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780 Code of Massachusetts Regulations
Annual Fuel Utilization Efficiency
Air-Source Heat Pump
American Society of Heating, Refrigerating, and Air
Conditioning Engineers
Board of Building Regulations and Standards
British Thermal Unit
British Thermal Units per Hour
Commercial interior lighting power density amendment
proposed by PAs
Commercial external lighting amendment proposed by PAs
Commercial daylighting amendment proposed by PAs
California Statewide Codes and Standards Enhancement
CMD/ConstructConnect Insight Data
Coefficient of Performance
Codes and Standards Compliance Support
Domestic Hot Water
Design Lights Consortium
DNV GL Consulting
Department of Energy Resources
Energy Advisory Council (to the BBRS)
Energy Efficiency Advisory Council
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Energy Recovery Ventilation
Energy Use Intensity
Ground Source Heat Pump
Gross Technical Potential
Home Energy Rating System
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Heat Pump Water Heater
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Heating Season Performance Factor
Heating Ventilation and Air Conditioning
International Association of Lighting Designers
International Code Council
ICF International, a program implementor
In-depth interview
International Energy Conservation Code
Kilowatt Hour
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LPD
MAPC
MBTU
MWh
NBI
NEEP
NMR
PAs
R1
R2
RESNET
RNC
R-value
TRM
UEF
U-Factor

Lighting Power Density
Massachusetts Area Planning Council
Million British Thermal Units
Megawatt Hour
New Building Institute
Northeast Energy Efficiency Partnerships
NMR Group Inc.
Program Administrators of Massachusetts Energy Efficiency
Programs
Residential efficiency package amendment proposed by PAs
Residential insulation Grade amendment proposed by PAs
Residential Energy Services Network
Residential New Construction
A measure of material’s resistance to the flow of heat
Technical Reference Manual
Uniform Energy Factor
Measure of the rate of heat transfer of a window or other glazing

ES
Executive Summary
This report was prepared for the Massachusetts Program Administrators (PAs) and the Energy
Efficiency Advisory Council (EEAC) consultants by the Massachusetts Cross-Cutting Research
Area evaluation team, led by NMR Group. The work was carried out under the Codes and
Standards evaluation contract, for which NMR is the prime contractor and Cadmus is the
subcontractor. Both NMR and Cadmus worked collaboratively on this report and throughout the
report are referred to as ‘the Team.’
In 2018, the PAs began efforts to increase the stringency of the Massachusetts state building
energy code by developing and advocating for amendments to the 2018 International Energy
Conservation Code (IECC). The PAs submitted seven amendment proposals and ultimately five
were adopted into the Massachusetts state building energy code. The code was approved in
February 2020 and enforcement for the code is expected in January, 2021.1
The Team estimated an attribution factor for the PAs’ efforts to promulgate the five energyefficient code requirements into state building energy codes for both residential and commercial
new construction. The study included a document review, gross technical potential (GTP) savings
analysis, and seven in-depth interviews (IDIs) with key stakeholders involved in the state-level
code development and adoption process.

KEY FINDINGS
It is unlikely that similar proposals to those of the PAs would have been promulgated
without the PAs’ efforts. The PAs submitted their proposals late in the code-cycle and were thus
able to pick proposals that were not being advanced by other parties. The document review
provided evidence of the PAs’ efforts and the lack of any similar efforts from another party. IDI
participants also indicated that it was unlikely that another party would have advanced similar
proposals. IDI participants could only name one other party that they thought might have
submitted similar proposals, but during an IDI a representative from that organization said they
would not have submitted anything similar.
The Team estimated the combined electric and gas GTP savings from the amendments as
138,153 MBTU accumulated through 2026.2 This includes 29,103 MWh of GTP electric savings
and 388,574 therms of GTP gas savings, assuming 100% compliance with the PAs amendments.3
To put these values into context, these savings represent between 1% and 6% of combined
electric and gas 2018 new construction savings annually. The time frame for savings is assumed
to be one code cycle and assumes that residential buildings take one year to complete and
1

The code was originally set to go into effect in August, 2020, but due to the COVID-19 pandemic, enforcement was
postponed until November, 2020 with the possibility for further postponement. Currently, enforcement is expected to
start in January, 2021.
2 The 138,153 MBTU represents first-year cumulative savings from 2022 to 2026. See Section 3.
3 Please note that we present an alternative form of GTP savings assuming various levels non-compliance in
Appendix A.
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commercial buildings take one to three years to complete. Note that the GTP analysis in this
report is intended as a forecast rather than an evaluation of actual savings. The methodologies
developed by the Team provide a framework for possible future estimations of GTP; however, the
values estimated in this report may not reflect the final GTP estimates associated with the PAs’
code promulgation efforts. Program evaluators can use this analysis to identify possible
parameters to track for an ex-poste evaluation of savings.

RECOMMENDATION
The PAs should use an attribution factor of 90% for the savings generated from their efforts
to promulgate the five approved amendments to the 2018 IECC. The 90% value reflects the
fact that it is unlikely, though not impossible, that similar amendments to the PAs’ proposals would
have been promulgated without the PAs’ efforts. Overall, the stakeholders interviewed for this
effort could not name other individuals or organizations that might have submitted similar
proposals in the absence of the PAs’ efforts; however, some stakeholders maintained that it was
still possible that some unknown party might have submitted similar proposals had the PAs not
done so.

CONSIDERATIONS FOR ADDITIONAL RESEARCH
The PAs should conduct additional research to collect data that will increase the accuracy
of GTP estimates during the 2022-2026 program years. The GTP estimates in this report
represent upper-bounds of potential energy savings from the five approved amendments. They
assume 100% compliance, depend on forecasts of construction activity that are not adjusted for
the impacts of the COVID-19 pandemic, and assume enforcement will be begin on January 1,
2021.4 To calculate claimed savings, the PAs should reduce the uncertainty surrounding these
assumptions, as well as develop an estimate of the underlying counterfactual baseline efficiency
that would exist absent the amendments to recognize it may naturally be higher than the 2018
IECC values. PAs could reduce uncertainty by collecting data on construction activity, considering
lower levels of compliance, and accounting for the final code enforcement data once known.
Additionally, the PAs could examine the share of construction activity to which certain
amendments are applicable (e.g., the R1 amendment only applies to homes using the prescriptive
compliance path).
The PAs should consider developing guidelines for evaluation methods that may be
applicable for future codes and standards promulgation efforts. The group briefly discussed
how future attribution assessments will likely need to be structured differently to account for the
complexity associated with most future promulgation efforts. The late intervention of the PAs in
this code cycle simplified the attribution process, although it also highlighted how even ‘simple’
questions can be quite complex. Moving forward, the PAs, EEAC, and evaluation consultants
should consider developing guidelines for future attribution assessments in this research area.

4

The Team presents alternative GTP savings estimates in Appendix A that account for partial compliance with the
PAs’ amendments.
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California has historically used a more formalized process including independent expert
judgement to determine attribution. This is an approach that can be reviewed as a starting point
for developing recommendations regarding future attribution methods in this area.

STUDY LIMITATIONS AND UNCERTAINTIES
The study included a thorough document review and IDIs representing all the key participants in
the 2018 IECC code development cycle in Massachusetts. This results in a high level of
confidence in the finding that the PA’s were largely responsible for the promulgation of the five
code amendments. However, uncertainties arise when the study tries to determine precise levels
of attribution and estimate precise levels of GTP.
While interviewees represented all of the key participants in the building code development cycle,
the sample size was small (n = 7, including two PAs), so relying on quantitative responses from
the interviews would result in false precision. The study took a more qualitative approach to
determine an attribution factor that considered quantitative responses from the IDIs but did not
solely depend on them.
As mentioned in the recommendations, the GTP analysis relied on multiple assumptions
concerning construction activity, code enforcement dates, and code compliance. The Team notes
that the GTP analysis in this study was intended to provide a possible framework for future efforts
to claim savings and to inform the attribution determination conversations, not to define gross
savings from these efforts for the time period being studied.

3

1
Section 1

Introduction

1.1 BACKGROUND AND RESEARCH QUESTIONS
The 2008 Green Communities Act requires Massachusetts to update the base building energy
codes every three years to meet the stringency of the most recent International Energy
Conservation Code (IECC). Anyone may propose amendments to the most recent IECC to be
incorporated into the final state-level building code. Amendments must be approved by the
Massachusetts Board of Building Regulations and Standards (BBRS), as well as various other
executive departments.
The state went through the process of adopting the 2018 IECC with amendments in 2018-2019
and adopted the code in February of 2020. The Team anticipates enforcement of the new code
will begin on January 1, 2021, following the completion of a ten-month concurrency period.5 The
complete new building code is officially referred to as the “New Ninth Edition of the Massachusetts
State Building Code or the 780 Code of Massachusetts Regulations (780 CMR).”6 Throughout
this document, “state-level building energy code” refers to the energy-efficiency-related provisions
of the New Ninth Edition of the 780 CMR.
In early 2018, the Program Administrators (PAs) decided to explore opportunities to advance the
efficiency of energy codes. They were motivated by a mandate to generate cost-effective savings
and by examples set by other utilities that had advanced codes in other states. To generate
savings, the PAs proposed amendments to both the residential and commercial portions of the
2018 IECC. The following five amendments, originally proposed by the PAs, were approved by
the BBRS on March 12, 2019. Amendments labeled with a “C” apply to commercial provisions,
while amendments labeled with an “R” apply to residential provisions.
•

C1.2021 – Lower interior lighting power density (LPD) to slightly below MA Industry
Standard Practice (ISP)

•

C2.2021 – Additional 10% exterior LPD reduction

•

C3.2021 – Expansion of daylight-responsive controls requirement

•

R1.2021 – Requirement for one additional efficiency option: high-efficiency HVAC, heatrecovery ventilator, or high-efficiency domestic hot water for some projects

•

R2.2021 – Specifying Grade I insulation installation as standard

5

When originally approved in February 2020, the concurrency period was set for a typical six months, which would
have resulted in enforcement beginning in August 2020. On July 14, 2020, the BBRS voted to approve an emergency
90-day extension of the concurrency period, which delayed enforcement to November 2020. During this extension,
the BBRS will request public comments and/or conduct a public meeting to determine whether the concurrency
period should be extended further. We assume the concurrency period will be extended to January 1, 2021, as that
date has been discussed in BBRS meetings.
6 https://www.mass.gov/handbook/ninth-edition-of-the-ma-state-building-code-780
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1.1.1 Study Goals
The goals of the study were as follows:
•

Develop an attribution factor for PA efforts to promulgate more stringent energy code
requirements into state building energy codes for residential and non-residential new
construction.

•

Estimate the gross technical potential (GTP) of specific code amendments proposed by
the PAs and adopted by the Board of Building Regulation and Standards (BBRS).

The results of the PAs’ code promulgation efforts have implications for other PA new construction
programs as they affect the entire new construction market. That said, this study does not aim to
resolve policy questions surrounding the PAs claiming savings for all new construction efforts at
the portfolio level. Instead, the upcoming 2020 NTG studies plan to examine this issue in more
depth.

1.1.2 Evaluation Activities
The study involved the following research activities:
Reviewing PA documentation of code promulgation efforts.
The Team reviewed over 130 documents provided by the PAs that were relevant to their
involvement in the 2018 IECC code amendment and adoption process in Massachusetts.
This included internal meeting minutes, internal correspondences, records and minutes
from meetings with stakeholders, emails and other correspondence with stakeholders,
amendment proposal drafts, amendment proposal research, estimates of the GTP savings
associated with each of the proposed amendments, and other documentation. The
documents dated back to May of 2018. The purpose of the review was to enable the Team
to characterize the PAs’ efforts to develop, submit, and advocate for proposed
amendments to the 2018 IECC. The Team also reviewed all publicly posted materials from
the BBRS dated from January 1, 2019 through February 29, 2020. This included meeting
minutes, meeting agendas, submitted proposals, and submitted comments.
Conducting code promulgation interviews to help assess attribution.
After completing the document review, the Team conducted in-depth interviews (IDIs) with
seven stakeholders to gain more perspective on what occurred during the code
amendment and adoption process. Respondents included two PA staff members who
were actively involved in these efforts, one member of the BBRS, one representative of
the International Association of Lighting Designers (IALD), one representative of the
Massachusetts Department of Energy Resources (DOER), one local engineering
stakeholder, and one representative from an energy-efficiency advocacy organization.
Two of these seven respondents were also members of the Energy Advisory Council
(EAC) to the BBRS. The Team considered all interviewees to be stakeholders as they had
participated in the code proposal and amendment process through some combination of
developing proposals, submitting proposals, submitting comments, analyzing proposals,
and/or voting on proposals. The interviews lasted from 30 minutes to an hour each. The

5
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Team offered interviewees who did not work for governmental institutions or the PAs $100
in acknowledgment of their time.
Estimating the GTP savings associated with each of the five 2018 IECC
amendments proposed by the PAs that were incorporated into the state-level
building energy code.
For each of the five approved amendments, the Team developed a methodology to
estimate the GTP savings for electricity and gas based on the final language of the
amendments. Appendix A describes the methodology for each amendment and presents
GTP savings estimates. The methodologies were informed by the 2013 NEEP study
“Attributing Building Energy Code Savings to Energy Efficiency Programs,” to which NMR
contributed.7
Facilitating conference calls to determine an attribution factor.
The Team convened two conference calls in June and July of 2020. The first call included
representatives from the DOER, PAs, implementation vendors, the Energy Efficiency
Advisory Council (EEAC), and the evaluation Team. The second call only included
representatives from the EEAC and evaluation Team. The Team provided all conference
call attendees with an interim report that detailed the findings from the first three research
tasks. The final attribution factor was the consensus value determined on the second call.

