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Executive Summary 
The Energy Optimization Model (EO Model) is a tool used by the Massachusetts Program Administrators 
(PAs) to estimate the energy impacts of prescriptive heat pump measures in commercial buildings. 
Designed to inform the Massachusetts Technical Reference Manual (TRM), the EO Model quantifies the 
energy impacts associated with transitioning from inefficient heating oil, propane, natural gas, and electric 
heating systems to more efficient heat pump systems.  

This report summarizes the updates Cadeo (“the team”) made to the EO Model, resulting in version 2.1 
(v2.1), which builds upon the previous EO Model version 2.0 (v2.0) created in October 2023. 

 

Key Updates in EO Model v2.1 

Collectively, the key updates listed below meaningfully improved the accuracy, robustness, and reliability 
of the EO Model: 

• Simulation Enhancements 
o Updated VRF Simulations: The team updated VRF simulations to integrate best available 

data and better align midstream cooling impact values with TRM-derived estimates and 
empirical data sources. Specifically, the team updated VRF performance curves to match 
those recently developed by the National Renewable Energy Laboratory (NREL), modified 
ventilation assumptions to consider both coupled and decoupled ventilation systems, resized 
system capacities based on coincident loads, and updated summer operation schedules for 
the school building type based on ComStock data. 

o Changed Ventilation Heating Fuel Assumptions: The team adjusted assumptions to match 
supplemental and ventilation heating fuel with the primary heating equipment fuel for both 
baseline and program cases. For example, program equipment’s dedicated outside air 
systems’ (DOAS) supplemental heating coils are always electric resistance.   

• Weight Development Refinements 
o Integrated More Recent Program Tracking Data: The team incorporated the latest 

available downstream program tracking data (program year 2022 through 2023) to develop 
case weights. The latest data included 10,537 incentivized units, a vast increase of incentivized 
units that informed v2.0 weights (1,069), improving the representativeness of the EO Model’s 
impact values. 

Acknowledgement of Changing Programs 

At the same time Cadeo developed the EO Model v2.1, the MA PAs have been discussing the 
potential redesign of the midstream program. One such potential change includes the removal of 
VRF and ASHP incentives from future midstream programs. Changes like this are common for 
programs, which are always adapting in response to shifting market conditions. This report provides 
impact values for both downstream and midstream programs, including midstream VRF and ASHP 
equipment, as that is how the team, MA PAs, and MA Energy Efficiency Advisory Council (EEAC) 
originally scoped the v2.1 update. 
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o Created Market Actor-Based Weights: The team administered a web survey to 70 heat 
pump installation contractors to gather MA-specific data about current market installation 
practices, informing pre-program HVAC system and counterfactual scenario model 
weightings. The team used these data to replace the previous v2.0 weights, which were based 
on entirely different surveys with 36 individual participating customers. Installation contractors 
were surveyed for the v2.1 update because contractors can provide information on their 
broader experience with customer in MA, whereas participating customers can only provide 
information on their individual experience. 

Key Findings 
The model’s results are calculated for each combination of the following three heat pump installation 
characteristics: 

 Program HVAC Equipment Type, including Variable Refrigerant Flow, Air Source Heat Pumps,1 
Packaged Terminal Heat Pumps, and Ground Source Heat Pumps. 
 Displaced Fuel Type, including electric, gas, heating oil, and propane. 
 Displacement Type, both full and partial displacement. 

When the team scoped the v2.1 update, the PAs ran two complementary programs designed to 
encourage the installation of high-efficiency heat pumps in commercial buildings: a midstream program 
and a downstream program. The PAs designed these two programs to have different baselines to avoid 
the double counting of savings. The midstream program worked through distributors to encourage the 
installation of high-efficiency heat pumps (relative to standard-efficiency heat pumps) while the 
downstream program claims impacts against non-heat pump equipment and therefore considers fuel 
switching (i.e., both the change in total cross-fuel and electric consumption) in its impact estimates. 

Table ES1 summarizes the modeled prescriptive per ton impact for each downstream prescriptive 
measure. The impacts are weighted to reflect the relevant prevalence of each prescriptive measure’s 
baseline equipment types (existing and counterfactual), building types, and event types (i.e., early 
replacement and replace on failure) as observed in the program tracking data. The downstream summary 
table includes both total electric impact (kWh/ton) and fuel impact (MMBtu/ton). The electric “savings” in 
the downstream program are negative for all non-electric-fuel displaced fuels, which is a function of the 
fuel switching associated with the transition to a heat pump (i.e., electric heating load is being added 
where there previously was none. This additional electric load is offset by the elimination or lesser use of 
fossil fuels). 

As discussed in greater detail below, the v2.1 downstream electric savings and penalties are higher in all 
prescriptive measures relative to v2.0. 

 
1 This program measure includes all air source heat pumps and mini/multi split systems. 
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Table ES1: Annual Downstream Program Prescriptive Impacts 

Measure Displacement 

Displaced Fuel 

Electric 
Natural 

Gas 
Oil Propane 

Natural 
Gas 

Oil Propane 

kWh/ton kWh/ton kWh/ton kWh/ton MMBtu/ton MMBtu/ton MMBtu/ton 

VRF Full 2,535 -1,449 -1,358 -1,358 14.5 14.3 14.3 

VRF Partial 1,837 -852 -833 -833 9.3 9.2 9.2 

ASHP Full 2,376 -1,751 -2,140 -2,013 14.0 17.3 17.0 

ASHP Partial 1,681 -1,069 -1,270 -1,126 9.2 11.2 10.7 

GSHP Full 3,808 -2,029 -2,030 -2,030 26.0 26.6 24.5 

 

Table ES2 and Table ES3 provide the weighted average prescriptive impacts for the midstream program. 
As with the downstream impacts shown in Table ES1, the midstream impacts are weighted to reflect the 
relative proportions of baseline equipment types, displacement types (full and partial), building types, and 
event types observed in the program tracking data. The midstream summary table only shows positive 
electric impacts (kWh/ton and kWh/unit) because that program’s baseline—a standard efficiency heat 
pump—is always electric. 

Table ES2: Annual VRF, ASHP, & GSHP Midstream Program Prescriptive Impacts 

Program 
Equipment Type 

Electric Savings 
kWh/ton 

VRF 188 
ASHP 127 
GSHP 311 

 

Table ES3: Annual PTHP Midstream Program Prescriptive Impacts 

Program 
Equipment Type 

Electric Savings 
kWh/unit 

PTHP2 1,123 

 

  

 
2 For PTHPs, the savings reported here are based on 2023 TRM language stating that, "Savings [are] calculated as a 50/50 average 
between baseline PTAC [with] electric resistance heat," which is our downstream baseline, and "a standard efficiency PTHP," which is 
our midstream baseline. As such, we have calculated the difference in energy use between each of the two baselines and the 
efficient case and reported the average of these two values here. 

The PTHP measure in the 2023 TRM gives total savings per unit, rather than per ton as with the other measures. The TRM notes 
that applicable PTHPs must have a capacity of less than 10 kBtu/hr. As such, the PTHP electric savings in Table 2 would need to be 
multiplied by some factor of less than 10/12 (with the numerator being an assumed average PTHP capacity in kBtu/hr) to fully align 
with the 2023 TRM approach. 
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Changes in Annual Program Impacts 

Table ES4 and Table ES5 compare the changes in downstream program impacts between v2.0 and v2.1, 
respectively. Provided in Table ES6 and Table ES7 are the changes in midstream program impacts 
between v2.0 and v2.1. Because the team developed an entirely new model in v2.0 using a fundamentally 
different approach—that is, employing calibrated building simulations rather than engineering 
algorithms—it is not possible to directly compare the different approaches used for v1.0 versus v2.0/v2.1 
and, consequently, the resulting savings.3 

The annual prescriptive electric savings and penalties are generally greater in v2.1 than v2.0, with the 
following changes worth noting: 

• Higher Electric Penalties, Fuel Impacts for VRF and ASHP Measures: Electric penalties and fuel 
impacts for VRF and ASHP displacing all fuels are higher in v2.1 than v2.0. This change is due to the 
updated assumption that supplemental and ventilation heating fuel is always the same as the primary 
HVAC system. In v2.0, we assumed that the supplemental and ventilation fuel for program equipment 
is always the same as the baseline system’s fuel. 

• Lower ASHP Midstream Impacts: ASHP midstream impacts have decreased, primarily due to the 
change in supplemental and ventilation heating assumptions, along with other corrections to the EO 
Model’s calculation. 

• Higher VRF Downstream Electric and Fuel Savings, Midstream Electric Savings: VRF downstream 
and midstream electric savings have increased due to updates in VRF simulations, including updated 
performance curves, the incorporation of coupled VRF systems, system resizing based on coincidental 
loads, and adjusted school operation schedules. 

Table ES4: Downstream Electric Impact Comparison Between EO Model Versions 
(kWh/ton) 

Measure Displacement 
Electric Natural Gas Oil Propane 

V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 

VRF Full 2,129 2,535 -1,082 -1,449 -1,139 -1,358 -1,139 -1,358 

VRF Partial 1,644 1,837 -552 -852 -505 -833 -505 -833 

ASHP Full 2,275 2,376 -928 -1,751 -1,034 -2,140 -1,045 -2,013 

ASHP Partial 1,681 1,681 -472 -1,069 -644 -1,270 -664 -1,126 

GSHP Full 3,805 3,808 -2,029 -2,029 -2,029 -2,030 -2,029 -2,030 

   

 
3 Midstream prescriptive impact results were not calculated in the EO Model v1.0. 
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Table ES5: Downstream Fuel Impact Comparison Between EO Model Versions 
(MMBtu/ton) 

Measure Displacement 
Natural Gas Oil Propane 

V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 

VRF Full 11.5 14.5 12.2 14.3 12.2 14.3 

VRF Partial 7.6 9.3 7.4 9.2 7.4 9.2 

ASHP Full 12.5 14.0 11.1 17.3 11.0 17.0 

ASHP Partial 8.3 9.2 8.7 11.2 8.8 10.7 

GSHP Full 26.1 26.0 26.7 26.6 24.8 24.5 

 

Table ES6: VRF, ASHP, & GSHP Midstream Impact Comparison Between EO Model 
Versions (kWh/ton) 

Program 
Equipment Type 

Electric Savings Electric Savings 
V2.0 V2.1 

VRF 72 188 
ASHP 286 127 

GSHP 311 311 

 

Table ES7: PTHP Midstream Impact Comparison Between EO Model Versions (kWh/unit) 

Program 
Equipment Type 

Electric Savings Electric Savings 
V2.0 V2.1 

PTHP4 1,126 1,123 

 

Recommendations 
Recognizing that the PAs plan to update the EO Model again as part of their ongoing effort to accurately 
track the impact of commercial heat pumps, the team offers the following recommendations to further 
improve the model: 

• Continue to Refresh the EO Model with Recent Program Data. The team recommends the PAs 
annually update the EO Model —at least through the next 3-year cycle—with the most recent 
program data to reflect the maturation of the fast-moving commercial heat pump market. This is 
especially important for PTHPs as this technology was not offered when this study began. These 

 
4 The PTHP measure in the 2023 TRM gives total savings per unit, rather than per ton as with the other measures. The TRM notes 
that applicable PTHPs must have a capacity of less than 10 kBtu/hr. As such, the PTHP electric savings in Table 2 would need to be 
multiplied by some factor of less than 10/12 (with the numerator being an assumed average PTHP capacity in kBtu/hr) to fully align 
with the 2023 TRM approach. 
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regular updates will ensure that modeled impact estimates reflect the latest market trends, program 
activity, and the evolving mix of equipment incentivized through the program, which, in turn, will 
result in the most appropriate impact values for the PAs to apply prospectively. 

• Improve Collection of Customer and Contractor Information. Currently, survey results are 
unweighted for the developing case weights (i.e., all survey responses are weighted equally). The 
team’s plan was to match survey respondents’ vendor names to vendors in the program data to 
weigh results by each vendor’s installed capacity or count. However, most entries in the program 
tracking data (~80%) did not include vendor names, thus preventing matching for a representative 
portion of survey responses. We recommend greater stringency in tracking unique identifiers, such as 
vendor names, in program data collection. 

• Directly Simulate New Construction Buildings. During v2.0 development, the team and PAs agreed 
to focus on existing buildings, in alignment with the understanding at that time that new construction 
would not be included in midstream or downstream programs. However, recent interviews with 
implementation PAs indicated that new construction is and will continue to be included in the 
midstream program. Consequently, we recommend directly simulating new construction buildings 
with envelope characteristics set to recent code-required levels, at a minimum, to account for the 
presence of new construction buildings in the midstream program.  

• Directly Simulate GSHP HVAC Systems. Similar to excluding new construction scenarios as part of 
v2.0, the team and PAs collectively decided to not directly simulate GSHPs due to the low number of 
installations (only one installed during the period covered by the available program data) and 
challenges in accurately modeling ground-coupled heat exchangers (due to uncertainty around sub-
soil hydrology and thermal capacitance). Since then, the program has experienced a significant 
increase in prescriptive GSHP units (184 in 2022–2023). To more accurately capture the impact of 
GSHP in the future, we recommend directly simulating GSHP HVAC systems in the next model update. 
Given the increase in GSHP activity, directly simulating these systems will result in more representative 
and robust impact estimates. 

• Field Additional Data Collection Efforts. We recommend the PAs field additional data collection 
efforts, including, but not limited to, a metering study for downstream program participants aimed at 
quantifying the following: 

o Building Consumption and Characteristics for Calibration: Metering the primary and 
backup heating and cooling consumption for buildings prior to program participation would 
allow the team to more accurately calibrate future models. Currently, the EO Model’s 
simulations are calibrated to non-program participant billing data. To decrease the 
uncertainty of non-HVAC aspects of the building, the field data could also collect information 
on building characteristics, such as envelope and fenestration characteristics (wall, window, 
roof, and foundation insulation) and internal gains (lighting power density, gas/electric 
equipment power density, and occupancy). At a minimum, any data collected should include 
the square footage of the building or portion of the building served by the primary HVAC 
systems and the systems’ capacities. 

o Pre-Existing Cooling Conditions. While the installation contractor survey gathered some 
information on the proportion of baseline systems that did not have cooling capability before 
program participation, it did not comprehensively gather information on the full range of pre-
existing cooling scenarios. Scenarios that were not captured in the survey include instances 
where a program participant was going to install cooling equipment other than a heat pump, 
or if a heat pump was installed for heating and does not provide cooling. A metering study or 
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other field data collection effort could inform the various pre-existing cooling conditions that 
should be included in a future update. The EO Model v2.1 assumes all baseline systems have 
cooling capability, in alignment with v2.0. The EO Model v2.1 also has the functionality to 
adjust impact results based on the proportion of baseline systems with cooling capability, but 
the tool does not consider the full range of pre-existing cooling scenarios. 

o Proportion of VRF Systems with Coupled and Decoupled Ventilation. While the 
installation contractor survey gathered some information on the proportion of VRF systems 
with coupled versus decoupled ventilation, a metering study or other field data collection 
effort could further inform and improve upon this input. The EO Model v2.1 is capable of 
weighing VRF impact results by ventilation approach and these proportions can be easily 
updated in the presence of new data.  

o Supplemental and Ventilation Heating Fuel Assumptions. Given a lack of available data, 
the EO Model v2.1 assumes that the fuel for any supplemental or ventilation heating is the 
same as the primary heating system. This assumption is a change from v2.0 where the 
supplemental and ventilation heating fuel is assumed to be the same as the baseline 
ventilation system fuel type. While we believe this assumption overall is an improvement for 
v2.1, additional data collection could inform whether this assumption is accurate or if 
adjustments are needed. Once collected, the team and PAs can also consider adding 
supplemental/ventilation heating fuel as a new segment and weigh simulation results by this 
proportion. 

o Dual-Fuel Controls for Partial Displacement Cases. The EO Model uses a hard switchover 
when simulating partial displacement cases, informed by information on the program 
application and the installation contractor survey. However, some systems have dual-fuel 
operation capability. There is limited data on how these controls function in program heat 
pump installations (i.e., at what outdoor air temperatures back-up equipment begins to 
operate and the proportion of load shared by primary and backup heating at various outside 
air temperatures). We recommend collecting more information on partial displacement 
controls, particularly for dual-fuel operation. Once this information is collected, the team and 
PAs can consider adding switchover controls as a new segment and weigh simulation results 
by this proportion.  

o Peak Heating and Cooling Loads. Compiling information on the ratio of peak heating and 
peak cooling loads could indicate where full displacement may require substantial distribution 
system updates. This information could be acquired through a metering study. 

