


C.1 NATIONAL GRID POTENTIAL STUDY




















































































































































































































































































































































































































































































































































































C.2 EVERSOURCE POTENTIAL STUDY
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C.3 CAPE LIGHT COMPACT POTENTIAL STUDY
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C.4 BERKSHIRE GAS POTENTIAL STUDY
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EXECUTIVE SUMMARY

In 2020, Berkshire Gas Company, Liberty Utilities (Liberty), and Unitil (Fitchburg Gas and Electric)
contracted with Applied Energy Group (AEG) and our partner Cadeo to perform a comprehensive
demand-side management (DSM) market potential study (MPS). This study is an integral part of the
utilities” program planning process; ultimately the MPS provides guidance for the development of the
utilities’ program plans. This report covers the market characterization, baseline, and potential for Liberty'.

Definitions of Potential

In this study, the savings estimates are developed for five types of potential: technical potential, economic
potential, and three levels of achievable potential: Business as Usual (BAU), Business as Usual Enhanced
(BAU Plus), and Maximum Achievable. These are developed at the measure level, and results are provided
as annual savings impacts over the three-year planning period. The various levels are described below.

Technical Potential is the theoretical upper limit of efficiency potential, assuming that customers
adopt all feasible measures regardless of their cost or customer preference. At the time of existing
equipment failure, customers replace their equipment with the most efficient option available. In new
construction, customers and developers also choose the most efficient equipment option.

o Technical potential also assumes the adoption of every other available measure, where
applicable. For example, it includes installation of high-efficiency windows in all new
construction opportunities and smart thermostats installed on all applicable space heating
systems. These retrofit measures are phased in over a number of years to align with the stock
turnover of related equipment units, rather than modeled as immediately available all at once.

Economic Potential represents the adoption of all cost-effective energy efficiency measures. In this
analysis, the cost-effectiveness is measured by the total resource cost (TRC) test, which compares
lifetime energy and documented non-energy benefits to the incremental costs of the measure,
including additional operations and/or maintenance if applicable. If the lifetime benefits outweigh the
costs (that is, if the TRC ratio is greater than 1.0), a given measure is considered in the economic
potential. Customers are then assumed to purchase the cost-effective option at any decision juncture.

Achievable Potential refines economic potential by applying customer participation rates that
account for market barriers, customer awareness and attitudes, program maturity, and recent Liberty
program history. This study assesses three levels of achievable potential developed in coordination
with the other PAs and vendors conducting studies in Massachusetts. These are described in more
detail in Chapter 2:

o Business as Usual (BAU) Potential is calibrated to current program activity and assumes
incentives (and as a result, program participation) remain as they are today.

o BAU Plus and Maximum Achievable both reflect likely participation increases due to incentive
increases described in Chapter 2.
Study Approach

To perform the potential analysis, AEG used a bottom-up approach following the major steps listed and
illustrated in Figure ES- 1. The analysis steps are described in more detail in Section 2.

! Liberty's customer counts, baseline consumption and potential were developed inclusive of Blackstone Gas customers
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Liberty Utilities Market Potential Study| Executive Summary

1. Characterize the market in the base year (2019) using customer surveys, information and data from
Liberty, and secondary data sources, to describe how customers currently use energy by sector,
segment, end use and technology.

2. Develop a baseline projection of how customers are likely to use natural gas in absence of future
energy efficiency programs. This defines the metric against which future program savings are
measured. This projection uses up-to-date technology data, modeling assumptions, and energy
baselines that reflect both current and anticipated federal, state, and local energy efficiency legislation
and standards that will impact potential.

3. Estimate technical, economic, and achievable potential at the measure level for 2022 through 2024
to inform Liberty’s program design.

Figure ES-'1 Analysis Approach
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Key Findings

First-year potential savings for 2022 through 2024 and lifetime savings are presented in Table ES- 1. The
achievable BAU potential is in the range of 315,549 therms to 316,532 therms per year, or 0.45% of the
baseline projection. The residential sector accounts for the largest share of savings, approximately 52% of
achievable BAU potential savings in each year.
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Table ES-'1 Liberty First-Year Savings Potential for Planning Cycle (Therms)

First-year Savings Potential 2022 2023 2024
Reference Baseline 69,989,044 70,371,791 70,943,822
First-year Savings
Achievable BAU Potential 316,029 316,532 315,549
Achievable BAU Plus Potential 358,227 358,321 357,382
Achievable Max Potential 455,116 454,573 452,537
Economic Potential 1,002,037 987,899 973,874
Technical Potential 1,202,085 1,186,266 1,171,092
Savings as % of Baseline
Achievable BAU Potential 0.45% 0.45% 0.44%
Achievable BAU Plus Potential 0.51% 0.51% 0.50%
Achievable Max Potential 0.65% 0.65% 0.64%
Economic Potential 1.43% 1.40% 1.37%
Technical Potential 1.72% 1.69% 1.65%

Figure ES- 2 Liberty BAU Achievable Savings by Sector (Therms)
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Table ES- 2 provides an estimate of the utility cost to achieve the total portfolio savings for each of the
three levels of potential. These costs are an estimate only based on sector-average incentive levels and
administrative overhead costs from recent program years, and Liberty's actual costs will naturally vary.

Table ES- 2 Liberty Natural Gas Total Portfolio Cost to Achieve by Potential Level

Potential Level 2022 2023 2024
Total Portfolio Utility Costs

BAU S$5,850,896 $5,749,277 $5,783,219
BAU Plus $7,520,215 $7,385,295 $7,429,111
Max $10,949,822 $10,712,645 $10,762,388
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Conclusion

Liberty's portfolio of energy efficiency programs is performing solidly, however there is room for some
modest increase in annual potential acquisition if incentives are increased and programs can address
market barriers. However, both of these prospects will increase the cost of acquiring potential.

This study provides important information for planning the next program cycles. This study:

Describes and characterizes the customer base by energy source, sector, customer segment and end
use. At a glance, it is possible to see where the opportunities for program savings are likely to come
from.

Defines a baseline projection of energy use by end use against which savings can be measured. This
baseline takes into account existing and planned appliance standards and building codes, as well as
naturally occurring efficiency.

Evaluates a diverse set of energy efficiency measures in all three customer sectors.

Estimates the total amount of savings possible from cost-effective measures; these are savings above
and beyond those already included in the baseline projection.

Describes a set of achievable potential savings scenarios — BAU, BAU Plus, and Max — based on
increased incentives driving increased savings achievement that can be useful for program
development in the upcoming planning years 2022 through 2024

The results presented in this report are estimates based on the best available information available at the
time of the analysis and we expect variation in outcomes in the real world. This fact gives staff the
opportunity to deviate from specific annual values developed in the study as they design programs and
commit to annual program targets as well as gather more territory-specific information about baselines,
saturation and demand for program offerings.
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1
INTRODUCTION

In 2020, the Berkshire Gas Company, Liberty Utilities (Liberty), and Unitil (Fitchburg Gas and Electric)
contracted with Applied Energy Group (AEG) and our partner Cadeo to perform this comprehensive
demand-side management (DSM) Market Potential Study (MPS) for their natural gas service territory. The
key objectives of the study were to:

Estimate demand-side savings associated with traditional and emerging energy efficiency measures.

Engage with the statewide coordinators during the study to coordinate assumptions, measure lists,
and preliminary analysis results across vendors and utilities.

This study begins with market characterization to help Liberty understand how their customers use natural
gas today, then proceeds with baseline projection estimates incorporating the latest information on
federal, state, and local codes and standards for improving energy efficiency. Finally, the study assesses
various tiers of energy efficiency potential including technical, economic, and three levels of achievable
potential.

Liberty will use the results of this study as guidance for their upcoming DSM planning process to optimally
implement energy efficiency programs over the 2022-2024 term.

Potential Study Tasks

To produce a reliable and transparent estimate of efficiency potential, AEG performed the following tasks
to meet Liberty’'s key objectives:

Characterize the market in the base year (2019) using Massachusetts statewide baseline study data,
customer data from Liberty, and secondary data sources to describe how customers currently use
energy by sector, segment, end use and technology.

Develop a baseline projection of how customers are likely to use natural gas in absence of future
energy efficiency programs. This counterfactual projection defines the metric against which future
program savings are measured. This projection used up-to-date technology data, modeling
assumptions, and energy baselines that reflect both current and anticipated federal, state, and local
energy efficiency legislation and standards that will impact potential.

Estimate the technical, economic, and achievable potential at the measure level for energy efficiency
over the 2022 to 2024 planning horizon to inform Liberty's program design.

This report documents the results of the study as well as the steps followed in its completion. Throughout
this study, AEG worked with Liberty to understand the baseline characteristics of their service territory,
including a detailed understanding of energy consumption, the assumptions and methodologies used in
Liberty's official load forecast, and recent DSM program accomplishments.
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Abbreviations and Acronyms

Throughout the report we use a number of abbreviations and acronyms. Table 1-1 shows the abbreviation
or acronym, along with an explanation.

Table 1-1  Explanation of Abbreviations and Acronyms

Acronym Explanation

AEO Annual Energy Outlook forecast developed by EIA
AESC Avoided Energy Supply Components
BCR Benefit Cost Ratio
BEST AEG’s Building Energy Simulation Tool
C&l Commercial and Industrial
DRIPE Demand Reduction Induced Price Effect
DSM Demand Side Management
EE Energy Efficiency
EIA Energy Information Administration
EISA Energy Independence and Security Act of 2007
EUL Effective Useful Life
EUI Energy Utilization Index
HH Households
HVAC Heating Ventilation and Air Conditioning
LoadMAP™ AEG’s Load Management Analysis and Planning tool
mTherms Thousand therms
MMtherms Million therms
NEI Non-Energy Impacts
O&M Operations and Maintenance
PA Program Administrator
Sq.Ft. Square feet
TRC Total Resource Cost
TRM Technical Reference Manual
UEC Unit Energy Consumption
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2

ANALYSIS APPROACH AND DATA SOURCES

This
tod

section describes the analysis approach taken for the study and summarizes the data sources used
evelop the potential estimates.

Overview Analysis Approach

Top
and
sect

1.

erform the potential analysis, AEG used a bottom-up approach following the major steps listed below
illustrated in Figure 2-1. We describe these analysis steps in more detail in the remainder of this
ion.

Performed a market characterization to describe natural gas use at an end-use level for the residential
and commercial sectors for the base year, 2019. The Massachusetts Baseline Studies for the Residential
and Commercial sectors are the primary data source for this characterization. They were
supplemented as needed by a variety of secondary data sources.

Defined and characterized energy efficiency measures to be applied to all sectors, segments, and end
uses. AEG developed the measure list using Liberty’s current programs, the Massachusetts state TRM,
measure lists developed in coordination with the other Massachusetts Potential Study teams, measure
lists from other studies, and new/emerging technologies.

Developed a baseline end-use projection of energy consumption by sector, segment, end use, and
technology for 2020 through 2024.

Estimated technical, economic and three levels of achievable potential at the measure level for 2022
through 2024.