7

https://neep.org/sites/default/files/resources/NEEP_IMT_IEE_Codes%20Attribution%20FINAL%20Report%2002_16_
2013.pdf
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2
Section 2

PA Code Promulgation Efforts

2.1 CODE ADOPTION PROCESS
To help explain how the PAs’ efforts fit into the code amendment and adoption process, this
section provides context about energy code updates in Massachusetts. The description here was
informed by document reviews and IDIs with stakeholders.
Code updates in Massachusetts fit into larger generations of national and international code
publications (Figure 1). Each generation of code publications starts with the publication of a new
ASHRAE 90.1 standard by the American Society of Heating, Refrigerating, and Air Conditioning
Engineers (ASHRAE). The ASHRAE 90.1 is an American National Standard that only applies to
commercial structures. About a year after the publication of a new ASHRAE 90.1, the International
Code Council (ICC) publishes a new IECC version. The IECC is an international building energy
code template that jurisdictions can use as a foundation for their building energy codes. While the
IECC includes both residential and commercial sections, the commercial section is informed by
the most recent ASHRAE 90.1.8 State law requires Massachusetts to adopt a new state building
energy code within a year of the publication of a new IECC. After the publication of a new IECC,
Massachusetts begins the adoption process based on the new IECC with approved amendments.
The code generation examined in this study started with the publication of ASHRAE 90.1-2016,
then included the 2018 IECC, and resulted in the new Ninth Edition of the Massachusetts State
Building Code (780 CMR).

Figure 1: Code Generation Publication Sequence

The process to submit and review amendments to the IECC for Massachusetts starts with the
BBRS. Anyone can submit amendment proposals to the BBRS for approval. The BBRS usually
forwards any proposals to its EAC for review and recommendations. The EAC consists of
technical experts from the construction industry and the DOER. The EAC may work with proposal
submitters to recommend changes to proposals or suggest changes themselves. The EAC then
presents its conclusions and recommendations on proposals to the BBRS.

8

ASHRAE also publishes a residential standard called ASHRAE 90.2. ASHRAE 90.2 was updated in 2018 and 2007;
therefore, it is not on the same publication cycle as ASHRAE 90.1. The most recent ASHRAE 90.2 standard was
published after the development of the 2018 IECC and thus is not formally incorporated into the 2018 IECC; however,
its provisions may have been considered by those who were privy to the development of both codes.
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The IDIs that the Team conducted found that BBRS members tend to put a lot of faith in the
recommendations from the EAC regarding energy-efficiency-related proposals, since the EAC
consists of energy experts. One BBRS member said,
“I try not to have an opinion on something I am not particularly well-versed in. I did
not feel it was appropriate for me to have an opinion one way or the other regarding
the energy code proposals. I trusted the process and the experts on the EAC.”

Individual BBRS members may move to remove amendments or make final changes, but the
BBRS generally follows the recommendations of the EAC. The process is iterative, and
amendment submitters may revise or rescind their proposals based on BBRS feedback. After
deliberating on the EAC’s recommendations, the BBRS votes on adopting the relevant IECC with
amendments. Once the BBRS votes to adopt the relevant IECC with amendments, the final code
is submitted for departmental review to check for health and safety issues.
After every necessary department approves the code, the code is promulgated and officially
becomes law. Typically, a six-month concurrency period is set, in which projects permitted during
this time may comply with either the new or old code. Therefore, enforcement of the new statelevel building energy code typically starts six months after the code becomes law. The new statelevel building energy code became law in February of 2020 and enforcement begins in August of
2020.

Figure 2: Massachusetts Building Code Adoption Process

Figure 3 provides a brief timeline of the code adoption cycle for the 2018 IECC in Massachusetts.
The proposal submission and revision process were iterative and there were no statutory
requirements regarding the timeline for each step, except for the overall requirement to adopt a
new code within one year of the publication of a new IECC.9

9

Note that the statutory deadline to adopt the new code within one year of the publication of the new IECC was not
met in this case since the code was not adopted until 2020 and the 2018 IECC was published in August of 2017.
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Figure 3: Timeline of 2018 IECC Code Cycle Adoption Process in Massachusetts
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2.2 PA SUPPORT ACTIVITIES
As mentioned above, anyone could submit amendment proposals for the 2018 IECC to the BBRS
for approval. The PAs submitted seven proposals, of which the following five were ultimately
approved by the BBRS and incorporated into the new state-level building energy code:10
•

C1.2021 – Lower interior LPD to slightly below MA ISP

•

C2.2021 – Additional 10% exterior LPD reduction

•

C3.2021 – Expansion of daylight-responsive controls requirement

•

R1.2021 – Requirement for one additional efficiency option: high-efficiency HVAC, heatrecovery ventilator, or for some projects, high-efficiency domestic hot water

•

R2.2021 – Specifying Grade I insulation installation as standard

This section describes the PAs’ efforts to develop and advocate for these five proposals or
amendments. Throughout the rest of the document, each amendment is referred to by the
numbering displayed above. For example, “C1” refers to the “lower interior LPD” amendment.
In early 2018, the PAs decided to explore advancing the efficiency of energy codes. They were
motivated by a mandate to generate cost-effective savings and by examples set by other utilities
that had advanced codes in other states. Between June and August of 2018, the PAs
brainstormed and selected code advancement proposals to pursue. To generate ideas, the PAs
looked across a range of sources for potential code provisions that could be easily incorporated
into the Massachusetts state building energy code given the nuances of the Massachusetts
construction market and the local climate. The sources included, but were not limited to, codes in
other states, the New Buildings Institute (NBI),11 and ASHRAE 189.1.12 As one PA representative
said, they were looking for “things that wouldn't require tremendous investment on [their] end to
create something new.”
After collecting ideas for possible code advancement proposals, the PAs conducted a high-level
analysis to select proposals that had (1) the highest potential magnitude of savings and (2) the
lowest additional costs to builders. The PAs engaged their implementation contractors for both
the Residential New Construction program (ICF) and the Codes and Standards Compliance and
Support Initiative (PSD). The PAs also engaged an engineering firm, Andelmen & Lelek
Engineering, to help vet and select the potential proposals by providing technical and industry
expertise.
Crucially, the PAs only selected proposals that were different from every other proposal
that had already been submitted to the BBRS. The PAs benefited from engaging in the code
amendment and adoption process months after the BBRS had started their consideration of the
2018 IECC. By the time the PAs got involved, many stakeholders had already submitted their own
amendment proposals. The DOER, the most active proponent of amendments, had already made

10

The two unapproved proposals concerned laboratory exhaust fans and commercial plug loads. The proposals were
withdrawn by the PAs after receiving feedback from the BBRS and EAC.
11 https://newbuildings.org/
12 https://www.ashrae.org/technical-resources/bookstore/standard-189-1
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its final presentation to the BBRS regarding the DOER’s own proposals.13 Therefore, the PAs
could confidently select proposals that differed from all other submitted proposals and would
represent additional energy savings beyond what would have otherwise been in the code.
Every stakeholder the Team interviewed believed that it was unlikely that any proposals similar
to the seven submitted by the PAs would have been submitted without the PAs’ efforts. In other
words, stakeholders said they did not know of any organization, individual, or institution that had
planned to submit similar proposals. In fact, one key industry stakeholder who submitted their
own proposals said,
“If [Mass Save] hadn’t submitted [those] proposals, nobody would have. I would not
have. No one else would have.”
After selecting the seven proposals, the PAs conducted their own research and coordinated with
the NBI on the lab exhaust proposal to calculate high-level savings estimates before submitting
all seven proposals to the BBRS in October of 2018. The PAs then reached out to various
stakeholders, including municipal code officials, Home Energy Rating System (HERS) raters, the
IALD, the Design Lights Consortium (DLC), and the Massachusetts Area Planning Council
(MAPC) for feedback on their proposals and to gain written comments of support.
From November 2018 to February 2019, the PAs revised their proposals based on feedback from
the BBRS, EAC, DOER, and IALD. The revisions are discussed in more detail in Section 2.3. PAs
made revisions to C1, C2, and R1. Finally, in March of 2019, the BBRS approved five of the PAs’
proposals, with the remaining two withdrawn by the PAs based on feedback from the EAC.
In May of 2019, after the BBRS had approved the PAs’ proposals but before the codes had been
finalized by the state, the National Association of Industrial and Office Properties (NAIOP Inc.)
submitted a proposal to undo the C1 proposal relating to interior LPD. The PAs attended the
BBRS meeting in May to advocate against the NAIOP proposal, which was ultimately rejected by
the BBRS. The C1 proposal remained part of the new state-level building energy code.
Figure 4 provides a brief timeline for the PAs’ code support activities for the 2018 code cycle.

13

https://www.mass.gov/files/documents/2018/10/02/BBRS%20Minutes%20August%2014%202018%20Final%20Appr
oved%20Minutes.pdf
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Figure 4: Timeline of PAs’ Code Support Activities During 2018 IECC Code Cycle
Adoption Process
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2.3 CODE AMENDMENTS SUPPORTED BY PAS
This section describes the five amendments proposed by the PAs that the BBRS ultimately
approved on March 12, 2019. Amendments labeled with a “C” apply to commercial provisions,
while amendments labeled with an “R” apply to residential provisions.

2.3.1 C1: Lower Interior LPD Requirements
The C1 amendment reduces the interior LPD allowances for various space types in Section
C405.3.2. The final values match those in the newest version of the ASHRAE 90.1 (2019),
effectively incorporating the next code generation’s requirements into the current code cycle. 14
The revision was made based on a suggestion by IALD to incorporate the ASHRAE 90.1-2019
requirements once they became available. The IALD representative made the suggestion after
being solicited for feedback from the PAs. However, during IDIs, the IALD representative said
they never had any intention to submit a similar proposal and would not have in the absence of
the PAs’ efforts.

2.3.2 C2: Lower Exterior LPD Requirements
The C2 amendment aimed to reduce the external lighting power allowance of buildings. Originally,
the proposal sought to achieve savings by eliminating a specific designation that permitted a
higher LPD allowance in “high activity commercial districts in major metropolitan areas.”
Eliminating this designation would have reduced the base site allowance for such buildings from
900 watts to 500 watts.15
The proposal also included a revision to the “additional efficiency package” section of the 2018
IECC (C406.1). In the state-level building energy code, this section requires builders to choose
three of ten “additional efficiency packages,” including high-efficiency HVAC systems, highefficiency water heating, lighting controls, reduced lighting power, ventilation systems, and onsite renewable generation measures. Specifically, the C2 proposal included an addition to the
“reduced lighting power” package (C406.3). Previously, the “reduced lighting power” efficiency
package only required a 10% internal lighting power reduction below the maximum allowable
power by area. The C2 amendment adds a requirement to the package to also reduce external
lighting power by 10%. Therefore, the amendment requires builders to achieve a 10% power
reduction in both interior and exterior lighting beyond the standard code if they choose to use the
“reduced lighting power” package as one of their three additional efficiency packages.
After hearing concerns from some members of the BBRS, the PAs changed the proposal to
remove the provision that eliminated the designation for “high activity commercial districts.”
Therefore, the final proposal only includes the requirement of a 10% external LPD reduction to
the “reduced lighting power” advanced efficiency package.

14

As a reminder, each code cycle starts with the publication of an updated ASHRAE 90.1, followed by an updated
IECC, which is informed by the new ASHRAE 90.1. The 2018 IECC was informed by ASHRAE 90.1-2016. The
revised C1 proposal incorporates the LPD allowance values from ASHRAE 90.1-2019.
15 Specifically, the original proposal would have removed “Zone 4” from Table C405.4.(1) and would have changed
the definition of “Zone 3” to “all other areas not classified as lighting zone 1 or 2.”
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2.3.3 C3: Expansion of Daylight-responsive Controls Requirement
The C3 amendment reduces the threshold up to which daylighting controls are not required for
spaces from 150 watts of general lighting down to 100 watts of general lighting (Section
C405.2.3.1). This has the effect of requiring daylighting controls in more spaces. One interview
participant said this change was necessary given the reduction in LPD allowances. During the
development of this proposal, the PAs explored the opportunities to address daylighting controls
by increasing the share of daylighting controls specifically required in large office buildings.
However, after soliciting feedback from stakeholders, the PAs changed the proposal to what was
ultimately adopted.

2.3.4 R1: Additional Efficiency Package Options
The R1 amendment creates a new section, Section R407, in the state-level building energy code
that requires builders to select one efficiency package from a range of high-efficiency HVACrelated packages when following the prescriptive compliance path. Builders must select one of
the following:
•

A gas, propane, or oil furnace with a minimum AFUE of 95%

•

A gas, propane, or oil boiler with a minimum AFUE of 95%

•

A close-loop ground source heat pump with a COP of 3.5

•

An air-source heat pump with a minimum HSPF of 10

•

A natural gas or propane water heater with a minimum UEF of 0.87

•

An electric heat pump water heater with a minimum UEF of 2.2

•

A solar thermal hot water heating system with a minimum of 40 square feet of gross
collection area

•

A heat recovery system or energy recovery ventilation system

The PAs developed this proposal with input from stakeholders. One notable addition to the
proposal occurred after the PAs submitted the proposal to the BBRS. The BBRS forwarded the
proposal to the EAC for review and the EAC noted that the list of packages did not include an airsource heat pump option. The EAC added the option when forwarding the proposal back to the
BBRS; however, a member of the EAC stated in an interview that no air-source heat pump
package would have been implemented without the PAs’ R1 proposal because no advanced
efficiency package section would have existed for residential buildings without this proposal.

2.3.5 R2: Specifying Grade I Insulation as Standard
The R2 amendment adds a clarification to section R402.4.1.1 of the state-level building energy
code that requires all insulation to be installed to “Grade I” standards. Section R402.4.1.1 already
required “components of the building thermal envelope…[to] be installed in accordance with the
manufacturer’s instructions.” “Grade I” installation means that insulation was installed properly
according to the manufacturer’s instructions. Proper installation is characterized by touching all
surfaces correctly without improper gaps or compression. Therefore, the R2 amendment is
redundant and serves as a clarification rather than an increase in code stringency. The PAs
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solicited feedback on this proposal, but there was little pushback from stakeholders given that this
amendment essentially requires insulation to be installed per existing code requirements. The
final approved amendment matched the original proposal.

