy
Efficiency’s (CEE) specification. This specification results in cost-effective energy savings by specifying
higher efficiency HVAC equipment while ensuring that several manufacturers produce compliant
equipment. The CEE specification is reviewed and updated annually to reflect changes to the ASHRAE
and IECC energy code baseline as well as improvements in the HVAC equipment technology.

The minimum efficiency requirements for program participation are outlined on the Cool Choice rebate
forms. Equipment efficiency is the rated efficiency of the installed equipment for each project.

Hours

National Grid uses default hours of 777 hours®” for air cooled heat pumps and 1029 hours®” for water
cooled heat pumps.

Measure Life

The measure life is 15 years.*”

30! The Fleming Group (1994). Persistence of Commercial/Industrial Non-Lighting Measures, Volume 2, Energy Efficient
HVAC and Process Cooling Equipment. Prepared for New England Power Service Company

302 SAIC (1998). Impact Evaluation of the Design 2000plus Unitary HVAC Program. Prepared for National Grid.

303 The Fleming Group (1994). Persistence of Commercial/Industrial Non-Lighting Measures, Volume 2, Energy Efficient
HVAC and Process Cooling Equipment. Prepared for New England Power Service Company

3% Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1.
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Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

Heat Pumps | NC 1.00 | 1.00 | 1.25 | 0.90 | 1.00 | 0.44 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
Energy and demand RR based on 2011 NEEP load shape study.’”

Coincidence Factors
CFs from 1998 unitary HVAC study.’"

305 KEMA (2011). C&I Unitary HVAC Load Shape Project Final Report. Prepared for the Regional Evaluation, Measurement
and Verification Forum. Study 33 in the 2010 Massachusetts Electric Energy Efficiency Annual Report. AND The Fleming
Group (1994). Persistence of Commercial/Industrial Non-Lighting Measures, Volume 2, Energy Efficient HVAC and Process
Cooling Equipment. Prepared for New England Power Service Company. RRs found as the ratio between EFLH reported in each
study. RR calculated in order to maintain consistency with other PAs. New EFLHs from NEEP study to be used next year.

306 SAIC (1998). Impact Evaluation of the Design 2000plus Unitary HVAC Program. Prepared for National Grid
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HVAC - Dual Enthalpy Economizer Controls (DEEC)

Measure Overview

Description: The measure is to upgrade the outside-air dry-bulb economizer to a dual enthalpy
economizer. The system will continuously monitor the enthalpy of both the outside air and return
air. The system will control the system dampers adjust the outside quantity based on the two
readings.

Primary Energy Impact: Electric

Secondary Energy Impact: None

Non-Energy Impact: None

Sector: Commercial & Industrial

Market: Lost Opportunity, Retrofit

End Use: HVAC

Program: C&I New Construction and Major Renovation

Algorithms for Calculating Primary Energy Impacts

1Ton
AWh = (kBtu ! h) ——2"— |(SAVE
(kB )(IZkBtu/hJ( )

AW = (kBru /h)(nij(SA VE,,)

12 kBtu/ h
Where:
kBtu/h = Capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals
12 kBtu/h).
SAVEwnh = Average annual kWh reduction per ton of cooling capacity: 289 kWh/ton™”’
SAVEww = Average kW reduction per ton of cooling capacity: 0.289 kW/ton™®

Baseline Efficiency

The baseline efficiency case for this measure assumes the relevant HVAC equipment is operating with a
fixed dry-bulb economizer.

High Efficiency

The high efficiency case is the installation of an outside air economizer utilizing two enthalpy sensors,
one for outdoor air and one for return air.

Hours

Not applicable.

307 patel, Dinesh (2001). Energy Analysis: Dual Enthalpy Control. Prepared for NSTAR.
308 11
Ibid.
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Measure Life

The measure life is 10 years for lost-opportunity applications.”” The measure life is 7 years for retrofit
installations.>'

Secondary Energy Impacts

There are no secondary energy impacts for this measure.

Non-Energy Impacts

There are no non-energy impacts for this measure.

Impact Factors for Calculating Adjusted Gross Savings

Measure Program ISR | SPF RRE RRSP RRWP CFSP CFWP

DEEC |NC 1.00|1.00|1.00| 1.00 | 1.00 | 0.40 | 0.00

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

Savings Persistence Factor
All PAs use 100% savings persistence factors.

Realization Rates
RRs are 1.0 since there have been no impact evaluations of the prescriptive savings calculations.

Coincidence Factors
CFs from 1998 unitary HVAC study.”"!

3% Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint Utilities; Table 1-1

310 GDS Associates, Inc. (2007). Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures.
Prepared for The New England State Program Working Group; Table 2.

3 SAIC (1998). Impact Evaluation of the Design 2000plus Unitary HVAC Program. Prepared for National Grid
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HVAC - Demand Control Ventilation (DCV)

Measure Overview

Description: The measure, offered through the CoolChoice program, is to control quantity of
outside air to an air handling system based on detected space CO, levels. The installed systems
monitor the CO, in the spaces or return air and reduce the outside air use when possible to save
energy while meeting indoor air quality standards.

Primary Energy Impact: Electric

Secondary Energy Impact