Figure 2-1 Analysis Approach
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Definitions of Potential

In this study, the savings estimates are developed for five types of potential: technical potential, economic
potential, and three levels of achievable potential: Business as Usual (BAU), Business as Usual Enhanced
(BAU Plus), and Maximum Achievable. These are developed at the measure level, and results are provided
as annual savings impacts over the three-year planning period. The various levels are described below.

Technical Potential is the theoretical upper limit of efficiency potential, assuming that customers
adopt all feasible measures regardless of their cost or customer preference. At the time of existing
equipment failure, customers replace their equipment with the most efficient option available. In new
construction, customers and developers also choose the most efficient equipment option.

Technical potential also assumes the adoption of every other available measure, where applicable. For
example, it includes installation of high-efficiency windows in all new construction opportunities and
smart thermostats installed on all applicable space heating systems. These retrofit measures are
phased in over a number of years to align with the stock turnover of related equipment units, rather
than modeled as immediately available all at once.

Economic Potential represents the adoption of all cost-effective energy efficiency measures. In this
analysis, the cost-effectiveness is measured by the total resource cost (TRC) test, which compares
lifetime energy and documented non-energy benefits to the incremental cost of the measure,
including additional operations, maintenance, and/or program administrative costs if applicable. If the
benefits outweigh the costs (that is, if the TRC ratio is greater than 1.0), a given measure is considered
in the economic potential. Customers are then assumed to purchase the cost-effective option at any
decision juncture.

Achievable Potential refines economic potential by applying customer participation rates that
account for market barriers, customer awareness and attitudes, program maturity, and recent Liberty
program history. This study assesses three levels of achievable potential developed in coordination
with the other PAs and vendors conducting studies in Massachusetts.

o Business as Usual (BAU) Potential is calibrated to current program activity and assumes
incentives (and as a result, program participation) remain as they are today.

o BAU Plus and Maximum Achievable both reflect likely participation increases due to incentive
increases described later in this chapter.

LoadMAP Model

For this analysis, AEG used its Load Management Analysis and Planning tool (LoadMAP™) version 5.0 to
develop both the baseline end use projection and the estimates of potential. AEG developed LoadMAP in
2007 and has enhanced it over time. Built in Excel, the LoadMAP framework (see Figure 2-2) is both
accessible and transparent and has the following key features.

Embodies the basic principles of rigorous end use models (such as EPRI's REEPS and COMMEND) but
in a more simplified, accessible form.

Includes stock-accounting algorithms that treat older, less efficient appliance/equipment stock
separately from newer, more efficient equipment. Equipment is replaced according to the measure life
and appliance vintage distributions defined by the user.

Balances the competing needs of simplicity and robustness by incorporating important modeling
details related to equipment saturations, efficiencies, vintage, and the like, where market data are
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available, and treats end uses separately to account for varying importance and availability of data
resources.

e Isolates new construction from existing equipment and buildings and treats purchase decisions for
new construction and existing buildings separately.

e Uses a simple logic for appliance and equipment decisions. Other models available for this purpose
embody complex decision choice algorithms or diffusion assumptions, and the model parameters
tend to be difficult to estimate or observe and sometimes produce anomalous results that require
calibration or even overriding. The LoadMAP approach allows the user to drive the appliance and
equipment choices year by year directly in the model. This flexible approach allows users to import
the results from diffusion models or to input individual assumptions. The framework also facilitates
sensitivity analysis.

e Can accommodate various levels of segmentation. Analysis can be performed at the sector level (e.g.,
total residential) or for customized segments within sectors (e.g., housing type or income level).

o Natively outputs model results in a detailed line-by-line summary file, allowing for review of input
assumptions, cost-effectiveness results, and potential estimates at a granular level.

o Consistent with the segmentation scheme and the market profiles we describe below, the LoadMAP
model provides projections of baseline energy use by sector, segment, end use, and technology for
existing and new buildings. It also provides forecasts of total energy use and energy efficiency savings
associated with the various types of potential.?

Figure 2-2  LoadMAP Analysis Framework

Foreca'st Energy Efﬁ(_:lency Project Results
Assumptions Analysis
e Market size and ¢ By technology, e Customer, e List of measures * Baseline end
segmentation end use, growth, energy e Saturations use projection
* Equipment segment, prices, - * Participation * Energy
saturation vintage and elasticities rates efficiency
* Vintage sector o Effigiency - veldlad) @asie projections }
distribution options, codes o Fash e Technical
o lIni and standards, : o .
Unit energy effectiveness Economic

consumption purchase shares

e Existing and
new
construction

e Achievable

2 The model computes energy projection for each type of potential for each end use as an intermediate calculation. Annual-energy savings
are calculated as the difference between the value in the baseline projection and the value in the potential projection (e.g., the technical
potential projections).
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MPS Analysis Tasks

Market Characterization

To estimate the savings potential from energy-efficient measures, it is necessary to understand how much
energy is used today and what equipment is currently in service. This characterization begins with a
segmentation of Liberty's energy footprint to quantify energy use by sector, segment, end use application,
and the current set of technologies used. For this we rely primarily on information from the Massachusetts
baseline studies.

Segmentation for Modeling Purposes
The segmentation scheme for this study is presented in Table 2-1.

Table 2-1  Overview of Liberty Segmentation Scheme

Dimension Segmentation Variable Description
1 Company Liberty Utilities
2 Sector Residential, Commercial, Industrial

Residential: by housing type (single family and multi family), income
level (low-income/ not low-income)

Commercial: office, retail, restaurant, grocery, college, school, health

3 Segment . .
care, lodging, warehouse, miscellaneous
Industrial: By industry type as appropriate to the utility customer
base
4 Vintage Existing and new construction
Space heating, water heating, etc. (as appropriate by sector and
5 End uses p g g (as approp y

energy type)

Appliances/end uses and

6 ) Technologies such as furnaces, boilers, etc. for space heating, etc.
technologies

7 Equipment efficiency levels for Baseline and higher-efficiency options as appropriate for each
new purchases technology

With the segmentation scheme defined, we then performed a high-level allocation of energy sales in the
base year, 2019. We used secondary sources to allocate energy use and customers to the various sectors
and segments such that the total customer count and energy consumption matched the Liberty system
totals from 2019. This information provided control totals at a sector level for calibrating the LoadMAP
model to known data for the base-year.

Market Profiles

The next step was to develop market profiles for each sector, customer segment, end use, and technology.
A market profile includes the following elements:

Market size is a representation of the number of customers in the segment. For the residential sector,
the unit is number of households. In the commercial sector, it is floor space measured in square feet.

Saturations define the fraction of homes or square feet with the various technologies. (e.g., percent
of homes with gas water heating).

UEC (unit energy consumption) or EUl (energy-utilization index) describes the amount of
energy consumed in the base year by a specific technology in homes or buildings that have the
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technology. UECs are expressed in therms/household for the residential sector, and EUls are expressed
in therms/square foot for the commercial sector.

Annual energy intensity for the residential sector represents the average energy use for the
technology across all homes in 2019. It is computed as the product of the saturation and the UEC and
is defined in therms/household terms. For the commercial sector, intensity, computed as the product
of the saturation and the EUI, represents the average use for the technology across all floor space in
the base year.

Annual usage is the annual energy used by each end use technology in the segment. It is the product
of the market size and intensity and is quantified in mTherms.

Baseline End Use Projection

The next step was to develop a baseline projection of annual natural gas use for 2020 through 2024 by
customer segment and end use to quantify the likely consumption in the future in absence of any energy
efficiency programs. The end-use projection includes the relatively certain impacts of codes and standards
that will unfold over the study timeframe. All such mandates that were defined as of January 2021 are
included in the baseline®. The baseline projection also includes projected naturally occurring energy
efficiency during the potential forecast period. The baseline projection is the foundation for the analysis
of savings from future efficiency cases and scenarios as well as the metric against which potential savings
are measured.

Inputs to the baseline projection include:
Current market growth forecasts (i.e., customer growth, income growth) provided by Liberty
Trends in fuel shares and equipment saturations from the US Department of Energy
Existing and approved changes to building codes and equipment standards

Naturally occurring efficiency improvements, which include purchases of high-efficiency equipment
options outside of EE programs.

Energy Efficiency Measure Development

This section describes the framework used to assess the savings, costs, and other attributes of energy
efficiency measures. These characteristics form the basis for measure-level cost-effectiveness analyses as
well as for determining measure-level savings. For all measures, AEG assembled information to reflect
equipment performance, incremental costs, non-energy impacts, and equipment lifetimes. We used this
information along with avoided cost data from the 2021 final AESC in the economic screen to determine
economically feasible measures.

Figure 2-3 outlines the approach for measure analysis. The framework for assessing savings, costs, and
other attributes of measures involves identifying the list of measures to include in the analysis, determining
their applicability to each market sector and segment, fully characterizing each measure, and performing
cost-effectiveness screening. AEG participated in coordinating calls arranged by Apex Analytics* so that
high profile measure inputs could be discussed among the various potential study vendors.

We compiled a robust list of measures for each customer sector, drawing upon Liberty’'s program
experience, measures identified in coordination with the other Massachusetts Potential Study teams, the

3 The findings of the recently passed MA Clean Energy Climate Plan were not available in time to be incorporated into this analysis
4 Apex Analytics served as a facilitator to assist PAs and vendors in coordinating their assumptions.
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Massachusetts Technical Reference Manual (TRM), AEG's measure databases and building simulation
models, and secondary sources. New and emerging technologies were identified for inclusion in the list
through a detailed screening process that assessed the feasibility of measures. AEG engineers, through
the AEG DEEM database, constantly monitor for new and emerging measures by following trends in
energy-efficient technologies that are available on the market, as well as those expected to be on market
in the coming years.

This universal list of measures covers all major types of end use equipment, as well as devices and actions
to reduce energy consumption. If considered today, some of these measures would not pass the economic
screens initially but may pass in future years as a result of lower projected equipment costs or higher
avoided cost benefits.

Figure 2-3 Approach for Measure Assessment

Inputs Process

i AEG universal
PA review / feedback — = = = = measure list
PA BCR Files and program data Measure
(Status reports, MATRM, K == == == == d o
evaluation reports, etc.) N escriptions

Measure characterization

Energy savings Costs and NEls
Lifeti Saturation and
iretime applicability

- Economic screen
(TRC)

AEG measure data library
(DEEM)

Building simulations e

Avoided costs,
discount rate

The selected measures are categorized into two types according to the LoadMAP modeling taxonomy:
equipment measures and non-equipment measures.