2.4 PA ROLES IN THE CODE ADOPTION PROCESS
During the interviews, the Team asked respondents to identify who they viewed as the key
participants in the code adoption process. The most frequently mentioned participants were the
BBRS and the EAC (each mentioned by six out of seven respondents). This is not surprising since
the BBRS ultimately votes on the amendments and the EAC advises the BBRS. The next most
frequently mentioned participant was the DOER (mentioned by four of six respondents) since
statute requires the BBRS to consult with the DOER in the development of amendments and the
EAC is chaired by a representative for the DOER.
During the 2018 code cycle development process, the BBRS consisted of John Couture (Chair),
Kerry Dietz (Vice Chair), Richard Cowley (Second V. Chair), Kevin Gallagher, Cheryl Lavalley,
Robert Anderson, Peter Ostroskey, Michael McDowell, Susan Gleason, Lisa Davey, and Steve
Frederickson. Jennifer Hoyt participated as the designee in place of the State Fire Marshal, Peter
Ostroskey.
During the 2018 code cycle development process, the EAC consisted of Ian Finlayson (Chair),
Michael Andelman (Vice Chair), Robert Anderson (or designee Adelle Reynolds), Michael
Browne, Fran Boucher, Isabel Kaubisch, Don Vigneau, Peter Ostroskey (or designee Jennifer
Hoyt), David Weitz, Alan Glynn, and Mark Halverson. Ian Finlayson was also serving as the
Deputy Director of the Energy Efficiency Division of the DOER. Michael Andelman was also a
Principal at Andelman and Lalek Engineering who provided solicited feedback to the PAs during
proposal development. The PAs also solicited feedback from Michael Browne while developing
their proposals. David Weitz represents ClearResult, a Mass Save program implementor, and
submitted a proposal relevant to insulation practices that differed from all of the PA proposals.
The interviews revealed the large role played by the EAC. The EAC evaluates all energy-related
proposals submitted to the BBRS and the BBRS relies on the EAC’s expertise. The PAs stated
that they worked closely with the EAC to learn how to submit and revise their proposals. A member
of the EAC echoed this sentiment by saying, “I think the board [BBRS] had a lot of confidence
that these proposals were technically solid and that since the proposals made it through the EAC,
it indicated that some scrutiny was applied.”
Three non-PA respondents specifically highlighted “Mass Save,” referring to the PAs, as a key
player in the code adoption process.16 One respondent stated,
“Mass Save wrote proposals and did technical research to support them. The
technical research made it hard to argue against the proposals.”

This response could have been informed by the respondents’ knowledge that the interview was being sponsored
by Mass Save.
16
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The two non-PA participants who did not specifically highlight “Mass Save” as a key player had
discussed the PAs’ efforts elsewhere, recalling the PAs’ proposals and advocacy.
The two PA representatives also highlighted the roles of A&L Engineering, IALD, NBI, and ICF in
the development of their proposals. In all cases, these organizations provided feedback to the
PAs. No other individual or organization received more than one mention from a respondent as a
key player in the adoption process.

2.5 PA IMPACT ON CODE ADOPTION
The Team asked the five non-PA respondents to rate how likely they thought it was that an
amendment similar to each PA proposal would have been adopted without the Mass Save
sponsors’ involvement, using a scale of 1 to 5, where 1 represents “not at all likely” and 5
represents “very likely.” Four of the five respondents felt they were able to give actual estimates
on that scale. However, the other respondent indicated that they thought it was unlikely that similar
proposals would have been adopted without the PAs’ involvement by saying, “I don’t think I can
answer this, but I don’t recall any similar proposals.”
The four respondents who provided ratings indicated that a similar proposal was unlikely to have
been approved without the PAs’ involvement; these respondents did not provide an average rating
higher than 2.1 for any of the proposals (Figure 5). Three respondents said it was possible, though
unlikely, that another party would have submitted similar proposals. The only party mentioned
specifically by any of these three respondents was the IALD. However, during an interview, an
IALD representative indicated that while IALD had suggested that the PAs change the C1
amendment to use the ASHRAE 90.1-2019 LPD requirements, the IALD would not have
submitted any similar proposals on its own. In fact, the IALD respondent rated the likelihood that
similar proposals would have been approved without the PAs’ involvement as “1” (not at all likely)
for each of the commercial proposals.

Figure 5: Average Likelihood that Similar Proposals Would Have Been Approved
without the PAs’ Involvement
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Section 3

Gross Technical Potential Savings

Table 1 and Table 2 show the forecasted Gross Technical Potential (GTP) savings for each
approved amendment by year. Table 1 shows the forecasted GTP electric savings and Table 2
shows the forecasted GTP gas savings. The forecasts show GTP savings estimates but are not
intended to serve as the gross savings being claimed from these efforts moving forward. Note
that there are no savings for the R2 amendment since it was redundant with the previous language
in the code.17
The timing of savings is based on the estimated completion of buildings built under the new code
and only applies to one code cycle which the study assumes will be in effect from 2021 to 2023.
The analysis assumes that that commercial buildings are completed between one and three years
after the permitting date. Since another code is expected to go into effect in 2023, the analysis
assumes 2026 is the last year commercial buildings built under the examined code could be
completed. Similarly, the analysis assumes that residential buildings are completed within one
year of the permitting date; therefore, 2024 is the last year for completing residential buildings
subject to the examined code.18
The total estimated first-year cumulative GTP electric savings is 29,103 MWh and they
accumulate through 2026. The total estimated first-year cumulative GTP gas savings is 388,574
therms and they accumulate through 2024.19 The analysis does not include estimates of lifetime
savings.
The total gas savings come from the R1 amendment alone and include a reduction in savings
from the interactive effects between lighting and heating loads For example, as lighting is reduced,
the lights give off less heat and thus the heating system must provide more heat.
To put these values in perspective, the Team compared the GTP savings to the combined 2018
actual annual savings for the Residential New Construction program and the C&I New Buildings
and Major Renovations program.20 In 2018, the new construction programs combined to generate
75,261 MWh of electric savings and 3,949,171 therms of gas savings. The annual GTP electric
savings from the PAs’ code amendments represent between 2% and 13% (peaking in 2024) of
the 2018 new construction programs’ electric savings. The annual GTP gas savings from the code
amendments represent between -1% and 5% (peaking in 2022) of the 2018 new construction
programs’ gas savings. Note that the C1 amendment accounts for 95% of the cumulative electric
savings. C&I savings account for 65% of combined gas and electric GTP savings and residential
17

However, as pointed out in Appendix A.6, this amendment could potentially increase compliance with

insulation installation.
18

Based on conversations with DOER representative and BBRS representatives, the Team believes that if
enforcement of the code is delayed, a new code will still be adopted in 2023 representing a shorter code cycle and
less GTP savings.
19 The gas savings estimate includes savings from propane.
20 The Team pulled these 2018 actual savings for these programs from the Mass Save Data website
(https://www.masssavedata.com/Public/PerformanceDetails).
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savings account for 35%. Appendix A details the full methodologies used to estimate GTP for
each amendment.

Table 1: Estimated GTP Electric Annual Savings Per Amendment (MWh)
Amendment
C1
C2
C3
R1
R2
Annual Total
Cumulative Total
2018 NC Savings
Annual % of 2018
NC Savings

2022
3,449
119
76
0
0
3,644
3,644

5%

2023
7,026
243
155
0
0
7,424
11,068
10%

2024
9,183
318
201
0
0
9,702
20,771
75,261

2025
5,733
198
125
0
0
6,056
26,827

2026
2,156
74
46
0
0
2,276
29,103

13%

8%

3%

Table 2: Estimated GTP Annual Gas Savings Per Amendment (Therms)
Amendment
C1
C2
C3
R1
R2
Annual Total
Cumulative
Total
2018 NC
Savings
Annual % of
2018 NC
Savings

2022
-12,588
0
0
195,047
0
182,459

2023
-25,644
0
0
186,044
0
160,400

2024
-33,517
0
0
108,026
0
74,509

2025
-20,925
0
0
0
0
-20,925

2026
-7,869
0
0
0
0
-7,869

182,459

342,859

417,368

396,443

388,574

-1%

0%

3,949,171

5%

4%

2%
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Table 3 shows the combined gas and electric savings from the five amendments in MBTU. The
total savings are 138,153 MBTU accumulating through 2026. This represents between 1% and
6% of the 2018 NC Savings annually (peaking in 2023 and 2024). Overall, the C1 amendment
comprises 61% of the GTP savings and R1 comprises 35%.

Table 3: Estimated GTP Annual Combined Savings Per Amendment (Million BTU)
Amendment
C1
C2
C3
R1
R2
Annual Total
Cumulative
Total
2018 NC
Savings
Annual % of
2018 NC
Savings

2022

2023

2024

2025

2026

10,509
406
259
19,505
0
30,679

21,408
829
529
18,604
0
41,371

27,981
1,085
686
10,803
0
40,554

17,469
676
427
0
0
18,571

6,569
252
157
0
0
6,979

30,679

72,050

112,604

131,175

138,153

3%

1%

651,613

5%

6%

6%
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Section 4

Determining Attribution

Based on consensus group meetings with the PAs and EEAC, the Team recommends
using an attribution factor of 90% for the savings generated from the PAs’ efforts to
promulgate the five amendments to the 2018 IECC.
To determine attribution factors, The Team convened two conference calls in June and July of
2020. The first call included representatives from the DOER, PA implementation staff, PA
evaluation staff, the EEAC, and the evaluation Team. The second call only included
representatives from the EEAC, the PAs evaluation staff, and the evaluation Team. The Team
provided all conference call attendees with an interim report that detailed the findings from Section
1, Section 2, and Section 3.
The group quickly determined that the eventual attribution factor should be relatively high (i.e.,
close to 100%) for the following reasons:
•

The PAs submitted their proposals late in the code adoption process; therefore,
they were able to choose proposals that were not being advanced by other
individuals or organizations. The amendment proposal process started in May 2018,
but the PAs did not select and submit their proposals until October 2018. By that point,
the DOER had already presented all of its proposals, as had other organizations, such as
the IALD and contractor representatives. Proposals submitted by others included those
relevant to electric vehicles, allowing HVAC contractors to administer diagnostic testing
for code compliance, and clarifications for lighting definitions – none of which were similar
to the PAs’ proposals.

•

Key stakeholders affirmed that it would have been unlikely for similar proposals to
have been approved without the PAs’ involvement. The interview respondents
consisted of representatives from all the organizations the Team identified as key
stakeholders during the document review and the interviews themselves. Every key
stakeholder reported that it was unlikely that similar amendments would have been
approved without the PAs’ involvement and did not know of any other organization that
had ever planned to submit similar proposals. A representative from the only organization
that respondents thought might have submitted similar proposals to those of the PAs said
in their interview that they would not have submitted similar proposals.

•

Nearly every individual or organization that supported the adoption of the PAs’
proposals was solicited by the PAs themselves. The document review revealed that
all the individuals and organizations that submitted written comments specifically in
support of the PAs’ proposals were solicited by the PAs for the comments. During
interviews, respondents confirmed that they had been approached by the PAs for
comments and had become aware of the PAs’ proposals through outreach from the PAs
or by hearing the PAs present at BBRS meetings. Only one organization, the Conservation
Law Foundation (CLF), submitted comments in support of the PAs’ proposals that were
not confirmed to have been solicited by the PAs. The impact of this additional written
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comment is minimal since no stakeholder identified the CLF as a key stakeholder in the
code adoption process.
The group then discussed whether the attribution factor should be 100% or a slightly lower value.
During the second call, the group unanimously agreed that 90% was an appropriate attribution
factor for the PAs’ efforts to promulgate the five amendments for the following reasons:
•

Evidence not meeting high enough standard to justify a 100% attribution factor: Call
participants said that using a 100% attribution factor implies that there was no chance that
another individual or organization would have submitted or advocated for similar proposals
without the PAs’ efforts. While the document review and IDI findings indicated that it was
unlikely that another individual or organization would have submitted or advocated for
similar proposals, call participants felt the evidence did not indicate that the submittal of
similar proposals was impossible without the PAs. For example, two of the non-PA
respondents indicated that it was possible that another organization besides the IALD
might have submitted similar proposals in the absence of the PAs’ efforts, although they
did not name any other organizations specifically. One said, “I did not know of any other
organization that was planning to propose similar amendments, but maybe they saw that
Mass Save had it covered so they did not have to.” Such equivocal responses from IDI
respondents did not meet the high evidentiary standards required to justify a 100%
attribution factor.

•

False precision resulting from the small sample size of IDI participants: While the
sample of IDI participants seems to represent all the key participants in the 2018 IECC
adoption process, it is a small sample. For the sake of discussion, the Team calculated an
average attribution factor based on the values shown in Figure 5, where a value of 1
corresponds with a 100% attribution factor and a value of 5 represents a 0% attribution
factor. This resulted in an overall attribution of 88% across the five amendments – a value
that aligned with the group’s consensus that the attribution factor should be high but not
100%. Still, the group felt using the 88% value implied a quantitative certainty that did not
exist given the small sample size (n=5).21
Additionally, the 88% value did not account for two respondents whose estimates seemed
to be based on inaccurate assumptions surrounding the IALD. The two respondents gave
ratings above 1, saying that the IALD may have submitted similar proposals but, when
interviewed, the IALD said they would not have submitted similar proposals. Using a value
of 90% theoretically “adjusts” for the two respondents’ inaccurate assumption by giving
more credit to the PAs than a purely quantitative 88% attribution would.
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The group also discussed the following three issues:
•

“Necessary” vs. “Sufficient”: The group discussed that the PAs were “necessary” in the
promulgation of the five amendments but not “sufficient,” since the amendments would not
have been promulgated without the support of EAC and the voting of the BBRS. The group
considered determining attribution factors based on the extent to which the PAs were
“necessary” or the extent to which the PAs were “sufficient.” Following what the group felt
was an industry standard, the group elected to determine attribution based on the extent
to which the PAs were “necessary” while requiring a high evidentiary standard to achieve
100%.