Considerations 

The team also offers the following considerations that could help inform future EO Model iterations: 

• Collect Information Regarding Displaced Equipment in Program Tracking Data. The downstream 
program participant data provided to our team—one of two primary sources of data for developing 
case weights in the EO Model—did not contain information on the existing HVAC equipment that the 
program heat pump replaced. Because the displaced equipment type has one of the largest 
influences on overall measure impacts—and is readily observable by the contractor installing the 
program equipment—we suggest the PAs consider requiring implementers to track pre-program 
equipment as part of the program’s data reporting requirements. The PAs should also consider 
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collecting and tracking pre-program equipment status (whether the fully displaced equipment was 
removed or kept in place), partial displacement backup heat control setpoints, and ventilation details. 

• Separate the ASHP Measure into Multiple, More Specific ASHP Measures. In 2021, the PAs 
tracked mini/multi-split systems and central/ducted heat pumps separately, but in the same year 
decided to no longer track these individually given the vast permutations of additional information 
required for tracking these system types. The PAs currently combine all air source heat pumps—
whether central, ducted, and/or mini/multi-split systems—into a single prescriptive ASHP measure. 
Collectively, these ASHP types represent the overwhelming majority of incentivized commercial heat 
pump units and savings (79% of all incentivized units in 2022–2023). Given the significant 
participation associated with this one aggregated measure, as well as the fundamental differences in 
the systems (single vs. multi zone, coupled vs. uncoupled ventilation, etc.), we suggest the PAs 
consider going back to the 2021 approach of splitting the downstream ASHP program offering into 
more specific heat pump types—specifically, separating ductless from ducted heat pumps—to better 
capture the inherently different system designs and impact values of these popular measures.  

• Collect More Detailed Information Regarding the Types of Heat Pump Systems Being Installed. 
The downstream program participant data offers vague descriptions of the types of heat pumps being 
installed. Tracking more detailed descriptions of heat pumps – for example, packaged ASHP rooftop 
units versus split systems – could inform and improve the PAs’ program, model development, and 
marketing approaches. 
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Terms and Terminology 
Following is a list of key terms and terminology as defined by the Cadeo team, PA evaluation and 
implementation staff, and the Energy Efficiency Advisory Council (EEAC).  

Term Definition 

Baseline Equipment 

The equipment that is the point of comparison for modeling the impact of program 
incentivized equipment, and could be either the counterfactual equipment, the pre-
program equipment (for downstream program savings), or a standard efficiency heat 
pump (for midstream program savings). 

Baseload Energy used in buildings not impacted by seasonal weather variations 

Case Weights The prorated prevalence of different segments. 

Counterfactual Equipment 
The equipment type that a program participant most likely would have installed if 
they had not installed the incentivized heat pump. This is different than pre-program 
equipment and is considered when assessing impacts for all event types. 

Direct Simulation 
Estimating the energy use of a segment by simulating the segment characteristics 
with an EnergyPlus building energy modeling tool. 

Displaced Fuel 
The fuel type of both the pre-program equipment and counterfactual equipment that 
the program equipment is replacing. 

Early Replacement 
When a participant installs program equipment before their existing equipment has 
reached the end of its effective useful life. 

Event Type 
The context with which the program equipment was installed. For the EO Model, this 
includes early replacement and replace on failure instances. 

Full Displacement Program equipment provides 100% space heating.  

High-level Input 
An input to the model used to define other detailed inputs (e.g., building type or 
HVAC type). 

Industry Standard Practice 
(ISP) 

Equipment characteristics, such as efficiency levels, that reflect the current equipment 
purchases and installation practices across the market without program intervention. 

Like-for-Like Replacement 
When a participant's replace on fail baseline equipment is the same fuel and 
equipment type as their pre-program equipment. 

Model 
In this document, model refers to the entire EO tool, including the direct simulation 
energy models and proxy simulation calculations. 

Partial Displacement 
Pre-program equipment remains in place to provide supplemental heat at cold 
temperatures when the program equipment has insufficient capacity to meet the 
heating load. 

Pre-program Equipment 
The components of a participant’s HVAC system that the program equipment 
replaced. This is different than the counterfactual equipment and is considered when 
assessing impacts for early replacement events. 

Program Equipment 
The program-incentivized equipment that a participant installed, which serves as the 
program case used to find midstream impacts. 

Proxy Simulation 
Estimating the energy use of a segment based on the direct simulation results for a 
different, though similar, segment. 

Replace on Failure 
When a participant installs program equipment after pre-program equipment has 
reached the end of its effective useful life. 
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Term Definition 

Scenario 
Any combination of baseline and program equipment types, displacement types, and 
building types for which the model estimates energy impact. 

Segment 

A unique combination of building characteristics that the EO Model will account for 
when estimating energy impact for a measure. Each segment will have a weight, 
based on square footage, which gives the percent of program participants with that 
combination of characteristics and an estimated annual energy impact. 

Simulation 
To avoid confusion with the term Model, simulation(s) refers to the individual 
building energy models that serve as inputs to the EO Model. 

Midstream Baseline 

The standard (ISP) efficiency version of the program equipment that a participant 
installed. This version of program equipment is used as the efficient-case to 
determine downstream program impacts and as the baseline-case to determine 
midstream program impacts. 
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Introduction 
The commercial Energy Optimization Model (EO Model) 
is designed to generate impact estimates for prescriptive 
heat pump measures in commercial buildings for 
prospective application via the Massachusetts Technical 
Reference Manual (TRM). The Massachusetts Program 
Administrators (PAs) use the model to quantify the 
impacts associated with full or partial displacement of 
inefficient heating oil, propane, gas, and electric primary 
heating systems to more efficient heat pump systems. 

At the time that EO Model v2.1 update was scoped, the 
PAs ran two complementary programs designed to 
encourage the installation of high-efficiency heat pumps 
in commercial buildings: a midstream program and a 
downstream program. The PAs designed these two 
programs to have different baselines to avoid the double 
counting of savings. At the same time that Cadeo 
developed the EO Model v2.1 update, the MA PAs have 
been discussing the potential redesign of the midstream 
program. One such potential change includes the 
removal of VRF and ASHP incentives. This report provides 
impact values for both downstream and midstream 
programs, including VRF and ASHP equipment, as 
originally scoped by the team, MA PAs, and MA Energy 
Efficiency Advisory Council (EEAC). 

The midstream program worked through distributors to 
encourage the installation of high-efficiency heat pumps 
relative to standard-efficiency heat pumps. As a result, 
the baseline for assessing impacts associated with the 
midstream program is the industry standard practice heat 
pump efficiency. Also, because the baseline is always a 
heat pump, the midstream program was independent of 
fuel switching. New construction buildings were included 
in the midstream program; however, the EO Model 
currently excludes this use case in alignment with the 
PAs’ commitment to keep new construction projects out 
of the existing buildings program downstream pathway 
during the v2.0 update.  

The downstream program claims impacts against non-heat-pump equipment, which results in higher 
total energy impacts (across fuel types) and allows for higher incentives than the midstream program. The 
downstream program therefore considers fuel switching (i.e., both the change in total cross-fuel and 

Subcommittee Engagement 

To support the creation of the EO Model 
v2.0, the team regularly met with a 
subcommittee of PA implementation 
and evaluation team members and EEAC 
consultants with particular interest in this 
model update. The subcommittee 
collaboratively defined the model’s 
scope, pertinent baseline and 
counterfactual scenarios, program HVAC 
scenarios, and relevant building types to 
model, as summarized in the v2.0 report. 

Some of the first decisions that the EO 
subcommittee made as part of the v2.0 
update, summarized in the v2.0 report, 
included: 

• Overall Scope. The team and 
subcommittee agreed to design the 
EO Model to estimate impacts for 
both midstream and downstream 
programs. 

• Relevant Baselines. The team and 
subcommittee agreed on the 
relevant baseline equipment and 
efficiencies for each program savings 
pathway. 

• Impact Calculations. The team and 
subcommittee agreed on the 
calculations that will be used to 
estimate impacts for each program 
pathway, considering all baseline 
equipment, program equipment, 
event types (replace on failure versus 
early replacement), and lifetimes 
(remaining life versus measure life). 
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electric consumption) in its impact estimates. The PAs consider all downstream program participants to 
also be a part of the midstream program, but not all midstream program participants are part of the 
downstream program. 

In 2023, the PAs contracted Cadeo (MA22C10) to significantly update the original commercial EO Model 
(version 1.0 or v1.0). This update resulted in version 2.0 (v2.0), which included the following 
enhancements: 

• Expanded modeling capabilities using commercial building energy simulations.5 
• Included additional C&I HVAC equipment types.6 
• Introduced new population data “roll up” scenarios to estimate average measure impacts,7 including 

gas-to-electric fuel system conversions.8 
• Updated baseline9 assumptions using a survey of recent commercial heat pump program participants 

to assign a range of counterfactual baselines (the previous model exclusively assumed like-for-like 
replacement as the basis for calculating impacts). 10 

• Added adjustable model inputs and scenario weightings that can be easily updated with new program 
or survey data. 

The EO Model v2.0 report11 also included recommendations for future model refinement. The team acted 
on three of these recommendations, resulting in version 2.1 (v2.1): 

• Updating the EO Model with Program Data. The team recommended the PAs annually update the 
EO Model—at least through the next three-year cycle—to reflect the most recent program data. 
These regular updates ensure that the model’s impact estimates reflect the latest program activity and 
the evolving mix of incentivized equipment, providing the most accurate impact values for the PAs. 

• Fielding an Additional Survey. Although using empirical data from existing downstream program 
participants to improve upon the exclusive like-for-like replacement assumption was a key update for 
v2.0, the number of usable survey participants that informed the team’s replacement scenarios was 
relatively low (n=36).12 To bolster the reliability of counterfactual baselines, the team recommended 
an additional survey. For v2.1, the team surveyed HVAC installation contractors instead of customers 
to gain a broader perspective on what a larger customer base would have installed had they not 
installed an incentivized heat pump. 

 
5 For example, the former model had limited capacity to account for intrinsic (fans, pumps, ventilation, etc.) and extrinsic (weather, 
envelope, square-footage-by-building-type, etc.) components to modeling HVAC equipment. 
6 Due to its residential origins, the EO model version 1.0 was only applicable for residential-style heating, ventilation, and air-
conditioning (HVAC) equipment installed in small commercial applications (defined as 10,000 square feet or less). This approach 
leans on the assumption that residential-style systems function and operate the same as commercial systems, which breaks down 
with larger and more complex buildings which are better understood through physics-based building energy simulations. 
7 Population-data alone was not sufficient for estimating impacts for VRF, GSHP, and PTHP. For these scenarios, the team employed 
a mix of engineering judgement. 
8 The EO model version 1.0 was able to estimate the impacts associated with upgrading or partially displacing inefficient oil- and 
propane-primary heating systems to more efficient gas systems, though the PAs did not use the model for this purpose. 
9 The relevant point of comparison against the efficient case scenario that reflects the program counterfactual. 
10 The equipment type that a program participant most likely would have installed if they had not installed what they did.  
11 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
12 The survey was successful in achieving the target number of responses but identified over 50% new construction event type 
projects. Given the PAs commitment to exclude new construction projects from the existing building program downstream pathway 
during the v2.0 update, the team excluded these responses from this study’s counterfactual analysis. 
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• Incorporating New Midstream Impact Values into the TRM Measure Impact Estimates. The team 
recommended using the EO Model’s midstream impact results instead of the existing TRM’s efficiency 
metric-based calculation. This alignment created consistency between downstream and midstream 
programs (i.e., both would come from the same model). Following v2.0, discussion between Cadeo, 
the PAs, and midstream stakeholders highlighted opportunities to update the model with recently 
released VRF performance curves and additional ventilation air modeling options, improving the 
accuracy of the savings estimates.13 

 

About This Report 
This report details the updates made by Cadeo in creating the EO Model v2.1 and presents the model’s 
results. While some methodological information is provided here, more detailed descriptions are available 
in the v2.0 report. 14  

Section 1: Key v2.1 Updates 
Section 2: Results

 
13 Consistent with these recent discussions with the PAs and midstream stakeholders, Cadeo does not anticipate these updates will 
increase the savings for midstream VRFs (relative to Version 2.0) such that they are as high as the previous TRM-based estimates. 
14 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
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Key v2.1 Updates 
This section summarizes the EO Model v2.1 updates. These updates are categorized and detailed in the 
following sections: 

• Simulation Updates: Improvements we made to key simulation inputs. 
• Weight Development Updates: Updates informed by the latest program tracking data and survey 

data. 

Simulation Updates 
This section details Cadeo’s updates to the building simulations used to estimate the energy savings 
values that form the basis of the EO Model’s impact calculations. The updates are categorized as follows: 

 Variable Refrigerant Flow (VRF) Simulations: VRF simulations were updated to better align 
midstream cooling impact values with TRM-derived estimates and empirical data sources. 
 Ventilation Heating Fuel Assumptions: The assumed supplemental and ventilation heating fuel 
was adjusted to match the primary heating equipment fuel for both baseline and program cases. 

Table 1 provides a summary of the team’s updates to the EO Model’s simulations, categorized by primary 
HVAC type. Additionally, the team conducted a high-level and in-depth quality assurance and quality 
control (QAQC) review of the simulation results following the same process used during the EO Model 
v2.0 development, as detailed in the v2.0 report.15 

Table 1: Summary of Simulation Updates 

Primary HVAC Original (v2.0) Assumption Updated (v2.1) Assumption 

VRF 
Performance curves based on PNNL 
prototypical VRF performance. 

VRF performance curves developed 
by the National Renewable Energy 
Laboratory (NREL) in 2023. 16 

VRF 
The team modeled ventilation as a 
decoupled dedicated outside air 
system (DOAS). 

The team modeled an additional 
segment where 100% of ventilation 
air is met by the program 
equipment (i.e., a coupled outside 
air system). 

VRF 
The team sized equipment based on 
non-coincident (i.e., the sum of each 
zone’s peak load) loads. 

The team sized equipment based on 
coincident (i.e., whole building 
peak) loads. 

 
15 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
16 The National Renewable Energy Laboratory, End-Use Savings Shapes Measure Documentation: Variable Refrigerant Flow with Heat 
Recovery and Dedicated Outdoor Air System, https://www.nrel.gov/docs/fy24osti/86103.pdf 
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Primary HVAC Original (v2.0) Assumption Updated (v2.1) Assumption 

VRF 
School schedules based on PNNL 
prototypical operation schedules. 

School schedules based on 
ComStock operation schedules. 

VRF, Single Zone-Ductless Mini-
Split Heat Pumps, Multi Zone-
Ductless Mini-Split Heat Pumps, 
or PTHP 

The team modeled ventilation as a 
DOAS with (1) baseline efficiency 
and fuel heating coil (i.e., 
ventilation heating fuel is always 
assumed the same fuel as the 
baseline system’s ventilation 
heating fuel) and (2) DX cooling for 
tempering ventilation air. 

The team modeled ventilation as a 
DOAS with (1) baseline efficiency, 
and (2) DX heating and cooling 
for tempering ventilation air (i.e., 
ventilation heat is always assumed 
electric resistance). 

 

The team also reviewed program applications to gather information on equipment switchover controls 
and temperatures, relevant for partial displacement cases where the heat pump is installed as the primary 
heating system and the pre-existing equipment is retained as backup heating. In the v2.0 model, the team 
and subcommittee agreed on a 30°F switchover temperature and hard switchover control, where the 
backup heating provides the full heating load at and below 30°F.17 

After reviewing program applications, the team found that most contractors, both in terms of count (55%) 
and installed capacity (65%), install hard switchover controls,18 with the vast majority of contractors also 
setting switchover temperatures at 30°F.19 This finding was later corroborated by the contractor survey, 
discussed in the Survey Analysis section, leading to no changes in the EO Model v2.1 switchover 
assumptions. In future updates, the team and subcommittee can consider weighing switchover control 
approaches between a hard switchover and a concurrent dual-fuel operation where the heat pump and 
backup heating equipment simultaneously provide heating load. See the Recommendations section for 
more details on suggested future updates to the EO Model. 

Variable Refrigerant Flow Updates 
In early 2024, Cadeo performed several diagnostic reviews on the v2.0 EO Model and the TRM’s rated 
efficiency metric-based calculation approach for VRF midstream equipment. The team found that: 

 The EO Model’s VRF midstream impacts on the cooling side are lower than industry benchmarks. 
 The TRM-derived impacts are higher than the same benchmarks.20 
 The EO Model v2.0 provided more accurate results compared to the TRM-derived impacts. 

