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Executive Summary
This report presents the results from the Non-Residential New Construction Net-to-Gross Study
(MA20X09-B-NRNCNTG). The Cross-Cutting Market Effects/Net-to-Gross evaluation team, led
by NMR Group, Inc., with the support of DNV and Cadmus, prepared this report for the
Massachusetts Program Administrators (PAs) and Energy Efficiency Advisory Council (EEAC).
One component of this evaluation was intended to provide prospective Net-to-Gross Ratios
(NTGRs) to inform program planning for the 2022 to 2024 cycle. When the study was designed,
it was expected that the prospective NTGRs would be locked in place for that cycle. However, on
May 3, 2021, the Department of Public Utilities (DPU) updated guidance for applying NTGRs,
lifting the three-year NTG lock. As a result, the evaluation recommends NTGRs for 2022 only and
proposes that the PAs consider revisiting NTG measurements for the new program pathways
(paths 1 and 2) in time for the 2023 program year.

GOALS AND OBJECTIVES
The goal of this study was to establish retrospective NTGRs for 2019 for the Commercial New
Buildings and Major Renovations Program (the NRNC program) and the Multifamily High-Rise
New Construction program (the MFHR program) and prospective NTGRs for 2022 for the
redesigned NRNC program, the MFHR program, and the Multifamily Passive House (PH) offering.
Due to overlap in PA and market actor involvement in the NRNC and MFHR sectors, the team
considered the effects of these programs together to avoid leaving savings attributable to the PAs
undocumented or double-counting savings from these programs.
An objective of this study was to address NTG estimates in the redesign of the NRNC program
that launched in 2020. These new pathways represent a departure from the previous program
design. As a result, two NTGRs for the NRNC program were developed: one for the new program
pathways (Paths 1 and 2) and another that provided continuity with the existing pathways from
the previous program design (Paths 3 and 4). Ultimately, the evaluation provided four discrete
NTGRs for the 2022 program year:
1. Paths 1 (Deep Energy Savings/Zero Net Energy (ZNE)) and 2 (Whole Building EUI
Reduction) of the NRNC program (the new pathways)
2. Paths 3 (Whole Building Streamlined) and 4 (Systems) of the NRNC program (traditional
pathways)
3. The multifamily PH offering
4. The MFHR new construction program
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KEY FINDINGS AND RECOMMENDATIONS
Recommended Net-to-Gross Ratios
Table 1 presents the recommended 2022 NTGRs for the four program offerings evaluated in this
study, along with the retrospective 2019 NTGRs used to develop them. The evaluation team
developed the retrospective NTGRs using the methods discussed below, while the final
recommended values were agreed upon by a consensus group consisting of representatives from
the PAs, the EEAC, and the evaluation team.

Table 1: 2019 Retrospective and Recommended 2022 NTGRs
Time Period

Final Net-to-Gross Ratios

2019 Retrospective

2022 Recommended

NRNC Program

MFHR Program

58%

75%

NRNC Paths
1&2

NRNC Paths 3 &
4

MFHR

Multifamily
Passive House

73%

64%

83%

90%

Table 2 provides both the retrospective free-ridership (FR) and spillover (SO) values calculated
by the study team for the NRNC and MFHR programs and the final FR and SO values applied
prospectively to Paths 3 and 4 of the redesigned Program. Without data from participants in the
new Program Pathways to support prospective adjustments to FR and SO individually, the team
instead used input from the Delphi Panel to develop a prospective adjustment factor that could
be applied to the retrospective NTGRs. The adjustment factor was based on panelist feedback
on how (if at all) the new pathway approach would change the Program’s effectiveness at
influencing the NRNC market. As a result of this approach, this evaluation did not calculate
prospective FR and SO, only the overall NTGRs reported above.
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Table 2: NRNC Free-Ridership and Spillover Findings1
Initiative
NRNC Program (Retrospective,
low net savings)a
NRNC Program (Retrospective,
high net savings)a
NRNC Program (Prospective
for Paths 3 & 4, Consensus)b
MFHR Program

FR

SO

61%

19%

54%

31%

58.3%

22.7%

54%

29%

a

Two net savings values were calculated, one with building energy consumption outliers included and one with
outliers removed. Outliers increased overall net savings in the “high net savings” scenario. See Section 2.3.2 for
more information.
bThis final prospective value is an average of votes from the three consensus group members (Program
administrators, EEAC, and evaluation), and is derived from the retrospective values in the table.

Additional Considerations
Plan for updating NTG measurements for the 2023 Program Year. The redesigned NRNC
program (and associated new pathways 1 and 2) launched in the summer of 2020. Given project
timelines, the timing of the current study was not ideal for measuring program impacts on projects
started under the new program design. Due to these timing limitations, and in combination with
the lifting of the three-year NTG lock-in, the PAs should consider prioritizing updating
measurements of NTG for the new program pathways in time for the 2023 program year. The
PAs, EEAC, and evaluation consultants have discussed using an integrated gross and net
savings approach for this update.
If possible, conduct primary data collection with participating customers and market
actors in time for the next NTG evaluation. This evaluation used a panel of experts to provide
inputs for the NTG calculations, an approach that showed promise for dealing with the
complexities of the NRNC and MFHR markets. However, given the launch of new program
offerings with market transformation goals, any future evaluation would be well-served by
including feedback from participants in the new program pathways to more accurately assess
factors impacting NTG. In addition, multiple expert panelists in the current evaluation expressed
a desire for more data, including data on program interaction with market actors and customers.
For larger NRNC program participants, gross impacts are currently calculated on a case-by-case
basis. For these projects, it may be possible to integrate a hybrid gross/net approach that is often
referred to as modeled partial net savings. Specifically, while gross savings are being calculated,
evaluation would simultaneously calculate site-by-site net savings working directly with program
participant project teams. Moving forward, it may be possible to integrate this approach, along
with something similar to the approach taken for this study, as a way to improve the accuracy of
NTG results for the largest program participants while also reflecting the impacts these programs
have on the overall NRNC market.

1

The prospective FR and SO values in this table are provided with one decimal place to match the values included in
the Technical Reference Manual (TRM).
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Create a more comprehensive program tracking dataset. Throughout this study, the lack of
centralized, comprehensive datasets detailing participating projects slowed the project workflow
and caused the team to adjust our analytical approach. Given the complexity of the NRNC market
and the data demands of NTG measurement, a more complete program tracking dataset would
help avoid methodological constraints and support more robust evaluations in the future. With
Paths 1 and 2 using EUI as a basis for savings, projects can remain as single-line tracking entries.
However, the addition of the proposed EUI, the base case EUI, the building type, and building
square footage to tracking databases would facilitate research tasks in multiple ways. For Path 3
and 4 projects with a measure or system-level focus, data on the measure type and efficiency
would be useful additions. The team suggests all sites have building type, building square
footage, and Program pathway in the tracking data to facilitate granular analyses by
building type and to support measurements of program penetration on a square footage
basis. All of these data are available in project files already housed by the PAs, just decentralized
in applications, calculators, and engineering studies.

METHODS
Delphi Panel
This study measured NTG using a Delphi approach to estimate the counterfactual energy
consumption of Massachusetts C&I buildings constructed in 2019. Counterfactual energy
consumption represents the estimated change in building energy consumption among
participating and non-participating new construction projects completed in 2019 in a scenario in
which the PAs’ NRNC and MFHR programs left the market at the beginning of 2019. Delphi
estimates were taken in the form of percentage adjustments at the end-use level (e.g., heating
systems would use X% more energy in the counterfactual scenario) and rolled up to the building
level using end-use consumption weighting that reflected the contribution of each end use to total
building energy consumption (as determined through energy modeling by the Pacific Northwest
National Laboratory).
The Delphi approach is an interactive and iterative process that relies on an expert panel to
develop a group judgment, often by providing and reviewing responses via multiple rounds of
questions. The Delphi approach is based on the principle that structured, closed-ended responses
from experts, informed by the responses from their peers, may lead to more accurate results than
unstructured responses without the benefit of iterative feedback. The Delphi panel in this
evaluation was a collection of experts in non-residential new construction building practices and
in commercial energy-efficiency program evaluation with a mix of local and national experience.

Net Savings and Energy-Use Intensity (EUI)2
The team applied Delphi panel counterfactual consumption estimates to actual energy
consumption data from Massachusetts new construction projects to develop counterfactual
energy consumption values and, subsequently, an estimate of the net energy savings achieved
by the program. The team calculated four net savings values, covering participating and non2

For the purposes of this study, EUI represents annual combined electric and gas site consumption in kBtu/sq. ft.
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participating NRNC and multifamily projects. Data sources included two past studies sponsored
by the PAs to establish EUI baseline values for the NRNC market in Massachusetts. 3 These
studies used the site EUI of these projects, which is a measurement of the total energy
consumption (measured at the utility meter) of a site, normalized by square footage. This EUI
data included participating and non-participating NRNC and MFHR new construction projects.
The team used the Massachusetts EUI values and Massachusetts new construction square
footage estimates from the Construction Market Data (CMD) Group to create population-level
energy consumption estimates. Applying the Delphi counterfactual estimates to the EUI data
yielded population-level counterfactual energy use. This was done for program participants and
non-participants separately, using EUI values for each group and a program penetration estimate
from the Delphi process. The difference between actual and counterfactual consumption
represents the program net savings.

Retrospective NTG
The team used 2019 NRNC savings data published on the Mass Save data portal and MFHR
program tracking data to generate gross savings values for each program.4 The team used these
savings values and the net savings estimates above to calculate FR, SO, and retrospective
NTGRs for the previous NRNC program design and the MFHR program. The team calculated two
sets of NTGRs for each program. Each set represented a version of net savings, reflecting
decisions made by the team during our analysis on how to treat certain data points in the
Massachusetts EUI data. In one version, an outlier analysis removed extreme values from the
dataset, lowering the average EUIs that fed into net savings. The other set of NTGRs included
outliers in net savings to show the impact of this step on NTG and to encompass all valid data
points in the analysis.

Prospective NTG and the Consensus Group
The team used feedback from the Delphi panel to create prospective NTG adjustment factors to
reflect the impact of the NRNC program redesign and the new PH offering. The team applied the
adjustment factors to the retrospective NTGRs and generated prospective NTGRs for the NRNC
program, the MFHR program, and the PH offering. Because of the uncertainty introduced through
conducting the evaluation shortly after the new program designs launched, the team provided
these NTGRs to a consensus group, who worked through the data and findings over the course
of four meetings to vote on the final 2022 NTGRs.