•

Precedent: The group discussed precedent that might be set by attributing a 100%
attribution factor. The group asked, “if we assign a 100% attribution factor in this case, are
there future scenarios in which the PAs’ efforts would result in partial attribution factors,
or would attribution become a binary choice between 0% and 100%?” A number of
scenarios were discussed in which the PAs’ efforts could result in partial attribution factors,
including instances where the PAs advocate for a proposal developed by another
organization or instances where another organization provides substantial and crucial
advocacy for a proposal developed by the PAs. Additionally, the group noted that the
unique attribution scheme developed in this study may become obsolete in the near future
given current considerations to address the attribution for new construction initiatives at
the portfolio level. The upcoming 2020 Low-Rise RNC Net-to-Gross study will consider
how to factor promulgation efforts into portfolio-level attribution.

•

Future Attribution Assessments: The group briefly discussed how future attribution
assessments will likely need to be structured differently to account for the complexity
associated with most future promulgation efforts. The late intervention of the PAs in this
code cycle simplified the attribution process, although it also highlighted how even ‘simple’
questions can be quite complex. Moving forward, the PAs, EEAC, and evaluation
consultants should consider developing guidelines for future attribution assessments in
this research area. California has historically used a more formalized process including
independent expert judgement to determine attribution. This is an approach that can be
reviewed as a starting point for developing recommendations regarding future attribution
methods in this area.

The Team recommends an attribution factor of 90% for the PAs’ efforts to promulgate the five
amendments to the 2018 IECC in Massachusetts. The 90% value was the consensus value from
the conversations between the EEAC, the PAs evaluation staff, and the Team, which considered
all the documentation and interviews reviewed during this study. The value reflects that the PAs’
efforts were necessary for the promulgation of the five amendments, but that there was a small
amount of uncertainty regarding whether similar amendments would have been submitted without
the PAs’ involvement.
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Appendix A Detailed GTP Methods
This appendix presents the detailed methods and calculations that the Team used to develop a
forecast of GTP savings for each of the five code amendments supported by the PAs. Note that
the GTP forecasts are provided to show potential methodologies that could be used to estimate
GTP later but are not intended to serve as an estimation of actual gross savings that the PAs will
claim in the time period included in this study.

A.1

C1: MORE STRINGENT INTERIOR LPD REQUIREMENTS

The C1 amendment reduces the maximum allowable interior LPD (Section C405.3.2).22 Table 4
compares the 2018 IECC LPD allowances to the C1 LPD allowances.

22

To estimate a maximum GTP value, this report assumes that all commercial projects would be subject to the C1
amendment regardless of compliance path. Due to additional amendments proposed by the DOER, the C1
amendment does apply to all compliance paths.
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Table 4: Building Type Matching for LPD
Building Area Type
Automotive Facility
Convention Center
Courthouse
Dining: bar lounge/lesiure
Dining: cafeteria/fast food
Dining: family
Dormitory
Exercise center
Fire station
Gymnasium
Health care clinic
Hospital
Hotel/Motel
Laboratory in a Classroom
Laboratory Otherwise
Library
Manufacturing facility
Motion picture theater
Multifamily
Museum
Office
Parking garage
Penitentiary
Performing arts theater
Police station
Post office
Religious
Retail
School/university
Sports arena
Town hall
Transportation
Warehouse
Workshop

2018 IECC LPD
0.71
0.76
0.90
0.90
0.79
0.78
0.61
0.65
0.53
0.68
0.82
1.05
0.75
1.20
1.45
0.78
0.90
0.83
0.68
1.06
0.79
0.15
0.75
1.18
0.80
0.67
0.94
1.06
0.81
0.87
0.80
0.61
0.48
0.90

C1 LPD
0.75
0.64
0.79
0.80
0.76
0.71
0.53
0.72
0.56
0.76
0.81
0.96
0.56
1.11
1.33
0.83
0.82
0.44
0.45
0.55
0.64
0.18
0.69
0.84
0.66
0.65
0.67
0.84
0.72
0.76
0.69
0.50
0.45
0.91
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A.1.1 Basic GTP Estimation Method
The basic formula used to estimate savings is shown in Equation 1.

Equation 1: C1 Basic GTP Estimation
𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = ∆𝐿𝑃𝐷 × 𝐻𝑂𝑈 × 𝐴𝑟𝑒𝑎 ÷ 1000

𝑊
𝑘𝑊

Where:
Savings

= Savings in kWh by building type

∆LPD

= The savings in Watt/ft2 by building type comparing amended LPD requirements
to the 2018 IECC

HOU

= Lighting hours of use for building type

Area

= Area of building type in ft2

The Team calculated savings by building type and then summed them to estimate GTP. There
are several adjustments and assumptions that come into play for these factors, as described in
the following sections.
The analysis included the following steps, described at a high-level. Each step included additional
considerations and nuances, described in more detail below.
1. Calculate the ∆LPD by subtracting the C1 LPD allowance from the 2018 IECC LPD
allowance for each area.
2. Match forecasted construction starts per year by building area type from
CMD/ConstructConnect Insight (CMD) data to the C1 amendment’s area types.23
3. Match HOU data from the Massachusetts TRM by area to the CMD data.24
4. Calculate completed building area for each year (since savings are only generated once
projects are completed) assuming projects take one to three years to complete and that
only projects started after January 1, 2021 and before August 1, 2023, are subject to the
code. Additionally, we assume that the amendment applies to all compliance paths.
5. Calculate savings by building area type per year by multiplying the completed square
footage each year by the ∆LPD and HOU.
6. Sum savings across building area types for each year and reduce by a percentage that
represents ISP that would have complied with the C1 amendment even if the C1
amendment had not been adopted, as well as partial compliance that would have reflected
an LPD between the 2018 IECC and the C1 amendment levels.

23
24

https://www.cmdgroup.com/market-intelligence/construction-forecast/
https://www.masssavedata.com/Public/TechnicalReferenceLibrary
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A.1.2 Calculating the ∆LPD
Project proponents may choose between two methods of compliance for the code lighting power
allowances: (1) the building area method, which provides LPD limits by general building use
category or (2) the space-by-space method, which has LPD limits based on the use of particular
areas within a building. For estimating potential savings for C1, the Team used the LPD values
for the building area method.25 To calculate savings for a single building that exactly complies
with the code LPD values, the Team subtracted the amended LPD value from the corresponding
2018 IECC value (∆LPD) and multiplied by HOU and Area. Savings are relative to 2018 IECC
LPD values as these would have been the adopted values in the absence of this amendment.
In addtion to these standard LPD limits, project proponents must comply with three of the ten
packages listed in Section C406, “Additional Energy Package Options.” One option here,
“reduced lighting power” (C406.3), reduces allowable LPD to 90% of the normal values. This
changes the value of ∆LPD, though the effect is small. The final ∆LPD values incorporate both
the ∆LPD between the 2018 IECC and the C1 amendment and between 90% of the 2018 IECC
requirements and 90% of the C1 amendment requirements. The two ∆LPD values are weighted
by an assumed share of projects that would include the reduced LPD package.
Assuming all packages have an equal likelihood of being selected by builders, about 34% of
projects would include the reduced LPD package. However, since the reduced lighting power
package is likely cheaper to implement than other packages (e.g., on-site power generation), the
Team assumed 50% of projects would choose the reduced lighting power package. Therefore,
50% of the ∆LPD average is based on the difference between the 2018 IECC and the C1
amendments and 50% is based on the difference under the reduced LPD package. The Team
examined the sensitivity of savings to this assumption by also calculating savings holding all other
things constant but assuming 0% and 100% of projects included the reduced lighting package.
The sensitivity of savings to this entire range was only ±5% since the adjustment applies to both
the baseline and amended code.
Another issue relating to the C1 amendment is the potential that with more stringent LPD
requirements, fewer project proponents will choose the reduced lighting power package since the
90% LPD values may be more difficult to reach than under an unamended code. Other options in
Section C406 include more efficient HVAC equipment, enhanced lighting controls, on-site
renewable energy, dedicated outdoor air systems for HVAC equipment, high-efficiency service
water heating, enhanced envelope performance, and reduced air infiltration. Except for on-site
renewable energy, all of these have some effect on the energy used by a building. If the C1
amendment drives more projects to choose these other options, then those savings could be
attributed to the PAs’ support of the amendments. However, this study does not estimate these
savings due to the numerous factors involved and the dearth of data sources needed to determine
the factors with any accuracy. There is no available data on the share of projects that currently
include the reduced lighting power package.

A.1.3 Matching Forecasted Construction Starts
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Table C405.3.2(1)
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The Team leveraged data on the square footage of construction starts by building type from the
CMD Construction Forecast. The building types in the CMD data needed to be matched to the
building area types in the LPD table from the C1 amendment. Table 5 details how we matched
building types in the two data sources. When a building type from the CMD matched to multiple
building area types in the C1 amendment, the Team averaged the LPD requirements for all
matched building area types to apply to the CMD data.

Table 5: Building Type Matching for LPD
CMD Building Type
Amusement
College / University
Courthouses
Elementary / Preschool
Fire and Police Stations
Government Offices
Hospitals / Clinics
Hotels
Industrial Labs / Labs / School Labs
Jr / Sr High School
Libraries / Museums
Manufacturing
Medical Misc.
Military
Multifamily
Nursing Homes
Offices
Parking Garages
Prisons
Religious
Retail Misc.
Shopping
Special / Vocational
Sports Arenas / Convention Centers
Transportation Terminals
Warehouses

Code Building Area Type for LPD
Average of Dining: bar lounge/leisure, Motion picture
theater, Performing arts theater
School/university
Courthouse
School/university
Average of Fire station, Police station
Town Hall
Average of Hospital, Health care clinic
Hotel/Motel
Average of Lab in Classroom/Otherwise
School/university
Average Library/Museum
Manufacturing facility
Average of Hospital, Health care clinic
Average of Office and Dormitory
Multifamily
Dormitory
Office
Parking garage
Penitentiary
Religious
Average of Retail and all Dining Categories
Retail
Average of Automotive Facility and Manufacturing
Facility
Average of Sports Arena/Convention Center
Transportation
Warehouse
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A.1.4 Matching HOU Data
The Team leveraged lighting HOU values from the MA TRM by building type. As was the case
with the LPD values, the building types in the TRM are not an exact match to the CMD building
types. Table 6 shows how we matched these categories. When CMD building types matched to
mulitple HOU building types, the Team averaged the HOU values.

Table 6: Building Type Matching for HOU
CMD Building Type
Amusement
College / University
Courthouses
Elementary / Preschool
Fire and Police Stations
Government Offices
Hospitals / Clinics
Hotels
Industrial Labs / Labs / School Labs
Jr / Sr High School
Libraries / Museums
Manufacturing
Medical Misc.
Military
Multifamily
Nursing Homes
Offices
Parking Garages
Prisons
Religious
Retail Misc.
Shopping
Special / Vocational
Sports Arenas / Convention Centers
Transportation Terminals
Warehouses

HOU Building Type
Other
School/university
Other
K-12
Other
Office
Hospital
Hotel/Motel
Light Industrial
School/university
Other
Manufacturing facility
Hospital
Other
Multifamily
Dormitory
Office
Automobile
Dormitory
Religious
Average of Retail/Small Retail
Average of Retail/Small Retail/Multi-story retail
Other
Assembly
Other
Warehouse
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A.1.5 Calculating Completed Building Area
The CMD data provides projections of total area and total value by building type for construction
starts for new buildings, additions, and renovations through 2024; however, savings cannot be
generated until projects are completed. For our estimates, we included all construction types:
new, additions, and renovations.26 We then applied assumptions related to completion date and
applicable area of Multifamily buildings.
Completion Date
The Team made several assumptions related to completion date:
•

Assume no starts are affected while the code is voluntary (i.e., Feb 2020-Jan 2021).

•

Assume that projects take between one and three years to complete and an equal
distribution of building area is completed each year over that time span.

•

Assume that the next new code amendments (10th edition of 780 CMR) will take effect in
August 2023 since the state has historically followed a three-year code cycle.27 However,
note that the BBRS has discussed a timeline that would enact the 10th edition on January
1, 2022. This timeline has not yet been approved and may be delayed due to the COVID19 pandemic.28

This leads to the values in Table 7. These values were multiplied by the building area projections
by type for each start year to get square footage by building type affected by this code amendment
for 2021-2026. Though we assume a new code iteration will take effect in August 2023, we
assume buildings started before this date will take up to three years to complete, so savings due
to this amendment would be generated through 2026. Note that the percentages for 2020 and
2023 do not add to 100 since the code is only in effect for portions of each year.

Table 7: Assumed Construction Completion Year by Start Year
Completion Year
2021
2022
2023
2024
2025
2026

2021
33%
33%
33%

2022

33%
33%
33%

2023

19%
19%
19%

26

This represents a maximum possible GTP assumption because it could include square feet associated with minor
renovations that would not trigger code.
27 This end date represents a three-year code cycle from the original code effective date of August 7, 2020, before
the BBRS voted to extend the concurrency period due to the COVID-19 pandemic.
28 https://www.mass.gov/doc/bbrs-march-10-2020-meeting-minutes/download
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Multifamily Buildings
For all building types except multifamily, we base our savings estimates on the CMD square
footage projection for each building type. The multifamily projected area was adjusted in two
ways:
•

•

Share of multifamily area in buildings with four stories or more: The CMD projections
of square footage include all types of multifamily buildings, but the commercial code only
applies to buildings four stories or more. The Team examined multiple data sources to
obtain an estimate for the share of multifamily square footage that is in buildings with four
stories or more. Ultimately, the Team assumed that 70% of multifamily square footage
was in buildings with four stories or more based on Characteristics of New Housing Data
from the U.S. Census.29 The 70% value results from looking at the number of multifamily
units completed annually by the number of the floors in buildings. On average, 70% of
multifamily units completed annually in the northeast were in buildings with four stories or
more between 2015 and 2017. Using this value assumes that multifamily units have equal
square footage and that the distribution of building sizes is equal across the northeastern
states.
o

The Team also examined estimating the share of square footage in buildings with more
than four stories by using CoStar data.30 CoStar data is based on existing buildings
and is thus not limited to new construction. While CoStar does not include data for
Rhode Island, Vermont, or Maine, it does include data specific to Massachusetts.
Additionally, it has data through 2026 based on known plans. When only looking at
recent years, CoStar estimates that about 86% of multifamily square footage is in
buildings with four stories or more in Massachusetts.

o

The Team decided to use the 70% value from the U.S Census instead of the 86% from
CoStar because CoStar includes existing buildings and the 70% value is more
conservative.