 
17 The v2.0 switchover temperature and controls assumptions were based on industry insight for dual-fuel systems. 
18 The estimates of hard switchover controls’ count (55%) and installed capacity (65%) in the program applications are the lower 
bounds for how partial displacement systems are operating; the remainder of systems found in program applications are “dual-fuel 
optional,” meaning that while the primary and backup heating equipment have the capabilities to simultaneously provide heating, 
they are not guaranteed to operate this way. 
19 The median and 80th percentile switchover controls are both 30°F, indicative of the vast majority of partial displacement systems 
set to switchover at 30°F. 
20 The team used Commercial Building Energy Consumption Survey (CBECS) and ComStock data as empirical points of comparison. 
Using these sources, the team found that EO Model results are likely too low (about 53% lower than ComStock estimated VRF 
cooling savings) while TRM impacts are way too high (about 155% higher than estimated VRF cooling savings for EER and 184% 
higher for IEER). 
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As part of this review, the team identified several opportunities to update the model with new data and 
approaches to better align the EO Model with benchmark data and TRM-derived estimates. These 
updates, implemented in v2.1, include: 

 Updated VRF Performance Curves: The v2.0 model employed part-load performance curves 
based on VRF units that were over 10 years old. At the time of EO Model v2.0, these were the best 
performance curves available. In October 2023—shortly after the EO Model v2.0 updates—NREL 
released performance curves based on more recent VRF equipment,21 which the team 
incorporated into the v2.1 model.  
 Updated Ventilation Assumptions: The v2.0 model assumption that dedicated outside air 
systems (DOAS) provide outside air at room temperature shifted ventilation loads (a significant 
portion of the overall heating and cooling load) away from ductless program equipment (i.e., a 
decoupled ventilation system). In v2.1, the team added a new segment assuming 100% of 
program participants’ ventilation loads are met by the program equipment, achieved by 
introducing unconditioned ventilation air directly to the zone fan coil units which, in turn, provide 
any required conditioning (i.e., a coupled ventilation system). This new segment also allows for 
the consideration of new installer survey data or program applications that capture typical 
ventilation installation practices. The team currently assumes that the proportion of decoupled 
versus coupled ventilation for VRF equipment is equal to proportions indicated by the installer 
survey; the team recommends revisiting the proportion of assumed ventilation strategy in future 
data collection efforts. See the Recommendations section for more details on suggested future 
updates to the EO Model. 
 Resized Systems: In v2.0, equipment was conservatively sized based on non-coincident (i.e., the 
sum of each zone’s peak load) loads, often leading to oversized systems for cooling in 
Massachusetts’ heating-dominated climate. This oversized equipment caused excessive cycling 
and part-load operation during cooling in some building types, reducing reported measure 
impacts as they are normalized by the total installed capacity of the heat pump. In v2.1, Cadeo 
updated the sizing strategy to be based on coincident (i.e., whole building peak) loads. 
 Adjusted Operations Schedules: Upon review, the seasonal scheduling assumptions for schools 
in v2.0 led to unrealistically low usage levels in the summer. The team adjusted the school 
schedules to match ComStock22 school operation schedules. 

Ventilation Heating Fuel Updates 
To ensure that the EO Model accurately accounts for the impacts of installing equipment included in the 
individual measures, several key assumptions were made regarding how the model accounts for the 
provision of ventilation air. This is particularly important when replacing a baseline system with integrated 
ventilation air supply (e.g., a packaged roof top unit) with program equipment relying on a separate 
system (e.g., a DOAS) to bring fresh air into the occupied space (e.g., ductless mini-split). 

The EO Model v2.0 assumed that when a DOAS is modeled with program equipment, the DOAS had the 
same heating coil fuel as the baseline ventilation equipment. This approach aimed to isolate measure 

 
21 The National Renewable Energy Laboratory, End-Use Savings Shapes Measure Documentation: Variable Refrigerant Flow with Heat 
Recovery and Dedicated Outdoor Air System, https://www.nrel.gov/docs/fy24osti/86103.pdf 
22 The National Renewable Energy Laboratory, ComStock, https://comstock.nrel.gov/ 
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energy impacts to those inherently part of whatever program equipment a participant installed. However, 
the approach explicitly excluded instances where a contractor replaces the entirety of the HVAC system 
(primary heating equipment and ventilation equipment) and assumed that any new ventilation equipment 
will inherently be heated with the baseline fuel. Furthermore, the previous approach assumes that baseline 
equipment can be modified to provide only the required amount of ventilation air and attributes the fan 
impacts from this change (in the case of converting ducted central systems to ductless zonal systems) to 
the program equipment. Subsequently, this approach led to the EO Model underestimating downstream 
electric impacts and electric penalties for installing most heat pump HVAC systems (especially for the 
ASHP measure23 where a significant portion of the load for ductless units are met by DOAS).  

In v2.1, Cadeo revised the program ventilation strategy to assume the ventilation equipment’s heating coil 
fuel matches the primary HVAC heating coil fuel (e.g., DOAS heating coils are always electric if the primary 
HVAC equipment is electric). While this assumption is believed to be more typical of how heat pump 
systems are installed, it likely overestimates electric impacts and penalties by excluding heat pump 
systems with gas DOAS. To improve accuracy, the team recommends collecting data on the ventilation 
strategies installed by contractors, particularly the heating coil fuel in DOAS for zonal/ducted program 
equipment. This data could inform an additional segment for weighing gas- and electric-fueled DOAS 
simulation results. See the Recommendations section for more details on suggested future updates to the 
EO Model. 

Table 2 details the EO Model v2.1 final ventilation assumptions for baseline and program equipment. As 
discussed in the EO Model v2.0 report,24 ventilation rates are determined through calibration. 

Table 2: Ventilation Equipment Assumptions for Baseline and Program Equipment 

Baseline 
Equipment Types 

Modeled Baseline Ventilation 
Equipment 

Program 
Equipment Types 

Modeled Program Ventilation 
Equipment 

Electric Reheat 
System, Furnace, 
or Packaged Unit 

Baseline HVAC equipment 
provides ventilation air along 
with supply air to zone. Supply 
fans run constantly to provide 
ventilation air, even when no 
heating or cooling is required. 

VRF, Single Zone-
Ductless Mini-
Split Heat Pumps, 
Multi Zone-
Ductless Mini-
Split Heat Pumps, 
or PTHP 

DOAS with (1) baseline efficiency 
and (2) DX heating and cooling 
for tempering ventilation air. 
DOAS supply air fans run 
constantly during occupied 
hours. Program equipment 
supply fan cycles on and off as 
need to provide space 
conditioning. 

Electric Reheat 
System, Furnace, 
or Packaged Unit 

Baseline HVAC equipment 
conditions ventilation air to 
supply air temperatures and 
distributes to zones along with 
supply air. Supply fans run 
constantly to provide ventilation 
air, even when no heating or 
cooling is required. 

Air Source Heat 
Pump 

Program HVAC equipment 
conditions ventilation air to 
supply air temperatures and 
distributes to zones along with 
supply air. Supply fans run 
constantly to provide ventilation 
air, even when no heating or 
cooling is required. 

 
23 This program measure includes all air source heat pumps and mini/multi-split systems. 
24 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
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Baseline 
Equipment Types 

Modeled Baseline Ventilation 
Equipment 

Program 
Equipment Types 

Modeled Program Ventilation 
Equipment 

Hydronic 
Radiators, Radiant 
Electric System, 
Unit/Space 
Heater(s) 

DOAS with baseline efficiency 
and fuel heating coil and DX 
cooling for tempering 
ventilation air. DOAS supply air 
fans run constantly during 
occupied hours. Program 
equipment supply fan cycles on 
and off as need to provide space 
conditioning. 

VRF, Single Zone-
Ductless Mini-
Split Heat Pumps, 
Multi Zone-
Ductless Mini-
Split Heat Pumps, 
PTHP 

DOAS with (1) baseline efficiency 
and (2) DX heating and cooling 
for tempering ventilation air. 
DOAS supply air fans run 
constantly during occupied 
hours. Program equipment 
supply fan cycles on and off as 
need to provide space 
conditioning. 

Hydronic 
Radiators, Radiant 
Electric System, 
Unit/Space 
Heater(s) 

DOAS with baseline efficiency 
and fuel heating coil and DX 
cooling for tempering 
ventilation air. DOAS supply air 
fans run constantly during 
occupied hours. Program 
equipment supply fan cycles on 
and off as need to provide space 
conditioning. 

Air Source Heat 
Pump 

Program HVAC equipment 
conditions ventilation air to 
supply air temperatures and 
distributes to zones along with 
supply air. Supply fans run 
constantly to provide ventilation 
air, even when no heating or 
cooling is required. 

 

Weight Development Updates 
This section outlines the approach for developing 
prescriptive measure impact values through weighting. The 
PAs offer 42 downstream and 24 midstream prescriptive 
heat pump measures across six heat pump program 
equipment types,25 two displacement types,26 and four pre-
program HVAC fuel types.27 Embedded in all prescriptive 
impact values are all possible permutations of variables 
(pre-program HVAC equipment, counterfactual HVAC 
equipment, building type, etc.), which results in 230,400 
possible unique segments. As a result, the team needed to 
proportionally ”roll up” these segments to estimate single 
impact values for each of the downstream and midstream 
measures. The team achieved this by aggregating segments 
through weighting—the expected prevalence of different 
segments (i.e., the case weights) is therefore a key model 
input as these weights significantly influence the 
aggregated impact results. 

 
25 Variable Refrigerant Flow, Air Source Heat Pumps, Packaged Terminal Heat Pumps, and Ground Source Heat Pumps. 
26 Full and Partial Displacement. 
27 Electric, Natural Gas, Heating Oil, and Propane. 

Relevant Event Types 

The results of this study are applicable 
for replace on fail and early 
retirement event types. At the time of 
v2.0 development, the team developed 
the EO Model to be contingent on the 
PAs’ commitment to deliver heat pumps 
for new construction projects via a 
different program. After interviews with 
implementation PAs, it became clear 
that heat pumps were being installed 
through the midstream program, and 
therefore the team recommends 
incorporating an additional segment for 
new construction for a future update. 
See the Recommendations section for 
more details on recommend future 
updates to the EO Model. 
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This section provides background on the EO Model’s segmentation, the approach for developing case 
weights, and updates made in the v2.1 update. 

Model Segments 
Table 3 provides the full EO Model segmentation, developed through close coordination with the EO 
Model subcommittee. We assigned weights to each segment, reflecting the observed prevalence of each 
scenario among program participants in 2022 and 2023. Due to the vast number of segments we 
modeled, Table 3 displays an array of all possible scenario combinations – i.e., each row is not meant to be 
read left-to-right individually.  
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Table 3: EO Model Segmentation 

Building Types Pre-program Equipment 
Pre-program 

Fuel 
Counterfactual 

Equipment 
Counterfactual 

Fuel 
Program HVAC Event Type 

Displacement 
Type 

Climate 

Office28 
Furnace Heat and Packaged 

Direct Expansion (DX) Cooling 
Gas 

Furnace Heat and 
Packaged Direct Expansion 

(DX) Cooling 
Gas 

Variable Refrigerant 
Flow (Coupled)29 

Early 
Replacement 

Partial 
Displacement 

Interior 

Retail/Service30 
Boiler with Central Air Handlers 

and Packaged DX Cooling 
Electric 

Boiler with Central Air 
Handlers and Packaged DX 

Cooling 
Electric 

Variable Refrigerant 
Flow (Decoupled)29 

Replace on 
Failure 

Full 
Displacement 

Coastal 

Education 
Unit/Space Zonal Heating and 

Zonal AC 
Oil 

Unit/Space Zonal Heating 
and Zonal AC 

Oil 
Mini-/Multi-Split – 

Multi-zone 
   

Warehouse 
Radiant Electric Heating System 

and Packaged DX Cooling 
Propane 

Radiant Electric Heating 
System and Packaged DX 

Cooling 
Propane 

Mini-/Multi-Split – 
Single-zone 

   

Residential31 
Air Handler Unit with Zonal 
Reheat and Packaged DX 

Cooling 
 

Air Handler Unit with Zonal 
Reheat and Packaged DX 

Cooling 
 Heat Pump    

Supermarket     PTHP  PTHP  

Hotel         

Restaurant         

Outpatient         

Other         

 
28 Due to their similarity, small office and medium office building types are aggregated into the ‘Office’ building type variable for weighting. 
29 New segment as of v2.1: The EO Model v2.1 considers multiple ventilation configurations (coupled and decoupled) for VRF equipment. More detail is provided in the Variable Refrigerant Flow Updates 
section. 
30 Due to their similarity, strip mall retail and stand-alone retail building types are aggregated into the ‘Retail/Service’ building type variable for weighting. 
31 All multifamily buildings that qualify for the C&I program. 
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Weighting Approach 
The case weights we assign to the EO Model segments are derived 
from two primary sources: downstream program tracking data and 
a survey. 

• Downstream Program Tracking Data: Includes program 
participant information used to define weights for variables, 
including: 

o Building type 
o Program HVAC type 
o Displacement type 
o Pre-program HVAC fuel 
o Climate 

• Survey: To address gaps in the program data, particularly 
regarding pre-program HVAC systems and counterfactual 
scenarios, the team conducted a survey to define the remaining 
segmentation variables, including: 

o Pre-program HVAC equipment 
o Counterfactual HVAC equipment 
o Counterfactual fuel 
o Event type 

The team develops case weights through a five-step process: 

 Develop and execute the contractor survey. 
 Clean program and survey data to develop segment weights. 
 Create case weights by determining proportions of variable subsets from available data. 
 Aggregate the case weights by applying case weight proportions to all unique combinations of 
segmentation variables. 
 Assign final weights using estimated installed capacity for each segment. 

The approach for preparing the program data and developing case weights in the v2.1 update is largely 
the same as the v2.0 approach, with two exceptions: 

• The v2.1 update uses a survey administered to heat pump installation contractors. 
• The v2.1 update does not supplement VRF case weights using CBECS data.32 

A limitation of the survey results is that they are unweighted for the development of case weights (i.e., all 
survey respondents’ responses are weighted equally). The team initially planned to match survey 
respondents’ company names with program data to weigh results by installed capacity or count. However, 
the lack of company names in the program tracking data (~80% of recent program tracking data does not 
include this identifier) prevented this matching for a representative portion of survey responses. We 

 
32 During v2.0 development, the team noticed very few segments with VRF program HVAC equipment that had non-zero weights, 
which skewed impact results to reflect a small number of replacement scenarios. To better fill these data gaps, the team used CBECS 
data as a third data source for creating weights for scenarios with VRF program HVAC equipment. 

Case Weights Goal: 

The goal of the case weight 
development process is to 
develop weights for segments 
that are reasonable but were 
not captured with the program 
data or the survey data. The 
team designed the EO Model to 
allow future users to update the 
case weights as new data 
become available. 
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recommend stricter tracking of unique identifiers like company names in future program data collection. 
See the Recommendations section for more details on suggested future updates to the EO Model. 

For more details on how case weights are developed, refer to the EO Model v2.0 report.33 The following 
sections summarize the findings and updates from the downstream program tracking data and the 
installation contractor survey that were incorporated into the EO Model for the v2.1 update. 

Program Tracking Data Updates 
Downstream program tracking data was used to inform case weights for several key segmentation 
variables. While the approach for developing case weights from program data is unchanged between v2.0 
and v2.1, the timeframe and number of incentivized units differed. The EO Model v2.0 calculated case 
weights using tracking data from 2022 through the first quarter of 2023, containing 1,069 incentivized 
units. The updated EO Model v2.1 used tracking data from 2022 through 2023, containing 10,537 
incentivized units. This significant increase in incentivized units, shown in Table 4 by count and capacity, 
increases the representativeness of case weights informed by program data and resulted in the following 
findings: 

• A substantial increase in incentivized VRF units provided sufficient information to develop VRF case 
weights without supplementing with CBECS data in v2.1. 34 

• We recommend directly simulating GSHP units in a future model update due to the significant 
increase in incentivized GSHP units.35 The team did not directly simulate GSHP equipment in the EO 
Model v2.0 due to the low number of incentivized units in the previous program tracking data (n=1) 
at the time, opting to calculate GSHP impacts using the approach developed in the EO Model 1.0. See 
the Recommendations section for more details on suggested future updates to the EO Model. 