KEY LIMITATIONS AND SOURCES OF UNCERTAINTY
•

Uncertainty around EUI values. While the EUI calculations are straightforward, the
process involves matching two unrelated data sets, which introduces uncertainty. The

3

These were the Non-Residential New Construction EUI Baseline Enhancement Study (MA20X02-B-EUIBASE):
https://ma-eeac.org/wp-content/uploads/MA20X02-B-EUIBASE_Report_2021.05.05_Final.pdf; and the prior
Massachusetts Non-Residential New Construction EUI Baseline Study (MA19C12-B-NCEUIBSLN): https://maeeac.org/wp-content/uploads/MA-NRNC-EUI-Final-Memo-MA19C12-B-NCEUIBSLN-1-24-2020-.pdf.
4 The savings associated with the MFHR program are lumped in with other RNC initiatives on the Mass Save data
portal, which is why the team used the tracking data to estimate gross savings for the MFHR program.
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Massachusetts Level 3 Tax Data can vary in completeness and vintage depending on the
jurisdiction. The utility billing data must be matched to the parcel data, but there is
opportunity for a mismatch between tax address and billing address. Tax data square
footage could also be incorrect or outdated, as can land use designation. There is
unavoidable opportunity for a mismatch between the billing data-based energy
consumption of a parcel and the actual square footage of a new construction project on
that parcel. How this is addressed, if at all, through an outlier analysis has major
implications for net savings because the average EUI values may change dramatically
after outliers are removed. Given the distribution of EUI values in the dataset, even robust
outlier analyses left values on the low end of the distribution that were questionable. This
spurred debate amongst the consensus group about whether it was appropriate to exclude
outliers from the analysis.
•

The results of this study are based on retrospective data during a period of change
for the programs. Despite this study relying on a panel of industry experts, the results
presented here reflect best estimates in the face of major changes in the programs. These
estimates may not reflect actual program performance moving forward because of the
NRNC program redesign and the introduction of the PH offering, in addition to any
potential market shifts.

•

Different sources of net savings and gross savings. The data sources for gross
program savings and net savings were not derived from the same source. This introduces
uncertainty in the NTG calculations.

•

Lack of project detail in tracking data. Program tracking data lacked measure-level
details for certain projects, notably custom HVAC measures, and did not include any
building type or building square footage information, which would have benefitted several
steps in the analysis.

•

Diversity of building types in the NRNC market. Drawing market-level conclusions
about NTGRs for commercial buildings is difficult given the diversity of space uses in the
market. Moreover, it is possible that certain market actors and program participants focus
on specific building types. Drawing meaningful conclusions regarding program influence
on different building types is extremely difficult without very large sample sizes and
significant primary data collection efforts.
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Section 1

Introduction

This report presents the results from the Non-Residential New Construction Net-to-Gross Study
(MA20X09-B-NRNCNTG). The Cross-Cutting Market Effects/Net-to-Gross evaluation team, led
by NMR Group, Inc., with the support of DNV and Cadmus, prepared this report for the
Massachusetts Program Administrators (PAs) and Energy Efficiency Advisory Council (EEAC).
Net-to-Gross ratios (NTGRs) for the PAs’ Commercial New Buildings and Major Renovations
Program (referred to here as the Non-Residential New Construction or NRNC Program) were last
updated as part of the Massachusetts Sponsors’ Commercial and Industrial Free-ridership and
Spillover Study5 (TXC49). That study, performed from 2017 to 2018, recommended NTG ratios
for the NRNC Program over the 2019 to 2021 period. The TXC49 evaluation utilized a self-report
methodology for measuring NTG, specifically surveys with vendors and customers from projects
incentivized during the 2016 program year. For this study, the team, the PAs, and the EEAC
agreed to conduct a market-level NTG assessment that included three offerings in addition to the
NRNC Program:
1. The PAs’ Commercial Codes and Standards Compliance Support (CSCS) Initiative6
2. The Multifamily High-Rise (MFHR) portion of the Residential New Construction (RNC)
Program
3. The Residential High-Rise Passive House (PH) offering
The team, the PAs, and the EEAC made this decision because of the overlap in PA activities and
the market actors working in the NRNC and MFHR sectors and because neither the MFHR
program nor the PH offering had been subject to specific NTG evaluations in the past.
The team designed this evaluation to provide prospective NTGRs to inform program planning for
the 2022 to 2024 cycle. When the study was designed, it was expected that the prospective
NTGRs would be locked in place for that cycle. However, on May 3, 2021, the Department of
Public Utilities (DPU) updated guidance for applying NTGRs, lifting the three-year NTG lock. As
a result, the study pivoted to developing NTGRs for the 2022 program year and considerations
for future NTG evaluations in the NRNC and MFHR markets. In addition, planning for this study
took place as the NRNC Program was launching a significant redesign that included new
participation pathways with market transformation goals. This required a study design that could
develop a prospective NTGR for a program that differs substantially from the one that was
experienced by the participants from whom the evaluation team collected data for this evaluation.
At the same time, program support in the multifamily residential sector was evolving as the PH
offering, which has market transformation goals, launched alongside the traditional MFHR
Program.

5

https://ma-eeac.org/wp-content/uploads/TXC_49_CI-FR-SO-Report_14Aug2018.pdf
The impacts of the CSCS are embedded in the NTGRs developed for the NRNC and MFHR markets as part of this
study. This is consistent with how the CSCS impacts are handled for the residential new construction market.
6
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1.1 STUDY GOALS AND OBJECTIVES
The goal of this study was to establish retrospective NTGRs for 2019 and prospective NTGRs for
2022 for the NRNC Program, the MFHR Program, and the PH offering. MFHR projects have
historically participated in the NRNC program and there is evidence of overlap among the market
actors who work in the NRNC and MFHR spaces. Given this, the team considered the effects of
these programs together to avoid the possibility of leaving savings undocumented and/or doublecounting savings from these programs.
An objective of this study was to address the significant redesign of the NRNC program that
launched in 2020 and introduced two new participation pathways focused on early engagement,
pay-for-performance options, and deep technical assistance to reduce the energy use intensity
(EUI) of projects. The new pathways represent a departure from the previous program design. As
a result, two NTGRs for the NRNC program were developed: one for the new program pathways
(Paths 1 and 2) and another that provided continuity with the existing pathways from the previous
program design (Paths 3 and 4). We describe these program pathways in detail in Appendix A.
Developing NTGRs typically involves analyzing past participant data or collecting primary data
from past participants. Because the new program pathways did not have historical data to
leverage, the team used additional input from a Delphi panel to help with forecasting a NTGR for
the new NRNC pathways and for the PH offering.

1.2 NRNC PROGRAM BACKGROUND
Through the early part of 2020, the NRNC program was facing challenges due to rising energy
codes, municipal mandates, and typical design and construction practices that often exceeded
energy code baselines. Collectively, these challenges diminished opportunities for energy
savings. In addition, an evaluation of 2014 Custom Comprehensive Design Assistance (CDA) in
the NRNC program (i.e., participating whole-building projects designed to generate savings
across multiple end uses) showed that the median EUI of the projects was higher than a sample
of existing buildings surveyed in 2012.7 This was a sign that the program should focus on reducing
overall building EUI rather than targeted interventions at the measure or system-level.
To address these issues, the PAs launched a major redesign of the NRNC program in the summer
of 2020.8 The redesign focused on generating market effects and positioning the PAs to have
greater impacts on the energy outcomes of new non-residential buildings. The new program
design includes a total four pathways, two of them new, each with differing objectives, activities,
incentive structures, and targeted project types. The new pathways are as follows:
1. Deep Energy Savings/ZNE
2. Whole Building EUI Reduction

7

https://ma-eeac.org/wp-content/uploads/MA_CIEC_Stage5_Report_P56_Custom_CDA_Final-Report_180514.pdf
The program redesign process is covered in detail in the final report for the MA19CX01-B-NCPLANME C&I New
Construction Program Planning & Market Effects/Spillover Study: https://ma-eeac.org/wpcontent/uploads/MA19CX01-B-PLANME-Report-FINAL-2020-04-15.pdf
8
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The pathways carried over from the previous program design are as follows:
3. Whole Building Streamlined
4. Systems
Paths 1 and 2 require early engagement, involve expert technical assistance throughout the
project, and provide incentives based on energy modeling with a focus on achieving lower EUIs.
Paths 3 and 4 facilitate participation for simpler or late engagement projects, relying more on a
prescriptive or custom measure or system-level approach and not using EUI metrics. 9 This fourpathway approach positions the program to influence customers with interest in high-performance
construction while making sure the program does not lose simpler measure-level or late
engagement projects. More details on program design can be found in Appendix A and in the C&I
New Construction Program Planning & Market Effects/Spillover Study.

1.3 MFHR AND PASSIVE HOUSE PROGRAM BACKGROUND
Evidence from past evaluations suggests there is substantial overlap in the market actors that
work on NRNC and MFHR new construction. For example, multiple market actors interviewed
recently for a study about the NRNC market, including sustainability consultants and HVAC
equipment installers, indicated that they also work on high-rise residential projects that participate
in the Mass Save MFHR program and the residential PH offering. These market actors
demonstrate the potential for crossover of high-performance building practices between the
MFHR and NRNC markets.
Both the MFHR and PH participation pathways fall under the wider RNC program umbrella. The
MFHR path includes multifamily buildings that are four stories or higher and smaller buildings with
centralized HVAC systems.
Launched in July 2019, the PH offering is working to move the multifamily market toward deep
and sustained energy usage reductions in newly constructed buildings. Multifamily buildings with
five or more units are eligible to participate in the PH program. There are two PH building
certification systems that the program leverages as a part of the incentive and training structure:
Passive House Institute (PHI) and Passive House Institute U.S. (PHIUS). The program provides
incentives to project teams for feasibility assessments, energy modeling subsidies, PH precertification, PH certification, and net performance bonuses based on the modeled energy savings
– whether or not the project achieves certification. 10 The offering also includes trainings and
technical support for various market actors pursuing PH projects. The program seeks to have
transformational impacts on the broader multifamily market, helping to make the decision to
pursue passive design much more common and feasible .