Share of non-residential area in multifamily buildings: Within a multifamily building,
only the non-residential use areas, such as lobbies, hallways, and common rooms, are
subject to the commercial LPD allowances. Based on the Massachusetts Commercial
Energy Code Compliance and Baseline for IECC 2012 study, the Team assumes that 20%
of the area in four-plus story multifamily buildings is non-residential.31 This represents the
most conservative (smallest) estimate of non-residential area in multifamily buildings.

29

https://www.census.gov/construction/chars/
https://www.costar.com/
31 http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-BaselineFINAL.pdf
30
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A.1.6 Calculating Savings and Adjusting for Industry Standard Practice
The Team calculated savings for each year for each CMD building type using Equation 1. We
calculated statewide savings by summing the savings across all building types and adjusting for
ISP.
A 2018 study of compliance with the 2012 IECC estimated that ISP LPD values were 33% below
(i.e., better than) the standards of the 2012 IECC. 32 In comparison, the C1 amendment LPD
values are 35% lower than the 2012 IECC LPD values on average. Given the rapid uptake of
LEDs in the commercial market, it is likely that current ISP LPD values are below what was found
in that study. There have also been two code cycles of updates to the IECC that reduced the LPD
allowances. For the segment of the market that is already exceeding the amended LPD
requirements, there would be no savings to attribute to this amendment. The most appropriate
method would be to study ISP by building type and determine the share of buildings by type with
LPD values below the amended allowances. That share of the market would be attributed no
savings for this amendment. In the absence of data to make a more fine-grained adjustment, the
Team has applied a flat adjustment value of 50% to the total gross savings estimate to account
for ISP.
During IDIs, non-PA respondents estimated the share of projects in the next three years that
would have complied with C1 amendment even if the amendment had not been added to the
code. One respondent felt they could not estimate a percentage. Three respondents estimated
that between 70% and 75% would have complied. The fifth respondent, who represented the
IALD, estimated that 30% would have complied. While more respondents estimated that ISP
would be high (between 70% and 75%), the topic expert from IALD estimated ISP as only 30%.
Given this high level of uncertainty, the Team felt 50% was a reasonable estimate for ISP.
There is conflicting data based on the DNV study and our IDI results. As agreed with the
consensus group, we are recommending that gross savings be updated moving forward. In other
words, we are not recommending these values be used to claim savings – they were meant to
provide a reasonable estimate of impacts and inform our attribution discussions

A.1.7 Estimated Gross Technical Potential
After applying the assumptions and adjustments above to the CMD construction projections by
building type, the Team estimates GTP savings of 27,548,308 kWh over 2022-2026. Table 8
presents the estimated GTP savings for the C1 amendment in the first year for commercial
buildings completed that year.

Table 8: Gross Technical Potential, First-year Savings kWh - C1
2022
3,449,387

2023
7,026,450

2024
9,182,769

2025
5,733,382

2026
2,156,320

The Team assumes that compliance with the C1 amendment will be relatively high. As mentioned
above, a 2018 study found ISP to be 33% better than the 2012 IECC, while the C1 LPD values
32

Massachusetts Commercial Energy Code Compliance and Baseline for IECC 2012.
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are only 35% better than the 2012 IECC. That same 2018 study found compliance with interior
LPD allowances to be between 97% and 100%. While the new code represents an increase in
stringency since the 2018 study, the Team believes the rapid uptake of LEDs in the market is
likely to have kept pace with the increase in stringency. The Team assumes a compliance rate of
97%, representing the lowest value in range from the 2018 study, to adjust the savings for the C1
amendment as shown in Table 9. The cumulative savings are 26,721,859 kWh over 2022-2026.

Table 9: Gross Technical Potential, First-year Savings Therms - C1
2022
3,345,905

2023
6,815,657

2024
8,907,286

2025
5,561,381

2026
2,091,630

The Team also estimated a reduction in gas savings for the C1 amendment resulting from the
interactive effects between lighting and gas. As less lighting is used, less heat is provided by lights
which increases the amount of heat that must be provided from heating systems. While the most
recent Massachusetts TRM incorporates this interactive effect into coincidence factors which
requires many assumptions to entangle, the 2013-2015 Massachusetts TRM provides a
coefficient to calculate secondary energy impacts on heating from commercial lighting
performance savings. We used this factor of -0.0003649 MMBtu/ ∆kWh to calculate the reduction
in gas savings resulting from the C1 amendment (Table 10).

Table 10: C1 Gross Technical Potential, First-year Gas Savings Therms
2022
-12,588

A.2

2023
-25,644

2024
-33,517

2025
-20,925

2026
-7,869

C2: LOWER EXTERIOR LPD REQUIREMENTS

The C2 amendment requires projects that select the second optional requirement in C406.1 to
reduce exterior lighting power 10% from the maximum level allowed by the code (Section
C405.4.2).

A.2.1 Basic GTP Estimation Method
Since the C2 amendment requires a reduction in the LPD of exterior lighting, the formula for
calculating the savings of the code change is similar to that for the savings estimate for C1
presented in Section A.1.1. However, exterior lighting allowances are broken into requirements
that apply to the building façade and those that apply to building hardscape.33 The calculation for
each building type is as follows:

Equation 2: C2 Basic GTP Estimation
𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = [(∆𝐿𝑃𝐷𝐹𝑎𝑐𝑎𝑑𝑒 × 𝐴𝑟𝑒𝑎𝐹𝑎𝑐𝑎𝑑𝑒 ) + (∆𝐿𝑃𝐷𝐻𝑎𝑟𝑑𝑠𝑐𝑎𝑝𝑒 × 𝐴𝑟𝑒𝑎𝐻𝑎𝑟𝑑𝑠𝑐𝑎𝑝𝑒 )] × 𝐻𝑂𝑈 ÷ 1000

𝑊
𝑘𝑊

33

For purposes of this analysis, hardscape includes parking lots, hard surfaces areas, and external structures
associated with a building, but not part of the façade.
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Where:
Savings

= Savings in kWh by building type

∆LPDS

= The savings in Watt/ft2 by building type for surface, S, comparing amended LPD
requirements to 2018 IECC requirements

HOU

= Lighting hours of use for building type

AreaS

= Area of building surface, S, in ft2

Façade

= Building lighted façade

Hardscape

= Building lighted hardscape, including parking and non-parking areas

The analysis directly relied on the approach used in California to support the outdoor lighting code
revisions in the 2019 California Building Energy Efficiency Standards (referred to as Title 24). The
analysis included the following steps (described at a high-level). 34 Each step included additional
considerations and nuances, described in more detail below.
1. Estimate allowable LPD per external area by weighting the LPD requirements by area
by the share of each external area type that is in each “lighting zone.”
2. Estimate affected building area by leveraging the CASE initiative report.
3. Calculate total allowable wattage by linking allowable LPD by area to affected building
areas.
4. Calculate HOU by leveraging a 2012 Small Business Direct Install Program study and
accounting for code provisions.35
5. Apply adjustments for ISP, compliance, and advanced efficiency package options.
The Team calculated savings by building type and then summed them to estimate GTP.

A.2.2 Estimating Allowable LPD in the New State-level Building Energy Code
The C2 amendment requires the total connected exterior lighting power (using Section C405.4.1)
to be less than 90% of the allowed lighting power (using Section C405.4.2). Section C405.4.1
specifies the lighting types that can be exempted from the requirements. Section C405.4.2
establishes a base lighting power allowance for each building and, for each exterior surface type,
specifies a lighting allowance, typically in Watts per square foot of exterior surface area. The
allowances vary by the type of area in which the building is located, designated as one of four
lighting zone types.

34

Codes and Standards Enhancement (CASE) Initiative: 2019 California Building Energy Efficiency Standards:
Outdoor Lighting Power Allowances – Results Report, Measure Number: 2019-NR-LIGHT 1-F, Nonresidential
Lighting. TN 222353-5. 2017. Available at https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17BSTD-03
35 Cadmus. 2012. Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study.
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The Lighting Zones definitions, found in Table C405.4.2(1) in the 2018 IECC, are as follows:
•

Zone 1: Developed areas of national parks state parks, forest land, and rural areas

•

Zone 2: Areas predominantly consisting of residential zoning, neighborhood business
districts, light industrial with limited nighttime use and residential mixed-use areas

•

Zone 3: All other areas not classified as lighting zone 1,2, or 4

•

Zone 4: High-activity commercial districts in major metropolitan areas as designated by
the local land use planning authority

Following the approach in the CASE report, the Team separated exterior surfaces into three main
categories: parking hardscape, non-parking hardscape, and facades. To estimate the allowable
exterior lighting power, the Team simplified the analysis by not including estimates for a few
specific areas, such as sales canopies and drive-up windows, that are relatively uncommon or
specific to certain building types. The analysis also excludes the code’s base site allowances
because they are relatively small compared to the other lighting for most buildings and they do
not vary with building area.
Table 11 presents the LPDs allowed in the new state-level building energy code for different types
of building exterior areas.

Table 11: Allowable LPD, Watt/Sq.Ft. of Exterior Surface
External Area
Façade
Entry Canopy
Walkway
Parking Lot

1
0
0.02
0.1
0.03

Lighting Zone
2
3
0.075
0.113
0.25
0.4
0.1
0.11
0.04
0.06

4
0.15
0.4
0.14
0.08

To derive an estimate of the allowed lighting power, the Team used the values in Table 11 and
an estimate of the distribution of buildings by lighting zone. The CASE report estimated 10% of
buildings were in lighting zone 2 and 90% were in zone 3. For façades, the Team used a relatively
straightforward calculation: multiplying the allowable LPD by the proportion of buildings in each
lighting zone. The Team estimated a weighted average allowable value of 0.1092 W per square
foot of façade area.
The calculation was similar for the hardscape areas. The Team averaged the entry canopy and
walkway allowable LPD values for each lighting zone and multiplied by the proportion of buildings
estimated to be in each lighting zone to produce a weighted average allowable value of 0.247 W
per square foot of total non-parking lot hardscape area. For the parking lot areas, the weighted
average allowable value was 0.058 W per square foot of parking area.
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A.2.3 Estimating Affected Areas
The exterior areas that are affected by the code requirements vary with each building. The CASE
report analysis provided data to develop estimates of these areas. The CASE report used a
combination of building characteristics data and prototype building designs to estimate the
exterior areas associated with different building types depending on their total floor area.
For building façades, the CASE report provided the estimated factors shown in Table 12. The
final factor is the product of the factors above it; we applied that factor to the estimated new
commercial building areas to estimate the area of façade lighting.

Table 12: Factors Used to Estimate Façade Areas
Factor
Ratio of Façade to Building Floor Area
Proportion of Façade Illuminated
Proportion of Buildings Illuminated
Average Ratio of Illuminated Façade to Building Area

Value
0.4
0.375
0.08
0.012

The same report provided estimates of the total hardscape area associated with each parking
space, the number of parking spaces required, and the non-vehicular area for each building type,
as shown in Table 13. The Team estimated the parking spaces required relative to the floor area
of the building type, so the total hardscape area and non-vehicular area can be calculated relative
to the building floor area.

Table 13: Factors Used to Estimate Hardscape Areas

Office
College
Hotel
Retail
School
Other
Warehouse

Total Hardscape
Area/Space, ft2
250
250
250
250
250
250
600

Spaces Required/1000
ft2 Floor Area
4
4
2.8
2.8
2.8
2.8
0.5

Non-Vehicular
Area/Space, ft2
40
40
40
40
40
40
40

To analyze the energy savings of this code change, the Team used the same building areas
developed for the C1 code change analysis, with one exception: the Team used the total floor
area of multifamily buildings, not just the area of common spaces, because C2 applies to exterior
lighting.36

36

We also excluded the floor area of parking structures because they are unlikely to have the same type of exterior
areas as typical commercial buildings.
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A.2.4 Calculating Total Allowable Wattage
The Team based the total allowable wattage calculations for buildings of each type on the building
floor areas and the factors presented in Table 11 and Section A.2.3, linking exterior areas to
building floor area and allowable LPD for each type of exterior area.
The calculation for façades was a straightforward multiplication of the ratio of illuminated façade
to building area times the weighted average allowable watts per square foot of façade area. The
calculated façade LPD was 0.0013 W/square foot of building area. We multiplied this value times
the total commercial building area to estimate the total façade lighting power allowed for new
commercial buildings.
For the hardscape areas, the Team relied on data in the CASE report to estimate the total
allowable wattage. For different building types, the report provided an estimate of the required
parking spaces per 1,000 square feet of building area, the total hardscape area per parking space,
and the non-vehicular area per parking space. Using these values and the weighted average
watts allowed per area of the different exterior hardscape spaces, we were able to estimate the
allowed wattage per square foot of each building type for the associated parking and nonvehicular space, and then total that for each building type.
Table 14 presents the non-vehicular hardscape and vehicular hardscape areas and the allowed
wattage for buildings completed each year from 2022 to 2026. It also shows the average allowed
wattage each year, which is nearly constant.