Table 4: Count and Capacity of Incentivized Units by EO Model Version 

Program HVAC 
Count of Incentivized Units 

Total Capacity of Incentivized Units 
(MMBtu/h) 

V2.0 (2022-Q1 
2023) 

V2.1 (2022–
2023) 

V2.0 (2022–Q1 2023) V2.1 (2022–2023) 

Variable Refrigerant 
Flow 

123 1,318 15.4 149.5 

Air Source Heat Pump 168 1,827 8.3 79.3 

Mini-split–Multi-zone 387 3,294 14.0 85.5 

Mini-split–Single-zone 390 3,248 9.0 79.9 

 
33 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
34 During v2.0 development, the team noticed very few segments with VRF program HVAC equipment that had non-zero weights, 
which skewed impact results to reflect a small number of replacement scenarios. To better fill these data gaps, the team used CBECS 
data as a third data source for creating weights for scenarios with VRF program HVAC equipment. 
35 The team did not directly simulate GSHP equipment in the EO Model v2.0 due to the low number of incentivized units in the 
previous program tracking data (n=1) at the time, opting to calculate GSHP impacts using the approach developed in the EO Model 
1.0. 
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Program HVAC 
Count of Incentivized Units 

Total Capacity of Incentivized Units 
(MMBtu/h) 

V2.0 (2022-Q1 
2023) 

V2.1 (2022–
2023) 

V2.0 (2022–Q1 2023) V2.1 (2022–2023) 

Ground Source Heat 
Pump 

1 184 0.1 6.7 

 

Tabled case weight results are recorded in Appendix C. 

Installation Contractor Survey 
At the outset of MA22C10’s planning process, stakeholders identified replacing the existing model’s 
default “like-for-like” counterfactual assumption with empirical data as a key priority for the model 
update. Specifically, the existing model’s like-for-like assumption assumed that participants—had they not 
installed a program-incentivized heat pump or VRF system—would have installed the same, albeit new, 
type of heating system and fuel type as their existing system.  

However, previous research of residential heat pump programs in Massachusetts, as well as team and 
subcommittee’s anecdotal experience with heat pump and other energy optimization (or electrification) 
programs, revealed that counterfactual baselines are more diverse and complex than the simplified like-
for-like assumption. In reality, participants would not always have installed similar equipment or even 
maintained the same fuel type had they not installed the program equipment.  

To ensure the EO Model v2.0 reflected the full range of counterfactual options and weighted these 
options based on their prevalence among participants, Cadeo completed an online survey with 85 
customers who received a heat pump or VRF in 2022 and Q1 2023. Cadeo used the results of the survey 
to determine the system and fuel type that participants would have installed had they not installed the 
program-incentivized equipment. While the program participant survey achieved its goal of developing 
case weights for counterfactual equipment, fuel, and all other segmentation variables informed by the 
survey, it had the following shortcomings: 

• Program participants were asked about their primary heat pump system only for their building, 
resulting in one answer for many questions. 

• Program participants were often unaware of what they would have installed instead of the heat pump 
or they provided answers that would not have been appropriate for their building type or previous 
heating system. 

• Program participants were often unaware of how their pre-existing or heat pump systems were 
configured. 

• Most program participants were new construction, which was excluded from the EO Model’s 
weighting results to focus on existing buildings, resulting in 36 usable individual customers’ 
responses. 

• A low number for survey participants who installed VRF equipment, leading the team to supplement 
VRF case weights with CBECS data. 

To address the limitations of the program participant survey, Cadeo developed and administered an 
entirely different online survey to 70 contractors who installed heat pumps in 2022 and 2023 for the v2.1 
update (well above the targeted 30 completed surveys). The team and subcommittee agreed that 
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contractors were more likely to provide accurate answers regarding pre-existing and heat pump system 
configurations, what would have been installed instead of the heat pump, and the event type of the 
installations. Additionally, contractors were able to answer questions about their broader experiences 
installing heat pumps in several buildings and interacting with several customers, whereas participating 
customers only provided information on their individual experiences for the one building they owned and 
operated. Surveying contractors, therefore, increased market insights, reliability, and the number of 
responses received for all equipment types, including VRF. 

As part of administering the installation contractor survey, Cadeo completed the following activities: 

 Survey Development and Deployment 
 Analysis 

The full installation contractor survey instrument is available in Appendix B. 

Survey Development and Deployment 
As previously noted, Cadeo and the subcommittee determined it was best for the EO Model’s 
counterfactual information to be informed by our own survey. The team iterated with the subcommittee 
while developing the survey. While the survey’s primary goal was collecting empirical data from 
contractors regarding their counterfactual equipment, it also gathered information on two other key 
model segmentation parameters: 

• Event type36 
• Pre-program HVAC system type 

The full installation contractor survey instrument is available in Appendix B. 

Consistent with the findings of the recent C&I Outreach Methods Research Study (also led by Cadeo), our 
team maximized response rates by: 

• Using “pledge drive” language.  
• Framing around collaboration.  
• Setting incentives based on typical hourly rates.  
• Dispersing incentives immediately.  
• Keeping the survey as short as possible.  
• Showing the progress bar for online surveys. 

Once the survey instrument was final, our team: 

• Programmed the survey in Qualtrics. 
• Performed internal and external quality assurance of the survey instrument and programming. 
• Conducted a soft launch of the online survey.37 
• Undertook a full launch of the online survey. 

Cadeo partnered with Abode, CET, and ICF to deploy the soft and full launch of the online survey. Abode 
and CET manage the MA PAs’ commercial heat pump contractor distribution list as well as the Heat Pump 

 
36 Early Replacement and Replace on Failure. 
37 Using 25% of the available distribution list. 
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Installer Network (HPIN) for residential heat pump contractors. All entities collaborated on developing 
outreach emails and deploying the survey to all contractors listed in the commercial distribution list. 

To encourage participation, we offered respondents a $150 incentive. The team believed this incentive 
amount, which is on the higher side relative to concurrent C&I outreach efforts, was appropriate given the 
limited population available to survey, historical difficulty soliciting responses from C&I customers as part 
of past studies, and to limit the volume of telephone follow-ups, which are labor intensive and increase 
total budget amounts. 

Survey Analysis 
In total, the team completed 70 surveys with installation 
contractors, well above the targeted 30 completed surveys. 
As shown in Table 5, the contractors surveyed installed all 
types of program heat pump equipment, displacing all 
categories of pre-program fuel (shown in Table 6). The 
team used these survey responses to first analyze the 
proportions of event types that each of these respondents 
indicated, then determine the proportions of like-for-like 
and not-like-for-like counterfactual HVAC equipment and 
fuel. The survey also provided data on the proportion of 
instances where VRF equipment is installed with coupled 
or decoupled ventilation, pre-program systems have 
cooling capability, switchover control and temperature 
approaches for partial displacement cases, ductwork 
practices, and system sizing (the latter two are included in 
Appendix D.1). 

Table 5: Program HVAC Installed by Survey Respondents (n=70) 

Program HVAC Installed Proportion of Installers Count of Respondents Who Install this 
Program Equipment Type 

Variable Refrigerant Flow 51% 36 

Air Source Heat Pump 44% 31 

Ductless Heat Pump38 89% 62 

Ground Source Heat 
Pump*39 13% 9 

Packaged Terminal Heat 
Pump*40 

27% 19 

 
38 The PAs specify several kinds of ductless heat pumps in the program data (ducted/ductless and mini/multi-split), but for the 
purpose of simplifying the survey the team binned all kinds of ductless heat pumps into one Ductless Heat Pump program HVAC 
category. 
39 Due to how the team structured the survey to focus survey questions on VRF, ASHP, and DHP installations if applicable, only one 
contractor was asked questions about their GSHP installations. 
40 Due to how the team structured the survey to focus survey questions on VRF, ASHP, and DHP installations if applicable, only one 
contractor was asked questions about their PTHP installations. However, PTHP does not appear in the program data. 

Why do n’s vary? 

Some questions were presented to all 
surveyors (n=70). Other questions were 
presented to surveyors based on the 
surveyors’ previous responses, such as 
the type of program equipment they 
install. For example, surveyors that 
indicated they install VRF equipment 
were asked questions about the VRF 
ventilation configurations they install 
(Table 10). The full survey instrument is 
available in Appendix B. 
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*While contractors indicated they install this system type, the team focused questions on program equipment most 
frequently (VRF, ASHP, DHP) to keep the survey as short as possible. 

Table 6: Proportions of Measure HVAC Displacing Fuels by Survey Respondents (n=70) 

Measure HVAC Pre-program Fuel Proportion of Installations 

Variable Refrigerant Flow 

Electric 20% 

Natural Gas 50% 

Oil 21% 

Propane 9% 

Air Source Heat Pump 

Electric 32% 

Natural Gas 44% 

Oil 14% 

Propane 10% 

Ductless Heat Pump41 

Electric 22% 

Natural Gas 42% 

Oil 24% 

Propane 12% 

 

As shown in Table 7, the majority of installations are Replace on Failure at 76%, with Early Replacement 
accounting for 24% of installations. This survey found a much higher proportion of Replace on Failure 
installations than the participant survey in the EO Model v2.0, which found roughly equal proportions of 
Replace on Failure and Early Replacement installations. However, the installation contractor survey results 
better align with the C&I Gas Equipment Early Replacement Study,42 where Replace on Failure was found 
to be the most prominent event type for all measures. More detail on the survey questions and responses 
that inform the contractor survey’s event type findings is available in Appendix D.2. 

Table 7: Event Type Survey Results (n=70) 

Event Type Proportion of Installations Standard Deviation 

Replace on Failure 76% 28% 

Early Replacement 24% 28% 

 
41 The PAs specify several kinds of ductless heat pumps in the program data (ducted/ductless and mini/multi-split), but for the 
purpose of simplifying the survey the team binned all kinds of ductless heat pumps into one Ductless Heat Pump program HVAC 
category. 
42 Commercial & Industrial (C&I) Gas Equipment Early Replacement Study (MA 19C11-G-ERCUSTSRV), Cadeo Group, Navigant 
Consulting, https://ma-eeac.org/wp-content/uploads/Study-19-21-CI-Early-Replacement-Study.pdf 
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The contractor survey data also provided insight into like-for-like assumption and not-like-for-like 
counterfactual HVAC equipment and HVAC fuel proportions, shown in Table 8 and Table 9, respectively. 
As shown below, contractors more often install not-like-for-like HVAC equipment during system 
replacements; these results favor not-like-for-like equipment replacements more than the participant 
survey conducted for v2.0 development, where the proportion of like-for-like and not-like-for-like HVAC 
equipment replacements were roughly equal. For fuel replacements, contractors indicated they more 
often install like-for-like, in alignment with the participant survey conducted for v2.0 development. 

Table 8: Like-For-Like HVAC Equipment Assumption (n=70) 

System Replacement Type Proportion of Installations Standard Deviation 

Like-for-Like HVAC System 36% 11% 

Not-Like-for-Like HVAC System 64% 11% 

 

Table 9: Like-For-Like Fuel Assumption (n=70) 

Fuel Replacement Type Proportion of Installation Standard Deviation 

Like-for-Like HVAC Fuel 70% 15% 

Not-Like-for-Like HVAC Fuel 30% 15% 

 

The team also recorded information regarding installed VRF ventilation configurations (coupled versus 
decoupled) and the presence of cooling in pre-program systems. The proportion of VRF systems with 
coupled or decoupled configurations, shown in Table 10, are used in the EO Model v2.1 as an additional 
case weight for weighing impact results. The VRF ventilation configuration weighting is an important 
component of the team’s VRF simulation updates (described in the Variable Refrigerant Flow Updates 
section) for aligning VRF impact results with TRM-derived estimates and empirical data. For the presence 
of cooling in baseline systems, the results shown in Table 11 are recorded in the EO Model v2.1 and 
applied in a sensitivity analysis (described in detail in the Cooling Sensitivity Analysis section) but are not 
applied for estimating final impact results. Instead, the EO Model v2.1 maintains the v2.0 assumption that 
baseline systems are always capable of providing cooling. We recommend revisiting this assumption once 
a dedicated study is performed. See the Recommendations section for more details on suggested future 
updates to the EO Model. 

Table 10: VRF Ventilation Configuration Proportions (n=36) 

Ventilation Configuration Proportion of Installations 

Decoupled Ventilation 58% 

Coupled Ventilation 42% 
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Table 11: Proportion of Baseline Systems with Cooling by Program HVAC 

Program HVAC 
Proportion of Installations 
Where Cooling Is Provided 
by Baseline Equipment 

Proportion of Installations 
Where Cooling Is Not 
Provided by Baseline 
Equipment 

Count of Respondents 
Who Install This 
Program Equipment 
Type 

Variable Refrigerant 
Flow 86% 14% 36 

Air Source Heat 
Pump 

85% 15% 33 

Ductless Heat 
Pump43 79% 21% 61 

 

Finally, the team used the survey to gather data on switchover controls and temperatures for partial 
displacement cases. The results of these questions are shown in Table 12 and Table 13, respectively. The 
most common control scheme being a hard switchover and the most common switchover temperature 
being 30°F. These findings align with the team’s review of program applications, discussed in the 
Simulation Updates section, and led to the team maintaining the EO Model’s switchover assumptions. 

Table 12: Switchover Controls from Survey Results (n= 58) 

Control Proportion of Partial 
Displacement Installations 

Hard Switchover 52% 

Concurrent Operation of Program and 
Previous Equipment 

38% 

Other Switchover Not Based on 
Outside Air Temperature 10% 

 

Table 13: Switchover Temperatures from Survey Results (n= 49) 

Percentile Switchover Temperature 

20th Percentile 25°F 

Median 30°F 

80th Percentile 50°F 

 

 
43 The PAs specify several kinds of ductless heat pumps in the program data (ducted/ductless and mini/multi-split), but for the 
purpose of simplifying the survey the team binned all kinds of ductless heat pumps into one Ductless Heat Pump program HVAC 
category. 
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The full survey is available in Appendix B. Tabled case weight results are recorded in Appendix C, and 
additional survey results regarding ductwork practices, system sizing, and event types is recorded in 
Appendix D. 
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Results 
This section presents the final weighted prescriptive impact values from the EO Model v2.1. The MA PAs’ 
currently use these impact values for downstream and midstream programs, reflecting a combination of 
three key factors: 

 Program HVAC Equipment Type: Includes Variable Refrigerant Flow, Air Source Heat Pumps,44 
Packaged Terminal Heat Pumps, and Ground Source Heat Pumps. 
 Displaced Fuel Type: Includes electric, gas, heating oil, and propane. 
 Displacement Type: Includes both full and partial displacement. 

The team built the EO Model to be entirely transparent, where any values or equations can be changed to 
dynamically update measure impact values. The team also built the EO Model such that if new data 
becomes available, the following key model inputs can be changed to also dynamically update all 
measure impact values: 

• Updating case weights: Users can update the case weights when new program or survey data 
becomes available. 

• Updating partial displacement cut off temperature: Users can alter and compare impact results by 
adjusting the partial displacement cut off temperature. 

This section also includes the results of a sensitivity analysis regarding the removal of cooling capability 
from pre-program systems along with recommendations and considerations for future EO Model updates. 

Downstream Program Prescriptive Impacts 
Table 14 provides the final, weighted average prescriptive impacts for the downstream program. The 
impacts are weighted to reflect the relative proportions of baseline equipment types (existing and 
counterfactual), building types, and event types (early replacement and replace on failure) observed in the 
program tracking data. The downstream summary table includes both total electric impacts (kWh/ton) 
and total fuel impacts (MMBtu/ton). We have used the greater of either heating or cooling capacity to 
normalize based on the expectation that whatever value is greater would inform participants’ purchasing 
decisions. The electric impacts in the downstream program are negative for all program equipment 
displacing non-electric displaced fuels, which is a function of the fuel switching associated with the 
transition to a heat pump (i.e., electric heating load is being added where there previously was none. This 
electric load is offsetting fossil fuels, which are no longer being burned). 

Downstream impact estimates in imperial units only are provided in Appendix E.1. 