9

Path 4 will sometimes use site specific energy modeling, for example with late-engagement projects that have a
wider scope than just limited measure-level upgrades. These models, and the savings calculated with them, will not
use EUI as a metric. They will use the same $/therm and $/kWh incentive structure as Path 3 and prescriptive Path 4
projects.
10 https://www.masssave.com/saving/residential-rebates/passive-house-incentives
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Section 2

Research Methods

This study measured NTG using a Delphi approach to estimate counterfactual energy
consumption (that is, what the change in building energy consumption among participating and
non-participating new construction projects completed in 2019 would have been had the PAs’
NRNC and MFHR programs left the market at the beginning of 2019). The evaluation team then
used these estimates to calculate NTGRs.
The Delphi approach is an interactive and iterative process that relies on an expert panel to
develop a group judgment, often by providing and reviewing responses via multiple rounds of
questions. The approach is based on the principle that structured, closed-ended responses from
experts, informed by the responses from their peers, may lead to more accurate results than
unstructured responses without the benefit of iterative feedback.11
The difference in energy consumption between the two scenarios – real world outcomes and the
counterfactual scenario in which the programs were not active – yields a change in energy
consumption attributable to the programs. This analysis is done for both program participants and
non-participants to assess the key pieces of NTG: free-ridership (FR) and spillover (SO). If the
panel estimates only a small change in participant energy consumption in the counterfactual, this
indicates high FR (i.e., that most participating projects would have been constructed the same
way without the influence of the program). For non-participants, changes in energy consumption
between actual and counterfactual scenarios indicate the degree to which energy saving practices
supported by the program SO into buildings that do not participate in the program (SO).
The team asked the expert panel to review a comprehensive collection of data that show the
possible impacts of the program; including program design and activities, evaluation findings,
measure-level efficiency of equipment used by participants and non-participants, and program
penetration. The team then asked them to consider a scenario where the programs ended in
January of 2019 and to estimate a percent adjustment in energy usage for new construction
projects completed in 2019. The team first used these counterfactual energy consumption
estimates to perform retrospective NTG calculations, after which the team used a forecasting
analysis to turn the retrospective numbers into prospective values that could be applied in 2022.
The remainder of the methods section describes the Delphi process, the key inputs used to
develop energy consumption and savings values, and the calculations that turn the inputs from
the Delphi panel into NTGRs. Since the team performed the evaluation shortly after a substantial
program redesign was launched, requiring NTG forecasting for program offerings that had no
established track record, the NTGRs calculated by the evaluation team were ultimately presented

See: (A) Hsu, C. and B.A. Sandford. (2007). The Delphi technique: making sense of consensus. ‖ Practical
Assessment, Research & Evaluation. 12(10): 1-8; (B) Linstone, H. A., & Turoff, M. (1975). The Delphi Method:
Techniques and Applications. Reading, MA: Addison-Wesley Publishing Company; (C) Ludwig, B. (1997). Predicting
the future: Have you considered using the Delphi methodology? Journal of Extension, 35 (5), 1-4. Retrieved August
25, 2010 from https://joe.org/joe/1997october/tt2.php
11
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to a consensus group. This group used an iterative process to develop the final NTGRs
recommended in this report.

2.1 RECRUITING THE DELPHI PANEL
The team worked with the PAs and EEAC to develop a panel with deep expertise in a variety of
roles centered around new construction energy efficiency. The team identified a list of 62 potential
Delphi panel candidates who are experts in the NRNC and MFHR markets, commercial codes
and standards, NRNC and MFHR building energy efficiency, and energy-efficiency program
evaluation. The sample frame included the following types of candidates:
•

Building efficiency consultants focused on new construction working in Massachusetts

•

Building efficiency consultants focused on new construction working outside
Massachusetts

•

Developers, general contractors, and/or building operators who work in Massachusetts

•

Architects and engineers working in Massachusetts

•

Code officials working in Massachusetts

•

Commercial building program evaluators working nationally

•

National commercial building experts

The team aimed to recruit 10-15 panelists, with representation from each of the categories listed
above. The team recruited potential panelists by email and phone, offering participants an
honorarium of $1,000 for completing both rounds of the Delphi panel. 12 Ultimately, the team
recruited a total of 16 panelists covering each category outlined above except for the “Developer,
contractor, and/or building operator” category. Of the 16 panelists who initially agreed to
participate, 11 completed the first round of the panel. Nine of the 11 panelists completed round
two.13 Table 3 characterizes the Delphi Panel by category and level of participation.

12

The team gave $500 to panelists after their completion of Round 1 of the Delphi panel and gave them the
remaining $500 after completion of the second round.
13 One potential factor in the attrition of Delphi Panel participants from Round 1 to Round 2 is the accelerated timeline
that this study operated. (As we note in Section 2.2, the team collected data from panelists over a two-month period.)
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Table 3: Delphi Panel Disposition
Category
Building efficiency consultants in
Massachusetts.
Building efficiency consultants working
outside Massachusetts.
Developers, general contractors,
and/or building operators

Recruited

Finished Round 1

Finished Round 2

4

3

3

1

1

1

0

0

0

Architects and engineers

4

2

0

Code officials

2

1

1

Commercial building program
evaluators

3

3

3

National commercial building experts

2

1

1

Total

16

11
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2.2 FIELDING DELPHI PANEL ROUNDS
NMR asked Delphi panelists to participate in two rounds of data collection in May and June of
2021. Figure 1 summarizes the inputs and outputs for each round of the Delphi panel. The team
designed Microsoft Excel-based data collection instruments with which to collect panelists’
counterfactual energy consumption estimates. See Appendix B for examples of these
instruments.

12
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Figure 1: Delphi Panel Inputs and Outputs by Round

Outputs

Inputs

•

ROUND

ROUND

1

2

Background information and
evaluation findings

•

All Round One responses and
Panel averages

o

NRNC Program

•

All Round One Rationales

o

MFHR and Passive House
programs

•

o

CSCS Initiative

Additional questions on
prospective trends in program
influence

•

Measure-level non-program
and program data by building
type

•

End-use-level energy
consumption estimates and
rationales by building type

•

Revised end-use-level energy
consumption estimates and final
rationales

•

Forward-looking estimates of
trends in participation by
program track for NRNC and
MFHR/Passive House
Programs

•

Estimates of future impacts of
NRNC and MFHR/Passive
House efforts relative to current
Program impacts

The team provided the background data used to inform the panelists’ estimates with the Round 1
instrument in a Delphi Panel Evidence Memo. Information in the memo included the following:
1. A description of the NRNC program offering before its redesign in July 2020
2. Previous evaluation findings on the proportion of claimed energy savings actually
attributable to NRNC program activities (Net-to-Gross evaluations)
3. Findings from studies of baseline construction practices and code compliance for the 2012
and 2015 International Energy Conservation Code (IECC) code cycles (including
measure-level efficiency information)
4. Findings from surveys administered to attendees of commercial code trainings offered
through the CSCS initiative
5. Findings from an evaluation of the impact of the CSCS on actual code compliance rates
among NRNC buildings in Massachusetts
6. Findings from an assessment of savings by end use from the MFHR program

13
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7. A description of the new NRNC program design that was launched in July 2020 and details
on how the previous program participation tracks link to the new program design
8. A description of the multifamily PH offering
In Round 1, the panelists provided their estimates, at the end-use level, for the percent change in
energy consumption that would have occurred in newly constructed NRNC and MFHR buildings
had the programs ceased operation in January 2019. (The evaluation team used 2019 as the
timeframe to develop counterfactual building energy consumption estimates because it was the
last full year before the NRNC program redesign took effect.) The team designed the instruments
to roll up the end-use estimates to the building level to show the panelists how their estimates
impacted overall energy use. To do this, the team created end-use weights using analyses from
the Pacific Northwest National Laboratory (PNNL) on the effects of energy code updates on
building energy consumption (as measured in EUI). 14 The PNNL analyses break out building EUI
at the end-use level for multiple building types. This allowed the team to develop the end-use
weights for building types representing about 85% of MA NRNC and multifamily square footage.15
Table 4 provides an example of the end-use weights that the team used in the analysis for
warehouse and K-12 building types.

Table 4: Sample End-Use Consumption Weights

Type

K-12 School*
Warehouse†

Int.
Lighting

Ext.
Lighting

19%
22%

1%
6%

End Use (eQUEST Energy Modeling)
Fans,
Hot
Heat/
Cool/Heat Heat
Water
Humidify Rejection Rcvry.,
Pumps
6%
17%
8%
11%
2%
59%
0%
2%

Misc.
(refrig.,
elevator,
etc.)**
3%
0%

Cook,
IT,
other
plug**
34%
9%

*K-12 is an average of the PNNL primary and secondary school values.
**The team only asked the Delphi panel to provide estimates for these end uses where specific equipment was
identified as incentivized in program tracking data (e.g., cooking equipment but not IT equipment) and where that
end use was a source of energy use in the PNNL prototypes. For example, no counterfactual estimate was
collected for the cooking end use in warehouses, but we did ask about cooking energy in K-12 schools.
† The team assumed warehouses in this analysis were non-refrigerated.

In the Round 1 instrument, every panelist was asked to provide counterfactual end-use estimates
for an “Overall” building category intended to represent the entire new construction market. Then,
the team gave them the option to provide counterfactual estimates for several specific building
types if they felt confident in doing so. This format acknowledges that there are degrees of
specialization in the NRNC market, and some respondents may focus on K-12 schools and be

14

The team developed the actual end-use weights using PNNL data on energy consumption for buildings modeled to
the requirements of ASHRAE Standard 90.1 2013. While Massachusetts was using the 2015 IECC Commercial code
at the time, PNNL analysis found that there was less than a 1% difference in energy performance among the same
prototype buildings when modeling the two codes. The report containing this analysis can be found here:
https://www.osti.gov/biblio/1194305.
15 The team developed these weights for each end use typically offered in commercial energy modeling software
(e.g., interior lighting exterior lighting, heating, cooling, domestic hot water) for nine building types. The team chose
these building types because they were common (making up over 80% of commercial square footage in the dataset
the team used for energy consumption analysis) and were able to be linked to the PNNL analysis that provided enduse-level consumption data.
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less familiar with retail or manufacturing projects. In addition, a second set of questions asked for
prospective estimates of trends in program participation from 2022 to 2024.
In the second round of the Delphi Panel, the team provided all panelists with a new instrument
that reported the average responses from Round 1, plus an anonymized reference tab that
included all individual Round 1 responses, panelists’ category designation (from Table 3), and
their rationale for each estimate. The team invited the panelists to review their peers’ Round 1
responses and rationales and adjust their numbers if they felt convinced to do so. Two additional
questions asked the panelists to assess the former and current program designs (MFHR
residential/PH and NRNC) and estimate if the influence of the programs on building energy
outcomes would change moving forward relative to the previous program designs. The team used
these questions to develop adjustment factors, based on retrospective NTG estimates, to
calculate prospective NTGRs for the new program designs.