Table 14: Hardscape Exterior Lighting Power Variables for Commercial Buildings
Completed Each Year
Completion Year
Non-vehicular Hardscape Area (ft2)
Vehicular Hardscape Area (ft2)
Allowed Hardscape Watts
Average Allowed Hardscape
Watts/ ft2.

2022
1,196,846
6,354,107
664,159

2023
2,445,842
12,985,988
1,357,310

2024
3,203,831
17,010,968
1,777,982

2025
1,995,017
10,593,321
1,107,182

2026
745,619
3,959,297
413,807

0.088

0.088

0.088

0.088

0.088

A.2.5 Calculating HOU
The allowed kWh usage each year for exterior lighting depends on the operating hours of the
lighting. The average HOU for exterior lighting is 4,237 hours.37 However, Section C405.2.6 of the
code requires exterior lighting power to decrease by at least 30% between midnight and 6 a.m.,
or 2,190 hours per year. Therefore, the lighting can operate at full power for 2,047 hours. The
equivalent full power operating hours are 2,047+0.7*2,190, or 3,580 hours.
Multiplying the equivalent full power operating hours times the values in Table 14 produces the
allowable electricity consumption values shown in Table 15.

37

Cadmus. 2012. Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study.
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Table 15: Hardscape Exterior Lighting Allowable Energy Use for Commercial
Buildings Completed Each Year
Lighting Power Variable
Allowed Hardscape kWh/Year
Average Allowed Hardscape
kWh/ ft2

2022
2,377,689

2023
4,859,171

2024
6,365,177

2025
3,963,711

2026
1,481,429

0.315

0.315

0.315

0.315

0.315
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A.2.6 Applying Adjustments
A DNV GL 2018 study of compliance with the 2012 IECC provided an estimate of ISP LPD values
for exterior lighting.38 Based on that study, exterior lighting in new buildings was about 24% more
efficient, on average, than required by the 2012 IECC. The Team estimated the average increase
in exterior lighting efficiency between the 2012 and 2018 codes and found the weighted increase
in required efficiency was 34%. Because this change is significantly larger than the difference
between the estimated ISP and the 2012 code requirements, we did not make an ISP adjustment
to our savings estimate.
The exterior lighting LPD reduction is one of ten options, from which the building designer has to
choose three. Given that the LPD reduction is likely to be less expensive than many of the other
options, we assumed that 50% of projects picked this option. This matches the assumption used
in the C1 GTP estimation.

A.2.7 Estimated Gross Technical Potential
The Team estimates GTP savings of 952,359 kWh over 2022-2026. Table 16 presents the
estimated GTP savings for the C2 amendment in the first year for commercial buildings completed
that year.

Table 16: C2 Gross Technical Potential, First-year Savings kWh
2022
118,884

2023
242,959

2024
318,259

2025
198,186

2026
74,071

To consider impacts of partial compliance with the C2 amendment, the Team assumed a
compliance rate of 90% This value is consistent with the findings of the DNV GL study cited earlier.
That study estimated an overall compliance rate with the 2012 IECC of 94% using DNV GL’s
method and 88% using a method developed by DOE and Pacific Northwest National Laboratory.
This results in 857,123 kWh over 2022-2026

Table 17: C2 Gross Technical Potential, First-year Savings kWh (Partial
Compliance)
2022
106,996

2023
218,663

2024
286,433

2025
178,367

2026
66,664

38

http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-BaselineFINAL.pdf
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A.3

C3: EXPANSION OF DAYLIGHT-RESPONSIVE CONTROLS REQUIREMENT

The C3 amendment revised Section C405.2.3 to require daylight-responsive controls in side-lit
and top-lit zones if the zone has more than 100 watts of lighting. The 2018 IECC requires such
controls in spaces with more than 150 watts, so this change expands the amount of floor area
that must include daylight controls. This requirement applies to all compliance approaches other
than those using ASHRAE-90.1. Based on two code training surveys, we estimate that it applies
to 88% of commercial projects.39

A.3.1 Basic GTP Estimation Method
The basic approach for calculating the GTP savings from this code change is shown in Equation
3.

Equation 3: C3 Basic GTP Estimation
𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = ∆𝐴𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎 × 𝐿𝑃𝐷 × 𝑆ℎ𝑎𝑟𝑒 × 𝐻𝑂𝑈 ÷ 1000 𝑊/𝑘𝑊
Where:
Savings

= Savings in kWh by building type

∆Affected floor area

= Increase in floor area required to have daylight controls, ft2

LPD

= Lighting power density in affected area, Watt/ ft2

Share

=Share of building area complying with code using IECC path

Because the code change reduces the total wattage that triggers the requirement, for a given LPD
level, the requirement effectively applies to smaller spaces – increasing the total floor area that is
affected. We focused our analysis on office spaces because those are the ones most likely to
have daylighting.
The analysis included the following steps (described at a high-level). Each step included
additional considerations and nuances, described in more detail below.
1. Estimate floor area potentially affected based on a prototypical large office building
design.
2. Estimate floor area actually affected by leveraging a DNV GL 2018 study and a PNNL
study on energy savings.40
3. Estimate energy use in each area in Watts by multiplying the affected areas by ISP.
4. Calculate average savings for each area type by multiplying estimated wattage by HOU
and percent savings from the Massachusetts TRM and dividing by the building total floor
area.

39

In one survey, 93% of 23 respondents indicated that compliance occurred using an IECC-based approach, and in a
second survey, 84% of 33 respondents indicated the same – resulting in a weighted average of 88%. These results
are reported in Massachusetts Codes and Standards Compliance and Support Initiative Residential and Commercial
Immediate and Follow-up Surveys—All 2019 Reports, NMR Group and Cadmus, March 10, 2020.
40 PNNL. ANSI/ASHRAE/IES Standard 90.1-2013 Determination of Energy Savings: Quantitative Analysis. PNNL23479. August 2014
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A.3.2 Estimating Floor Area Potentially Affected
The Team estimated the affected floor area by starting with a prototypical large office building
design developed by PNNL.41 The characteristics of this prototype are presented in Table 18.

Table 18: Characteristics of Office Prototype
Building Characteristic
Total Floor Area, ft2
Perimeter Zone Percentage
Perimeter with Daylight Access
Enclosed Office Percentage
Open Plan Office Percentage

Value
498,640
29%
80%
60%
40%

The area in the prototype building that could potentially be affected by the code change can be
calculated as the product of total building floor area, perimeter zone percentage, and percent of
perimeter with daylight access. The resulting area can be broken into the enclosed offices and
open plan offices.

A.3.3 Estimating Floor Area Actually Affected
Since the trigger for the daylight controls requirement is based on a power level for the office, the
Team had to make a connection between an LPD value, floor area, and the wattage trigger. The
Team adjusted the LPD value required by code based on the DNV GL 2018 study that produced
an estimate of ISP in new buildings.That study estimated that actual interior LPDs were 33% lower
than required by the 2012 IECC. The Team used that adjustment to estimate the ISP LPD in
buildings constructed under the 2018 code. We also estimated the office size that would trigger
the daylight controls requirement under the 2018 IECC (150 W) and the code change (100 W)
given the ISP LPD, as shown in Table 19.

Table 19: LPD Values and Floor Area Code Triggers
Space Type
Enclosed Office
Open Plan Office

2018 IECC, W/ft2
0.93
0.81

ISP, W/ft2
0.737
0.670

100 W Trigger, ft2
136
149

150 W Trigger, ft2
204
224

A PNNL report estimates that at least 75% of enclosed offices are larger than 170 square feet.42
Based on that, the Team assumed the median size of enclosed offices is 204 square feet and
10% are smaller than 136 square feet. This leaves 40% that would be affected by the code
change. The PNNL study does not provide similar data for open plan offices. The Team
conservatively assumed that open plan offices are typically smaller than enclosed offices, 30%
are larger than 224 square feet, and 20% are smaller than 149 square feet. This means 50% of
the total area of open plan offices would be affected by the code change.

41

PNNL. City Reach Code Technical Support Document. October 2017.
PNNL. ANSI/ASHRAE/IES Standard 90.1-2013 Determination of Energy Savings: Quantitative Analysis. PNNL23479. August 2014
42

40

MA19X07-B-CDPROMATT: FINAL REPORT

The floor area actually affected for each specific office space is calculated with Equation 4:

Equation 4: C3 Affected Floor Area Estimation
∆𝐴𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑜𝑓𝑓𝑖𝑐𝑒 𝑠𝑝𝑎𝑐𝑒
= 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎 × 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑧𝑜𝑛𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
× 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑤𝑖𝑡ℎ 𝑑𝑎𝑦𝑙𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 × 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑜𝑓𝑓𝑖𝑐𝑒 𝑠𝑝𝑎𝑐𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
× 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑜𝑓𝑓𝑖𝑐𝑒 𝑠𝑝𝑎𝑐𝑒 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑
Using the total floor area of the office prototype, the values in Table 18, and percentages of each
office space type affected, the Team calculated the following total floor areas of each type actually
affected by the code change:
•

Enclosed office: 27,764 ft2, 5.6% of building total floor area

•

Open plan office: 23,137 ft2, 4.6% of building total floor area

A.3.4 Estimating Energy Use
Using the values presented in Section A.3.3, the Team calculated the lighting energy usage in
the affected spaces and how much daylight controls would save. The amount of lighting energy
usage in the spaces can be calculated by multiplying affected floor area of each office type by the
ISP for that space type in the prototype building. These calculations resulted in the following
energy usages.
•

20,462 W in enclosed offices

•

15,502 W in open plan offices

A.3.5 Calculating Average Savings
The values from Section A.3.4 provide inputs to calculate the average kWh/square foot savings
for the prototype office building using Equation 5.

Equation 5: C3 Average Savings Calculation
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
= 𝐿𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 𝑤𝑎𝑡𝑡𝑎𝑔𝑒 𝑖𝑛 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑠𝑝𝑎𝑐𝑒𝑠 × 𝐻𝑂𝑈 × % 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 ÷ 1,000

𝑊
𝑘𝑊

÷ 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑜𝑟 𝑎𝑟𝑒𝑎
The HOU are 3,610 per year, and the savings percentage is 28%.43 Based on these values, the
average savings are 0.0729 kWh/ ft2. To apply this value to the population, the Team multiplied
the average savings by the estimated percentage of floor area complying with the code using an
IECC-based approach, which was88%. This gives an adjusted average savings of 0.0642 kWh/
ft2.

43

Massachusetts TRM at https://etrm.anbetrack.com/#/workarea/trm/MADPU/COM-L-LC/2019-2021 Plan
TRM/version/1?measureName=Lighting%20-%20Controls\
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A.3.6 Estimated Gross Technical Potential
The Team estimates GTP savings of 602,143 kWh over 2022-2026. Table 20 presents the
estimated GTP savings for this code change in the first year for commercial buildings completed
that year.

Table 20: Gross Technical Potential, First-Year Savings kWh
2022
75,937

2023
154,649

2024
201,227

2025
124,532

2026
45,799

The DNV GL study referenced earlier, estimated compliance with daylighting requirements as
81% using two different methods. The Team assumed the same level of compliance to adjust
GTP savings as shown in Table 21. The compliance adjustment results in savings of 487,737
over 2022-2026.

Table 21: Gross Technical Potential, First-Year Savings kWh (Partial Compliance)
2022
61,509

2023
125,266

2024
162,994

2025
100,871

2026
37,097
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A.4

RESIDENTIAL POPULATION ESTIMATES

This section outlines the methods used to estimate the number of homes subject to R1 and R2,
including adjustments to narrow the pool to homes pursuing prescriptive path compliance; both
amendments only apply to prescriptive path homes in base code communities.

A.4.1 New Construction Estimates
As demonstrated below, there are no clear mechanisms for estimating future new home
construction; therefore, the GTP savings forecasts for residential measures assume the status
quo of no growth and employ the same two-year average used in the RNC baseline study, but
extended to include two, three, and four-unit buildings. This results in a two-year average of 8,150
homes per year.
Figure 6 shows that economic growth in Massachusetts was largely unaffected by the 2008
recession, despite the strong presence in finance, insurance, and real estate (FIRE) within the
Commonwealth. However, comparing this plot to Figure 7, which plots the number of units for
new housing permits, reveals a poor correlation between these two metrics.

Figure 6: Economic Growth Since 200944

44

U.S. Bureau of Economic Analysis, Total Gross Domestic Product for Massachusetts [MANGSP] and United States
[GDP], FRED, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/graph/?g=qdUr, (Accessed February 25,
2020).
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Specifically, the approximately 60% decline in new home construction within Massachusetts
preceded the recession by several years (2004 versus 2008). Housing starts for buildings with
fewer than five units have only shown modest average annual growth (2.9%) in the past decade,
although permit numbers have remained relatively constant since 2013.

Figure 7: Massachusetts New Construction Units 2000–201845
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Population projections from the UMass Donahue Institute in Figure 8 shows continued growth in
the Commonwealth of approximately 30,000 people per year. This growth is at odds with the
current level of new construction in Figure 7, which clearly conveys the generally recognized pentup demand for housing in Massachusetts; as well as a shift from single unit construction to 5+
unit construction post Great Recession. Nevertheless, it is not clear what future construction
levels should be expected other than broad characterizations, such as, “at least as many homes
per year as today.”

45

U.S. Census Bureau, Building Permits Survey 2000–2018 complied by University of Massachusetts Donahue
Institute Population Estimates Program, http://www.donahue.umassp.edu/business-groups/economic-public-policyresearch/massachusetts-state-data-center/data, (Accessed February 7, 200).
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Figure 8: Massachusetts Population Projection (UMass Donahue Institute)46
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Since the Census permit data breakdown is by number of units per building rather than number
of floors in a building, it is not clear what fraction of the 5+ unit buildings might be three stories or
less and subject to the residential building code.47 The residential baseline also did not include
larger buildings, and application of its findings may not readily extend to larger buildings that may
feature smaller units (R1 & R2), fewer ambient shell surfaces (R1 & R2), or centralized mechanical
systems (R1).48 Therefore, we limit our analysis to 1-4 units. Using the same two-year average
algorithm as the residential baseline study, the Team estimates that 8,150 new units will be
constructed annually.