 
44 This program measure includes all air source heat pumps and multi/mini-split systems. 
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Table 14: Annual Downstream Program Prescriptive Impacts 

Measure Displacement 

Displaced Fuel 

Electric 
Natural 
Gas 

Oil Propane 
Natural 
Gas 

Oil Propane 

kWh/ton kWh/ton kWh/ton kWh/ton 
MMBtu/
ton 

MMBtu/
ton 

MMBtu/ 
ton 

VRF Full 2,535 -1,449 -1,358 -1,358 14.5 14.3 14.3 

VRF Partial 1,837 -852 -833 -833 9.3 9.2 9.2 

ASHP Full 2,376 -1,751 -2,140 -2,013 14.0 17.3 17.0 

ASHP Partial 1,681 -1,069 -1,270 -1,126 9.2 11.2 10.7 

GSHP Full 3,808 -2,029 -2,030 -2,030 26.0 26.6 24.5 

 

Midstream Program Prescriptive Impacts 
Table 15 and Table 16 provide the final, weighted average prescriptive impacts for the midstream 
program. As with the downstream impacts shown above, the midstream impacts are weighted to reflect 
the relative proportions of baseline equipment types (existing and counterfactual), displacement types 
(full and partial), building types, and event types (early replacement and replace on failure) observed in 
the program tracking data. The midstream summary table only shows positive electric impacts (kWh/ton 
and kWh/unit) because that program’s baseline—a standard efficiency heat pump—is always electric. For 
PTHPs, the savings reported here are based on 2023 TRM language stating that ”Savings [are] calculated 
as a 50/50 average between baseline PTAC [with] electric resistance heat,” which is our downstream 
baseline and “a standard efficiency PTHP,” which is our midstream baseline. As such, we have calculated 
the difference in energy use between each of the two baselines and the efficient case and reported the 
average of these two values here. 

Midstream impact estimates in imperial units only are provided in Appendix E.1. 

Table 15: Annual VRF, ASHP, & GSHP Midstream Program Prescriptive Impacts 

Program 
Equipment Type 

Electric Savings 
kWh/ton 

VRF 188 
ASHP 127 

GSHP 311 
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Table 16: Annual PTHP Midstream Program Prescriptive Impacts 

Program 
Equipment Type 

Electric Savings 
kWh/unit 

PTHP45 1,123 

 

Changes in Annual Program Impacts 
The annual prescriptive electric savings and penalties are generally greater in v2.1 than v2.0, as shown in 
Table 17 and Table 18 for downstream program initiatives and Table 19 and Table 20 for midstream 
program initiatives, with the following changes worth noting: 

• Higher Electric Penalties, Fuel Impacts for VRF and ASHP Measures: Electric penalties and fuel 
impacts for VRF and ASHP displacing all fuels are higher in v2.1 than v2.0. This change is due to the 
updated assumption that supplemental and ventilation heating fuel is always the same as the primary 
HVAC system. In v2.0, we assumed that the supplemental and ventilation fuel for program equipment 
is always the same as the baseline system’s fuel. More details on this change are provided in the 
Ventilation Heating Fuel Updates section. 

• Lower ASHP Midstream Impacts: ASHP midstream impacts have decreased, primarily due to the 
change in supplemental and ventilation heating assumptions, along with other corrections to the EO 
Model’s calculation. More details on the change in supplemental and ventilation provisions is 
provided in the Ventilation Heating Fuel Updates section. 

• Higher VRF Downstream Electric and Fuel Savings, Midstream Electric Savings: VRF downstream 
and midstream savings have increased due to updates in VRF simulations, including updated 
performance curves, the incorporation of coupled VRF systems, system resizing based on coincidental 
loads, and adjusted school operation schedules. More detail on these changes is described in the 
Variable Refrigerant Flow Updates section. 

Changes in total downstream impact estimates in imperial units only are provided in Appendix E.2. 

Table 17: Downstream Electric Impact Comparison Between EO Model Versions (kWh/ton) 

Measure Displacement 
Electric Natural Gas Oil Propane 

V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 

VRF Full 2,129 2,535 -1,082 -1,449 -1,139 -1,358 -1,139 -1,358 

VRF Partial 1,644 1,837 -552 -852 -505 -833 -505 -833 

ASHP Full 2,275 2,376 -928 -1,751 -1,034 -2,140 -1,045 -2,013 

ASHP Partial 1,681 1,681 -472 -1,069 -644 -1,270 -664 -1,126 

 
45 The PTHP measure in the 2023 TRM gives total savings per unit rather than per ton as with the other measures. The TRM notes 
that applicable PTHPs must have a capacity of less than 10 kBtu/hr. As such, the PTHP electric savings in Table 20 would need to be 
multiplied by some factor of less than 10/12 (with the numerator being an assumed average PTHP capacity in kBtu/hr) to fully align 
with the 2023 TRM approach. 

D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan

Exhibit 1, Appendix U, Study 25-12
October 31, 2024

Page 35 of 78



Energy Optimization Model Update 
Results 

 
  P A G E  36 

Measure Displacement 
Electric Natural Gas Oil Propane 

V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 

GSHP Full 3,805 3,808 -2,029 -2,029 -2,029 -2,030 -2,029 -2,030 

 

Table 18: Downstream Fuel Impact Comparison Between EO Model Versions (MMBtu/ton) 

Measure Displacement 
Natural Gas Oil Propane 

V2.0 V2.1 V2.0 V2.1 V2.0 V2.1 

VRF Full 11.5 14.5 12.2 14.3 12.2 14.3 

VRF Partial 7.6 9.3 7.4 9.2 7.4 9.2 

ASHP Full 12.5 14.0 11.1 17.3 11.0 17.0 

ASHP Partial 8.3 9.2 8.7 11.2 8.8 10.7 

GSHP Full 26.1 26.0 26.7 26.6 24.8 24.5 

 

Table 19: VRF, ASHP, & GSHP Midstream Impact Comparison Between EO Model Versions 
(kWh/ton) 

Program 
Equipment Type 

Electric Savings Electric Savings 
V2.0 V2.1 

VRF 72 188 
ASHP 286 127 

GSHP 311 311 

 

Table 20: PTHP Midstream Impact Comparison Between EO Model Versions (kWh/unit) 

Program 
Equipment Type 

Electric Savings Electric Savings 
V2.0 V2.1 

PTHP46 1,126 1,123 
 

Because the team developed an entirely new model in v2.0 using a fundamentally different approach—
that is, employing calibrated building simulations rather than engineering algorithms—it is not possible to 

 
46 The PTHP measure in the 2023 TRM gives total savings per unit rather than per ton as with the other measures. The TRM notes 
that applicable PTHPs must have a capacity of less than 10 kBtu/hr. As such, the PTHP electric savings in Table 23 would need to be 
multiplied by some factor of less than 10/12 (with the numerator being an assumed average PTHP capacity in kBtu/hr) to fully align 
with the 2023 TRM approach. 
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directly compare the two approaches in v1.0 to v2.0/v2.1 and, consequently, the resulting savings. 47 The 
EO Model v2.0 report48 details potential causes for the impact discrepancies between v1.0 and v2.0/v2.1. 

Cooling Sensitivity Analysis 
As discussed in the Survey Analysis section, the EO Model v2.0 assumes that baseline systems are always 
capable of providing cooling. While this assumption is generally true for most commercial buildings, it 
may cause the EO Model to overestimate electric impacts and underestimate electric penalties by 
excluding the various pre-existing conditions related to cooling. Applicable scenarios include instances 
where heat pump systems are replacing systems that did not have cooling capability, a program 
participant was going to install cooling equipment other than a heat pump, or if a heat pump was 
installed for heating and does not provide cooling. The installation contractor survey provided insight into 
the proportion of baseline systems that have cooling capability, but without a dedicated study to better 
understand the full breadth of pre-existing cooling conditions, the team and subcommittee opted to 
maintain the EO Model v2.0 approach for the v2.1 update. 

To assess the impact of the presence of cooling in pre-existing cases on the overall electric impact results, 
the team performed a sensitivity analysis with the following scenarios: 

• All w/ Cooling: All baseline systems provide cooling (current assumptions in the EO Model v2.0 and 
v2.1). 

• Survey Prop: The proportion of baseline systems that provide cooling is equal to the results of the 
installation contractor survey, shown in Table 21. 

• 50/50: The proportion of baseline systems that provide cooling and do not provide cooling is split 
50/50. 

Table 21: Proportion of Baseline Systems with Cooling by Program HVAC 

Program HVAC 
Proportion of Installations 
Where Cooling Is Provided 
by Baseline Equipment 

Proportion of Installations 
Where Cooling Is Not 
Provided by Baseline 
Equipment 

Count of Respondents 
Who Install This 
Program Equipment 
Type 

Variable Refrigerant 
Flow 

86% 14% 36 

Air Source Heat 
Pump 85% 15% 33 

Ductless Heat 
Pump49 

79% 21% 61 

 

 
47 Midstream prescriptive impact results were not calculated in the EO Model v1.0. 
48 Energy Optimization Model Update, Massachusetts Program Administrators, https://ma-eeac.org/wp-content/uploads/MA22C10-
Energy-Optimization-Model-Update-Report_FINAL_01NOV2023_ForEEACWebsite.pdf 
49 The PAs specify several kinds of ductless heat pumps in the program data (ducted/ductless and mini/multi-split), but for the 
purpose of simplifying the survey the team binned all kinds of ductless heat pumps into one Ductless Heat Pump program HVAC 
category. 
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Table 22 shows the electric impact results for each scenario, and Table 23 displays the percent change in 
electric impacts from the EO Model’s adopted approach (all baseline systems provide cooling scenario). 
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Table 22: EO Model v2.1 Electric Impact Sensitivity Analysis Between Cooling Scenarios (kWh/ton) 

Measure Displacement 
Electric Natural Gas Oil Propane 

All w/ 
Cooling 

Survey 
Prop. 

50/50 
All w/ 
Cooling 

Survey 
Prop. 

50/50 
All w/ 
Cooling 

Survey 
Prop. 

50/50 
All w/ 
Cooling 

Survey 
Prop. 

50/50 

VRF Full 2,535 2,465 2,286 -1,449 -1,516 -1,689 -1,358 -1,416 -1,563 -1,358 -1,416 -1,563 

VRF Partial 1,837 1,770 1,596 -852 -917 -1,085 -833 -889 -1,033 -833 -889 -1,033 

ASHP Full 2,376 2,275 2,122 -1,751 -1,856 -2,015 -2,140 -2,231 -2,358 -2,013 -2,104 -2,239 

ASHP Partial 1,681 1,582 1,438 -1,069 -1,169 -1,324 -1,270 -1,357 -1,487 -1,126 -1,207 -1,348 

GSHP Full 3,808 3,808 3,808 -2,029 -2,029 -2,029 -2,030 -2,030 -2,030 -2,030 -2,030 -2,030 

 

Table 23: EO Model v2.1 Electric Impact Percent Change Sensitivity Analysis Between Cooling Scenarios (kWh/ton) 

Measure Displacement 
Electric Natural Gas Oil Propane 

Survey Prop. 50/50 Survey Prop. 50/50 Survey Prop. 50/50 Survey Prop. 50/50 

VRF Full -2.76% -9.82% -4.62% -16.5% -4.27% -15.1% -4.27% -15.1% 

VRF Partial -3.65% -13.1% -7.63% -27.3% -6.72% -24.0% -6.72% -24.0% 

ASHP Full -4.25% -10.7% -6.00% -15.1% -4.25% -10.2% -4.52% -11.2% 

ASHP Partial -5.89% -14.46% -9.35% -23.9% -6.85% -17.1% -7.19% -19.7% 

GSHP Full -0.00% -0.00% -0.00% -0.00% -0.00% -0.00% -0.00% -0.00% 
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As expected, electric impacts decrease and electric penalties increase when fewer baseline systems have 
cooling capability. Electric penalties are the most affected by this change. Note that GSHP impact results 
do not change in this sensitivity analysis because GSHP impact results are not informed by case weights. 
To improve the accuracy of the EO Model’s impact estimates, we recommend revisiting the proportion of 
various pre-existing cooling conditions through a dedicated study, such as a metering study. See the 
Recommendations section for more details on suggested future updates to the EO Model. 

Model Recommendations & Considerations 
The team has identified the following potential improvements to the EO Model and offers the following 
recommendations and considerations for addressing them in future updates. 

Recommendations 
Recognizing that the PAs plan to update the EO Model again as part of their ongoing effort to accurately 
track the impact of commercial heat pumps, the team offers the following recommendations to further 
improve the model: 

• Continue to Refresh the EO Model with Recent Program Data. The team recommends the PAs 
annually update the EO Model —at least through the next 3-year cycle—with the most recent 
program data to reflect the maturation of the fast-moving commercial heat pump market. This is 
especially important for PTHPs as this technology was not offered when this study began. These 
regular updates will ensure that modeled impact estimates reflect the latest market trends, program 
activity, and the evolving mix of equipment incentivized through the program, which, in turn, will 
result in the most appropriate impact values for the PAs to apply prospectively. 

• Improve Collection of Customer and Contractor Information. Currently, survey results are 
unweighted for the developing case weights (i.e., all survey responses are weighted equally). The 
team’s plan was to match survey respondents’ vendor names to vendors in the program data to 
weigh results by each company’s installed capacity or count. However, most entries in the program 
tracking data (~80%) did not include vendor names, thus preventing matching for a representative 
portion of survey responses. We recommend greater stringency in tracking unique identifiers, such as 
vendor names, in program data collection. 

• Directly Simulate New Construction Buildings. During v2.0 development, the team and PAs agreed 
to focus on existing buildings, in alignment with the understanding at that time that new construction 
would not be included in midstream or downstream programs. However, recent interviews with 
implementation PAs indicated that new construction is and will continue to be included in the 
midstream program. Consequently, we recommend directly simulating new construction buildings 
with envelope characteristics set to recent code-required levels, at a minimum, to account for the 
presence of new construction buildings in the midstream program.  

• Directly Simulate GSHP HVAC Systems. Similar to excluding new construction scenarios as part of 
v2.0, the team and PAs collectively decided to not directly simulate GSHPs due to the low number of 
installations (only one installed during the period covered by the available program data) and 
challenges in accurately modeling ground-coupled heat exchangers (due to uncertainty around sub-
soil hydrology and thermal capacitance). Since then, the program has experienced a significant 
increase in prescriptive GSHP units (184 in 2022–2023). To more accurately capture the impact of 
GSHP in the future, we recommend directly simulating GSHP HVAC systems in the next model update. 
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Given the increase in GSHP activity, directly simulating these systems will result in more representative 
and robust impact estimates. 

• Field Additional Data Collection Efforts. We recommend the PAs field additional data collection 
efforts, including, but not limited to, a metering study for downstream program participants, aimed at 
quantifying the following: 

o Building Consumption and Characteristics for Calibration: Metering the primary and 
backup heating and cooling consumption for buildings prior to program participation would 
allow the team to more accurately calibrate future models. Currently, the EO Model’s 
simulations are calibrated to non-program participant billing data. To decrease the 
uncertainty of non-HVAC aspects of the building, the field data could also collect information 
on building characteristics, such as envelope and fenestration characteristics (wall, window, 
roof, and foundation insulation) and internal gains (lighting power density, gas/electric 
equipment power density, and occupancy). At a minimum, any data collected should include 
the square footage of the building or portion of the building served by the primary HVAC 
systems and the systems’ capacities. 

o Pre-Existing Cooling Conditions. While the installation contractor survey gathered some 
information on the proportion of baseline systems that did not have cooling capability before 
program participation, it did not comprehensively gather information on the full range of pre-
existing cooling conditions. Additional scenarios that were not captured in the survey include 
instances where a program participant was going to install cooling equipment other than a 
heat pump, or if a heat pump was installed for heating and does not provide cooling. A 
metering study or other field data collection effort could inform the various pre-existing 
cooling conditions that should be included in a future update. The EO Model v2.1 assumes all 
baseline systems have cooling capability, in alignment with v2.0. The EO Model v2.1 also has 
the functionality to adjust impact results based on the proportion of baseline systems with 
cooling capability, but the tool does not consider the full range of pre-existing cooling 
scenarios. 

o Proportion of VRF Systems with Coupled and Decoupled Ventilation. While the 
installation contractor survey gathered some information on the proportion of VRF systems 
with coupled versus decoupled ventilation, a metering study or other field data collection 
effort could further inform and improve upon this input. The EO Model v2.1 is capable of 
weighing VRF impact results by ventilation approach, and these proportions can be easily 
updated in the presence of new data.  

o Supplemental and Ventilation Heating Fuel Assumptions. Given a lack of available data, 
the EO Model v2.1 assumes that the fuel for any supplemental or ventilation heating is the 
same as the primary heating system. This assumption is a change from v2.0, where the 
supplemental and ventilation heating fuel is assumed to be the same as the baseline 
ventilation system fuel type. While we believe this assumption overall is an improvement for 
v2.1, additional data collection could inform whether this assumption is accurate or if 
adjustments are needed. Once collected, the team and PAs can also consider adding 
supplemental/ventilation heating fuel as a new segment and weigh simulation results by this 
proportion. 

o Dual-Fuel Controls for Partial Displacement Cases. The EO Model uses a hard switchover 
when simulating partial displacement cases, informed by information on the program 
application and the installation contractor survey. However, some systems have dual-fuel 
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operation capability. There is limited data on how these controls function in program heat 
pump installations (i.e., at what outdoor air temperatures back up equipment begins to 
operate, and the proportion of load shared by primary and backup heating at various outside 
air temperatures). We recommend collecting more information on partial displacement 
controls, particularly for dual-fuel operation. Once this information is collected, the team and 
PAs can consider adding switchover controls as a new segment and weigh simulation results 
by this proportion.  

o Peak Heating and Cooling Loads. Compiling information on the ratio of peak heating and 
peak cooling loads could indicate where full displacement may require substantial distribution 
system updates. This information could be acquired through a metering study. 