Equipment measures are efficient energy consuming pieces of equipment that save energy by
providing the same service with a lower energy requirement than a standard unit. An example is an
ENERGY STAR® residential water heater that replaces a standard-efficiency water heater. For equipment
measures, many efficiency levels may be available for a given technology, ranging from the baseline unit
(often determined by code or standard) up to the most efficient product commercially available. These
measures are applied on a stock-turnover basis, and in general, are referred to as lost opportunity
measures since once a purchase decision is made, there will not be another opportunity to improve the
efficiency of that equipment item until the lifetime expires again.

o Equipment Life. Energy using equipment is modeled with both a minimum and maximum lifetime
rather than a single average value. This provides a more real-world smooth curve of decaying and
replaced equipment as opposed to a single mass failure in which a whole population of equipment
would be replaced. Instead, the model assumes some equipment will be replaced earlier than the
average lifetime, and some replacements may be delayed past the average useful life.
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o Purchase Shares. In the base case, market data from surveys or the Department of Energy’s Annual
Energy Outlook (AEO) provide the foundational assumptions of how replacement or new
construction equipment will be distributed across the available options. These purchase shares
will then be altered in the potential scenarios according to their definitions above. For example,
in the technical potential case, 100% of replacement and new construction purchases will be the
most efficient option and for economic potential, 100% of purchases will be in the most efficient
cost-effective option (if any). For the achievable cases, only a subset of the purchases is diverted
to the economic efficiency option, defined by the participation rates.

Non-equipment measures save energy by reducing the need for delivered energy, but typically do
not involve replacement or purchase of major end use equipment (such as a furnace or water heater).
Since measure installation is not tied to a piece of equipment reaching the end of its useful life, these are
generally categorized as “retrofit” measures. Non-equipment measures can apply to more than one end
use. An example would be insulation that modifies a household'’s space heating consumption, but does
not change the efficiency of the furnace. The existing insulation can be achievably upgraded without
waiting any existing equipment to malfunction, and saves energy used by the furnace. Non-equipment
measures typically fall into one of the following categories:

o Building shell (windows, insulation, roofing material)

o Equipment controls (smart thermostats, water heater setback)

o Whole-building design (advanced new construction)

o Displacement measures (destratification fans to reduce use of space heating equipment)
o Retro-commissioning

o Energy management programs

o Behavioral

Once we assembled the list of measures, AEG assessed their energy-saving parameters and characterized
incremental cost, effective useful life (EUL), and other performance factors. Following the measure
characterization, we performed an economic screening of each measure, which serves as the basis for
developing the economic and achievable potentials.

Representative Measure Data Inputs

Table 2-2 and Table 2-3 present examples of the detailed data inputs behind both equipment and non-
equipment measures, respectively, for the case of residential furnaces. Table 2-2 displays the various
efficiency levels available as equipment measures, as well as the corresponding useful life, energy usage,
and equipment cost estimates. The columns labeled On Market and Off Market reflect equipment
availability due to codes and standards or the entry of new products to the market.
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Table 2-2  Example Equipment Levels for Residential Furnaces (Single Family Homes)

Efficiency Level Min. Life Max Life E u::url‘r:ent Energy Usage On Off
v (years) (years) q Czst (therms/year) Market Market

0,

AFUE .SSA 10 20 $3,148 480 2019 2023

(Baseline)

AFUE 90%

(Baseline 2023+) 10 20 $3,661 453 2019 n/a

ENERGY STAR (4.1) -

AFUE 95% 10 20 $3,864 429 2019 n/a

AFUE 97% 10 20 $4,222 421 2019 n/a

Table 2-3 lists some of the non-equipment measures applicable to residential furnaces. All measures are
evaluated for cost-effectiveness based on the lifetime benefits relative to the cost of the measure. The
total savings, costs, and monetized non-energy benefits are calculated for each year of the study and
depend on the base year saturation of the measure, the applicability® of the measure, and the savings as
a percentage of the relevant energy end uses.

Table 2-3  Example Non-Equipment Measures (Single Family Homes)

e s Installed . .
End Use Measure Base—Y?ar Applicability HLCHIINE Cost per Energy Savm_gs AnaIYSIS
Saturation® (yrs) Unit (therms/unit) Unit
Space Insulation - Sqft
pace Ceiling 0% 5% 25 $1.22 0.03 9:
Heating . (roof)
Installation
Space Insulation — Wall Sq ft
pace Cavity 0% 5% 25 $1.72 0.04 9.
Heating . (wall)
Installation
ENERGY STAR
Space .
. Connected 35% 100% 15 $303 31.1 unit
Heating
Thermostat
Water Water Heater — 35% 100% 7 $3.00 21 faucet

Heating Faucet Aerators

Calculation of Energy Efficiency Potential

The approach used to calculate the energy efficiency potential adheres to the approaches and conventions
outlined in the National Action Plan for Energy-Efficiency (NAPEE) Guide for Conducting Potential Studies.’
This document represents credible and comprehensive industry best practices for specifying energy
efficiency potential. Three types of potential developed as part of this effort: are described below.

Technical Potential

The calculation of technical potential is a straightforward algorithm which, as described in the Definitions
of Potential section, assumes that customers adopt all feasible measures regardless of their cost.

5 Applicability factors take into account whether the measure is applicable to a particular building type and whether it is feasible to install
the measure. For instance, duct repair and sealing is not applicable to homes with zonal heating systems since there is no ductwork present
to repair.

6 Note that saturation levels reflected for the base year change over time as more measures are adopted.

" National Action Plan for Energy Efficiency (2007). National Action Plan for Energy Efficiency Vision for 2025: Developing a Framework for
Change. www.epa.gov/eeactionplan.
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Economic Potential - Screening Measures for Cost-Effectiveness

With technical potential established, the next step is to apply an economic screen and arrive at the subset
of measures that are cost-effective and ultimately included in achievable potential. Like Technical Potential,
this is a hypothetical that is generally equal to technical where measures are cost effective®, and zero
where they are not.

LoadMAP performs an economic screen for each individual measure in each year of the planning horizon.
This study uses the TRC test as the cost-effectiveness metric, which compares the lifetime energy benefits
and monetized non-energy impacts of each applicable measure with its costs. The lifetime benefits are
calculated by multiplying the annual energy savings for each measure by the avoided costs and
discounting the dollar savings to the present value equivalent. Lifetime costs include not only incremental
measure cost, but also any non-energy impacts as quantified in the Massachusetts TRM — which may
include one-time or annual values, also discounted to present value. The analysis uses the measure
savings, costs, and lifetimes that were developed as part of the measure characterization process
described in the Energy Efficiency Measure Development section.

The LoadMAP model performs the economic screening dynamically, taking into account changing savings
and cost data over time. Thus, some measures might pass the TRC test for some — but not all — of the
years in the forecast.

It is important to note the following about the economic screen:

The economic evaluation of every measure in the screen is conducted relative to a baseline condition.
For instance, in order to determine the energy savings potential of a measure, consumption with the
measure applied must be compared to the consumption of a baseline condition.

Economic screening is conducted only for measures that are applicable to each building type and
vintage; thus, if a measure is deemed to be irrelevant to a building type and vintage, it is excluded
from the respective economic screen.

The economic potential includes every program-ready opportunity for energy efficiency savings.

Achievable Potential - Estimating Customer Adoption

Once the economic potential is established, estimates for achievable customer adoption rates for each
measure are applied specifying the percentage of customers assumed to select the highest—efficiency,
cost-effective option. This phases the potential for capturing energy efficiency in over a more realistic time
frame that considers barriers such as imperfect information, supplier constraints, technology availability,
and individual customer preferences.

For this potential study, AEG leveraged existing database of customer participation from across the
country for territories similar to the PAs, then calibrated these adoption rates to match existing program
performance, establishing the business-as-usual (BAU) case.

The BAU Plus and maximum achievable cases were then derived from the BAU case using lift factors that
AEG developed through analysis of utility programs throughout the country and the scenario definitions
agreed upon in coordination with the PA's potential study vendors.

8 Some interactions between measures that operate on the same end use are altered when other measures drop out, so economic potential
can change slightly compared to technical, however such changes are usually miniscule
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Business as usual (BAU): Pre-COVID incentive levels. Expected that 2022-2024 participation will look
like the past and does not introduce new measures unless substantially similar to current program
offerings.

Business as Usual Enhanced (BAU Plus): Increases weatherization incentives to 90% of incremental
cost, and other incentives by up to 50%, to a maximum of 90% (unless current incentives are already
higher than this). In this scenario we also introduce adoption of cost-effective measures not currently
part of existing programs, based on the average participation of existing program measures.

Maximum Achievable: Takes all incentives to 100% and assumes best practices regarding program
delivery and outreach.

Data Development

This section details the data sources used in this study, followed by a discussion of how these sources
were applied. In general, data were adapted to local conditions, for example, by using local sources for
measure data and local weather for building simulations.

Data Sources
The data sources are organized into the following categories:
Liberty-specific data
Massachusetts Statewide Residential and Commercial surveys
Cadeo's analysis and research
AEG's databases and analysis tools
Other secondary data and reports
Liberty Data
Our highest priority data sources for this study were those that were specific to Liberty.

Liberty customer account database. The data request included billing data for 2019, the most
recent year for which complete billing data was available. Liberty provided 2019 natural gas sales and
customers by sector.

Additional Customer Data. Liberty also provided customer totals and consumption for Blackstone
Gas customers to be included in this analysis

Load forecast data. Liberty provided the following forecast data: customer growth forecasts, and
sales forecasts.

Energy efficiency program data (BCR Models). Liberty provided historical energy efficiency
program accomplishments for 2016-2019.

Massachusetts State Data
Massachusetts Baseline studies for the residential and commercial sectors

Economic Information. Avoided costs and discount rate from the 2021 Avoided Energy Supply
Components study (AESC), final draft

Massachusetts Statewide Technical Reference Manual (TRM) : AEG used the 2019 Report edition of the
Massachusetts TRM
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Cadeo Analysis and Research

Cadeo contributed research and analysis to improve the clarity of data used to inform the potential study,
utilizing existing data source noted in this section as well as their past experience with energy efficiency
programs in the region, including:

Analysis of the current and past Massachusetts Commercial baseline studies in combination with the
EIA data noted below to improve the quality of the commercial natural gas market characterization

Reviewed program history in the PA territories to provide insight and analysis on the remaining market
available for residential measures

AEG Data

AEG maintains several databases and modeling tools that we use for forecasting and potential studies.
Relevant data from these tools has been incorporated into the analysis and deliverables for this study.

AEG Energy Market Profiles. For more than 15 years, AEG staff has maintained profiles of end use
consumption for the residential, commercial, and industrial sectors. These profiles include market size,
fuel shares, unit consumption estimates, and annual energy use by fuel, customer segment and end
use for 10 regions in the U.S. The Energy Information Administration surveys (RECS, CBECS and MECS)
as well as state-level statistics and local customer research provide the foundation for these regional
profiles.

Building Energy Simulation Tool (BEST). AEG's BEST is a derivative of the DOE 2.2 building
simulation model, used to estimate base-year UECs and EUIs, as well as measure savings for the HVAC-
related measures.

AEG’'s Database of Energy Efficiency Measures (DEEM). AEG maintains an extensive database
of measure data for our studies. Our database draws upon reliable sources including the California
Database for Energy Efficient Resources (DEER), the EIA Technology Forecast Updates — Residential
and Commercial Building Technologies — Reference Case, RS Means cost data, and Grainger Catalog
cost data.

Recent studies. AEG has conducted more than sixty studies of EE potential in the last five years. We
checked our input assumptions and analysis results against the results from these other studies, within
the region and numerous studies from across the U.S.

Other Secondary Data and Reports

Finally, a variety of secondary data sources and reports were used for this study. The main sources are
identified below.