A.4.2 Existing Homes Estimates
In the 2020 Renovations and Additions Massachusetts Market Characterization and Potential
Study (RLPNC 18–12),49 NMR estimated that 10% of existing single-family homes (122,000) per
year performed renovations and/or additions with a permit.

46

UMass Donahue Institute, Vintage 2015 Population Projections, http://pep.donahue-institute.org/ (March 2015).
To wit, “In a new building combining residential and non-residential floor areas, every effort is made to include the
residential units in these statistics, even if the primary function of the entire building is for non-residential purposes.”
U.S. Census Bureau. Definitions – Building Permits Survey. (Accessed May 26, 2020).
https://census.gov/construction/bps/definitions
48 Two- to three-unit buildings, such as duplexes and triple-deckers, are likely to be constructed in a similar manner to
one-unit buildings, but if they differ slightly, they represent a small fraction of construction (Figure 7).
49 http://ma-eeac.org/wordpress/wpcontent/uploads/MARLPNC_1812_RenoAddMarketPotential_Report_Final_2020.03.30_Clean_v2.pdf
47
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A.4.3 Amendment Scope
R2 amends the code to include the underlined text in the table below, which is within section
R402.4 Air Leakage (Mandatory), meaning it applies to all homes regardless of compliance path.50

Table 22: TABLE R402.4.1.1 AIR BARRIER AND INSULATION INSTALLATION
Component

Air Barrier Criteria

Insulation Installation Criteria

General
requirements

A continuous air barrier shall be
installed in the building envelope.
The exterior thermal envelope
contains a continuous air barrier.
Breaks or joints in the air barrier
shall be sealed.

All insulation shall be installed at Grade
I quality in accordance with
ICC/RESNET 301.
Air-permeable insulation shall not be
used as a sealing material.

In contrast, the mechanical efficiency requirements of Section 407 introduced by R1 are limited
to prescriptive path homes: 51
R401.2 Compliance. Projects shall comply with one of the following:
1. Prescriptive Path. Sections R401 through R404 and R407.
2. Performance Path. An energy rating index (“ERI”) approach, or approved alternative
energy performance rating method in section R406 and the provisions of R401 through
R404 indicated as “Mandatory.” …
Therefore, it is necessary to determine how many homes pursue prescriptive compliance to
accurately estimate potential savings for R1. Since the stretch code requires use of the ERI
compliance path, the prescriptive path is only an option for homes in base code communities.
Using an average of 2017 and 2018 permit data – as in the residential baseline – and the stretch
code adoption status as of January 1, 2020, Table 23 estimates that only 22% of homes in 1-4
unit buildings will be constructed in base code communities this year (2020). This value is
dominated by the influence of single-family construction (“1 Unit”), comprising 42% of units in
2018.

Table 23: Estimated Building Code Distribution of New Construction Units
Code
Base
Stretch

1 Unit
23%
77%

2 Units
11%
89%

3-4 Units
13%
87%

5+ Units
8%
92%

1-4 Units
22%
78%

All Units
15%
85%

50

Massachusetts General Laws. 780 CMR Ninth Edition Residential, Chapter 11: Energy Efficiency Amendments.
(Feb. 7, 2020). https://www.mass.gov/doc/780-cmr-ninth-edition-residential-chapter-11-energy-efficiencyamendments-as-of-272020/download
51
The prescriptive path encompasses the: R402.1.2 R-value table, R402.1.4 U-factor table, and R402.1.5. Total UA
Alternative (UA trade-off) methods.
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Table 24 shows the fraction of base code homes following the prescriptive path from the 20152016 Residential New Construction Baseline,52 the most recent source of compliance path data
available. Note that these figures may not reflect current practices since the ERI path – which was
introduced in the 2015 IECC – was not an option at the time. However, HERS ratings – which are
the basis of ERI – were accepted for performance path compliance under the 2009 IECC code in
the Commonwealth as early as 2011.53 The Team estimates 80% of base code homes use the
prescriptive path to allow for increased adoption of the ERI path.

Table 24: 2015-2016 Baseline Prescriptive Path Compliance

Prescriptive Path
HERS/ERI Avail.?

Late
2006 IECC
85%
–

Early
2009 IECC
93%
–

Late
2009 IECC
90%
Yes

All
2009 IECC
92%
Partial

Early
2012 IECC
76%
Yes

Overall
87%
Partial

A.4.4 Final Population Estimates
Following a similar method to that described in the analysis for the C1 code change, the Team
estimated the share of projects completed each year that are subject to the R1 and R2 code
changes. We assumed that homes and additions would be completed one year after their permit
date; therefore, homes and additions permitted in 2020 would generate savings in 2021.
Additionally, the Team prorated the count of permits for 2020 to account for the code not going
into effect until August of that year, and prorated permits for 2023 assuming that a new code
would go into effect in August of that year. This yields the full population numbers, which are used
for R2.
The Team did not assume any changes in the code compliance path for R1, although we did
make a small decrease in proportion of base code units to allow for continued adoption of the
stretch code.54 Multiplying the full (R2) population by the base code and prescriptive path fractions
yields the estimated completions in Table 25. The existing homes calculations includes an
assumption from RLPNC 18–12 that 7.1% of large renovation & addition projects replace primary
heating systems.

52

NMR Group (Oct. 2016), 2015-16 Massachusetts Single-Family Code Compliance/Baseline Study: Volume 4,
Figure 10 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-StudyVolume-4.pdf
53 Massachusetts State Board of Building Regulations and Standards (Feb. 2011), Massachusetts Residential Code
780 CMR 51.00 N1101.2, https://www.mass.gov/doc/8th-edition-780-cmr-massachusetts-building-code-780-cmr5100-massachusetts-residential-code/download
54 The adjustment is small given the timeframe, and the fact that stretch code already covers 85% of the population.
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Table 25: Estimated Prescriptive Path Base Code Completions per Year
Year
New Construction, 1-4 Units [R2]
Existing Homes, Single-family [R2]
Replace Primary Heating [R1 Exist]
Base Code [NC & Exist]
Prescriptive Path [NC & Exist]
R1 New Construction
R1 Existing Homes

A.5

2022
8,150
122,000
7%
21%
80%
1,369
1,455

2023
8,150
122,000
7%
20%
80%
1,304
1,386

2024
4,765
71,167
7%
20%
80%
762
808

R1: ADDITIONAL EFFICIENCY PACKAGE OPTIONS

The R1 amendment adds a new section to the residential building energy code that requires
homes to incorporate at least one high-efficiency package from a list of seven packages. Note
that this analysis is fuel agnostic for combustion appliances; therefore, both natural gas and
propane are included under the heading of gas here. As mentioned above, the R1 amendment
only applies to the homes that demonstrate compliance using the prescriptive path. The Team
assumed 80% of base code homes used the prescriptive path, as discussed in Section A.4.3.

A.5.1 Basic GTP Estimation Method
The basic approach for calculating the GTP savings from this code change is shown in Equation
6.

Equation 6: R1 Basic GTP Estimation
𝑆𝑎𝑣𝑖𝑛𝑔𝑠
=∑

(𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑠𝑒𝑔𝑚𝑒𝑛𝑡,𝑦𝑒𝑎𝑟 − 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑠𝑒𝑔𝑚𝑒𝑛𝑡,2019 ) × 𝐻𝑜𝑚𝑒𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑠𝑒𝑔𝑚𝑒𝑛𝑡 ×

𝑠𝑒𝑔𝑚𝑒𝑛𝑡

(𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠𝑒𝑔𝑚𝑒𝑛𝑡 × 𝐵𝑎𝑠𝑒𝐶𝑜𝑑𝑒𝑠𝑒𝑔𝑚𝑒𝑛𝑡 × 𝑃𝑟𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒𝑃𝑎𝑡ℎ𝑠𝑒𝑔𝑚𝑒𝑛𝑡 )

Where:
Compliancesegment,year = Projected compliance in a future year for each segment of the market
(i.e., new program homes, new non-program homes, and qualifying work
in existing homes)
Compliancesegment,2019 = Estimated compliance in 2019 for each segment of the market
Populationsegment

= Population for each segment

HomeSavingssegment

= Estimated average home savings for each segment

The analysis included the following steps for each segment (i.e., new program homes, new nonprogram homes, and qualifying work in existing homes):
1. Estimate baseline compliance with final amendment specifications using data from the
2019 Massachusetts RNC Compliance/Baseline study for each high-efficiency package.
2. Estimate the frequency of which homes include each package to comply with the
code change.
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3. Calculate average home level compliance across all packages by weighting the
package-level compliance by the frequencies estimated in Step 2.
4. Calculate potential savings for each high-efficiency package by comparing the
amendment’s required efficiencies to the average efficiency of non-compliant systems
from 2019 Massachusetts RNC Compliance/Baseline study.
5. Calculate average home level savings across all packages by weighting the packagelevel savings by the frequencies estimated in Step 2.
The Team then calculated statewide savings using population estimates based on permit counts
from the U.S. Census for the new construction segments and population counts based on HARDI
data for the existing homes segments. The sections below describe the methods in more detail,
starting with the method used for new construction non-program and program homes and then
describing how the method was applied to projects in existing homes that would trigger the code.

A.5.2 Estimating Baseline Compliance
To determine the potential for savings, the Team first examined the extent to which homes in
each segment were currently satisfying at least one of the advanced efficiency package options.
Table 26 shows compliance levels and equipment efficiencies from the 2019 RNC baseline. The
non-program data is based on energy audits from 100 homes conducted in 2019 by NMR, and
the program data is based on energy models from the RNC program over a comparable period.
Note that the 75% Total Solar Resource Fraction criteria – a measure of the situational real-world
performance of a system versus its theoretical output – appears to be a very high threshold for
solar DHW systems since no systems from the 2019 baseline met that requirement. By contrast,
the COP requirement for GSHP poses no difficulties.

Table 26: New Construction R1 Package Compliance
R1 Efficiency Requirement
1a. 95 AFUE Furnace
1b. 95 AFUE Boiler
1c. 3.5 COP GSHP
1d. 10 HSPF ASHP1
2. 1.2 W/CFM HRV/ERV
3ai. 0.87 EF Gas DHW
3aii. 2.2 EF Electric DHW
3b. 75% TSRF Solar DHW
Total

Non-Program
77.2%
94.2%
100.0%
44.9%
85.4%
55.9%
62.2%
0.0%
91.4%

Program
89.3%
91.2%
71.4%
25.0%
96.9%
81.7%
91.7%
N/A
96.4%

1

Only includes ASHPs that were the primary source of heat for the home since the R1 amendment only applies to
primary equipment.

The total compliance in Table 26 is a union of the individual options, and indicates whether any
system in the home complied with R1.

49

MA19X07-B-CDPROMATT: FINAL REPORT

A.5.3 Estimating the Frequency of which Homes Include Each Package
Table 27 shows estimates for how frequently homes will include each of the high-efficiency
packages to comply with the R1 code change. Homes only need to include one package. The
estimates are based on each package’s share of all compliant systems from the 2019 RNC
baseline study. In other words, the table shows the saturation of all equipment that meets an
efficiency requirement for each type or equipment. For example, 37% of all systems in nonprogram homes that met any high-efficiency package requirement were furnaces. Two exceptions
were made for GSHPs and Solar DHW systems. Since those systems are expensive and
uncommon, we assumed they would not be chosen. Such systems are only likely to be chosen
by homeowners and builders who are highly motivated and who likely would choose such systems
even without the code requirement. In applying these frequencies to future projections, we
assume that homeowners and builders in the future would pursue compliance to the R1 code
change at similar frequencies to the 2019 baseline study.

Table 27: New Construction R1 Package Selection
R1 Efficiency Requirement
1a. 95 AFUE Furnace
1b. 95 AFUE Boiler
1c. 3.5 COP GSHP
1d. 10 HSPF ASHP
2. 1.2 W/CFM HRV/ERV
3ai. 0.87 EF Gas DHW
3aii. 2.2 EF Electric DHW
3b. 75% TSRF Solar DHW
Total

Non-Program
37.1%
6.7%
0.0%
11.0%
7.9%
27.6%
9.7%
0.0%
100%

Program
40.0%
3.8%
0.0%
0.0%
12.8%
33.1%
10.3%
0.0%
100%

A.5.4 Calculating Potential Savings for Each High-efficiency Package
This section describes the methods used to estimate GTP savings for each efficiency package.
The Team assumed that there would be no GTP for the GSHP and Solar DHW packages since
we had previously assumed that those packages would not increase the adoption of those
technologies.
Additionally, the Team assumed there would be no GTP savings for the HRV/ERV package since
the 2018 IECC already includes a ventilation requirement with the same efficiency (a minimum of
1.2 CFM/Watt).55 While the 2018 IECC requires a certain efficiency for whole house ventilation, it
does not require the efficiency to be met by HRVs or ERVs specifically. Homes can comply with
the 2018 IECC using bath fans, range hoods, and in-line fans. The HRV/ERV package of the R1
code change could encourage the adoption of HRV/ERVs, but result in no additional savings.
For the remaining measures, the Team used the average efficiency of non-compliant equipment
within the baseline sample as the baseline reference in the savings calculations. Additionally, we
used average loads from the 2019 baseline study for program and non-program homes as
estimates for future loads. The gas water heater analysis included an electric penalty for the power

55

See Section R.403.6.1 in the 2018 IECC.
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vent motor, which is copied from the 2019-2021 Massachusetts TRM.56 The heat pump water
heater savings calculations use the New York TRM algorithm for a home in Buffalo since the
Massachusetts TRM does not include savings equations for HPWHs. The algorithm from the New
York TRM includes heating and cooling interactions, as well as derating for equipment in
unconditioned space.57 Note that the penalty for the power vent motor led to negative electric
savings for the gas DHW package, and the interactions in the New York TRM equations for HPWH
led to negative gas savings for the electric DHW package.