Considerations 
The team also offers the following considerations that could help inform future EO Model iterations: 

• Collect Information Regarding Displaced Equipment in Program Tracking Data. The downstream 
program participant data provided to our team—one of two primary sources of data for developing 
case weights in the EO Model—did not contain information on the existing HVAC equipment that the 
program heat pump replaced. Because the displaced equipment type has one of the largest 
influences on overall measure impacts—and is readily observable by the contractor installing the 
program equipment—we suggest the PAs consider requiring implementers to track pre-program 
equipment as part of the program’s data reporting requirements. The PAs should also consider 
collecting and tracking pre-program equipment status (whether the fully displaced equipment was 
removed or kept in place), partial displacement backup heat control setpoints, and ventilation details. 

• Separate the ASHP Measure into Multiple, More Specific ASHP Measures. In 2021, the PAs 
tracked mini/multi-split systems and central/ducted heat pumps separately, but in the same year 
decided to no longer track these individually given the vast permutations of additional information 
required for tracking these system types. The PAs currently combine all air source heat pumps—
whether central, ducted, and/or mini/multi-split systems—into a single prescriptive ASHP measure. 
Collectively, these ASHP types represent the overwhelming majority of incentivized commercial heat 
pump units and savings (79% of all incentivized units in 2022–2023). Given the significant 
participation associated with this one aggregated measure, as well as the fundamental differences in 
the systems (single vs multi zone, coupled vs uncoupled ventilation, etc.), we suggest the PAs consider 
going back to the 2021 approach of splitting the downstream ASHP program offering into more 
specific heat pump types—specifically, separating ductless from ducted heat pumps—to better 
capture the inherently different system designs and impact values of these popular measures. 

• Collect More Detailed Information Regarding the Types of Heat Pump Systems Being Installed. 
The downstream program participant data offers vague descriptions of the types of heat pumps being 
installed. Tracking more detailed descriptions of heat pumps – for example, packaged ASHP rooftop 
units versus split systems – could inform and improve the PAs’ program, model development, and 
marketing approaches. 
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Appendix A Baseline HVAC System Descriptions 
This appendix describes the characteristics of the different baseline HVAC systems, separating heating and cooling technologies. Note that fan behaviors (consent 
volume vs variable volume, continuous vs cycling operation) for some of these system types depend on installed conditions. In the EO Model, all ducted systems 
also provide ventilation air (and so have supply fan which run constantly during occupied hours), and the only ducted system systems serving multiple zones are 
reheat systems which are also the only ducted systems modeled with variable volume supply fans.  

Table 24: Baseline HVAC System Descriptions 

Baseline HVAC 
System Type 

Conditioning source/system description Appliable Fuel Types Distribution Other Common Terminology 

Furnace Heat 
Combustion or electric resistance coils located directly in the air 
stream heats the supply air, supply fan runs constantly at 
constant volume to provide ventilation air 

All Ducted Packaged Heating, Central Heat 

Packaged DX Cooling 

Absorption of heat into a refrigerant based cooling coil located 
directly in the air stream cools the supply air, supply fan (at 
variable or constant flow rate) runs constantly to provide 
ventilation air.  

Electric Ducted Central AC, DX Cooling, Unitary Cooling 

Hot Water Radiator 
Heat  

Central boiler serves hot water radiators located in the occupied 
space, hat is transfer to space without zone fans, separate system 
provides ventilation air. 

All Hydronic High temperature Radiant, perimeter heat 

Zone AC 
Each zone has independently controlled equipment that provides 
cooling via vapor compression cycle, zone fan cycle to circulate 
cool air and a separate system provides ventilation air.  

Electric Ductless PTAC, Window AC 

Radiant Electric Heating 
Radiators located in the occupied space; separate system 
provides ventilation air. 

Electric Ductless Baseboards  

Boiler with Central Air 
Handlers 

Boiler serves hot water coils located directly in the air stream to 
heat the supply air; supply fan runs constantly to provide 
ventilation air 

All Ducted Built-up AHU 

Unit/Space Zonal 
Heating 

Combustion occurs within the zone to provide heating, zone fan 
cycle to circulate warm air and a separate system provides 
ventilation air   

Fossil Direct Unit heater, space heater 

Boiler with Fan Coil or 
Induction Units 

Central boiler serves hot water coils located in the occupied 
space, zone fans cycle to circulate warm air and a separate 
system provides ventilation air   

Any Ductless FCU 
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Baseline HVAC 
System Type 

Conditioning source/system description Appliable Fuel Types Distribution Other Common Terminology 

Air-Cooled Chillers with 
Central Air Handlers 

Air cooled chiller serves chilled water coils located directly in the 
air stream to cool the supply air; supply fan runs constantly to 
provide ventilation air 

Electric Ducted Built up AHU 

Boiler with Duct Reheat 

Central air handler provides zone with constant a supply of cool 
air, heating is provided at the zone level via hot water coils served 
by boiler, central fans flow rates vary by run constantly to provide 
ventilation air   

All Ducted Hot water reheat 

Air Handler Unit with 
Zonal Reheat 

Central air handler provides zone with constant a supply of cool 
air, electric resistance coils provide heating at the zone level, 
central fans flow rates vary by run constantly to provide 
ventilation air   

Electric Ducted Zonal electric reheat 

Water-Cooled Chillers 
with Central Air 
Handlers 

Water cooled chiller serves chilled water coils located directly in 
the air stream to cool the supply air, supply fan runs constantly to 
provide ventilation air 

Electric Ducted Built up AHU 

Water Loop Heat Pump 

Heat pumps located within the zone provide heating or cooling 
by bulling or rejecting heating form a central water loop. The 
water loop temperature is maintained though boilers and cooling 
towers. Zone fan cycle or run continuously speeding on if the 
system provides ventilation air 

All Ducted/ductless WLHP, California Loop heat pump 
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Appendix B Installation Contractor Survey 
Instrument 
This appendix provides the exact survey script and programming logic the team created and 
administered. 

Introduction 
Hello, 

We, on behalf of the Mass Save Sponsors, are interested in hearing about how non-residential buildings 
you service are heated and cooled, as well as your typical installation practices. Your answers will help us 
offer the best possible heating and cooling program for non-residential customers. 

There are no right or wrong answers; we value your honest feedback and all your responses are 
confidential. Your responses will be aggregated in our analysis with other survey respondents, further 
concealing your individual responses. The survey will take ~20 minutes to complete.  

Immediately after you complete the survey, we will e-mail you a $150 e-gift card via Tango, which allows 
you to select from dozens of popular businesses, including Target, Amazon, and Kroger.  If you have any 
questions about this survey, please contact Jessica Walter (jwalter@cadeogroup.com). 

Your input is valuable to us. Let’s get started….  

Screener 
S1. Can you please provide your name and the company you work for? 

a. Name: _____ [write in] 
b. Company: _____ [write in] 

S2. Did you install one or more heat pumps rebated through Mass Save in non-residential buildings in 
2022 or 2023? 

a. Yes 
b. No 
c. Don’t Know 

S3. [IF S2 = B or C] Our questions are best answered by someone who installs heat pumps in non-
residential buildings. Is there someone else within your company you can direct us to? If so, please put 
their name and e-mail address. 

o Name: 
o E-mail: 
o I am not comfortable providing this information (END SURVEY) 

S4. [IF S2 = A] Of the rebated heat pump(s) you installed in non-residential buildings, about what percent 
of the time were installed in… (The sum of your percentages should add up to 100%): 
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a. New construction buildings: _____% 
b. Existing buildings undergoing major renovation or tenant improvement projects, where code-

compliance permitting is required: _____% 
c. Existing buildings not undergoing a major renovation or tenant improvement project (i.e., did 

not require code-compliance permitting): _____% 

S5. [IF S4 OPTION B > 0%] Of the existing buildings undergoing a major renovation or tenant 
improvement project, what percentage of the time is the reason for the renovation due to… (The sum of 
your percentages should add up to 100%): 

a. Participation in the Mass Save program (i.e., the equipment incentivized through Mass Save is 
the primary reason for the renovation): _____% 

b. Some other building improvements (i.e., the equipment incentivized through Mass Save is not 
the primary reason for the renovation): _____% 

S6. [IF S4 OPTION A = 100%; OR IF S4 OPTION C = 0% AND S4 OPTION B>0% AND S5 OPTION A=0%] 
Our questions are best answered by someone who installs heat pumps in (1) existing, non-residential 
buildings not undergoing a major renovation or tenant improvement project, or (2) existing, non-
residential buildings undergoing major renovations because of Mass Save. Is there someone else within 
your company you can direct us to? If so, please put their name and e-mail address. 

o Name: 
o E-mail: 
o I am not comfortable providing this information (END SURVEY)  

S7. [IF S4 OPTION C > 0%; OR S5 OPTION A > 0%] For the purpose of this survey, please focus all your 
responses on the rebated heat pumps you installed in: 

1. The years 2022 and 2023, 
2. Existing, non-residential buildings not undergoing a major renovation or tenant improvement 

project, and 
3. Existing, non-residential buildings undergoing major renovations because of Mass Save (i.e., the 

rebated heat pump did not trigger code compliance on its own but caused the upgrade of other 
equipment or systems that did trigger code compliance). 

Questions 
Characterizing the Installation 
1. What percent of the time do the heat pumps you install… (the sum should add up to 100%). 

a. Replace the building’s previous heating system entirely (i.e., the previous system was 
removed) [Indicates full displacement]: _____% 

b. Become the building’s new primary heating system, but the previous heating system or a 
secondary system is kept as a backup [Indicates partial displacement]: _____% 

c. Add heating to a building or portion of a building that was not previously heated [Indicates 
added load, not replacement]: _____% 

2. What percent of the time do the heat pumps you install… (the sum should add up to 100%). 
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a. Replace the building’s previous air conditioning system entirely (i.e., the previous system 
was removed): _____% 

b. Become the building’s new primary cooling system, but the previous cooling system is 
kept as a backup: _____% 

c. Add cooling to a building or portion of a building that didn’t previously have air 
conditioning [Indicates added cooling load]: _____% 

Determining Program HVAC 
3. Which of these heat pump technologies did you install in existing buildings in 2022 and 2023? (Select 

all that apply): [multiple response options] [Indicates Program HVAC] 
a. Variable Refrigerant Flow Units 
b. Ductless/Mini-split Heat Pumps 
c. Rooftop Packaged or Split System Air Source Heat Pumps 
d. Packaged Terminal Heat Pumps 
e. Ground Source Heat Pumps 

4. About how many heat pump units per year do you install? 
a. [IF Q3 OPTION A SELECTED] Variable Refrigerant Flow: 

i. Drop down menu options: 
a. Less than 3 units per year. 
b. 3 or more per year. 

b. [IF Q3 OPTION B SELECTED] Ductless/Mini-split Heat Pumps: 
i. Drop down menu options: 

a. Less than 5 units per year. 
b. 5 or more per year. 

c. [IF Q3 OPTION C SELECTED] Rooftop Packaged or Split System Air Source Heat Pumps: 
i. Drop down menu options: 

a. Less than 5 units per year. 
b. 5 or more per year. 

d. [IF Q3 OPTION D SELECTED] Packaged Terminal Heat Pumps: 
i. Drop down menu options: 

a. Less than 5 units per year. 
b. 5 or more per year. 

e. [IF Q3 OPTION E SELECTED] Ground Source Heat Pumps: 
i. Drop down menu options: 

a. Less than 5 units per year. 
b. 5 or more per year. 

Questions for Each Program HVAC Branch 
[DISPLAY ONLY 2 OF THE FOLLOWING SECTIONS PER RESPONDENT BASED ON RESPONSES TO Q3 AND 
Q4] 
DISPLAY IF OPTION A IS SELECTED AND A OPTION B IS SELECTED 

We would like to know more about the existing systems customers use to condition their buildings prior 
to installing [Program HVAC] units. 
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Determining Event Type 

5. When you replace existing heating systems with [Program HVAC] units, about what percentage of the 
time is the previous heating system still working? _____% 

6. [IF Q5 <100%] When replacing systems that are not working with [Program HVAC] units, what percent 
of the time could low or moderate cost repairs have kept the old system in operation for a few more 
years? _____% [Indicates Early Replacement] 

7. [IF Q5 >0%] When replacing existing heating systems with [Program HVAC] units when the previous 
systems are still working, why would you say you are typically there? 

a. The existing heating system was near end of life and you anticipated the need for 
replacement (Indicates Replace on Fail). 

b. Other building changes caused need for a different HVAC system (Indicates Replace on Fail). 
c. The owner is not satisfied with the existing heating system’s comfort, operating costs, or 

other. 
d. The existing system was working fine, but you proactively recommended or customer wanted 

a new HVAC system anyway (Indicates Early Replacement) 
8. [IF Q7 = C] When the owner is not satisfied with the existing heating system, what percent of the time 

could minor repairs have restored the existing heating systems to satisfactory operation? _____% 
(Indicates Early Replacement) 

Determining Displaced Fuel 
9. When you install [Program HVAC] units in existing buildings, what percentage of the time are you 

replacing heating equipment fueled by… (the sum should add to 100%): [Indicates Displaced Fuel] 
a. Electric: _____% 
b. Natural gas: _____% 
c. Oil: _____% 
d. Propane: _____% 
e. Other: _____% 

Determining Pre-Program HVAC System 
10. [IF Q9 OPTION A > 5% - CUSTOMERS THAT ALREADY HEATED WITH ELECTRICITY] When you install 

[Program HVAC] units in existing buildings heated by electricity, what percentage of the time are 
you replacing an electric… (the sum should add to 100%): [Indicates Electric Pre-Program HVAC] 

a. Heat pump: _____% 
b. Zonal heater (baseboard/wall heater): _____% 
c. Furnace (ducted system with central heat): _____% 
d. Hydronic system (boiler serving radiators or fan coils): _____% 
e. Reheat system (ducted system with central cooling and electric reheat at the zone): 

_____% 
f. Other: _____% 

11. [IF Q10 OPTION F > 0%] Please briefly describe the other types of electric heating systems prior to 
installing heat pumps. 

a. (specify): _____ [write in] 
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12. [IF Q9 OPTION B > 5% - CUSTOMERS THAT PREVIOUSLY HEATED WITH GAS] When you install 
[Program HVAC] units in existing building heated by natural gas, what percentage of the time are 
you replacing a natural gas… (the sum should add to 100%): [Indicates Gas Pre-Program HVAC] 

a. Zonal heater (unit/wall heater, stove, etc.): _____% 
b. Furnace (ducted system with central heat): _____% 
c. Hydronic system (boiler serving radiators or fan coils): _____% 
d. Hydronic reheat system (ducted system with central cooling and gas-fired hydronic 

reheat at the zone): _____% 
e. Other: _____% 

13. [IF Q12 OPTION E > 0%] Please briefly describe the other types of gas heating systems prior to 
installing heat pumps. 

a. (specify): _____ [write in] 
14. [IF Q9 OPTION C > 5% - CUSTOMERS THAT PREVIOUSLY HEATED WITH OIL] When you install 

[Program HVAC] units in existing building heated by oil, what percentage of the time are you 
replacing an oil… (the sum should add to 100%): [Indicates Oil Pre-Program HVAC] 

a. Zonal heater (unit/wall heater, stove, etc.): _____% 
b. Furnace (ducted system with central heat): _____% 
c. Hydronic system (boiler serving radiators or fan coils): _____% 
d. Other: _____% 

15. [IF Q14 OPTION D > 0%] Please briefly describe the other types of oil heating systems prior to 
installing heat pumps. 

a. (specify): _____ [write in] 
16. [IF Q9 OPTION D > 5% - CUSTOMERS THAT PREVIOUSLY HEATED WITH PROPANE] When you install 

[Program HVAC] units in existing building heated by propane, what percentage of the time are you 
replacing a propane… (the sum should add to 100%): [Indicates Propane Pre-Program HVAC] 

a. Zonal heater (unit/wall heater, stove, etc.): _____% 
b. Furnace (ducted system with central heat): _____% 
c. Hydronic system (boiler serving radiators or fan coils): _____% 
d. Other: _____% 

17. [IF Q16 OPTION D > 0%] Please briefly describe the other types of propane heating systems prior to 
installing heat pumps. 

a. (specify): _____ [write in] 

Determining Counterfactual Heating Equipment & Fuel 

We would like to know more about what customers install when they are not installing [Program 
HVAC] units. The next few questions aim to answer the following: how often do your customers install 
the same heating equipment as their existing system? How often are they switching to a different system 
or heating fuel?
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18. From your experience, what percentage of the time do your customers install the same or different heating technology, when they are not 
installing [Program HVAC] units. (Each row should add to 100%.) 