Annual Energy Outlook. The Annual Energy Outlook (AEO), conducted each year by the U.S.
Energy Information Administration (EIA), presents yearly projections and analysis of energy topics. For
this study, we used data from the 2019 AEQ.

Energy Information Administration Surveys. The Residential Energy Consumption Survey
(RECS) and Commercial Building Energy Consumption Survey (CBECS) provided supplemental and
benchmarking data for market characterization.

Local Weather Data. Weather data (heating degree days both actual and normal) was provided by the
PAs
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Other relevant resources: These include reports from the Consortium for Energy Efficiency, the
Environmental Protection Agency, and the American Council for an Energy-Efficient Economy.

Application of Data to the Analysis
We now discuss how the data sources described above were used for each step of the study.

Data Application for Market Characterization

To construct the high-level market characterization of energy consumption and market size units
(households for residential, floor space for commercial), we used Liberty-provided billing data,
Massachusetts baseline studies, and secondary data from AEG's Energy Market Profiles databases.

Data Application for Market Profiles

The specific data elements for the market profiles, together with the key data sources, are shown in Table
2-4. To develop the market profiles for each segment, we used the following approach:

1. Developed control totals for each segment, which are the authoritative total market size, segment-
level annual natural gas, and annual intensity (use per customer or market unit) to which the models
will be calibrated. This analysis relied primarily on detailed customer data provided by the PAs which
included designations of customer type (such as single family residence or commercial office), as well
as data on building/home size and associated energy consumption.

2. Compared and cross-checked with other recent AEG studies.
3. Worked with Liberty staff to vet the data against their knowledge and experience.
Table 2-4 Data Applied to the Market Profiles

Model Inputs Description Key Sources

Liberty account database
Liberty customer surveys
Liberty Load Forecasts

Base-year energy consumption by sector as well as
detailed market segment

Annual energy
consumption

Liberty customer forecasts

Market size

Annual intensity

Appliance/equipment
saturations

UEC/EUI for each end use
technology

Appliance/equipment age
distribution

Base-year residential dwellings, commercial floor
space

Residential: Annual use per household
Commercial and Industrial: Annual use per square
foot

Fraction of dwellings with an
appliance/technology

Percentage of C&l floor space with
equipment/technology

UEC: Annual natural gas use in homes and
buildings that have the technology

EUI: Annual natural gas use per square foot for a
technology in floor space that has the technology

Age distribution for each technology

Liberty account database
Liberty customer surveys
Previous Liberty MPS

Liberty customer surveys
AEG’s Energy Market Profiles
Other recent studies

Massachusetts Baseline Studies
American Community Survey
(ACS)

Previous Liberty MPS

AEG’s Energy Market Profiles

Massachusetts TRM

HVAC uses: BEST simulations
using prototypes developed for
Liberty

AEG’s DEEM

Recent AEG studies

Massachusetts Baseline Studies
Previous Liberty MPS
Recent AEG Studies
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Data Application for Baseline Projection

Table 2-5 summarizes the LoadMAP model inputs required for the market profiles. These inputs are
required for each segment in each sector, as well as for new construction and existing dwellings/buildings.

Table 2-5 Data Applied for the Baseline Projection in LoadMAP

Model Inputs Description Key Sources
Customer growth Forecasts of new construction and turnover of existing .
g . . . Liberty customer forecasts
forecasts buildings in residential and C&I sectors
Shipment data from AEO
g . - . . - : and ENERGY STAR
Equipment purchase For each equipment/technology, purchase shares for eac .
Akl B . . quip / . Erak . . AEO regional forecast
shares for baseline efficiency level; specified separately for existing equipment assumptions®
projection replacement and new construction P

Appliance/efficiency
standards analysis

In addition, assumptions were incorporated for known future equipment standards as of January 2021, as
shown in Table 2-6 and Table 2-7. The assumptions tables here extend through 2025, after which all
standards are assumed to hold steady.

Table 2-6  Residential Natural Gas Equipment Standards

Technology 2020 2021 2022 2023 2024 2025
Furnace — Direct Fuel AFUE 85% AFUE 92%*
Space Heating
Boiler — Direct Fuel AFUE 84%
Secondary Heating Fireplace N/A
Water Heater <= 55 gal. UEF 0.60
Water Heating
Water Heater > 55 gal. UEF 0.603
Clothes Dryer CEF 3.30
Appliances
Stove/Oven N/A
Pool Heater TE 0.82
Miscellaneous
Miscellaneous N/A

° We developed baseline purchase decisions using the Energy Information Agency’s Annual Energy Outlook report (2019), which utilizes
the National Energy Modeling System (NEMS) to produce a self-consistent supply and demand economic model. We calibrated equipment
purchase options to match distributions/allocations of efficiency levels to manufacturer shipment data for recent years and then held values
constant for the study period.
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Table 2-7  Commercial and Industrial Natural Gas Equipment Standards

End Use

Liberty Utilities Market Potential Study | Analysis Approach and Data Sources

Technology 2021 2022 2023 plopZi

Space Heating

Water Heater

Efficiency Measure Data Application

Furnace AFUE 85% / TE 0.85

Boiler Industry Standard Practice Baseline (AFUE 85%)

Unit Heater Standard (intermittent ignition and power venting or automatic flue damper)
Water Heating TE 0.80

Table 2-8 details the energy-efficiency data inputs to the LoadMAP model. It describes each input and
identifies the key sources used in the Liberty analysis.

Table 2-8 Data Needs for the Measure Characteristics in LoadMAP

Model Inputs

Energy Impacts

Costs

Measure Lifetimes

Applicability

On Market and Off
Market Availability

Description

The annual reduction in consumption attributable to each
specific measure. Savings were developed as a
percentage of the energy end use that the measure
affects.

Equipment Measures: Includes the full cost of purchasing
and installing the equipment on a per-household, per-
square-foot, or per employee basis for the residential and
commercial sectors, respectively.

Non-Equipment Measures: Existing buildings — full
installed cost. New Construction - the costs may be either
the full cost of the measure, or as appropriate, it may be
the incremental cost of upgrading from a standard level
to a higher efficiency level.

Estimates derived from the technical data and secondary
data sources that support the measure demand and
energy savings analysis.

Estimate of the percentage of dwellings in the residential
sector, or square feet in the commercial sector, where the
measure is applicable and where it is technically feasible
to implement.

Expressed as years for equipment measures to reflect
when the equipment technology is available or no longer
available in the market.

Data Application for Cost-Effectiveness Screening

Key Sources

1. MA TRM Algorithms or
deemed savings

AEO 2019

Building Energy Simulations
AEG DEEM library

Other secondary sources

e v

PA BCR files (EM&V)
AEO 2019

AEG DEEM

Other secondary sources

= @M E

MA TRM

AEO 2019

AEG DEEM

Other secondary sources

B wnNe

[N

MA TRM

2.  MA Baseline Studies and PA
specific inputs

3. AEG DEEM

Other secondary sources

AEG appliance standards and
building codes analysis

To the extent feasible, costs for measures in the potential study were derived from the BCR files provided
by the PAs. In cases where costs needed to be normalized and adjusted for different customer segments
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(e.g., properly sizing furnaces for different home sizes or commercial buildings), values from well vetted
sources such as the US Energy Information Administration were used to supplement the BCR data.

To perform the cost-effectiveness screening, a number of economic assumptions were needed. All cost
and benefit values were analyzed as real 2020 dollars, using information from the AESC study including:

Avoided costs of energy
DRIPE values and other benefits

Discount rate (real)®

Estimates of Customer Adoption Rates

Adoption rates for equipment and non-equipment measures are described separately below.

Customer adoption rates, also referred to as take rates or ramp rates, are applied to measures on a
year-by-year basis. These rates represent customer adoption of measures when delivered through a
portfolio of well-operated efficiency programs under a reasonable policy or regulatory framework. The
approach for estimating Liberty adoption rates had two parts:

1.

Initial adoption rate assumptions from AEG past research. AEG has performed numerous market
research studies in various jurisdictions across the country and initially developed potential estimates
using adoption rates based on this past research in territories broadly analogous to Liberty's as a first
stepping stone towards BAU potential.

Calibrating adoption rates to current programs. AEG next compared Liberty's historic program
participation and accomplishments to the model’s initial estimate to determine necessary adjustments.

To recap, BAU adoption rates were estimated as follows:

o Group measures in the potential study into categories that align with existing Liberty programs
o Assess achievable potential using AEG's past research and estimates of participation

o Calibrate the final BAU participation by comparing participation in current programs to potential
under AEG's original assumptions and adjusting the participation rates accordingly

These adoption rates are applied to economic potential in 2022-2024 to compute achievable
potential.

Adoption rates are held fixed for the three-year planning period. Assuming the same incentive and
delivery structure across these three years (for BAU), participation is assumed to hold constant. This
is consistent with the BCR Models and TRM, which also hold assumptions constant for the planning
period.

The BAU Plus and Maximum Achievable cases were produced by applying a “lift" factor to the BAU
adoption rates. AEG's previous market research into customer behavior and program interest provided
guidance on the amount of increased adoption that could be expected under each of the defined
scenarios.

Adoption rates for each potential case are provided in the appendix worksheet accompanying this
report.

10 Discount rate was 0.81%, taken from the AESC 2021 final workbooks.
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Technical diffusion curves for non-equipment measures. While equipment measures are driven
by the stock turnover model and have a natural limit to how many units come available in a given year,
non-equipment measures do not have this natural periodicity. A home’s insulation or thermostat, for
example, can be upgraded or replaced at any time, and there is rarely a “failure” condition that would
force this decision. To reflect this, rather than installing all available non-equipment measures in the first
year of the projection (instantaneous potential), AEG generally assumes these measures phase in over a
20-year period, providing a steady rollout of available market for each year.

Following this technical diffusion step, the process from technical to economic and achievable adoption
and potential follows the same sequence as above.
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3
ANALYSIS AND RESULTS

This section details the study results and potential estimates for Liberty as a whole and by sector.

Overall Energy Efficiency Potential

This section presents the natural gas energy efficiency potential for the planning period 2022-2024.

Incremental Potential for Planning Cycle Years

First-year potential savings for 2022 through 2024 are presented in Table 3-1. The achievable BAU potential
is in the range of 315,549 therms to 316,532 therms per year, or 0.45% of the baseline projected in absence
of future DSM (see chapter 2 for further details on the baseline case assumptions).. BAU Plus potential is
approximately 13% higher with a range of 357,382 therms to 358,321 therms per year, or 0.51% of the
baseline. Maximum achievable potential is approximately 44% higher than BAU, with a range of 452,537
therms to 455,116 therms per year, or 0.65% of the baseline.

Notably, the majority of technical potential is economic, which is unusual in most potential studies, but
due in this case to very high avoided costs in Massachusetts and significant non-energy impacts associated
with a number of measures. However, cost-effectiveness by itself does not necessarily produce achievable
potential, as discussed in Chapters 2, 3, and the Conclusion.