2.3 RETROSPECTIVE NET SAVINGS ANALYSIS
This section provides an overview of the inputs and calculations for the retrospective net saving
analysis. The team used these net savings values to calculate retrospective NTGRs for the
traditional NRNC program pathways and the MFHR program.

2.3.1 Net Savings Data Sources
Once the panel finalized their estimates for the percent change in building energy consumption in
the absence of the Programs, the evaluation team used these values to develop a counterfactual
energy consumption total for Massachusetts new construction projects in 2019. The difference
between actual energy consumption among newly constructed buildings in 2019 and the
counterfactual represents the net savings created by the program. In order to generate net
savings, the team needed a source of energy data for 2019 new construction projects in
Massachusetts. Because the measures installed in participating NRNC projects and the tools
used to analyze these measures can vary greatly, the team did not deem documentation from
program participants to be a realistic source for net savings. The team reviewed all available
metrics and decided on an approach leveraging building consumption data from the NonResidential New Construction EUI Baseline Enhancement Study (MA20X02-B-EUIBASE) and the
prior Massachusetts Non-Residential New Construction EUI Baseline Study (MA19C12-BNCEUIBSLN). These studies used billing data from the PAs, Massachusetts Level 3 (L3) Tax
Parcel Data, and Boston Tax Data to aggregate the energy consumption and square footage
values needed to calculate site EUI (kBTU/sq. ft. per year). 16 These data also contained program
participation flags, allowing the team to use it to create net consumption and net savings values
for NRNC participants and non-participants.
The team performed additional analysis to add more recent EUI values to this dataset (the
MA20X02 study calculated values for 2010 through 2018), but gaps in the tax data meant that the
sample of 2019 EUI values was limited. The MA19C12 EUI Baseline Study found that there was

16

https://ma-eeac.org/wp-content/uploads/MA20X02-B-EUIBASE_Report_2021.05.05_Final.pdf
https://ma-eeac.org/wp-content/uploads/MA-NRNC-EUI-Final-Memo-MA19C12-B-NCEUIBSLN-1-24-2020-.pdf
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no definite trend in EUI values over the 2010 to 2018 period to suggest that EUI baselines should
not include a longer time series of data. In other words, based on the values observed in the
study, an EUI value from 2011 or 2012 is a legitimate data point in establishing a baseline value
for current projects. Based on this finding, the team used the entire EUI dataset to develop median
and average EUI values for the 2019 retrospective period.

2.3.2 EUI Outlier Analysis
The team reviewed the EUI dataset and determined the distributions of the data to be
nonsymmetric. Generally, we observed that the distributions were right-skewed, meaning the
possibility that a few EUIs on the high end could significantly affect the average EUI. Prior to
performing a statistical outlier analysis, we cleaned the dataset such that only valid and
reasonable data were included. For a data point to be considered valid for the EUI analysis, it
must have a nonzero EUI, EUI less than 10,000 kBTU/sq. ft. per year, and square footage greater
than 1,000. After removing invalid data, the team performed a double median absolute deviation
(MAD) 17 outlier analysis. 18 The outlier analysis flagged all values greater than 3.0 median
absolute deviations from the upper sample median and less than 3.0 median absolute deviations
from the lower sample median. To show the impact of outliers on the final numbers, the team
performed two sets of net savings calculations: one with the outliers removed and another with
the outliers included. The consensus group raised concerns about the presence of low EUI values
in the post-outlier dataset, a result of the heavy right skew in the data toward high values. While
these low EUI values did not deviate from the median sufficiently for the Double MAD analysis to
flag them as outliers, they were low enough to merit further discussion given the impact the EUI
values had on final NTGRs. The details of this discussion can be found in Section 5.2.1.

2.3.3 Building Square Footage
The EUI data described above included both a dataset of calculated EUIs and a larger dataset
representing all records from the Massachusetts Tax Data, some of which could not have EUIs
calculated due to missing billing data or other screening criteria.19 The team also had square
footage data from CMD Group, a market intelligence company that provides construction square
footage data for all 50 states.20 The team compared the Massachusetts CMD data to the tax data
and found that the CMD data contained much more square footage. Because the tax data square
footage is impacted by jurisdictions that have not updated their parcel data and other factors, and
because CMD has been used in previous evaluations as a trusted source of square footage data,
the team chose to use CMD data to estimate the new construction square footage for 2019. CMD
data categorizes building square footage within a certain year based on when a project starts, so

Rosenmai, Peter. “Using the Median Absolute Deviation to Find Outliers.” Eureka Statistics. November 25, 2013.
Accessed June 22, 2021.
18 The team considered both single median absolute deviation (MAD) and double MAD outlier detection methods.
While single MAD works well for normal distributions, double MAD is better suited for nonsymmetric distribution, such
as those in our dataset. The double MAD method separates the dataset into two halves using the median, and then a
MAD analysis is performed for each half. The double MAD method excludes fewer data points on the extreme ends
of the distribution.
19 See the EUI Baseline report links above for more information on how tax parcels identified as NC were chosen for
EUI calculations.
20 https://www.cmdgroup.com/
17
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the team took one third of the total square footage for each year between 2016 and 2018 as a
proxy for buildings completed during the 2019 year.21
In order to create population-level square footage values for program participants and nonparticipants, a program penetration value was needed. The EUI dataset contained a flag
identifying which projects were confirmed participants in the NRNC program. From this sample of
sites, the team developed program penetration estimates for each year between 2010 and 2018,
one based on square footage and one based on project counts. The team then provided this
information to the panelists and asked them to forecast program penetration moving forward.
Because program penetration was highly variable based on the EUI sample and the participant
flag, the team decided to go with the average 2022 program penetration estimate from the panel
(based on square footage) – 26%.

2.3.4 Calculating Net Savings
Once the necessary inputs were developed, the net savings values to be used in the NTG
calculations could be calculated. The team ultimately simplified these calculations by using overall
average EUI values for participants and non-participants and the panelists’ counterfactual
estimate for the “Overall” building category. Below are example equations for the participant net
savings analysis using counterfactual (CF) estimates from the panel, the average participant EUI
values, CMD construction data, and the program penetration estimate from the panelists.
Comparing the total consumption values derived from the as-built average EUI of participants and
the counterfactual average EUI adjusted by the Delphi panel estimates creates the net savings
value.

𝐴𝑣𝑔 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝐸𝑈𝐼 𝑥 (1 + 𝐶𝐹 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡) = 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝐶𝐹 𝐸𝑈𝐼
2019 𝐶𝑀𝐷 𝑆𝑞. 𝐹𝑡. 𝑥 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 = 2019 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑞. 𝐹𝑡.
𝐴𝑣𝑔 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝐸𝑈𝐼 𝑥 2019 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑞. 𝐹𝑡. = 2019 𝐴𝑐𝑡𝑢𝑎𝑙 𝑘𝐵𝑇𝑈
𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝐶𝐹 𝐸𝑈𝐼 𝑥 2019 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑞. 𝐹𝑡. = 2019 𝐶𝐹 𝑘𝐵𝑇𝑈
2019 𝐶𝐹 𝑘𝐵𝑇𝑈 − 2019 𝐴𝑐𝑡𝑢𝑎𝑙 𝑘𝐵𝑇𝑈 = 𝑷𝒂𝒓𝒕𝒊𝒄𝒊𝒑𝒂𝒏𝒕 𝑵𝒆𝒕 𝑺𝒂𝒗𝒊𝒏𝒈𝒔
The team ran these calculations for participants and non-participants in the NRNC and MFHR
markets. In addition, the team ran multiple iterations of these calculations using average EUI,
average EUI with outliers removed, and median EUI to show how these decisions impacted NTG.
As part of the consensus group process detailed below, representatives from the evaluation
contractors, the PAs, and the EEAC reviewed each set of numbers and decided which to move
forward with.

This approach is meant to reflect the varying timelines of new construction projects – some larger projects may
take several years to complete while smaller ones could be completed within a year.
21
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2.4 GROSS SAVINGS CALCULATIONS
To identify the appropriate gross savings value to use in calculations, the team accessed reported
2019 Program savings values published on the Mass Save data portal.22 The PAs informed the
team that the data published in the Mass Save data portal were net savings, so the team adjusted
those values to represent gross savings using the relevant 2019 NTG values for gas and electric
projects.23 After converting to gross savings, the team converted all values to MMBTU for the final
NTG calculations.
The Mass Save data portal provided gross savings for the evaluation but did not include specific
details on the segment of MFHR projects that moved through the NRNC Program in 2019, which
presented an obstacle for the prospective analysis. The Mass Save data contains any MFHR
projects that had participated in the program in 2019, and MFHR projects were included in the
Delphi retrospective analysis. However, the PAs indicated that since the NRNC redesign, the
MFHR projects have been steered toward the MFHR and Passive House programs. During the
consensus group process, the treatment of MFHR projects when moving from retrospective
analysis (MFHR included with NRNC) to prospective forecasting (MFHR separated from NRNC)
became a topic of discussion, as did the inability to accurately split MFHR savings from overall
2019 NRNC gross savings. More details on this discussion and the final decision can be found in
Section 5.2.2

2.5 NTG CALCULATIONS
2.5.1 Retrospective NTG
With net savings values developed for participants and non-participants, and a final gross savings
number chosen, the team calculated retrospective NTG values for the NRNC program and the
MFHR program. To develop the NTG ratios, the team first calculated FR24 and SO for the NRNC
and MFHR programs using the following equations:

𝐹𝑅 =

𝐶𝑙𝑎𝑖𝑚𝑒𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 − 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑁𝑒𝑡-𝑠𝑎𝑣𝑖𝑛𝑔𝑠
𝐶𝑙𝑎𝑖𝑚𝑒𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
𝑆𝑂 =

𝑁𝑜𝑛-𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑁𝑒𝑡-𝑠𝑎𝑣𝑖𝑛𝑔𝑠
𝐶𝑙𝑎𝑖𝑚𝑒𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

The team then calculated NTG ratios using the following formula:

𝑁𝑇𝐺 = 1 − 𝐹𝑅 + 𝑆𝑂

22

Mass Save data portal can be found here: https://www.masssavedata.com/public/home
The NTG values were 0.81 for electric and 0.793 for gas, both calculated in the TXC49 evaluation: https://maeeac.org/wp-content/uploads/TXC_49_CI-FR-SO-Report_14Aug2018.pdf
24 In this case, FR inherently includes any participant spillover (PSO). When making counterfactual estimates for
program participants the Delphi panelists were theoretically accounting for PSO.
23
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2.5.2 Prospective NTG
For forecasting prospective NTG, the team leaned on the Delphi panel to provide feedback on
how the retrospective NTG values should be adjusted to reflect the new NRNC program pathways
and the PH offering.25 The new NRNC program pathways and the PH offering do not have a track
record of data to leverage for forecasting prospective NTG. The team asked the panel to consider
all available data and estimate if the new program initiatives would be more, less, or equally
effective at improving efficiency outcomes in new buildings. The team then developed adjustment
factors based on the response options for these prospective questions. In the conservative
iteration, a response of “somewhat more effective” would represent a 10% increase in program
effectiveness, while “much more effective” would represent a 20% increase. The moderate
adjustment used ±15% for “somewhat more/less” and ±30% for “much more/less,” while the
optimistic adjustment was ±25% and ±50%. Once the team assigned percentage values to
responses, the team calculated averages to yield adjustment factors for the new NRNC pathways
and the PH offering. The team applied these NRNC and PH adjustment factors to the
retrospective NRNC and MFHR NTGRs. The team provided the consensus group with forecasted
NTGRs calculated with three different adjustment factors and asked group members to choose
which they felt was most reasonable. Below, is an example of how the prospective adjustment
factor impacted the retrospective NTG, using the average Delphi panelist response under
conservative and moderate scenarios and the retrospective NRNC NTG:

58% (𝑟𝑒𝑡𝑟𝑜. 𝑁𝑇𝐺) ∗ (1 + 0.09 [′ 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑣𝑒 ′ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒]) = 63% 𝑝𝑟𝑜𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒 𝑁𝑇𝐺
58% (𝑟𝑒𝑡𝑟𝑜. 𝑁𝑇𝐺) ∗ (1 + 0.13 [′ 𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒 ′ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒]) = 66% 𝑝𝑟𝑜𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒 𝑁𝑇𝐺

2.6 CONSENSUS GROUP PROCESS
The evaluation team, the PAs, and the EEAC agreed to use a consensus group process to
determine the final NTGRs for 2022. The consensus group process in Massachusetts involves
forming a panel with representation from evaluation contractors, the PAs, and the EEAC. Group
members review study data and the recommended NTGRs provided by the study team and work
toward a consensus on the most appropriate value(s) for the program(s). In the absence of
consensus, the three parties making up the group (evaluation, PAs, and EEAC representatives)
vote on their preferred number, with each vote given equal weight.
The evaluation team calculated a range of NTGRs for consideration by the consensus group that
reflected the impact of choices made at key decision points (e.g., net savings inputs and
prospective adjustment factors). The team provided these estimates to consensus group
members. To prepare for final NTG voting, the team held four meetings with the consensus group,
during which several key factors were discussed:
•

Decisions on the most appropriate EUI inputs to use in net savings analysis

25

One factor not addressed specifically in the forecasting analysis was the implementation of the 2018 IECC energy
code. Panelists assessed various market conditions and interventions that impact the prospective period (like code
updates) and factored those into their estimates of how the program impact on the market might change moving
forward, if at all.
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o

Mean or median EUI values: The consensus group agreed to use average EUI
values as an input into the net savings analysis. The Massachusetts EUI Baseline
Enhancement Study had recommended some EUI baselines use median EUI
values, but the consensus group deemed the average more appropriate here to
reflect the reality of past energy performance. The goal of the EUI baseline work
was to find the most realistic EUI values that could be expected moving forward
for specific building types. However, in this evaluation, the EUI inputs needed to
reflect actual building energy outcomes in the retrospective period as accurately
as possible to calculate savings.

o

Whether to include or exclude EUI outliers, and what thresholds to set for an outlier
analysis: The consensus group debated this issue throughout the process, as
decisions surrounding which EUI values to include in the net savings analysis had
a major impact on the final NTGRs. Ultimately, NTGRs were presented both with
and without outliers.

•

How to handle the inclusion of multifamily buildings in the analysis, given their historical
presence in the NRNC program and MFHR program

•

How to factor in the impact of ISP adjustments prospectively: The PAs raised concerns
about how ISP adjustments would impact gross savings numbers, and if the timing of this
NTG study meant that ISP impacts were not being factored in appropriately.

More details on these discussions and the outcomes can be found in Section 5.2.1.
The initial consensus group meeting took place on June 9. During the meeting, the team provided
an overview of the planned net savings analysis approach and obtained feedback on it from the
PAs and EEAC members. In between the first and second meeting, held on June 29, the team
calculated an initial set of NTGRs on which the group voted. The June 29 meeting centered on
discussing major decision points surrounding key inputs for net savings. This discussion
continued during the third meeting, on July 13. The team then fine-tuned the NTG calculations
and requested a final vote on the NTGRs by August 4. The consensus group met for a final time
on August 6 to discuss lingering concerns with key data, namely the Massachusetts EUI data, but
agreed to move forward with a simple average of the August 4 votes.

2.7 STUDY LIMITATIONS AND SOURCES OF UNCERTAINTY
The evaluation team has identified the following sources of uncertainty around the study results:
•

Uncertainty around EUI values. While the EUI calculations are straightforward, the
process involves matching two unrelated data sets, which introduces uncertainty. The
Massachusetts Level 3 Tax Data can vary in completeness and vintage depending on the
jurisdiction. The utility billing data must be matched to the parcel data, but there is
opportunity for a mismatch between tax address and billing address. Tax data square
footage could also be incorrect or outdated, as can land use designation. There is
unavoidable opportunity for a mismatch between the billing data-based energy
consumption of a parcel and the actual square footage of a new construction project on
that parcel. How this is addressed, if at all, through an outlier analysis has major
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implications for net savings because the average EUI values may change dramatically
after outliers are removed. Given the distribution of EUI values in the dataset, even robust
outlier analyses left values on the low end of the distribution that were questionable. This
spurred debate amongst the consensus group about whether it was appropriate to exclude
outliers from the analysis.
•

The results of this study are based on retrospective data during a period of change
for the programs. Despite this study relying on a panel of industry experts, the results
presented here reflect best estimates in the face of major changes in the programs. These
estimates may not reflect actual program performance moving forward because of the
NRNC program redesign and the introduction of the PH offering, in addition to any
potential market shifts.

•

Different sources of net savings and gross savings. The data sources for gross
program savings and net savings are not derived from related sources. This introduces
uncertainty in the NTG calculations.

•

Lack of project detail in tracking data. Program tracking data lacked measure-level
details for certain projects, notably custom HVAC measures, and did not include any
building type or building square footage information, which would have benefitted several
steps in the analysis.

•

Diversity of building types in the NRNC market. Drawing market-level conclusions
about NTGRs for commercial buildings is difficult given the diversity of space uses in the
market. Moreover, it is possible that certain market actors and program participants focus
on specific building types. Drawing meaningful conclusions regarding program influence
on different building types is extremely difficult without very large sample sizes and
significant primary data collection efforts.
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Section 3

Delphi Panel Findings

This section provides a summary of the inputs that came directly from the Delphi panel process.
As described above, the team combined the responses of the Delphi panel with several additional
datasets of energy consumption and program savings to generate the necessary values for NTG
calculations.

3.1 RETROSPECTIVE BUILDING ENERGY CONSUMPTION
The key question in the Delphi panel process, asked at the end-use-level for multiple building
types, was how energy consumption would have changed in a hypothetical new construction
market where the programs had ceased all activity. The team asked this question for participants
and non-participants in order to develop values for FR among participants and SO for nonparticipants. The team chose the end uses in the instrument based on standard practice for
categorizing end uses in commercial energy modeling and filtered them by the types of measures
incentivized in the program. 26 Figure 2 provides an example of how the team structured the
Delphi panel questionnaire to collect responses. At the bottom, weighting factors developed using
PNNL data on building energy consumption rolled the individual end-use estimates up to the
overall building level. More detail on the Round 1 and Round 2 instruments can be found in
Appendix B.
Next to each end-use estimate was a field in which to
provide a rationale for the given estimate. Rationales are a
key piece of the iterative value created in the Delphi
process. In the second round, every panelist can
anonymously review the responses and rationales of their
peers, along with the panelist’s role, and consider the
merits of each panelist’s thought process. A panelist who
estimated that the program heavily drove the efficiency of
indoor lighting in the NRNC market (i.e., their Round 1
estimate was a large percentage increase in indoor lighting
energy consumption) might read the rationale and
reconsider their initial estimate. It is also important for the
study team to review rationales between rounds alongside
the estimates to ensure that each panelist understands the
exercise and allow for clarification before Round 2 is
fielded.

“It is apparent in this data
and in other data from my
region that the use of LEDs
has set a new bar for LPD
(lighting power density) that
is considerably below the
IECC. This is true of both
program participants and
non-participants. In effect
[program lighting] is a free
rider.”
- Program evaluator working
nationally (Indoor lighting)

26

The PNNL energy modeling study that is detailed in the Methodology section reports two types of miscellaneous or
“other’ plug load categories, one containing (among other things) refrigeration and elevators, the other including
cooking and IT equipment. In the instrument, these were simplified to “refrigeration” and “cooking” line items for
relevant building types as these are the only equipment types in each end-use category found in program tracking
data.
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Figure 2: Example Data Collection Fields in Delphi Questionnaire (Round 1)
How much more energy would How much more energy would
PROGRAM PARTICIPANT
NON- PARTICIPANT
buildings overall consume
buildings overall consume
without the programs for each of without the programs for each of
the following end uses?
the following end uses?
End Use:
Interior lighting
Exterior lighting
Service hot water
Heat/humidify
Cool/heat rejection
Fans, heat recvy, pumps
Refrigeration
Cooking
Your estimated overall
increase in energy
consumption based on
the mix of end uses for
this building type:

17%
4%
2%
17%
17%
16%
4%
4%
Program Participant

3%
1%
1%
4%
3%
4%
2%
0%
Non-Participant

10%

2%

Table 5 provides a breakdown of average building-level responses from Rounds 1 and 2 of the
panel for every building type included, as well as the count of responses for each building type.
Eleven panelists completed Round 1, while nine panelists completed both rounds. All panelists
were required to provide an Overall set of estimates, and each had the option of providing enduse estimates for specific building types. As the table shows, most panelists were confident in
providing estimates for building types, such as K-12 schools and offices, but not as confident in
providing estimates for manufacturing and hospital projects, where miscellaneous process loads
play a larger role in energy consumption.
Table 5 shows that the average estimate for the change in building energy consumption became
more conservative in Round 2 across every building type. While several panelists did adjust their
responses in the second round, two panelists also dropped out between rounds, including one
who had estimated higher counterfactuals than the average response in Round 1. The team
attempted to work with panelists who ran into scheduling difficulties in both rounds, but reporting
deadlines required that each round of the panel occur with strict end dates. After Round 2,
panelists estimated that overall (across all building types) the energy consumption of 2019
program participants would have been 8% higher had the programs not been active, while nonparticipating buildings would have consumed 3% more energy in 2019 without the influence of
the programs.
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Table 5: Delphi Estimates of Building Energy Consumption Changes
Round 1
Building Type

Overall
Food
Sales/Grocery
Hospital
K-12
Lodging
Manufacturing
Multifamily
Office
Retail
Warehouse/
Storage

Round 2

Participant

Non-part.