Existing Equipment & Fuel Type 
Same Fuel & Same Equipment 

[LIKE-FOR-LIKE SCENARIO] 

Same Fuel, Different Equipment 
[NON-FUEL SWITCHING 

SCENARIO] 

Different Heating Fuel 
[FUEL SWITCHING SCENARIO] 

[IF Q10 OPTION C > 10%] Electric 
zonal 

______% ______% ______% 

[IF Q10 OPTION D > 10%] Electric 
furnace 

______% ______% ______% 

[IF Q10 OPTION E > 10%] Electric 
hydronic 

______% ______% ______% 

[IF Q10 OPTION F > 10%] Electric 
reheat 

______% ______% ______% 

[IF Q12 OPTION A > 10%] Gas 
zonal 

______% ______% ______% 

[IF Q12 OPTION B > 10%] Gas 
furnace 

______% ______% ______% 

[IF Q12 OPTION C > 10%] Gas 
hydronic 

______% ______% ______% 

[IF Q12 OPTION D > 10%] Gas 
hydronic reheat 

______% ______% ______% 

[IF Q14 OPTION A > 10%] Oil 
zonal 

______% ______% ______% 
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Existing Equipment & Fuel Type 
Same Fuel & Same Equipment 

[LIKE-FOR-LIKE SCENARIO] 

Same Fuel, Different Equipment 
[NON-FUEL SWITCHING 

SCENARIO] 

Different Heating Fuel 
[FUEL SWITCHING SCENARIO] 

[IF Q14 OPTION B > 10%] Oil 
furnace 

______% ______% ______% 

[IF Q14 OPTION C > 10%] Oil 
hydronic 

______% ______% ______% 

[IF Q16 OPTION A > 10%] Propane 
zonal 

______% ______% ______% 

[IF Q16 OPTION B > 10%] Propane 
furnace 

______% ______% ______% 

[IF Q16 OPTION C > 10%] Propane 
hydronic 

______% ______% ______% 

 

19. From your experience, how often are you installing the following heating technology when you don’t install a [Program HVAC]? 

Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

[IF Q18 Electric zonal ‘Same Equipment & 
Same Fuel’ < 90%] Electric zonal 

[IF Q18 Electric zonal ‘Different Equipment, 
Same Fuel' > 5%] 

Furnace: _____% 

Hydronic: _____% 

Reheat: _____% 

[IF Q18 Electric zonal ‘Different Fuel’ > 5%] 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Electric furnace ‘Same Equipment & 
Same Fuel’ < 90%] Electric furnace 

[IF Q18 Electric furnace ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Hydronic: _____% 

Reheat: _____% 

[IF Q18 Electric furnace ‘Different Fuel’ > 5%] 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Electric hydronic ‘Same Equipment & 
Same Fuel’ < 90%] Electric hydronic 

[IF Q18 Electric hydronic ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Furnace: _____% 

Reheat: _____% 

[IF Q18 Electric hydronic ‘Different Fuel’ > 5%] 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Electric reheat ‘Same Equipment & 
Same Fuel’ < 90%] Electric reheat 

[IF Q18 Electric reheat ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Furnace: _____% 

Hydronic: _____% 

[IF Q18 Electric reheat ‘Different Fuel’ > 5%] 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Gas zonal ‘Same Equipment & Same 
Fuel’ < 90%] Gas zonal 

[IF Q18 Gas zonal ‘Different Equipment, Same 
Fuel' > 5%] 

Furnace: _____% 

Hydronic: _____% 

[IF Q18 Gas zonal ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Hydronic reheat: _____% 

 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Gas furnace ‘Same Equipment & Same 
Fuel’ < 90%] Gas furnace 

[IF Q18 Gas furnace ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Hydronic: _____% 

Hydronic reheat: _____% 

 

[IF Q18 Gas furnace ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Gas hydronic ‘Same Equipment & 
Same Fuel’ < 90%] Gas hydronic 

[IF Q18 Gas hydronic ‘Different Equipment, 
Same Fuel' > 5%] 

[IF Q18 Gas hydronic ‘Different Fuel’ > 5%] 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Zonal: _____% 

Furnace: _____% 

Hydronic reheat: _____% 

 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Gas hydronic reheat ‘Same Equipment 
& Same Fuel’ < 90%] Gas hydronic reheat 

[IF Q18 Gas hydronic reheat ‘Different 
Equipment, Same Fuel' > 5%] 

Zonal: _____% 

Furnace: _____% 

Hydronic: _____% 

 

[IF Q18 Gas hydronic reheat ‘Different Fuel’ > 
5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

Propane zonal: _____% 

Propane furnace: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Propane hydronic: _____% 

[IF Q18 Oil zonal ‘Same Equipment & Same 
Fuel’ < 90%] Oil zonal 

[IF Q18 Oil zonal Different Equipment, Same 
Fuel' > 5%] 

Furnace: _____% 

Hydronic: _____% 

 

[IF Q18 Oil zonal ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Oil furnace ‘Same Equipment & Same 
Fuel’ < 90%] Oil furnace 

[IF Q18 Oil furnace ‘Different Equipment, Same 
Fuel' > 5%] 

Zonal: _____% 

Hydronic: _____% 

 

[IF Q18 Oil furnace ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Oil hydronic ‘Same Equipment & Same 
Fuel’ < 90%] Oil hydronic 

[IF Q18 Oil hydronic ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Furnace: _____% 

 

[IF Q18 Oil hydronic ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Propane zonal: _____% 

Propane furnace: _____% 

Propane hydronic: _____% 

[IF Q18 Propane zonal ‘Same Equipment & 
Same Fuel’ < 90%] Propane zonal 

[IF Q18 Propane zonal ‘Different Equipment, 
Same Fuel' > 5%] 

Furnace: _____% 

Hydronic: _____% 

[IF Q18 Propane hydronic ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

 

 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 

[IF Q18 Propane furnace ‘Same Equipment & 
Same Fuel’ < 90%] Propane furnace 

[IF Q18 Propane furnace ‘Different Equipment, 
Same Fuel' > 5%] 

Zonal: _____% 

Hydronic: _____% 

 

[IF Q18 Propane furnace ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 
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Existing Heating System 
Same Fuel, Different Equipment 

[NON-FUEL SWITCHING SCENARIO] 
Different Heating Fuel 

[FUEL SWITCHING SCENARIO] 

[IF Q18 Propane hydronic ‘Same Equipment & 
Same Fuel’ < 90%] Propane hydronic 

[IF Q18 Propane hydronic ‘Different 
Equipment, Same Fuel' > 5%] 

Zonal: _____% 

Furnace: _____% 

 

[IF Q18 Propane hydronic ‘Different Fuel’ > 5%] 

Electric zonal: _____% 

Electric furnace: _____% 

Electric hydronic: _____% 

Electric hydronic reheat: _____% 

Gas zonal: _____% 

Gas furnace: _____% 

Gas hydronic: _____% 

Gas hydronic reheat: _____% 

Oil zonal: _____% 

Oil furnace: _____% 

Oil hydronic: _____% 
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Installation Practices 
20. [IF Q1 OPTION B > 5%] When you install a heat pump as the primary heating system and have a secondary system as 

backup, what proportion of the time is the switchover method… (the sum should add to 100%): 
a. A hard switchover (the previous equipment takes over all heating load at a certain outdoor air temperature): 

_____% 
b. A dual-fuel switchover (concurrent operation of previous and installed equipment at a certain outdoor air 

temperature): _____% 
c. Other switchover control not based on outdoor air temperature: _____% 

21. [IF Q20 OPTION A > 5%] At what outdoor air temperature do you typically set the hard switchover? _____°F 
22. [IF Q20 OPTION B > 5%] At what outdoor air temperature, do you most commonly set the integrated switchover to 

begin, where the previous and installed equipment begin sharing the heating load? _____°F 
23. When sizing a heat pump system, do you typically size the units based on heating or cooling load? 

a. Heating 
b. Cooling 
c. Don’t Know 

24. [IF Q3 OPTION A] Based on your experience, how often are the following ventilation approaches applied for VRF 
systems? (The sum should add to 100%). 

a. System providing ventilation air has heating coils (e.g., a Dedication Outside Air System/Unit providing room-
temperature air): ____% 

b. Unconditioned ventilation air is introduced directly to the space (e.g., program equipment provides 100% of 
heating): _____% 

c. Other: _____% 
25. [IF Q24 OPTION C > 5%] Please briefly describe the other types of ventilation approaches when you install VRF 

systems. 
a. (specify): _____ [write in]  

26. [IF Q3 OPTION B] Based on your experience, how often are the following ventilation approaches applied for DHP 
systems? (The sum should add to 100%). 

a. System providing ventilation air has heating coils (e.g., a Dedication Outside Air System/Unit providing room-
temperature air): ____% 

b. Unconditioned ventilation air is introduced directly to the space (e.g., program equipment provides 100% of 
heating): _____% 

c. Other: _____% 
27. [IF Q26 OPTION C > 5%] Please briefly describe the other types of ventilation approaches when you install DHP 

systems. 
a. (specify): _____ [write in] 

28. When installing a ducted heat pump in a building with existing ductwork, do you typically… 
a. Use existing ductwork as-is. 
b. Completely replace the existing ductwork. 
c. Upgrade existing ductwork. 
d. I don’t install ducted heat pumps. 

29. [IF Q28 = B] Please select the reasonings why you replace the existing ductwork. [multiple response options] 
a. Ducts were the wrong size. 
b. Ducts were in the wrong location. 
c. Poor duct conditions. 
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d. Other: _____ [write in] 
30. [IF Q28 = C] Please select the activities you perform when modifying existing ducts. [multiple response options] 

a. Reseal ducts. 
b. Insulate ducts. 
c. Other: _____ [write in] 

31. [IF Q30 = B] When insulating existing ductwork, what’s the average installed duct insulation R-value? ______ [write in] 
R-value 

32. [IF Q28 = A OR C] When reusing existing ductwork, do you perform any air balancing or commissioning? 
a. Yes 
b. No 
c. Don’t Know 

Closing 
33. Thank you [NAME FROM S1] for your time and thoughts! Please provide the email address where you would like your 

gift card to be sent. 
a. Email address: ____________ [write in] 
b. I am not comfortable providing this information (NOTE: you will not receive a $150 e-gift card). 

34. Can we follow up with you if we have any questions about your responses? 
a. Yes (please provide a phone number) ______________________ 
b. No 

35. Would you be willing to opt-in to any future follow up surveys? 
a. Yes 
b. No 
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Appendix C Case Weight Development 
Results 
This appendix contains the case weight development results that were used for the weighting of 
segments. The team chose two variables to base all segment variable proportions from: Program HVAC 
Equipment Type and Pre-Program Fuel Type. Using these two key “independent” variables, the team 
produced occurrences of segment variables from survey and program data. From survey data, the team 
developed proportions for pre-program equipment, event type, counterfactual HVAC equipment type, 
counterfactual fuel type, and VRF ventilation approach from survey data. From the program data, the 
team developed proportions for building type, climate, displacement type, and delivered fuels. This 
approach weights segments to the program participant data – not the general population of commercial 
buildings. 

C.1 Survey Data Proportions 
This section contains the occurrences of segmentation variables from survey data, namely pre-program 
equipment, event type, counterfactual HVAC equipment type, and counterfactual fuel type. Note that the 
proportions from these tables are from the raw survey results and do not consider segments that were 
excluded from occurring together. 

Table 25: Pre-Program HVAC Equipment Proportions 

Program HVAC 
Pre-
program 
fuel 

Boiler 
Electric 
reheat 
system 

Furnace or 
packaged 

unit 

Radiant 
electric 
system 

Unit/space 
heater(s) 

Heat Pump Electric 19% 15% 25% 41% 0% 

Heat Pump Natural Gas 20% 8% 55% 0% 17% 

Heat Pump Delivered 
Fuels 30% 0% 54% 0% 16% 

Minisplit - Multi-zone Electric 18% 9% 38% 34% 0% 

Minisplit - Multi-zone Natural Gas 32% 0% 54% 0% 14% 

Minisplit - Multi-zone Delivered 
Fuels 35% 0% 55% 0% 10% 

Minisplit - Single-zone Electric 18% 9% 38% 34% 0% 

Minisplit - Single-zone Natural Gas 32% 0% 54% 0% 14% 

Minisplit - Single-zone Delivered 
Fuels 35% 0% 55% 0% 10% 

Variable Refrigerant 
Flow Electric 24% 11% 28% 37% 0% 
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Program HVAC 
Pre-
program 
fuel 

Boiler 
Electric 
reheat 
system 

Furnace or 
packaged 

unit 

Radiant 
electric 
system 

Unit/space 
heater(s) 

Variable Refrigerant 
Flow Natural Gas 56% 0% 39% 0% 5% 

Variable Refrigerant 
Flow 

Delivered 
Fuels 56% 0% 37% 0% 7% 

PTHP Electric 21% 12% 30% 37% 0% 

PTHP Natural Gas 38% 0% 50% 0% 12% 

PTHP Delivered 
Fuels 41% 0% 49% 0% 10% 

 

Table 26: Event Type Proportions 

Pre-program Fuel Pre-program HVAC Early Replacement Replace On Failure 

Heat Pump Electric 8% 92% 

Heat Pump Natural Gas 8% 92% 

Heat Pump Delivered Fuels 2% 98% 

Minisplit - Multi-zone Electric 5% 95% 

Minisplit - Multi-zone Natural Gas 8% 92% 

Minisplit - Multi-zone Delivered Fuels 4% 96% 

Minisplit - Single-zone Electric 5% 95% 

Minisplit - Single-zone Natural Gas 8% 92% 

Minisplit - Single-zone Delivered Fuels 4% 96% 

Variable Refrigerant Flow Electric 6% 94% 

Variable Refrigerant Flow Natural Gas 21% 79% 

Variable Refrigerant Flow Delivered Fuels 5% 95% 

PTHP Electric 7% 93% 

PTHP Natural Gas 13% 87% 

PTHP Delivered Fuels 3% 93% 
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Table 27: Counterfactual HVAC Equipment Proportions 

Program HVAC Pre-program 
Fuel Boiler 

Electric 
reheat 
system 

Furnace or 
packaged 

unit 

Radiant 
electric 
system 

Unit/Space 
heater(s) 

Heat Pump Electric 29% 17% 34% 20% 0% 

Heat Pump Natural Gas 33% 0% 40% 0% 27% 

Heat Pump Delivered Fuels 40% 0% 38% 0% 22% 

Minisplit - Multi-zone Electric 21% 12% 46% 21% 0% 

Minisplit - Multi-zone Natural Gas 44% 0% 33% 0% 23% 

Minisplit - Multi-zone Delivered Fuels 35% 0% 40% 0% 25% 

Minisplit - Single-
zone Electric 21% 12% 46% 21% 0% 

Minisplit - Single-
zone Natural Gas 44% 0% 33% 0% 23% 

Minisplit - Single-
zone Delivered Fuels 35% 0% 40% 0% 25% 

Variable Refrigerant 
Flow Electric 21% 14% 50% 15% 0% 

Variable Refrigerant 
Flow Natural Gas 49% 0% 34% 0% 17% 

Variable Refrigerant 
Flow Delivered Fuels 32% 0% 49% 0% 18% 

PTHP Electric 24% 14% 43% 19% 0% 

PTHP Natural Gas 44% 0% 34% 0% 22% 

PTHP Delivered Fuels 35% 0% 43% 0% 22% 

 

Table 28: Counterfactual Fuel Proportions 

Program HVAC Pre-program Fuel Delivered Fuels Electric Natural gas 

Heat Pump Electric 0% 100% 0% 

Heat Pump Natural Gas 0% 10% 90% 

Heat Pump Delivered Fuels 82% 0% 18% 

Minisplit - Multi-zone Electric 0% 100% 0% 

Minisplit - Multi-zone Natural Gas 0% 13% 87% 
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Program HVAC Pre-program Fuel Delivered Fuels Electric Natural gas 

Minisplit - Multi-zone Delivered Fuels 83% 0% 17% 

Minisplit - Single-zone Electric 0% 100% 0% 

Minisplit - Single-zone Natural Gas 0% 13% 87% 

Minisplit - Single-zone Delivered Fuels 83% 0% 17% 

Variable Refrigerant Flow Electric 0% 100% 0% 

Variable Refrigerant Flow Natural Gas 0% 7% 93% 

Variable Refrigerant Flow Delivered Fuels 77% 0% 23% 

PTHP Electric 0% 100% 0% 

PTHP Natural Gas 0% 10% 90% 

PTHP Delivered Fuels 81% 0% 19% 

 

C.2 Program Data Proportions 
This section contains the occurrences of segmentation variables from program data, namely building type, 
climate, displacement type, and delivered fuels. Note that the proportions from these tables are from the 
raw program data results and do not consider segments that were excluded from occurring together. 