Table 3-1  Liberty Utilities First-Year Savings Potential for Planning Cycle (Therms)

First-year Savings Potential 2022 2023 2024
Reference Baseline 69,989,044 70,371,791 70,943,822
First-year Savings

Achievable BAU 316,029 316,532 315,549
Achievable BAU Plus 358,227 358,321 357,382
Achievable Max 455,116 454,573 452,537
Economic 1,002,037 987,899 973,874
Technical 1,202,085 1,186,266 1,171,092
Savings as % of Baseline

Achievable BAU 0.45% 0.45% 0.44%
Achievable BAU Plus 0.51% 0.51% 0.50%
Achievable Max 0.65% 0.65% 0.64%
Economic 1.43% 1.40% 1.37%
Technical 1.72% 1.69% 1.65%

Table 3-2 presents the breakout of each level of potential by sector. The residential sector accounts for
the largest share of Achievable BAU potential, approximately 52% of achievable BAU potential savings in
each year as illustrated in Figure 3-1.
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Table 3-2  Liberty First-Year Achievable Savings Potential by Sector (Therms)

Achievable Potential by Sector 2022 2023 2024
Achievable BAU Potential

Residential 169,076 166,059 162,292
Commercial 115,296 118,287 120,162
Industrial 31,656 32,186 33,095
Achievable BAU Plus Potential

Residential 196,420 192,685 188,728
Commercial 126,970 130,225 132,254
Industrial 34,837 35,411 36,401
Achievable Max Potential

Residential 248,124 242,648 236,735
Commercial 162,391 166,584 169,190
Industrial 44,601 45,342 46,612
Economic Potential

Residential 599,858 576,302 554,624
Commercial 340,524 349,436 355,644
Industrial 61,655 62,161 63,605
Technical Potential

Residential 701,009 675,741 652,912
Commercial 439,324 448,269 454,478
Industrial 61,751 62,256 63,702

Figure 3-1  Liberty BAU Achievable Savings by Sector (Therms)

350,000
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200,000 ® Industrial
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Table 3-3 provides an estimate of the utility cost to achieve the total portfolio savings for each of the three
levels of potential. These costs are an estimate only based on sector-average incentive levels and
administrative overhead costs from recent program years, and Liberty’s actual costs will naturally vary.

Table 3-3 Liberty Natural Gas Total Portfolio Cost to Achieve by Potential Level
Potential Level 2022 2023 2024
Total Portfolio Utility Costs
BAU $5,850,896 $5,749,277 $5,783,219
BAU Plus $7,520,215 $7,385,295 $7,429,111
Max $10,949,822 $10,712,645 $10,762,388
Residential Sector
In 2019, there were approximately 79,118 households in Figure 3-2

Liberty's residential sector that used a total of 4,613,805 Dth.
These numbers are inclusive of Blackstone Gas customers and
estimated multifamily apartment dwellings billed on
commercial rate classes!!.

AEG relied on customer segmentation information already
contained in the billing data for classification of residential
customers into single and multifamily homes, and into low
income and non-low-income households. Household counts
for some mass-metered multifamily buildings were estimated
using RECS*? average consumption per home and the total
consumption of the building.

As shown in Table 3-4, Average use per household was 583
therms, but there is a large difference between single family
homes, which range from 686-692 therms depending on
income level, and multifamily homes, which have much lower
consumption per home. This average use per home also
includes both gas heating customers and non-heating

2019

Liberty Residential Use by Segment,

Multi-Family
9%

Low-Income
Single Family
15%

/‘ Low-Income
Multi-Family
8%

customers. Non-low-income single family customers account for 68% of total usage, and multifamily
customers account for 9% (Figure 3-2). Low-income single family and multifamily customers together
make up the remaining 23%. Single family dwellings include buildings with 2-4 units.

1 Though they are on a commercial rate class and often targeted through commercial programs, the energy use characteristics for
multifamily apartments, and the resulting potential, are best modeled through the residential sector in our process. C& metered multifamily

accounts for ~40% of multifamily consumption, or ~6% of the overall residential consumption shown here.

2 DOE Residential Energy Consumption Survey, data for New England households with natural gas
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Table 3-4 Liberty Residential Control Totals, 2079
Annual Use Intensity
Segment Households
e . (Dth) (therms / HH)
Single Family 45,785 3,142,231 686
Multi-Family 12,099 400,747 331
Low-Income Single Family 10,098 698,853 692
Low-Income Multi-Family 11,136 371,973 334
Total 79,118 4,613,805 583

Figure 3-3 shows the average annual natural gas consumption by end use for all residential customers.
Space heating accounts for the largest amount of total usage at 72%, followed by water heating at 22%.

Figure 3-4 presents the energy intensity by end use and housing type. The single family and low-income
single family segments have almost 700 therms per household, whereas the multi-family and low-income
multi-family segments have around 330 therms per household.

Figure 3-3 Liberty Residential Gas Consumption by End Use, 2019

Water
Heating
22%

‘ Appliances
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Figure 3-4 Liberty Residential Natural Gas Intensity by End Use and Segment, 2019
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Residential Baseline Projection

Table 3-5 and Figure 3-5 present AEG’'s natural gas baseline projection at the end use level for the
residential sector. The projection includes effects of standards, codes, and naturally occurring
conservation, but not future DSM program activity (see Chapter 2 for more details on the development
of the baseline). The projection shows very slight growth in consumption from 2019-2024 due to the net
effect of market growth opposed by turnover of vintage equipment into code or higher models.

Table 3-5  Liberty Residential Baseline Projection by End Use (Therms)

Natural Gas Use 2019 2020 2021 2022 2023 2024

Space Heating 33,171,708 33,165,325 33,191,792 33,320,066 33,408,657 33,516,108
ileez?nd;ry 234,732 236,459 238,432 241,250 243,573 246,152
Water Heating 9,955,893 10,165,939 10,389,750 10,658,092 10,902,294 11,160,832
Appliances 2,244,867 2,256,063 2,269,639 2,291,572 2,308,438 2,327,760
Miscellaneous 530,846 535,005 539,523 545,617 550,501 555,721
Total 46,138,047 46,358,791 46,629,136 47,056,597 47,413,463 47,806,573
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Figure 3-5 Liberty Residential Baseline Projection by End Use
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Residential Potential

Table 3-6 presents the residential sector energy savings potential estimates. In 2022, achievable BAU
potential energy savings are 169,076 therms, or 0.36% of the counterfactual baseline projection.

Table 3-6  Liberty Summary of Residential Natural Gas Potential (Therms)

First-year Savings Potential 2022 2023 2024
Baseline Projection 47,056,597 47,413,463 47,806,573
Potential Savings
Achievable BAU 169,076 166,059 162,292
Achievable BAU Plus 196,420 192,685 188,728
Achievable Max 248,124 242,648 236,735
Economic 599,858 576,302 554,624
Technical 701,009 675,741 652,912
Potential Savings as % of Baseline
Achievable BAU 0.36% 0.35% 0.34%
Achievable BAU Plus 0.42% 0.41% 0.39%
Achievable Max 0.53% 0.51% 0.50%
Economic 1.27% 1.22% 1.16%
Technical 1.49% 1.43% 1.37%

The market rate single family segment accounts for almost two-thirds of the residential savings (61%). The
low-income single family segment represents 25% of the savings with the multifamily segments
representing 14% of the savings combined. Single family dwellings include buildings with 2-4 units (Figure
3-6).
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Figure 3-6  Liberty Residential Natural Gas Potential by Segment
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Table 3-7 shows residential potential by segment for all cases and for each year of the planning cycle.

Table 3-7 Residential Natural Gas Potential (therms) by Segment and Case
Case Segment 2022 2023 2024

BAU Single Family 102,900 100,877 98,686

Multi-Family 14,834 14,450 13,973

Low-Income Single Family 40,335 39,962 39,354

Low-Income Multi-Family 11,007 10,770 10,279

BAU Plus  Single Family 119,969 117,475 115,196

Multi-Family 18,103 17,644 17,143

Low-Income Single Family 45,364 44,876 44,230

Low-Income Multi-Family 12,983 12,691 12,158

BAU Max  Single Family 151,876 148,204 144,783

Multi-Family 24,451 23,804 23,079

Low-Income Single Family 54,079 53,343 52,352

Low-Income Multi-Family 17,718 17,297 16,521

Economic  Single Family 395,985 379,482 366,652

Multi-Family 48,872 47,044 44,922

Low-Income Single Family 105,459 102,048 98,176

Low-Income Multi-Family 49,541 47,728 44,874

Technical  Single Family 465,606 448,037 434,535

Multi-Family 59,011 56,886 54,529

Low-Income Single Family 120,759 117,135 113,127

Low-Income Multi-Family 55,633 53,682 50,721
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Figure 3-7 breaks down potential according to the end use and measure category (equipment or non-
equipment). The “weatherization & controls” category, affecting the space heating end use, accounts for
the largest share of the residential BAU achievable potential, followed by space heating and water heating
equipment.

Figure 3-7 Liberty Residential Natural Gas Achievable BAU Potential by End Use
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Table 3-8 shows potential broken out by vintage — new construction vs existing — and case.

Table 3-8 Residential Natural Gas Potential (therms) by Case and Vintage

Case Segment 2022 2023 2024
BAU Existing 156,220 154,653 152,285
New 12,856 11,406 10,007
BAU Plus Existing 179,379 177,760 175,227
New 17,040 14,925 13,500
BAU Max  Existing 224,338 221,960 218,272
New 23,786 20,687 18,463
Economic  Existing 507,748 497,918 483,905
New 92,109 78,384 70,719
Technical Existing 606,703 595,370 579,985
New 94,307 80,371 72,927

Finally, Figure 3-8 compares the residential savings achieved in 2017-2019 with the BAU achievable
potential over the next 3-year planning cycle. While measure participation is similar to Liberty's past
achievements, savings per unit against the market average for some equipment types — notably boilers,
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furnaces, and water heaters — are smaller due to the effects of naturally occurring efficient purchases in
the reference baseline as taken from AEO's future purchase assumptions®.

Figure 3-8 Liberty Natural Gas Residential Savings Historical Comparison — BAU vs Historic
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Commercial Sector

In 2019, Liberty commercial customers used a total of 1,621,299 Dth*. We allocated this usage to nine
commercial segments, shown in Table 3-9, using identifiers provided in Liberty's customer 2019 customer
data, which was enhanced with tax assessor data and industry codes provided by DNV. As shown in Figure
3-9, the retail segment accounted for approximately 20% of the total commercial natural gas consumed
in 2019, followed by education (15%), healthcare (13%), office (12%), warehouse (11%), miscellaneous (10%),
lodging (9%), restaurant (6%), and grocery (4%). Please note that industrial customers are segmented
separately later in this section.

Table 3-9  Liberty Commercial Control Totals, 2019 Figure 3-9 Liberty Commercial Use by Segment, 2019

Floor Space
(Million Sq.
Ft.)