Response
Count

Participant

Non-part.

Response
Count

9%

4%

11

8%

3%

9

9%

5%

8

8%

3%

7

7%
8%
9%
13%
10%
8%
10%

3%
3%
5%
7%
4%
5%
6%

6
11
9
4
10
11
10

6%
5%
8%
8%
7%
7%
8%

2%
1%
2%
2%
2%
2%
2%

5
8
8
3
9
9
8

8%

4%

9

6%

2%

8

“[Without the programs] large opportunities for improved central HVAC, both RTU
and built-up systems, would be missed. Also [I] assume heat pumps would not
commonly be spec'd in this period.”

- Building Efficiency Consultant in MA (Participant heating)
3.1.1 Prospective Questions
The first and second round of the Delphi panel included a set of questions asking the panelists to
estimate future trends in program participation, including participation by building type and by
program pathway. Some of the key takeaways from the panel’s responses include the following:
•

Panelists predicted the NRNC program would have an overall market penetration rate of
26% in 2022 on a square footage basis.

•

Less than a third (29%) of participating square footage would follow the new program
tracks (Whole Building EUI Reduction and Deep Energy Savings). 27

•

Over half (55%) of participating square footage in the new Deep Energy Savings pathway
would be K-12 schools and offices. K-12 schools and offices were also predicted to be
almost half (46%) of participating square footage in the Whole Building EUI Reduction
Pathway.

27

For all prospective questions, the team asked panelists to assume there would be no multifamily involvement in the
NRNC program moving forward and that all MFHR projects would be funneled into the MFHR and PH tracks. This is
based on information provided by the PAs about how the Programs intended to handle MFHR moving forward. In the
retrospective data, MFHR projects were present in the NRNC data.
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•

Twenty-two percent of participating multifamily housing units would be enrolled in the PH
offering in 2022, while the remaining 78% would participate in the traditional MFHR
Program.

“With performance-based programs…schools and hospitals would be attracted to
the program. Those building types are already seeing examples of high-performance
buildings. The hospital sector would be an ideal candidate for the EUI reduction
program which includes a performance verification after the building is occupied.
Schools can use the Deep Energy savings strategy since their occupancy is lower
outside of the school year…there are examples of conventional schools with EUIs
well below 20 kBTU/sf. Office developments are often marketing the sustainability of
their buildings.”
- Program evaluator working nationally (Future program participation by pathway)
Two prospective questions, one covering the new NRNC pathways 1 and 2 and one covering the
PH offering, asked the panel if the new program designs would be more or less effective than
the historical offerings. Respondents indicated whether the new program designs would be
“somewhat” more or less effective, “much” more or less effective, or “equally” effective at
influencing building energy outcomes relative to the older program designs. Table 6 shows the
responses of the eight panelists who replied after Round 2. The team designed these questions
to elicit feedback on whether the new program designs would perform differently in ways that
drive NTG-related considerations. In other words, would the new program pathways be more
effective at influencing decisions that lead to high-performance designs and improved efficiency
outcomes?

Table 6: Expected of Influence of New Program Pathways
Response Category

New NRNC Design versus
Previous

Passive House Offering versus
MFHR Program

Much more effective

1

-

Somewhat more effective

5

7

Equally as effective

2

1

Somewhat less effective

-

-

Much less effective

-

-
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The team assigned percentage values to each response option and used the average to generate
prospective NTG adjustment factors. Table 7 shows response averages with different percentage
values assigned. The team created three tiers of percentages from which to develop adjustment
factors: conservative, moderate, and optimistic. Most panelists were moderately positive and
indicated that the new NRNC pathways and the PH offering would be “somewhat more effective”
than past program designs at influencing efficiency outcomes in new buildings. The team provided
multiple NTG values to the consensus group, calculated using different adjustment factors, and
asked the consensus group to vote on which value they felt was most appropriate. 28

Table 7: Prospective NTG Adjustment Factors
New NRNC Design
versus Previous

Passive House Offering
versus MFHR Program

Conservative: 10% “somewhat more/less,” 20%
“much more/less” scale

+9%

+9%

Moderate: 15% “somewhat more/less,” 30% “much
more/less” scale

+13%

+13%

Optimistic: 25% “somewhat more/less,” 50%
“much more/less” scale

+22%

+22%

Percentage Adjustment Options

28

Originally, the team intended to perform this forecasting work after Round 2 and provide the adjustment factors to
the panel for their feedback in round 3 before calculating NTG. Because the study already planned for a consensus
group and was operating under tight timelines, the team cancelled the third round of the panel, and asked the
consensus group to assess what a reasonable prospective NTG adjustment would be based on the panel’s Round 2
responses for future program effectiveness.
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Section 4

Retrospective Net-to-Gross Findings

This section details how the team developed 2019 retrospective NTGRs for the NRNC program
and the MFHR program.

4.1 GROSS SAVINGS
The Mass Save data portal reported annual electric savings of 44,974 MWh and gas savings of
614,597 therms for the 2019 NRNC program. The PAs confirmed that these values represented
net savings after application of 2019 NTGRs for gas and electric new construction. The team then
used the following process to convert the net savings values to the final total of 266,948.5 MMBtu
gross savings that the team used in NTG calculations:
Electric Savings:
44,974 𝑀𝑊ℎ
𝑀𝑊ℎ
= 55,523 𝐺𝑟𝑜𝑠𝑠 𝑀𝑊ℎ 𝑥 3.412
= 𝟏𝟖𝟗, 𝟒𝟒𝟓. 𝟕𝟔 𝑴𝑴𝑩𝒕𝒖
0.81 (𝑇𝑋𝐶49 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑁𝑇𝐺)
𝑀𝑀𝐵𝑡𝑢

Gas Savings:
614,597 𝑇ℎ𝑒𝑟𝑚𝑠
𝑇ℎ𝑒𝑟𝑚𝑠
= 775,027 𝐺𝑟𝑜𝑠𝑠 𝑀𝑀𝐵𝑡𝑢 𝑥 0.1
= 𝟕𝟕, 𝟓𝟎𝟐. 𝟕𝟑 𝑴𝑴𝑩𝒕𝒖
0.79 (𝑇𝑋𝐶49 𝐺𝑎𝑠 𝑁𝑇𝐺)
𝑀𝑀𝐵𝑡𝑢

The team used 2019 program tracking data for the MFHR program, provided by the program
implementer ICF, to generate a gross savings value of 28,307 MMBtu for that program.

4.2 NET SAVINGS AND NTG
In the final net savings calculations, the team used the Delphi panelists’ average Round 2
estimates for the “Overall” building category, plus overall average EUI values. The team had
Delphi responses for specific building types and building type data in the EUI data set, but decided
to go with an approach that was not building-type specific.29 Sample sizes varied in the count of
Delphi responses for specific building types and panelists tended to give more detailed rationales
for their estimates in the “Overall” section. The team calculated two versions of average
Massachusetts EUI values for this analysis after discussion with the consensus group: one with
outliers removed and another with outliers included. The team determined net participant and
non-participant savings for the overall NRNC market and MFHR market using the following
calculations (using NRNC participants as an example):

29

This decision was discussed and agreed upon as part of the consensus group process. The Delphi panel results
did not vary widely by building type leading to the decision to focus on the “Overall” building category and simplify the
calculation process.
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1. Generate a counterfactual average EUI for NRNC program participants (outliers
removed) by multiplying by the Delphi counterfactual energy use adjustment for the
“Overall” building category (from Table 5):
143.7

𝑘𝐵𝑡𝑢
𝑘𝐵𝑡𝑢
𝑥 (1 + .08) = 155.2 𝐶𝐹
𝑠𝑞. 𝑓𝑡.
𝑠𝑞. 𝑓𝑡.

2. Determine NRNC Participant square footage using CMD data (total sq. ft. for the NRNC
market) * Delphi program penetration estimate:
35,114,489 𝑡𝑜𝑡𝑎𝑙 𝑠𝑞. 𝑓𝑡. 𝑥 0.26 = 9,129,767 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑛𝑔 𝑠𝑞𝑢𝑎𝑟𝑒 𝑓𝑡.
3. Calculate actual and counterfactual energy consumption in kBtu:
143.7

𝑘𝐵𝑡𝑢
. 001 𝑀𝑀𝐵𝑡𝑢
𝑥 9,129,767 𝑠𝑞. 𝑓𝑡. 𝑥
= 1, ,311,948 𝐴𝑐𝑡𝑢𝑎𝑙 𝑀𝑀𝐵𝑡𝑢
𝑠𝑞. 𝑓𝑡.
𝑘𝐵𝑡𝑢

155.2 𝐶𝐹

𝑘𝐵𝑇𝑢
. 001 𝑀𝑀𝐵𝑡𝑢
𝑥 9,129,767 𝑠𝑞. 𝑓𝑡. 𝑥
= 1,416,903 𝐶𝐹 𝑀𝑀𝐵𝑡𝑢
𝑠𝑞. 𝑓𝑡.
𝑘𝐵𝑡𝑢

4. Calculate net savings (Counterfactual MMBtu – Actual MMBtu):
1,416,903 𝐶𝐹 𝑀𝑀𝐵𝑡𝑢 − 1, ,311,948 𝐴𝑐𝑡𝑢𝑎𝑙 𝑀𝑀𝐵𝑡𝑢 = 𝟏𝟎𝟒, 𝟗𝟓𝟔 𝒏𝒆𝒕 𝑴𝑴𝑩𝒕𝒖
Following the same methodology used for participants yields a net savings value of 49,813
MMBtu for non-participants.
With these values, the team then calculated NRNC FR with the participating net savings and SO
with the non-participant net savings:

𝐹𝑅 =

266,948.5 𝑀𝑀𝐵𝑡𝑢 − 104,956 𝑀𝑀𝐵𝑡𝑢
= 0.61
266,948.5 𝑀𝑀𝐵𝑡𝑢
𝑆𝑂 =

49,813 𝑀𝑀𝐵𝑡𝑢
= 0.19
266,948.5 𝑀𝑀𝐵𝑡𝑢

The team then calculated the 2019 NTG ratio with those inputs:

2019 𝑁𝑅𝑁𝐶 𝑁𝑇𝐺 = 1 − 0.61 + 0.19 = 𝟎. 𝟓𝟖
The team calculated multiple retrospective net savings values for the NRNC program and the
MFHR program using net savings with and without Massachusetts EUI outliers included. The
evaluation team recommended to the consensus group that they consider using NTG values
calculated with the outliers removed because the outliers did not reflect realistic EUI values
compared to sources like the Commercial Buildings Energy Consumption Survey (CBECS). 30
This issue was discussed extensively throughout the consensus group process – more detail is
provided in Section 5.