Table 29: Climate Proportions 

Program HVAC Pre-program Fuel Coastal Interior 

Heat Pump Electric 39% 61% 

Heat Pump Natural Gas 39% 61% 

Heat Pump Delivered Fuels 34% 66% 

Minisplit - Multi-zone Electric 55% 45% 

Minisplit - Multi-zone Natural Gas 55% 45% 

Minisplit - Multi-zone Delivered Fuels 51% 49% 

Minisplit - Single-zone Electric 64% 46% 

Minisplit - Single-zone Natural Gas 52% 48% 

Minisplit - Single-zone Delivered Fuels 41% 59% 
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Program HVAC Pre-program Fuel Coastal Interior 

Variable Refrigerant Flow Electric 55% 45% 

Variable Refrigerant Flow Natural Gas 37% 63% 

Variable Refrigerant Flow Delivered Fuels 48% 52% 

PTHP Electric 53% 47% 

PTHP Natural Gas 46% 54% 

PTHP Delivered Fuels 46% 54% 
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Table 30: Building Type Proportions 

Program 
HVAC 

Pre-
program 
Fuel 

Education Hotel Office Other Outpatient Residential Restaurant Retail/Service Supermarket Warehouse 

Heat 
Pump Electric 3% 0% 44% 10% 7% 4% 8% 22% 0% 3% 

Heat 
Pump Natural Gas 5% 2% 21% 10% 3% 3% 7% 28% 1% 19% 

Heat 
Pump 

Delivered 
Fuels 1% 1% 35% 16% 3% 8% 11% 17% 1% 6% 

Minisplit - 
Multi-zone Electric 4% 9% 18% 9% 3% 14% 9% 22% 0% 12% 

Minisplit - 
Multi-zone Natural Gas 14% 2% 20% 12% 1% 4% 12% 29% 2% 5% 

Minisplit - 
Multi-zone 

Delivered 
Fuels 8% 2% 23% 8% 0% 25% 6% 14% 1% 13% 

Minisplit - 
Single-
zone 

Electric 4% 16% 15% 7% 4% 6% 13% 19% 1% 15% 

Minisplit - 
Single-
zone 

Natural Gas 16% 3% 17% 13% 1% 4% 12% 25% 2% 7% 

Minisplit - 
Single-
zone 

Delivered 
Fuels 6% 3% 19% 8% 0% 29% 9% 12% 0% 12% 

Variable 
Refrigerant 
Flow 

Electric 2% 8% 31% 9% 0% 9% 16% 13% 6% 5% 

Variable 
Refrigerant 
Flow 

Natural Gas 11% 1% 25% 12% 2% 3% 5% 23% 1% 16% 
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Program 
HVAC 

Pre-
program 
Fuel 

Education Hotel Office Other Outpatient Residential Restaurant Retail/Service Supermarket Warehouse 

Variable 
Refrigerant 
Flow 

Delivered 
Fuels 19% 0% 31% 18% 0% 0% 3% 9% 0% 20% 

PTHP Electric 3% 8% 27% 9% 4% 8% 11% 19% 2% 9% 

PTHP Natural Gas 11% 2% 21% 12% 2% 4% 9% 26% 1% 12% 

PTHP Delivered 
Fuels 8% 2% 27% 13% 1% 15% 8% 13% 1% 13% 
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Table 31: Displacement Type Proportions 

Program HVAC Pre-program Fuel Full Partial 

Heat Pump Electric 90% 10% 

Heat Pump Natural Gas 61% 39% 

Heat Pump Delivered Fuels 57% 43% 

Minisplit - Multi-zone Electric 79% 21% 

Minisplit - Multi-zone Natural Gas 71% 29% 

Minisplit - Multi-zone Delivered Fuels 84% 16% 

Minisplit - Single-zone Electric 84% 16% 

Minisplit - Single-zone Natural Gas 68% 32% 

Minisplit - Single-zone Delivered Fuels 84% 16% 

Variable Refrigerant Flow Electric 59% 41% 

Variable Refrigerant Flow Natural Gas 83% 17% 

Variable Refrigerant Flow Delivered Fuels 90% 10% 

PTHP Electric 78% 22% 

PTHP Natural Gas 71% 29% 

PTHP Delivered Fuels 79% 21% 

 
 

Table 32: Delivered Fuels Proportions 

Program HVAC Propane Oil 

Heat Pump 44% 56% 

Minisplit - Multi-zone 18% 82% 

Minisplit - Single-zone 16% 84% 

Variable Refrigerant Flow 47% 53% 

PTHP 28% 72% 

D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan

Exhibit 1, Appendix U, Study 25-12
October 31, 2024

Page 69 of 78



Energy Optimization Model Update 
Appendix: Additional Survey Results 

 

 
   P A G E  70 

Appendix D Additional Survey Results 
In addition to the survey questions and results summarized in the Survey Analysis section, the team asked 
installation contractors about some of their typical installation practices and situations leading up to the 
installation of program equipment (informing the Event Types proportions). This section provides results 
for two categories of questions: Installation Practices and Event Types. The survey instrument is 
available in Appendix B.  

D.1 Installation Practices 
This section contains survey responses regarding various installation practices, including sizing and 
ductwork practices. 

Table 33: Q23 – “When sizing a heat pump system, do you typically size the units based on 
heating or cooling load?” 

Option Count 

Heating 45 

Cooling 17 

Don’t Know 8 

TOTAL 70 

 

Table 34: Q28 – “When installing a ducted heat pump in a building with existing 
ductwork, do you typically…” 

Option Count 

Upgrade existing ductwork. 37 

Use existing ductwork as-is. 20 

Completely replace the existing ductwork. 7 

I don’t install ducted heat pumps. 6 

TOTAL 70 

 

Table 35: Q29 – “Please select the reasonings why you replace existing ductwork.” 

Option Count 

Ducts were the wrong size. 1 
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Option Count 

Poor duct conditions. 2 

Ducts were in the wrong location. 0 

Ducts were the wrong size and poor duct conditions. 3 

Ducts were the wrong size, poor duct conditions, and ducts were in the wrong locations. 1 

TOTAL 7 

 

Table 36: Q30 – “Please select the activities you perform when modifying existing ducts.” 

Option Count 

Insulate ducts. 1 

Reseal ducts. 5 

Other. 3 

Insulate ducts and reseal ducts. 23 

Insulate ducts, reseal ducts, and other. 5 

TOTAL 37 

 

Table 37: Q31 – “When insulating existing ductwork, what’s the average installed duct 
insulation R-value?” 

Option Count 

R-2 1 

R-5 2 

R-6 4 

R-8 17 

R-9 1 

R-10 1 

R-12 1 

R-18 1 

R-80 1 

TOTAL 29 
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Table 38: Q32 – “When reusing existing ductwork, do you perform any air balancing or 
commissioning?” 

Option Count 

Yes 41 

No 8 

Don’t Know 8 

TOTAL 57 

 

 

D.2 Event Types 
Table 39, Table 40, Table 41, and Table 42 are questions and responses specific to VRF installations. 

Table 39: “When you replace existing heating systems with VRF units, about what 
percentage of the time is the previous heating system still working?” (n=21) 

Calculation Percentage 

20th Percentile 20% 

Mean 56% 

Median 50% 

80th Percentile 100% 

 

Table 40: “When replacing systems with VRF units, what percent of the time could low or 
moderate cost repairs have kept the old system in operation for a few more years?” 

(n=16) 

Calculation Percentage 

20th Percentile 10% 

Mean 33% 

Median 25% 

80th Percentile 60% 

 

D.P.U. 24-140 - D.P.U. 24-149
2025-2027 Three-Year Plan

Exhibit 1, Appendix U, Study 25-12
October 31, 2024

Page 72 of 78



Energy Optimization Model Update 
Appendix: Additional Survey Results 

 

 
   P A G E  73 

Table 41: “When replacing existing systems with VRF units when the previous systems are 
still working, why would you say you’re typically there?” (n=19) 

Option Count 

The owner is not satisfied with the existing system’s comfort, 
operating costs, or other. 4 

The existing system was working fine, but you proactively 
recommended or customer wanted a new HVAC system 
anyway. 

5 

The existing heating system was near end of life and you 
anticipated the need for replacement. 7 

Other building changes caused need for a different HVAC 
system. 3 

TOTAL 19 

 

Table 42: “What percent of the time could minor repairs have restored existing heating 
systems to satisfactory operation?”, VRF Respondents (n=4) 

Calculation Percentage 

20th Percentile 19% 

Mean 36% 

Median 38% 

80th Percentile 54% 

 

Table 43, Table 44, Table 45, and Table 46 are questions and responses specific to DHP installations. 

Table 43: “When you replace existing heating systems with DHP units, about what 
percentage of the time is the previous heating system still working?” (n=52) 

Calculation Percentage 

20th Percentile 32% 

Mean 60% 

Median 60% 

80th Percentile 80% 
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Table 44: “When replacing systems with DHP units, what percent of the time could low or 
moderate cost repairs have kept the old system in operation for a few more years?” 

(n=46) 

Calculation Percentage 

20th Percentile 10% 

Mean 36% 

Median 30% 

80th Percentile 50% 

 

Table 45: “When replacing existing systems with DHP units when the previous systems are 
still working, why would you say you’re typically there?” (n=50) 

Option Count 

The owner is not satisfied with the existing system’s comfort, 
operating costs, or other. 6 

The existing system was working fine, but you proactively 
recommended or customer wanted a new HVAC system 
anyway. 

4 

The existing heating system was near end of life and you 
anticipated the need for replacement. 34 

Other building changes caused need for a different HVAC 
system. 6 

TOTAL 50 

 

Table 46: “What percent of the time could minor repairs have restored existing heating 
systems to satisfactory operation?”, DHP Respondents (n=4) 

Calculation Percentage 

20th Percentile 30% 

Mean 30% 

Median 30% 

80th Percentile 30% 

 

Table 47, Table 48, and Table 49 are questions and responses specific to ASHP installations. 
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Table 47: “When you replace existing heating systems with ASHP units, about what 
percentage of the time is the previous heating system still working?” (n=15) 

Calculation Percentage 

20th Percentile 50% 

Mean 61% 

Median 60% 

80th Percentile 75% 

 

Table 48: “When replacing systems with ASHP units, what percent of the time could low 
or moderate cost repairs have kept the old system in operation for a few more years?” 

(n=13) 

Calculation Percentage 

20th Percentile 22% 

Mean 41% 

Median 40% 

80th Percentile 56% 

 

Table 49: “When replacing existing systems with ASHP units when the previous systems 
are still working, why would you say you’re typically there?” (n=15) 

Option Count 

The owner is not satisfied with the existing system’s comfort, 
operating costs, or other. 0 

The existing system was working fine, but you proactively 
recommended or customer wanted a new HVAC system 
anyway. 

1 

The existing heating system was near end of life and you 
anticipated the need for replacement. 12 

Other building changes caused need for a different HVAC 
system. 2 

TOTAL 50 
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Appendix E Reported Impact Comparisons 
This appendix provides the EO Model’s reported impacts by (1) imperial units only, and (2) comparing the 
total net downstream program savings against the 2022-2024 MA Technical Reference Manual (v1.0) and 
previous EO Model (v2.0). 

E.1 Impacts Reported in Imperial Units 
Table 50 provides the EO Model’s downstream impacts in imperial units only (MMBtu/ton). 

Table 50: EO Model Downstream Impacts by Imperial Units Only 

Measu
re 

Displacem
ent 

Pre-program Fuel 

Electric 
Natural 
Gas 

Oil Propane 
Natural 
Gas 

Oil Propane 

Electric 
(MMBtu/t
on) 

Electric 
(MMBtu/t
on) 

Electric 
(MMBtu/t
on) 

Electric 
(MMBtu/t
on) 

Fuel 
(MMBtu/t
on) 

Fuel 
(MMBtu/t
on) 

Fuel 
(MMBtu/t
on) 

VRF Full 8.6 -4.9 -4.6 -4.6 14.5 14.3 14.3 

VRF Partial 6.3 -2.9 -2.8 -2.8 9.8 9.2 9.2 

ASHP Full 8.1 -6.0 -7.4 -6.9 14.0 17.3 17.0 

ASHP Partial 5.7 -3.6 -4.6 -3.8 9.2 11.2 10.7 

PTHP Full 7.2 -6.7 -7.3 -7.3 14.3 16.3 16.3 

GSHP Full 13.0 -6.9 -6.9 -6.9 26.0 26.6 24.5 

 

Table 51 and Table 52 provides the EO Model’s midstream impacts in imperial units only (MMBtu/ton). 

Table 51: EO Model VRF, ASHP, & GSHP Midstream Impacts by Imperial Units Only 

Program 
Equipment Type 

Electric Savings 
Electric (MMBtu/ton) 

VRF 0.6 
ASHP 0.4 
GSHP 1.1 
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Table 52: EO Model PTHP Midstream Impacts by Imperial Units Only 

Program 
Equipment Type 

Electric Savings 
Electric (MMBtu/unit) 

PTHP50 3.8 

 
50 The PTHP measure in the 2023 TRM gives total savings per unit, rather than per ton as with the other measures. The TRM notes 
that applicable PTHPs must have a capacity of less than 10 kBtu/hr. As such, the PTHP electric savings in Table 2 would need to be 
multiplied by some factor of less than 10/12 (with the numerator being an assumed average PTHP capacity in kBtu/hr.) to fully align 
with the 2023 TRM approach. 
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E.2 Total Downstream Measure Impacts Comparisons 
Table 53 provides a comparison of the EO Model’s estimated total downstream impacts and compares these values (by measure, displacement 
type, and Displaced Fuel) with the values estimated in the 2022-2024 MA TRM (v1.0) and the previous EO Model version (2.0). The comparisons in 
Table 53 are in imperial units only (MMBtu/ton). 

Table 53: Total Net Downstream Impacts Comparisons 

Measure 
Displace

ment 

Program and Displaced Fuel 

V1.0 
Impacts 

V2.0 
Impacts 

V2.1 
Impacts 

V1.0 
Impacts 

V2.0 
Impacts 

V2.1 
Impacts 

V1.0 
Impacts 

V2.0 
Impacts 

V2.1 
Impacts 

V1.0 
Impacts 

V2.0 
Impacts 

V2.1 
Impacts 

Electric 
MMBtu/t
on 

Electric 
MMBtu/t
on 

Electric 
MMBtu/t
on 

Gas 
MMBtu/t
on 

Gas 
MMBtu/t
on 

Gas 
MMBtu/t
on 

Oil 
MMBtu/t
on 

Oil 
MMBtu/t
on 

Oil 
MMBtu/t
on 

Propane 
MMBtu/t
on 

Propane 
MMBtu/t
on 

Propane 
MMBtu/t
on 

VRF Full 12.1 7.2 8.6 14.1 7.8 9.6 16.6 8.3 9.7 14.4 8.3 9.7 

VRF Partial 15.7 5.6 6.3 11.9 5.7 6.9 14.0 5.7 6.4 12.2 5.7 6.4 

ASHP Full 8.8 7.8 8.1 11.8 9.3 8.0 14.3 9.3 10.0 12.1 7.4 10.1 

ASHP Partial 11.4 5.7 5.7 9.9 6.8 5.6 12.0 6.8 6.9 10.1 6.5 6.9 

PTHP Full NA 6.8 7.2 NA 8.2 7.6 NA 8.2 9.0 NA 8.1 9.0 

GSHP Full 11.7 13.1 13.0 13.9 19.2 19.1 16.4 19.8 19.7 16.4 17.9 17.6 
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