Annual Use Intensity
(Dth) (therm/sqft)

Segment

Office 200,405 0.42 4.77 Health | Office
Retail 318,735 0.32 10.06
Restaurant 90,111 1.37 0.66
Education Retail
Grocery 67,415 0.71 0.96 20%
(]
Education 235,874 0.45 5.27
Healthcare 207,961 0.91 2.29
Lodging 154,359 0.55 2.82 Miscellaneous Restaurant
Warehouse 174,709 0.43 4.11 10% 6%
G
Misc. 158,090 0.66 2.41 Warehouse rz;ery
odgin 0
Total 1,607,660 0.48 33.33 11% eing

9%

13 See chapter 2 for a description of the counterfactual baseline and how AEO data informs the reference baseline
4 Total includes Blackstone customers
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Figure 3-10 shows the distribution of annual natural gas consumption by end use across all commercial
buildings. Space heating accounts for roughly two-thirds of commercial natural gas consumption.

Figure 3-10 Liberty Commercial Consumption by End Use, 2019
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As shown in Figure 3-11, natural gas intensity by end use varies significantly across segments. For example,
due to cooking equipment consumption, the restaurant segment is the most energy intensive, with
significantly higher usage per square foot than any other segment.

Figure 3-11 Liberty Commercial Intensity by End Use and Segment, 2019
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Commercial Baseline Projection

Table 3-10 and Figure 3-12 present AEG's natural gas baseline projection®® at the end use level for the
commercial sector. As in residential, the net effect of market growth and equipment turnover produces a
slight increase in total consumption over time.

Table 3-10 Liberty Commercial Baseline Projection by End Use (Therms)

Natural Gas
Use

Space Heating 10,893,088 10,940,762 10,989,703 11,039,208 11,088,670 10,893,088
Water Heating 2,011,118 2,024,841 2,038,866 2,052,873 2,066,588 2,011,118
Food

. 2,098,949 2,098,949 2,098,949 2,098,949 2,098,949 2,098,949
Preparation
Miscellaneous 1,073,442 1,073,442 1,073,442 1,073,442 1,073,442 1,073,442
Total 16,076,597 16,137,994 16,200,960 16,264,472 16,327,649 16,389,737

Figure 3-12 Liberty Commercial Baseline Projection by End Use
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Commercial Potential

Table 3-11 presents the commercial sector energy savings potential estimates. In 2022, achievable BAU
potential energy savings are 115,296 therms, or 0.71% of the baseline projection. Because commercial
measures have fewer targeted NEIs and tend to be more expensive, economic potential for the commercial
sector is not as close to technical potential as in the residential sector.

5 As noted elsewhere above, this is the counterfactual, no-DSM projection based on market growth assumptions provided by Liberty
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Table 3-11  Liberty Summary of Commercial Natural Gas Potential (Therms)

First-year Savings Potential 2022 2023 2024
Baseline Projection 16,264,472 16,327,649 16,389,737
Potential Savings
Achievable BAU 115,296 118,287 120,162
Achievable BAU Plus 126,970 130,225 132,254
Achievable Max 162,391 166,584 169,190
Economic 340,524 349,436 355,644
Technical 439,324 448,269 454,478
Potential Savings as % of Baseline
Achievable BAU 0.71% 0.72% 0.73%
Achievable BAU Plus 0.78% 0.80% 0.81%
Achievable Max 1.00% 1.02% 1.03%
Economic 2.09% 2.14% 2.17%
Technical 2.70% 2.75% 2.77%

Figure 3-13 shows the distribution of BAU potential across market segments. Retail, Lodging, and
Restaurants make up more than half the achievable potential, primarily due to highly cost effective water
heating savings, both equipment and non-equipment, and (in the case of the latter two) food service
equipment.

Figure 3-13 Liberty Commercial Natural Gas Achievable BAU Potential by Segment
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Table 3-12 and Table 3-13 show commercial potential by segment and by vintage — new construction or
existing.
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Table 3-12 Commercial Natural Gas Potential (therms) by Segment and Case
Case Segment 2022 2023 2024
BAU Office 10,900 10,951 10,937

Retail 30,275 30,473 30,489
Restaurant 14,652 15,372 15,875
Grocery 3,728 3,933 4,086
Education 12,181 12,387 12,501
Health 10,346 10,789 11,099
Lodging 20,917 21,904 22,605
Warehouse 2,417 2,457 2,480
Miscellaneous 9,879 10,020 10,090
BAU Plus Office 12,254 12,305 12,284
Retail 32,989 33,192 33,196
Restaurant 16,152 16,942 17,494
Grocery 4,194 4,418 4,583
Education 13,515 13,736 13,856
Health 11,458 11,942 12,280
Lodging 23,094 24,178 24,947
Warehouse 2,623 2,667 2,692
Miscellaneous 10,692 10,845 10,922
BAU Max Office 16,026 16,087 16,053
Retail 41,016 41,247 41,229
Restaurant 21,134 22,164 22,883
Grocery 5,344 5,636 5,854
Education 17,193 17,474 17,624
Health 14,879 15,511 15,951
Lodging 30,046 31,464 32,470
Warehouse 3,326 3,382 3,414
Miscellaneous 13,427 13,618 13,713
Economic Office 40,858 41,141 41,235
Retail 81,692 82,691 83,230
Restaurant 37,892 39,774 41,155
Grocery 13,999 14,753 15,345
Education 41,541 42,250 42,714
Health 34,593 35,886 36,843
Lodging 50,567 52,871 54,587
Warehouse 12,484 12,747 12,942
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Case Segment 2022 2023 2024
Miscellaneous 26,898 27,323 27,593

Technical Office 60,316 60,305 60,106
Retail 95,093 96,516 97,464
Restaurant 37,892 39,774 41,155
Grocery 16,281 17,018 17,591
Education 79,119 79,323 79,280
Health 48,630 49,906 50,843
Lodging 51,047 53,390 55,144
Warehouse 18,443 18,871 19,227
Miscellaneous 32,502 33,166 33,667

Table 3-13 shows potential by case and vintage — new construction or existing buildings — and case.

Table 3-13 Commercial Natural Gas Potential (therms) by Case and Vintage

Case Segment 2022 2023 2024
BAU Existing 100,285 102,991 104,654
New 15,011 15,295 15,508
BAU Plus  Existing 110,533 113,500 115,317
New 16,437 16,725 16,937
BAU Max  Existing 141,107 144,998 147,400
New 21,285 21,586 21,790
Economic  Existing 283,874 292,584 298,729
New 56,650 56,853 56,915
Technical  Existing 374,958 381,353 385,206
New 64,366 66,916 69,271

Industrial Sector

In 2019, Liberty industrial customers used a total of 668,400 Dth (Table 3-14). We allocated this usage to
10 industrial segments based on a combination of direct assignment for large customer accounts and
distribution of the remaining consumption according to MECS?®* averages. As shown in Figure 3-14, the
food manufacturing segment accounted for approximately 28% of the total natural gas consumed in 2019,
followed by chemicals (18%), textiles (15%), other industrial (14%), petroleum and coal products (10%),
primary metals (9%), and paper and printing (4%). Plastics and rubber manufacturing, machinery and
wood products each make up less than 1% of natural gas consumed.

6 DOE Manufacturing Energy Consumption Survey
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Although some of these customer segments are not significant consumers of energy in Liberty’s territory,
the Industrial segment list was developed in coordination across Berkshire, Liberty, and Unitil and reflects

segments that are significant for at least one of them.

Table 3-14 Liberty Industrial Control Totals, 2019

Annual Use Annual Use

Segment (Dth) (% of therms)
Chemicals 121,268 18.1%
Food 186,277 27.9%
Paper & Printing 28,790 4.3%
Petroleum & Coal Products 64,871 9.7%
Primary Metals 61,701 9.2%
Textiles 96,975 14.5%
Plastics & Rubber Products 5,422 0.8%
Machinery 4,765 0.7%
Wood Products 2,991 0.4%
Other Industrial 95,340 14.3%
Total 668,400 100.0%

Figure 3-14 Liberty Industrial Use by Segment, 2019
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Figure 3-15 shows the distribution of annual natural gas consumption by end use across all industrial
facilities. Industrial processes account for the majority of natural gas consumption in this sector.

Figure 3-15 Liberty Industrial Consumption by End Use, 2019
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Natural gas intensity is driven largely by process for almost all segments other than Machinery and Other
Industrial. Figure 3-16 shows how natural gas is apportioned across industrial end uses, taken from EIA's

Manufacturing Energy Consumption Survey (MECS).
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Figure 3-16 Liberty Industrial Intensity by End Use and Segment, 2019
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Industrial Baseline Projection

Table 3-15 and Figure 3-17 Liberty Industrial Baseline Projection by End Use present AEG's natural
gas baseline projection” at the end use level for the commercial sector. Industrial is more volatile than
residential or commercial, however the underlying mechanism of market growth driven by Liberty's
forecast and some equipment turnover providing efficiency improvements at least up to code are still
present.

Table 3-15 Liberty Industrial Baseline Projection by End Use (Therms)

2019

Natural Gas Use

Space Heating 243,794 237,354 244,856 240,757 238,505 243,794
Process 4,882,436 4,757,887 4,909,799 4,832,991 4,793,270 4,882,436
Miscellaneous 472,592 458,395 471,007 461,408 455,426 472,592
Total 6,683,997 6,530,732 6,755,795 6,667,976 6,630,680 6,747,512

17 As noted elsewhere above, this is the counterfactual, no-DSM projection based on market growth assumptions provided by Liberty
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Figure 3-17 Liberty Industrial Baseline Projection by End Use

6,000,000

| Jg— N oy gy
5,000,000
4,000,000
B Space Heating
therms 3,000,000
m Process
m Miscellaneous
2,000,000
1,000,000

2019 2020 2021 2022 2023 2024

Industrial Potential

Table 3-16 presents the industrial sector energy savings potential estimates. In 2022, achievable BAU
potential energy savings are 31,656 therms, or 0.47% of the baseline projection. The industrial sector has
fewer prescriptive measures than commercial or residential, and nearly all of them are cost effective. As a
result, economic potential is very close to technical.