30

https://www.eia.gov/consumption/commercial/data/2012/
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Table 8 shows the FR, SO, and final retrospective NTGRs calculated for the NRNC and MFHR
programs. The 2019 retrospective NTGRs are 58% for the NRNC program and 75% for the
MFHR program with EUI outliers removed – with outliers included the NTGRs are 77% and
157%.

Table 8: Final Retrospective Net-to-Gross Ratios
Calculated with EUI
Outliers

Calculated with EUI Outliers Removed

FR

54%

61%

SO

31%

19%

Net-to-Gross
(1 – FR + SO)

77%

58%

FR

4%

54%

SO

61%

29%

Net-to-Gross
(1 – FR + SO)

157%

75%

NTG Component
NRNC Program

MFHR Program
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Section 5

Considered 2022 Net-to-Gross Values

This section provides an overview of the NTGRs calculated for the consensus group process and
the final NTGRs recommended for the 2022 program year. The average of the votes from the
evaluation, PAs, and EEAC members became the final recommended NTGRs for 2022.

5.1 CONSENSUS GROUP NET-TO-GROSS VOTING
After the third consensus group meeting concluded, the team circulated a new voting instrument
with updated NTG calculations to gather a final set of recommended 2022 NTGRs. Table 9 shows
the prospective NTGR options the team provided to the consensus group. As with the
retrospective NTGRs, the team calculated two versions, one using a net savings value with EUI
outliers removed and one with the outliers present. In addition, the team calculated multiple
NTGRs using the three prospective adjustment factors described in Section 3.1.1. The consensus
group members could vote for one of these numbers or an alternative value they deemed more
appropriate.

Table 9: Prospective NTGRs for Consensus Group Voting
Program
Traditional NRNC
Pathways

New NRNC Pathways

Multifamily Passive
House
Traditional Multifamily
High-Rise Program

Prospective NTG
Adjustment*

Calculated with EUI
Outliers

Calculated with EUI
Outliers Removed

N/A

77%

58%

Conservative

84%

63%

Moderate

88%

66%

Optimistic

94%

71%

Conservative

171%

81%

Moderate

178%

85%

Optimistic

191%

91%

N/A

157%

75%

*”Conservative” adjustments used 10% for a “somewhat more/less” response and 20% for a “much more/less”
response. “Moderate” used 15%/30% and “Optimistic” used 25%/50%.
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5.2 CONSENSUS GROUP DISCUSSIONS
Below, we document some of the key discussion points and takeaways from the consensus group
discussions.

5.2.1 Treatment of EUI Data
During the third and fourth consensus group meetings, the group discussed the likelihood and
consequent treatment of irregular data in the dataset used to calculate average EUIs. As
presented in Section 2.3.2, the data validation process and outlier analysis were focused on
unreasonably high EUI values. This process resulted in lower average EUI values yielding
reduced net savings calculated at the population level, which lowers the NTG results. During the
fourth meeting, concerns were raised regarding the possibility that irregular data could also
include unreasonably low EUI values. The evaluation team had observed such a possibility in the
dataset, but the statistical dispersion of the data on the low end of the dataset indicated these
extremely low values were not conclusively invalid. Without additional details of specific data
points, we made the decision not to set a lower limit threshold on the data but rather to allow the
statistical outlier analysis to flag any irregular data points as outliers. The team felt this decision
allowed for conservative treatment of irregular data while also retaining the objectivity and
repeatability of the process.
Various treatment methods for EUI data points on the very low end of the distribution were
presented and discussed during the fourth meeting. However, the group concluded that the
objective of the outlier analysis should be to exclude only those data points that exceed typical
values by unreasonable degrees. As a result, the group agreed to uphold the method used in the
analysis and the prospective NTG results presented prior to the fourth consensus group meeting.

5.2.2 Multifamily Buildings
The consensus group discussed the issue that multifamily buildings can participate in the NRNC
program, the MFHR program, or both. In 2019, it was possible for MFHR projects to participate in
the NRNC program for common space measures and the MFHR program for in-unit measures.
For this reason, it was challenging to isolate MFHR buildings for NTG measurement. The group
discussed whether MFHR buildings could be removed from the NRNC NTG measurement given
that the MFHR program and PH offering NTGRs were being considered separately. After some
discussion the group agreed to leave MFHR projects in the NRNC NTG measurement for the
following reasons:
•

The Delphi panel considered the influence of MFHR NRNC projects when estimating
counterfactual values for the NRNC program.

•

It was not possible to cleanly remove the share of overall NRNC gross savings that are
associated with MFHR projects.31

31

The Mass Save data portal does not break out savings by building type. In addition, the tracking data for the NRNC
program did not include enough detail on building type to identify MFHR projects.
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5.2.3 Potential Overlap Between ISP and Net Savings
The group discussed the potential overlap between industry standard practice (ISP) and net
savings. When considering prospective NTGRs, the PAs brought up the point that ISP will be
updated moving forward, which could reduce gross savings. Using the calculations presented in
this report, a reduction in gross savings would lead to an increase in NTGRs given the program
gross savings are the denominator in the FR and SO calculations. The EEAC raised the point that
it is currently not possible to identify the frequency or magnitude of any potential overlap between
ISP adjustments and NTG. In fact, it is possible that a shift in ISP has no measurable impact on
NTG. Ultimately, the group agreed that this study did not have the information required to measure
the potential overlap between ISP and NTG. As a result, the team did not make any adjustments
to the NTG calculations to try to account for this issue.
5.3

RECOMMENDED 2022 NET-TO-GROSS RATIOS

Table 10 details the votes from each of the three parties that participated in the consensus group.
The final recommended 2022 NTGRs are at the bottom. They are simple averages of the three
sets of votes. The rationales associated with these recommendations can be found in Appendix
C.

Table 10: Consensus Group Recommended 2022 NTGRs
Consensus Group
Segment
PAs
EEAC Consultants
Evaluation Contractors
Final 2022 NTGRs

NRNC: New
Pathways
(Paths 1 & 2)
88%
66%
66%
73%

NRNC: Traditional
Pathways
(Paths 3 & 4)
77%
58%
58%
64%

Traditional
MFHR Program
100%
75%
75%
83%

Passive
House
Offering
100%
85%
85%
90%
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Section 6

Additional Considerations

In addition to the recommended NTGRs for 2022, the team developed some additional
considerations based on the Delphi process and our experience throughout the evaluation.
Plan for updating NTG measurements for the 2023 Program Year. The redesigned NRNC
program (and associated new pathways 1 and 2) launched in the summer of 2020. Given project
timelines, the timing of the current study was not ideal for measuring program impacts on projects
started under the new program design. Due to these timing limitations, and in combination with
the lifting of the three-year NTG lock-in, the PAs should consider prioritizing updating
measurements of NTG for the new program pathways in time for the 2023 program year. The
PAs, EEAC, and evaluation consultants have discussed using an integrated gross and net
savings approach for this update.
If possible, conduct primary data collection with participating customers and market
actors in time for the next NTG evaluation. This evaluation used a panel of experts to provide
inputs for the NTG calculations, an approach that showed promise for dealing with the
complexities of the NRNC and MFHR markets. However, given the launch of new program
offerings with market transformation goals, any future evaluation would be well-served by
including feedback from participants in the new program pathways to more accurately assess
factors impacting NTG. In addition, multiple expert panelists in the current evaluation expressed
a desire for more data, including data on program interaction with market actors and customers.
For larger NRNC program participants, gross impacts are currently calculated on a case-by-case
basis. For these projects, it may be possible to integrate a hybrid gross/net approach that is often
referred to as modeled partial net savings. Specifically, while gross savings are being calculated,
evaluation would simultaneously calculate site-by-site net savings working directly with program
participant project teams. Moving forward, it may be possible to integrate this approach, along
with something similar to the approach taken for this study, as a way to improve the accuracy of
NTG results for the largest program participants while also reflecting the impacts these programs
have on the overall NRNC market.
Create a more comprehensive program tracking dataset. Throughout this study, the lack of
centralized, comprehensive datasets detailing participating projects slowed the project workflow
and caused the team to adjust our analytical approach. Given the complexity of the NRNC market
and the data demands of NTG measurement, a more complete program tracking dataset would
help avoid methodological constraints and support more robust evaluations in the future. With
Paths 1 and 2 using EUI as a basis for savings, projects can remain as single-line tracking entries.
However, the addition of the proposed EUI, the base case EUI, the building type, and building
square footage to tracking databases would facilitate research tasks in multiple ways. For Path 3
and 4 projects with a measure or system-level focus, data on the measure type and efficiency
would be useful additions. The team suggests all sites have building type, building square
footage, and Program pathway in the tracking data to facilitate granular analyses by
building type and to support measurements of program penetration on a square footage
basis. All of these data are available in project files already housed by the PAs, just decentralized
in applications, calculators, and engineering studies.
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Appendix A Commercial New Buildings and Major
Renovations Program Design
This section provides details on the design of both the previous and current iterations of the NRNC
Program.