Table 3-16 Liberty Summary of Industrial Natural Gas Potential (Therms)

First-year Savings Potential 2022 2023 2024
Baseline Projection 6,667,976 6,630,680 6,747,512
Potential Savings
Achievable BAU 31,656 32,186 33,095
Achievable BAU Plus 34,837 35,411 36,401
Achievable Max 44,601 45,342 46,612
Economic 61,655 62,161 63,605
Technical 61,751 62,256 63,702
Potential Savings as % of Baseline
Achievable BAU 0.47% 0.49% 0.49%
Achievable BAU Plus 0.52% 0.53% 0.54%
Achievable Max 0.67% 0.68% 0.69%
Economic 0.92% 0.94% 0.94%
Technical 0.93% 0.94% 0.94%

The food manufacturing segment accounts for over a quarter (28%) of the industrial achievable BAU
potential from 2022 through 2024 and the other industrial segment represents a quarter (25%) of the
savings (Figure 3-18).
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Figure 3-18 Liberty Industrial Natural Gas Achievable BAU Potential by Segment

Wood Products

Machi 1%_\
achinery
2%

/ Other Industrial
Plastics & Rubber 25%

Products
1%

Chemicals |
Primary Metals 15%

Paper & Printing
Petroleum & Coal 3%
Products

5%

Table 3-17 and Table 3-18 show industrial potential by segment and by vintage.
Table 3-17 Industrial Natural Gas Potential (therms) by Segment and Case

Case Segment 2022 2023 2024

BAU Chemicals 4,674 4,760 4,901
Food 8,892 9,046 9,307
Paper & Printing 1,015 1,031 1,059
Petroleum & Coal Products 1,711 1,745 1,799
Primary Metals 2,836 2,889 2,977
Textiles 3,661 3,725 3,833
Plastics & Rubber Products 508 516 529
Machinery 726 736 755
Wood Products 193 196 201
Other Industrial 7,441 7,541 7,734

BAU Plus Chemicals 5,047 5,079 5,171
Food 10,542 10,668 10,919
Paper & Printing 4,150 4,172 4,245
Petroleum & Coal Products 1,553 1,562 1,590
Primary Metals 1,910 1,926 1,968
Textiles 3,052 3,360 3,691
Plastics & Rubber Products 1,094 1,097 1,115
Machinery 932 943 966
Wood Products 782 788 804
Other Industrial 5,774 5,815 5,934
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Case Segment 2022 2023 2024
BAU Max Chemicals 6,586 6,706 6,903
Food 12,528 12,744 13,109
Paper & Printing 1,430 1,452 1,492
Petroleum & Coal Products 2,411 2,459 2,534
Primary Metals 3,995 4,071 4,193
Textiles 5,158 5,248 5,398
Plastics & Rubber Products 716 726 745
Machinery 1,023 1,037 1,064
Wood Products 271 276 284
Other Industrial 10,483 10,622 10,891
Economic Chemicals 10,372 10,452 10,698
Food 19,069 19,209 19,652
Paper & Printing 1,926 1,941 1,984
Petroleum & Coal Products 2,990 3,029 3,110
Primary Metals 4,799 4,861 4,990
Textiles 6,641 6,708 6,872
Plastics & Rubber Products 923 929 949
Machinery 1,297 1,306 1,334
Wood Products 337 341 349
Other Industrial 13,301 13,384 13,667
Technical Chemicals 10,373 10,453 10,699
Food 19,073 19,214 19,657
Paper & Printing 1,926 1,941 1,985
Petroleum & Coal Products 2,990 3,029 3,110
Primary Metals 4,800 4,863 4,992
Textiles 6,644 6,710 6,874
Plastics & Rubber Products 924 930 949
Machinery 1,298 1,307 1,335
Wood Products 338 341 349
Other Industrial 13,386 13,468 13,752
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Table 3-18 Industrial Natural Gas Potential (therms) by Case and Vintage

Case Segment 2022 2023 2024
BAU Existing 29,130 29,318 29,897
New 2,527 2,868 3,198

BAU Plus  Existing 28,625 29,028 29,808

New 6,212 6,382 6,593

BAU Max  Existing 41,041 41,301 42,108

New 3,560 4,040 4,504

Economic  Existing 56,752 56,603 57,405

New 4,903 5,557 6,200

Technical  Existing 56,844 56,694 57,496

New 4,907 5,563 6,206

C&l Combined Potential by End Use

The following two graphs show the potential for the entire nonresidential sector by end use. Custom
programs account for 80% of the achievable BAU potential savings (Figure 3-19), with industrial process
accounting for a further 11%.

Figure 3-19 Liberty Nonresidential Natural Gas Achievable BAU Potential by End Use
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Figure 3-20 compares the nonresidential savings achieved in 2017-2019 with the BAU achievable potential
over the next 3-year planning cycle. Overall forward savings are similar to past achievements.

Figure 3-20 Liberty Natural Gas Nonresidential Savings Historical Comparison — BAU vs Historic
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4
INSIGHTS AND CONCLUSION

Liberty has been running energy efficiency programs in Massachusetts for several planning cycles, and
the Business-as-Usual case presented in this report has been aligned with recent program activity.
Comparing recent accomplishments with AEG's prior market research on general market acceptance and
interest in energy programs shows that Liberty has areas of strong success and also that in several cases
acquiring additional potential beyond current performance may be challenging.

High Performing Programs

Residential Weatherization. Liberty's residential insulation and air sealing offerings show significantly
more activity (as a % of economic potential) than AEG typically sees and may not have much more
room to plausibly grow in annual acquisitions.

Residential Smart Thermostats. Activity for this offering is modestly higher than AEG's typical take
rates, indicating a mature, robust program.

Commercial Weatherization. Retrofits of commercial buildings for weatherization are commonly
difficult to obtain, however Liberty’s programs have shown significant activity in this category over
the past several years.

Commercial Water Savings. This category includes measure such as faucet aerators, restaurant sprayer
valves, and low flow showerheads. Liberty's program activity in these measures is much higher than
AEG commonly sees in other territories.

Possible Opportunities for Growth

Space heating and water heating equipment . Although these measures are already an active part of
Liberty's programs for both the residential and nonresidential sectors, existing participation in these
programs is not very high compared to expected turnover rates based on the generally accepted
lifetimes for this equipment.

This suggests there may be more units that require replacement each year but are not coming through
the program, possibly because customers who lose heat or water heat suddenly are faced with an
emergency decision, rather than a planned one that can consider the available rebates and benefits
of a high efficiency model.

Smart Thermostats in Nonresidential Buildings. Given Liberty’s strong success with residential smart
thermostats, the much lower activity for this measure in the nonresidential sector presents an
opportunity for growth. Customer outreach may help small business owners become more fully aware
of the benefits of web-enabled thermostats for their business space.

Challenges to increasing participation

Customer participation in energy efficiency measures reflects a combination of factors, including the
economic conditions of potential program participants, urgency of timing, customers’ general attitudes
towards energy and efficiency, the perceived value of the efficiency measure to the customer, the value of
the incentive itself, and obstacles that can arise when projects are assessed or begun.
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Relating to that last point, internal analysis by the PAs®*® found that nearly 90% of residential homes that
were assessed in preparation for weatherization installations encountered significant unanticipated
barriers that either increased the cost of the project significantly or made it impractical to continue, such
as pest control issues, asbestos, mold, or structural issues.

This combination of factors means that simply raising incentives, even to 100% of incremental costs, cannot
guarantee a large increase in participation if underlying obstacles are not addressed. In 2020, a Residential
Nonparticipant Customer Profile Study similarly found that the barriers to program participation run far
beyond simply incentives or measure payback.*®

Conclusion

Liberty's portfolio of energy efficiency programs is performing solidly, however there is room for some
modest increase in annual potential acquisition if incentives are increased and programs can address
market barriers. However, both of these prospects will increase the cost of acquiring potential.

This study provides important information for planning the next program cycles. This study:

Describes and characterizes the customer base by energy source, sector, customer segment and end
use. At a glance, it is possible to see where the opportunities for program savings are likely to come
from.

Defines a baseline projection of energy use by end use against which savings can be measured. This
baseline takes into account existing and planned appliance standards and building codes, as well as
naturally occurring efficiency.

Evaluates a diverse set of energy efficiency measures in all three customer sectors.

Estimates the total amount of savings possible from cost-effective measures; these are savings above
and beyond those already included in the baseline projection.

Describes a set of achievable potential savings scenarios — BAU, BAU Plus, and Max — based on
increased incentives driving increased savings achievement that can be useful for program
development in the upcoming planning years 2022 through 2024.

The results presented in this report are estimates based on the best available information available at the
time of the analysis and we expect variation in outcomes in the real world. This fact gives staff the
opportunity to deviate from specific annual values developed in the study as they design programs and
commit to annual program targets as well as gather more territory-specific information about baselines,
saturation and demand for program offerings.

18 pre-Weatherization Barrier analysis, data taken from RISE and provided by Liberty Gas
18 https://ma-eeac.org/wp-content/uploads/MA19X06-B-RESNONPART_Report_FINAL_v20200228.pdf
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Appendix A: Adoption Rates

Liberty

Sector

Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial

Ramp Name

LostOpp_Heating
LostOpp_DHW
LostOpp_Cooking
LostOpp_OtherAppliance
Retro_ResWx
Retro_Custom
Retro_Duct_Seal/Ins
Retro_Windows
Retro_HVAC_Maint
Retro_Smart_Tstat
Retro_Pipe_Wrap

Retro_ DHW_Conservation
LostOpp_Heating_LlI
LostOpp_DHW_LI
LostOpp_Cooking_ LI
LostOpp_OtherAppliance_LI
Retro_ResWx_LI
Retro_Custom_LlI
Retro_Duct_Seal/Ins_LI
Retro_Windows_LI
Retro_HVAC_Maint_LlI
Retro_Smart_Tstat_LI
Retro_Pipe_Wrap_LlI
Retro_ DHW_Conservation_LI

LostOpp_HVAC_Office
LostOpp_Water heating_Office
LostOpp_Food Prep_Office
LostOpp_Other_Office
Retro_Weatherization_Office
Retro_Thermostats_Office
Retro_Controls_Office
Retro_Process_Office
Retro_Water Saving_Office
Retro_Steam Trap_Office
Retro_RCx_Office
Retro_Custom_Office
LostOpp_HVAC_Retail
LostOpp_Water heating_Retail
LostOpp_Food Prep_Retail
LostOpp_Other_Retail
Retro_Weatherization_Retail
Retro_Thermostats_Retail
Retro_Controls_Retail
Retro_Process_Retail
Retro_Water Saving_Retail
Retro_Steam Trap_Retail
Retro_RCx_Retail
Retro_Custom_Retail
LostOpp_HVAC_Restaurant
LostOpp_Water heating_Restaurant
LostOpp_Food Prep_Restaurant

Business as Usual (BAU)

2022
18%
11%

0%
22%
90%

6%
12%

0%

0%
57%
25%

5%

8%

8%

0%
22%
86%

4%

9%

0%

0%
32%
18%

3%

2%
9%
19%
0%
42%
11%
2%
0%
63%
0%
0%
14%
4%
27%
3%
0%
52%
11%
3%
0%
90%
1%
0%
21%
4%
6%
20%

2023
18%
11%

0%
22%
90%

6%
12%

0%

0%
57%
25%

5%

8%

8%

0%
22%
86%

4%

9%

0%

0%
32%
18%

3%

2%
9%
19%
0%
42%
11%
2%
0%
63%
0%
0%
14%
4%
27%
3%
0%
52%
11%
3%
0%
90%
1%
0%
21%
4%
6%
20%

2024
18%
11%

0%
22%
90%

6%
12%

0%

0%
57%
25%

5%

8%

8%

0%
22%
86%

4%

9%

0%

0%
32%
18%

3%

2%
9%
19%
0%
42%
11%
2%
0%
63%
0%
0%
14%
4%
27%
3%
0%
52%
11%
3%
0%
90%
1%
0%
21%
4%
6%
20%

BAU Plus
2022
20%
13%
95%
24%
95%
6%
13%
95%
95%
63%
27%
5%
8%
9%
88%
24%
95%
5%
10%
94%
95%
36%
20%
3%

2%
10%
21%
26%
46%
12%

2%
19%
69%

0%
19%
15%

4%
29%

3%

3%
58%
12%

4%
19%
90%

1%
19%
23%

5%

7%
22%

2023
20%
13%
95%
24%
95%

6%
13%
95%
95%
63%
27%

5%

8%

9%
88%
24%
95%

5%
10%
94%
95%
36%
20%

3%

2%
10%
21%
26%
46%
12%

2%
19%
69%

0%
19%
15%

4%
29%

3%

3%
58%
12%

4%
19%
90%

1%
19%
23%

5%

7%
22%

2024
20%
13%
95%
24%
95%

6%
13%
95%
95%
63%
27%

5%

8%

9%
88%
24%
95%

5%
10%
94%
95%
36%
20%

3%

2%
10%
21%
26%
46%
12%

2%
19%
69%

0%
19%
15%

4%
29%

3%

3%
58%
12%

4%
19%
90%

1%
19%
23%

5%

7%
22%

BAU Max
2022
29%
18%
100%
35%
100%
9%
19%
100%
100%
91%
40%
7%
9%
10%
97%
26%
100%
5%
10%
100%
100%
39%
22%
3%

3%
13%
27%
34%
60%
15%

3%
25%
90%

0%
25%
20%

5%
38%

4%

4%
75%
15%

5%
25%
90%

1%
25%
30%

6%

9%
29%

2023
29%
18%

100%
35%

100%

9%
19%

100%

100%
91%
40%

7%
9%
10%
97%
26%
100%
5%
10%

100%

100%
39%
22%

3%

3%
13%
27%
34%
60%
15%

3%
25%
90%

0%
25%
20%

5%
38%

4%

4%
75%
15%

5%
25%
90%

1%
25%
30%

6%

9%
29%

2024
29%
18%

100%
35%

100%

9%
19%

100%

100%
91%
40%

7%
9%
10%
97%
26%
100%
5%
10%

100%

100%
39%
22%

3%

3%
13%
27%
34%
60%
15%

3%
25%
90%

0%
25%
20%

5%
38%

4%

4%
75%
15%

5%
25%
90%

1%
25%
30%

6%

9%
29%



Appendix A: Adoption Rates

Liberty

Sector

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial

Ramp Name

LostOpp_Other_Restaurant
Retro_Weatherization_Restaurant
Retro_Thermostats_Restaurant
Retro_Controls_Restaurant
Retro_Process_Restaurant
Retro_Water Saving_Restaurant
Retro_Steam Trap_Restaurant
Retro_RCx_Restaurant
Retro_Custom_Restaurant
LostOpp_HVAC_Grocery
LostOpp_Water heating_Grocery
LostOpp_Food Prep_Grocery
LostOpp_Other_Grocery
Retro_Weatherization_Grocery
Retro_Thermostats_Grocery
Retro_Controls_Grocery
Retro_Process_Grocery
Retro_Water Saving_Grocery
Retro_Steam Trap_Grocery
Retro_RCx_Grocery
Retro_Custom_Grocery
LostOpp_HVAC_Education
LostOpp_Water heating_Education
LostOpp_Food Prep_Education
LostOpp_Other_Education
Retro_Weatherization_Education
Retro_Thermostats_Education
Retro_Controls_Education
Retro_Process_Education
Retro_Water Saving_Education
Retro_Steam Trap_Education
Retro_RCx_Education
Retro_Custom_Education
LostOpp_HVAC_Health
LostOpp_Water heating_Health
LostOpp_Food Prep_Health
LostOpp_Other_Health
Retro_Weatherization_Health
Retro_Thermostats_Health
Retro_Controls_Health
Retro_Process_Health
Retro_Water Saving_Health
Retro_Steam Trap_Health
Retro_RCx_Health
Retro_Custom_Health
LostOpp_HVAC_Lodging
LostOpp_Water heating_Lodging
LostOpp_Food Prep_Lodging
LostOpp_Other_Lodging
Retro_Weatherization_Lodging
Retro_Thermostats_Lodging
Retro_Controls_Lodging

Business as Usual (BAU)
2023

2022
0%
50%
11%
3%
0%
42%
0%
0%
18%
4%
20%
13%
0%
39%
11%
2%
0%
90%
1%
0%
13%
4%
20%
13%
0%
39%
11%
2%
0%
90%
1%
0%
13%
6%
20%
19%
0%
34%
11%
2%
0%
90%
1%
0%
13%
6%
21%
29%
0%
69%
11%
2%

0%
50%
11%

3%

0%
42%

0%

0%
18%

4%
20%
13%

0%
39%
11%

2%

0%
90%

1%

0%
13%

4%
20%
13%

0%
39%
11%

2%

0%
90%

1%

0%
13%

6%
20%
19%

0%
34%
11%

2%

0%
90%

1%

0%
13%

6%
21%
29%

0%
69%
11%

2%

2024
0%
50%
11%
3%
0%
42%
0%
0%
18%
4%
20%
13%
0%
39%
11%
2%
0%
90%
1%
0%
13%
4%
20%
13%
0%
39%
11%
2%
0%
90%
1%
0%
13%
6%
20%
19%
0%
34%
11%
2%
0%
90%
1%
0%
13%
6%
21%
29%
0%
69%
11%
2%

BAU Plus
2022
2%
55%
12%
3%
19%
46%
0%
19%
19%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
7%
23%
21%
2%
38%
12%
2%
19%
90%
1%
19%
15%
7%
24%
32%
2%
76%
12%
2%

2023
2%
55%
12%
3%
19%
46%
0%
19%
19%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
7%
23%
21%
2%
38%
12%
2%
19%
90%
1%
19%
15%
7%
24%
32%
2%
76%
12%
2%

2024
2%
55%
12%
3%
19%
46%
0%
19%
19%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
4%
22%
14%
5%
43%
12%
2%
19%
90%
1%
19%
15%
7%
23%
21%
2%
38%
12%
2%
19%
90%
1%
19%
15%
7%
24%
32%
2%
76%
12%
2%

BAU Max
2022
3%
72%
15%
4%
25%
61%
0%
25%
25%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
9%
29%
27%
3%
49%
15%
3%
25%
90%
1%
25%
19%
9%
31%
42%
3%
90%
15%
3%

2023
3%
72%
15%
4%
25%
61%
0%
25%
25%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
9%
29%
27%
3%
49%
15%
3%
25%
90%
1%
25%
19%
9%
31%
42%
3%
90%
15%
3%

2024
3%
72%
15%
4%
25%
61%
0%
25%
25%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
6%
28%
18%
7%
57%
15%
3%
25%
90%
1%
25%
19%
9%
29%
27%
3%
49%
15%
3%
25%
90%
1%
25%
19%
9%
31%
42%
3%
90%
15%
3%



Appendix A: Adoption Rates

Liberty

Sector

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial

Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial

Ramp Name

Retro_Process_Lodging
Retro_Water Saving_Lodging
Retro_Steam Trap_Lodging
Retro_RCx_Lodging
Retro_Custom_Lodging
LostOpp_HVAC_Warehouse
LostOpp_Water heating_ Warehouse
LostOpp_Food Prep_Warehouse
LostOpp_Other_Warehouse
Retro_Weatherization_Warehouse
Retro_Thermostats_Warehouse
Retro_Controls_Warehouse
Retro_Process_Warehouse
Retro_Water Saving_Warehouse
Retro_Steam Trap_Warehouse
Retro_RCx_Warehouse
Retro_Custom_Warehouse
LostOpp_HVAC_Miscellaneous
LostOpp_Water heating_Miscellaneous
LostOpp_Food Prep_Miscellaneous
LostOpp_Other_Miscellaneous
Retro_Weatherization_Miscellaneous
Retro_Thermostats_Miscellaneous
Retro_Controls_Miscellaneous
Retro_Process_Miscellaneous
Retro_Water Saving_Miscellaneous
Retro_Steam Trap_Miscellaneous
Retro_RCx_Miiscellaneous
Retro_Custom_Miscellaneous

LostOpp_HVAC_Industrial
LostOpp_Water heating_Industrial
LostOpp_Food Prep_Industrial
LostOpp_Other_Industrial
Retro_Weatherization_Industrial
Retro_Thermostats_Industrial
Retro_Controls_Industrial
Retro_Process_Industrial
Retro_Water Saving_Industrial
Retro_Steam Trap_Industrial
Retro_RCx_Industrial
Retro_Custom_Industrial

Business as Usual (BAU)
2023

2022
0%
90%
1%
0%
13%
3%
24%
3%
0%
15%
11%
1%
0%
90%
1%
0%
5%
6%
24%
23%
0%
55%
11%
2%
0%
90%
1%
0%
13%

2%
10%
4%
0%
8%
11%
0%
0%
66%
0%
0%
3%

0%
90%
1%
0%
13%
3%
24%
3%
0%
15%
11%
1%
0%
90%
1%
0%
5%
6%
24%
23%
0%
55%
11%
2%
0%
90%
1%
0%
13%

2%
10%
4%
0%
8%
11%
0%
0%
66%
0%
0%
3%

2024

0%
90%
1%
0%
13%
3%
24%
3%
0%
15%
11%
1%
0%
90%
1%
0%
5%
6%
24%
23%
0%
55%
11%
2%
0%
90%
1%
0%
13%

2%
10%
4%
0%
8%
11%
0%
0%
66%
0%
0%
3%

BAU Plus
2022
19%
90%
1%
19%
14%
4%
26%
3%
2%
16%
12%
1%
19%
90%
1%
19%
6%
7%
26%
26%
15%
60%
12%
2%
19%
90%
1%
19%
14%

3%
11%
4%
3%
8%
12%
1%
19%
73%
0%
19%
4%

2023
19%
90%

1%
19%
14%

4%
26%

3%

2%
16%
12%

1%
19%
90%

1%
19%

6%

7%
26%
26%
15%
60%
12%

2%
19%
90%

1%
19%
14%

3%
11%
4%
3%
8%
12%
1%
19%
73%
0%
19%
4%

2024
19%
90%

1%
19%
14%

4%
26%

3%

2%
16%
12%

1%
19%
90%

1%
19%

6%

7%
26%
26%
15%
60%
12%

2%
19%
90%

1%
19%
14%

3%
11%
4%
3%
8%
12%
1%
19%
73%
0%
19%
4%

BAU Max
2022
25%
90%
1%
25%
18%
5%
34%
4%
3%
21%
15%
1%
25%
90%
1%
25%
8%
9%
34%
34%
19%
79%
15%
3%
25%
90%
1%
25%
19%

3%
14%
5%
4%
11%
15%
1%
25%
90%
0%
25%
5%

2023
25%
90%

1%
25%
18%

5%
34%

4%

3%
21%
15%

1%
25%
90%

1%
25%

8%

9%
34%
34%
19%
79%
15%

3%
25%
90%

1%
25%
19%

3%
14%
5%
4%
11%
15%
1%
25%
90%
0%
25%
5%

2024
25%
90%

1%
25%
18%

5%
34%

4%

3%
21%
15%

1%
25%
90%

1%
25%

8%

9%
34%
34%
19%
79%
15%

3%
25%
90%

1%
25%
19%

3%
14%
5%
4%
11%
15%
1%
25%
90%
0%
25%
5%



C.6 UNITIL POTENTIAL STUDY
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