A.1

PREVIOUS PROGRAM DESIGN

Before July 2020, the Commercial New Construction program offered several participation options
to commercial buildings in Massachusetts.
Smaller buildings (less than 20,000 sq. ft.), renovations, and buildings already under
construction (i.e., “late-engagement” projects) could access prescriptive and systemspecific custom incentives. Incentives were provided for individual pieces of equipment that
exceeded code on a prescriptive basis with no need for energy saving calculations. Alternatively,
spreadsheet-based calculation tools were used to determine energy savings from improved
efficiency at the system level for many custom measure types. No energy modeling or analyses
addressing interactive effects were available.
NRNC projects in the earliest development phases could access enhanced and optimized
integrated design paths in two standard “Whole Building Solution” packages: “Small
Buildings Whole Building Solution” for NRNC projects between 20,000 and 100,000 sq. ft.
and “Large Buildings Whole Building Solution” for larger NRNC projects. These projects
generated a larger volume of savings per project, and were much less common, than the smaller
or late-engagement projects above. These projects are referred to here as custom
Comprehensive Design Assistance (CDA) projects.
Both customers (i.e., building owners) and design teams could receive incentives for these
packages. As Table 11 shows, the Whole Building Solution packages offered a scaled incentive
structure tied to modeled savings32 above the energy code, which was considered the baseline.
Projects had to be cost-effective and on-site verification was required. Combined heat and power
and renewable energy equipment could not contribute to the savings. Customer incentives were
intended to cover a cost-effective portion of incremental construction costs associated with
energy-efficiency measures, while design team incentives contributed to “extra services,” such as
additional meetings and product research.

32

“Modeled savings” refers to savings predicted via energy modeling studies.
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Table 11: Whole Building Solution Participation Incentives, 2018-2019
Savings Beyond
Customer
Code
$/kWh
$/Therm
Eversource Electric, Cape Light Compact, and Unitil Territories
> 30%
$0.50
$2.10
20 to 30%
$0.40
$2.00
10 to 20%
$0.30
$1.90
< 10%
$0.20
$1.80
National Grid Electric Territories
> 10%2
$0.35
$1.70

Design Team1
$/kWh
$/Therm
$0.07

$0.34

$0.04

$0.20

-

-

$0.07

$0.34

1 Capped

at $15,000.
2 However, customers can receive incentives regardless of savings.

The PAs provided technical assistance and design support to Whole Building Solution projects.
For Large Buildings, they also provided design teams with energy charrette stipends of $3,000.
Customers and/or their design teams engaged with the PAs throughout the design phases and
were required to include PA representatives in all meetings identifying cost-effective measures.
Participants typically worked with the PAs’ Technical Assistance vendors on custom projects. The
Technical Assistance vendors conducted the modeling that estimated the savings above the
baseline.

A.2

CURRENT PROGRAM DESIGN

In the summer of 2020, Mass Save launched a major redesign of the Commercial New
Construction program. The new program design includes four paths with differing objectives,
activities, incentive structures, and targeted project types. Table 12 outlines the four program
paths. The first three paths – 1. Deep Energy Savings, 2. Whole Building EUI Reduction, and 3.
Whole Building Streamlined – require early engagement.
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•

The Deep Energy Savings and Whole Building EUI Reduction paths require early
engagement, involve expert technical assistance throughout the project, and provide
incentives based on energy modeling (dollars per square foot), with a focus on achieving
lower EUIs. These paths also include design team incentives.

•

The Deep Energy Savings path includes technical assistance directly focused on
achieving low EUI. This path requires the customer to commit to a ZNE, ZNE-ready, or
PH project and aim for a site EUI of 25 or less. 33 The PAs issue incentives for this path in
a pay-for-performance format: one portion is paid at the end of construction and the
remaining portion after one year of post-commissioning, with post-occupancy energy
usage data required to demonstrate whether the project achieves its target. The PAs also
provide bonus incentives for attaining ZNE and PH certification.

•

The Whole Building EUI Reduction path uses the design charrette to develop a target
EUI for the project design and a baseline EUI for the project based on Mass Save baseline
guidelines (code or ISP values, depending on the measure). Technical assistance is

Certain building types where a site EUI of 25 is unrealistic can discuss custom targets with Mass Save.
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provided to keep the project on track to hit targets. At the 90% point in the construction
document phase, the Technical Assistance vendor creates a final energy model that
shows the predicted EUI, and incentives are generated based on the percent savings over
the project’s baseline EUI. The project must target at least a 10% improvement over the
baseline EUI to be eligible. The Program plans to develop baseline EUI values for specific
building types to facilitate participation in this pathway, but while those are under
development each participant uses a project-specific EUI baseline value developed
through energy modeling.
•

The Whole Building Streamlined path provides less-intensive technical assistance, with
design team incentives capped at a lower level than the more complex projects included
in the first two paths. It utilizes a spreadsheet (i.e., workbook) approach in which predetermined savings and incentive amounts are tied to prescriptive and custom measures
rather than energy modeling. In the longer term, the program will explore creating
packages for common building types.

•

Path 4, the Systems path, is primarily a prescriptive program available for smaller
buildings (<20,000 sq. ft.) but allows larger buildings to participate if they come to the
program after CDs are complete. It also allows for scenarios where only some portions of
a building, such as parking garages, participate.
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Table 12: Snapshot of New Program Paths
(Source: Implementation Staff, Mass Save Website)
Components
Building size
(sq. ft.)
Early
engagement
required
Technical
assistance
Project
specific
modelingbased
savings
estimates
Spreadsheetbased
savings
estimates
Postoccupancy
EM&V
Pay-forperformance
incentives
Prescriptive /
custom
incentives
Modelingbased
incentives
Design team
incentive
(Capped at
$15k)
Certification
bonus

1. Deep Energy
Savings/ZNE
>= 20,000

Program Path
2. Whole Building
3. Whole Building
EUI Reduction
Streamlined
20,000-100,000
> 50,000
(Flexible)

4. Systems
< 20,0003

✓

✓

✓

✓

✓

✓

✓ (For custom
measures)

✓

✓

✓

✓

✓

✓

Required

Optional (Bonus)

✓ (Part 2)1

✓ (Part 1)1

✓

✓

✓

✓2

✓

1

The first portion of the incentive is issued post-construction and is based on modeled savings. The second portion of
the incentive is based on the performance-period savings.
2 Design team incentive capped at $10,000 for this path.
3Square footage cutoff does not apply to late engagement projects or non-whole building projects, such as parking
garages.
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Appendix B Delphi Data Collection Instruments
The following figures show examples of the Rounds 1 and 2 data collection instruments the team used during the Delphi Panel.

Figure 3: Round 1 Counterfactual Energy Consumption Questions
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Figure 4 shows some of the forward-looking questions the team posed to the panelists during Rounds 1 and 2. Because the evaluation
was initially designed to generate NTG recommendations for the 2022-2024 period, these questions asked about each year in that
window.

Figure 4: Rounds 1 and 2 Forward-Looking Questions
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Figure 5 shows the main questionnaire page for Round 2. The team showed the panelists the average Round 1 response across all
panelists, along with their Round 1 response for comparison.

Figure 5: Round 2 Energy Consumption Questions
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Appendix C Consensus Group NTG Voting Rationales
C.1 NON-RESIDENTIAL NEW CONSTRUCTION NTG VOTING
EEAC
Based on your review of the NTG estimates derived for this study and the background information, please estimate NTG levels for 2022 for the traditional and
new C&I New Construction Program pathways. Enter a value from 0% to 200% and provide a brief explanation for your recommendation.
Table 3: Your C&I Program Responses

Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

Traditional Pathways (Paths 3 & 4)

58%

We believe outliers should be excluded as it seems clear we are dealing with noisy data that includes
some clearly erroneous cases. We believe that excluding manufacturers and multifamily would be
both false precision, and in the case of MF lead to interpretive difficulties. Therefore we recommend
the overall result excluding outliers.

New Pathways (Paths 1 & 2)

66%

We recommend the 15/30 scenario as for us that comes the closest to reflecting the qualitative
adjectives the panelists were presented with.

PAs
Table 3: Your C&I Program Responses
Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

Traditional Pathways (Paths 3 & 4)

Recommend including outliers due to past consensus and that the outlier removal only removed high
values, leaving a substantial number of very low EUI values in the data. Recommend using the all
77%
buildings due to challenges in backing out the manufacturing and MF data from the gross savings (as
NMR also noted).

New Pathways (Paths 1 & 2)

Recommend including outliers, as noted above and including the middle value of "effectiveness." We
88% believe the 15/30 scaling is approriate as it is reflective of redesigned program and aggressive EUI
target and early PA intervention.

Evaluation Team
Table 3: Your C&I Program Responses

Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

Traditional Pathways (Paths 3 & 4)

Given the high EUI values included without the outlier analysis the evaluation team believes it is most
appropriate to remove outliers using from the analysis. There is precedent in the evaluation industry
58% to use outlier analyses, particularly with highly variable datasets, such as these EUIs. We also believe
that including all building types makes the most sense given the challenges of backing out
manufacturing and/or multifamily from the gross savings side of the NTG equation.

New Pathways (Paths 1 & 2)

We recommend using the 15/30 scaling scheme as it delivers the most appropriate balance between
acknowledging that early engagement will help increase NTG, while some of the early adopters of
66%
these pathways are likely to already use efficient practices (and therefore may have pursued similar
design strategies without early program involvement).
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C.2 MULTIFAMILY HIGH-RISE AND PASSIVE HOUSE
EEAC
Based on your review of the NTG estimates derived for this study and the background information, please estimate NTG levels for
2022 for the MFHR and Passive House programs. Enter a value from 0% to 200% and provide a brief explanation for your
recommendation.
Table 6: Your MF Program Responses

Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

MFHR Program

75%

See C&I Program rationale

Passive House Program

85%

We recommend the 15/30 scenario as for us that comes the closest to reflecting the qualitative
adjectives the panelists were presented with.

PAs
Table 6: Your MF Program Responses

Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

MFHR Program

100%

PAs favor retaining outliers in the data, as noted above, but capping NTG at 100%. The low-rise RNC
program found substantial nonparticipant effects that increased MF NTG well over 100%. However,
in the interest of conservatism, the PAs recommend capping. As with C&I, the outlier analysis only
removed high EUIs and retained extremely low EUIs in the data.

Passive House Program

PAs favor retaining outliers in the data, as noted above, but capping NTG at 100%. The low-rise RNC
program found substantial nonparticipant effects that increased MF NTG well over 100%. However,
100%
in the interest of conservatism, the PAs recommend capping. As with C&I, the outlier analysis only
removed high EUIs and retained extremely low EUIs in the data.

Evaluation Team
Table 6: Your MF Program Responses

Program Participant Type

2022
NTG

Why do you recommend this NTG Ratio for 2022?

MFHR Program

75%

The same logic applies here regarding our rationale for excluding outliers from the NTG analysis.
Please see C&I rationale for more detail.

Passive House Program

85%

Again the logic here is consistent with our C&I new program pathway rationale
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