Table 28: Package Level GTP for New Construction

1a. 95 AFUE Furnace
1b. 95 AFUE Boiler
1c. 3.5 COP GSHP
1d. 10 HSPF ASHP
2. 1.2 W/CFM HRV/ERV
3ai. 0.87 EF Gas DHW
3aii. 2.2 EF Electric DHW
3b. 75% TSRF Solar DHW

Non-Program
Gas (Therms)
Electricity
(kWh)
82.7
–
6.7
–
–
0
–
10
–
0
26.0
-43
-14.4
1,586
0.0
0

Program
Gas (Therms)
Electricity
(kWh)
27.1
–
70.6
–
–
536
–
6
–
0
19.7
-43
-16.8
1,289
–
–

A.5.5 Calculating Average Home Level Savings
The Team then calculated average home level savings for each high-efficiency package based
on the findings in Table 28, and weighted these using the compliance option share assumptions
from Table 27 to generate Table 29.

Table 29: Average Home Level Savings
Fuel
Gas (Therms)
Electricity (kWh)

Non-Program
36.5
142

Program
18.3
119

A.5.6 Existing Homes Analysis
The Team’s understanding of 780 CMR Chapter 5 and Appendix J are that only new mechanical
equipment installed in additions, or equipment replaced as part of renovation would need to
comply with the R1 proposal. Therefore, only a portion of the full renovation and additions
population will need to comply, and the most relevant equipment options for compliance are also
narrower. Table 30 shows estimated compliance for each relevant package, as well as the
estimated frequency that each package would be selected during a renovation. The Team made
Massachusetts Program Administrators, “2019–2021 Gas HVAC and Water Heating Calculations Workbook”,
(Accessed February 5, 2020), https://etrm.anbetrack.com/#/workarea/trm/MADPU/RES-HVAC-FG/20192021%20Plan%20TRM/version/1?measureName=HVAC%20-%20Furnace,%20Gas
57 New York State Joint Utilities, “New York Standard Approach for Estimating Energy Savings from Energy Efficiency
Programs – Residential, Multi-Family, and Commercial/Industrial Measures Version 7” (Accessed February 6, 2020),
http://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bd
d/$FILE/TRM%20Version%207%20-%20April%202019.pdf
56
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the estimates using HARDI data58 by removing program home units and scaled-up baseline units
from the average number of units sold per AFUE or HSPF bin in 2017-2019.59 Note that the ASHP
package is excluded from the selection frequencies for two reasons: (1) the R1 code change only
applies to primary systems and, since ASHP technologies installed during additions are likely to
only serve the addition, they are not primary systems, and (2) there is no data on projects
switching from combustion systems to ASHPs during renovation or addition projects.

Table 30: Estimated Existing Home Addition Analysis

1a. 95 AFUE Furnace
1b. 95 AFUE Boiler
1d. 10 HSPF ASHP

Package
Compliance
43.2%
43.0%
54.5%a

Selection
Frequency
50.1%
49.9%
–

Mean NonCompliant Eff.
87.3
85.3
8.7a

a. Estimated using the regressions developed TXC65 HARDI data memo (November 15, 2019)

Table 31 uses the average heating load for large renovation and addition projects (124.5
MMBTU/yr) from RLPNC 18–12 since the study assumes the original heating system is replaced
at the time of the addition and expanded to serve the new space for the 71% of projects classified
as large. The Team weighted the per-measure savings results by the selection frequency values
from Table 30 to estimate the average savings per home (132.1 therms).

Table 31: Estimate Average Existing Home Addition R1 Savings – Final Efficiency
1a. 95 AFUE Furnace
1b. 95 AFUE Boiler
1d. 10 HSPF ASHP
Weighted Average

Gas (Therms)
115.8
148.4
0.0
132.1

Electricity (kWh)
–
–
0
0

A.5.7 Estimated Gross Technical Potential
The Team estimates GTP savings of 472,815 therms over 2022-2024. This corresponds to a
cumulative total of 48.9 billion BTUs over 2021-2024. Table 32 presents the estimated annual
GTP savings for the R1 amendment.

58

All HARDI data referenced and included in this report were obtained from the HARDI Unitary Report via the DRIVE
portal, prepared by D+R International under data license by HARDI members. Reuse is prohibited without
permission. All rights reserved.
59 Boiler data is only available from HARDI at the regional level; therefore, the Team scaled results based on the
regional proportion of 1-2 unit homes within Massachusetts using five year average from the U.S. Census Bureau
American Community Survey Comparative Housing table (CP04)
https://data.census.gov/cedsci/table?q=Heating%20and%20
Air%20Conditioning%20%28HVAC%29&g=0400000US09,23,25,33,44,50&hidePreview=true&tid=ACSCP1Y2018.C
P04&t=Heating%20and%20Air%20Conditioning%20%28HVAC%29&vintage=2018
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Table 32: R1 Gross Technical Potential, First-year Savings
(Billions of BTUs per year)
New Const. Pop.
Program Penetration
NP Compliance
Prog. Compliance
Reno. & Add. Pop.a
R&A Compliance
Gas Savings
Electric Savings
Total Savings

2022
1,369
54%
100%
100%
1,455
100%
19.5
0.0
19.5

2023
1,304
55%
100%
100%
1,386
100%
18.5
0.0
18.6

2024
762
56%
100%
100%
808
100%
10.8
0.0
10.8

a. This is 7.1% of the population in % of projects are renovation & addition, 71% of which are large.

Compliance values in Table 33 are estimates based on a traditional sigmoid adoption curve to
yield less optimistic savings rates than the pure GTP in Table 32.

Table 33: R1 Gross Technical Potential, First-year Savings (Partial Compliance)
(Billions of BTUs per year)
New Const. Pop.
Program Penetration
NP Compliance
Prog. Compliance
Reno. & Add. Popa
R&A Compliance
Gas Savings
Electric Savings
TOTAL

2022
1,369
54%
99%
100%
1,455
53%
10.4
0.0
10.4

2023
1,304
55%
100%
100%
1,386
68%
12.7
0.0
12.7

2024
762
56%
100%
100%
808
72%
7.8
0.0
7.8

a. This is 7.1% of the population in Table 24; 10% of projects are renovation & addition, 71% of which are large.

A.6

R2: GRADE I INSULATION INSTALLATION

The R2 Code change adds a description to R402..4.1.1 that requires “Grade I” installations for
insulation. This code change serves as clarification but is redundant since Section R402.4.1.1
already required “components of the building thermal envelope…[to] be installed in accordance
with the manufacturer’s instructions.” “Grade I” installation means that insulation was installed
properly according to the manufacturer’s instructions. Therefore, the Team believes that the GTP
for this code change should be zero. The only additional savings generated by this code would
be the result of increasing code compliance. The Team believes that this additional clarifying
language in the code will not increase compliance in the absence of the CSCS initiative. Any
savings resulting from increased code compliance should be evaluated in a CSCS evaluation.
Nevertheless, this memorandum presents a method for estimating GTP resulting from an increase
in Grade I installations.
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A.6.1 Basic GTP Estimation Method
The basic approach for calculating the GTP savings from this code change is shown in Equation
7.

Equation 7: R2 Basic GTP Estimation
𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =
∑
𝑠𝑒𝑔𝑚𝑒𝑛𝑡

𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑠𝑒𝑔𝑚𝑒𝑛𝑡,𝑦𝑒𝑎𝑟 × 𝐻𝑜𝑚𝑒𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑠𝑒𝑔𝑚𝑒𝑛𝑡
× (𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠𝑒𝑔𝑚𝑒𝑛𝑡 × 𝐵𝑎𝑠𝑒𝐶𝑜𝑑𝑒𝑠𝑒𝑔𝑚𝑒𝑛𝑡 × 𝑃𝑟𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑣𝑒𝑃𝑎𝑡ℎ𝑠𝑒𝑔𝑚𝑒𝑛𝑡 )

Where:
Compliancesegment,year = Projected compliance in a future year for each segment of the market
(i.e., new program homes, new non-program homes, and qualifying work
in existing homes)
Populationsegment

= Population for each segment

HomeSavingssegment

= Estimated average home savings for each segment

The analysis included the following steps (described at a high level):
1. Estimate the relative impact of insulation Grades on the performance of the thermal
envelope by estimating the impact of gaps and compression at the component level (e.g.,
walls, floors, ceilings).
2. Estimate weights based on how frequently HERS raters downgrade insulation Grade
during energy audits due to gaps, compression, or a combination of gaps and
compression based on a survey of six NMR HERS raters.
3. Estimate potential savings by weighting the impact of gaps, compression, and both gaps
and compression by the frequencies estimated by HERS raters for each Grade.
4. Estimate relative savings potential by weighting potential savings by share of insulation
grade, as well as the prevalence of continuous insulation, from the 2019 baseline study.
5. Estimate GTP Savings by multiplying the relative savings by the average baseline
heating and cooling loads for each measure, the share of home using electricity or natural
gas, and the inverse of the home’s relevant baseline equipment efficiency.
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A.6.2 Estimating the Relative Impact of Insulation Grades
RESNET insulation grade ratings measure two different practices, which comprise insulation
performance: gaps and compression. Energy modelling software only accounts for the former
when calculating assembly U-factor, relying upon raters to manually adjust the nominal R-value
per the manufacturer’s instructions. Nevertheless, as shown in Table 34, the impact of different
types of Grade II and Grade III insulation significantly affect potential savings, as does the
presence of continuous insulation.
Table 34 shows the impact of insulation gaps and compression (i.e., “comp.”) on the thermal
performance of various building components (e.g., above grade walls, floors, and ceilings).
RESNET protocols define a range of percent area that can have gaps and a range of percent
area that can have compression for each Grade designation. 60 As such, there are multiple
reasons why a certain building component is classified as a certain Grade. A component may
have a Grade II level of gaps, but little compression; a Grade II level of compression, but few
gaps; or a Grade II level of the combination of gaps and compression. In all three scenarios, the
component would be considered Grade II. The same is true for Grade III, but Grade III represents
larger areas of gaps and/or compression than Grade II.
Given these different possibilities, the Team assessed the impact of three scenarios for each
Grade designation: one in which gaps drive the designation, one in which compression drives the
designation, and one in which the combination of gaps and compression drives the designation.
The Grade II scenarios have less compression and gaps than the Grade III scenarios. The Team
also included an uninsulated scenario.
Table 34 shows the impact of each scenario on the thermal performance for different building
components relative to a Grade I installation. The analysis assumes each component includes a
code-level amount of insulation (e.g., R-21 for above grade walls) and then measures the
reduction in thermal performance if the Grade of the insulation is changed from Grade I to each
of the scenarios. The thermal performance is an area-weighted U-value, calculated by the energy
models that accounts for the entire assembly of each component (e.g., insulation, Grade,
framing).61 The analysis also looked separately at the impact in components that only had cavity
insulation and components that had both cavity and continuous insulation.

60

https://dcpd6wotaa0mb.cloudfront.net/mdms/dms/Residential%20Insulation/10017857/10017857-Building-InsulCompressed-R-Value-Chart-Tech-Bulletin.pdf
61 U-value is the inverse of an R-value and measures thermal transmittance.
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Table 34: Insulation Effectiveness Relative to Low-quality Grade I
Cavity only
Floor
(R-30)
0%
0%
-23%
-12%
-24%
-32%
-45%
-94%

AGW
(R-21)
0%
-1%
-15%
-8%
-17%
-23%
-34%
-91%

Scenarios
I
II – Comp. Driven
II – Gap Driven.
II – Gap and Comp. Driven
III – Comp. Driven
III – Gap Driven
III – Gap and Comp. Driven
Uninsulated

Ceiling
(R-49)
0%
0%
-40%
-23%
-40%
-51%
-64%
-97%

Cavity & Continuous
AGW
Ceiling
(R13+5)
(R-30+11)a
0%
0%
0%
0%
-3%
-2%
-2%
-2%
-5%
-4%
-6%
-5%
-9%
-8%
-63%
-59%

a. Equivalent modeled performance for Grade I installation as R-49 cavity prescriptive path requirement.

A.6.3 Estimating Weights
To estimate potential savings, the relative impacts of each scenario in Table 35 needed to be
weighted by the frequency of their occurrence. The Team surveyed all six of its registered HERS
raters to assess how frequently each Grade designation is driven by gaps only, compression only,
or gaps and compression. The results are shown in Table 35.

Table 35: Insulation Downgrading Rationale
Gaps Driven
Grade II
Grade III

Compression Driven

26%
28%

39%
27%

Both Gaps and
Compression
35%
45%

A.6.4 Estimating Potential Savings
Table 36 shows the potential savings for each baseline scenario for different components and
types of insulation. The potential savings for Grade II and Grade III baseline scenarios are the
weighted averages resulting from weighting the values from Table 34 by the weights in Table 35.

Table 36: Potential Savings of Grade I Insulation
Baseline Scenario
I
II – Weighted
III – Weighted
Uninsulated

AGW
(R-21)
0%
6.2%
26.6%
91.1%

Cavity only
Floor
(R-30)
0%
9.2%
36.0%
94.3%

Ceiling
(R-49)
0%
16.3%
54.1%
97.4%

Cavity & Continuous
AGW
Ceiling
(R13+5)
(R-30+11)
0%
0%
1.3%
1.1%
7.0%
6.0%
62.7%
59.3%
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A.6.5 Estimating Relative Savings
Next, the Team calculated relative savings potentials for each measure in Table 37 by weighting
the potential savings from Table 36 by the prevalence of cavity insulation grade and continuous
insulation presence from the 2019 baseline study energy models. Finally, the Team determined
absolute energy savings per home by multiplying the relative savings with the average baseline
heating and cooling loads for each measure, the fraction of homes using a specific fuel (electricity
or natural gas heating), and the reciprocal of the relevant baseline equipment efficiency by fuel.
(Equation 8).

Equation 8: Average Home Savings
𝐻𝑜𝑚𝑒𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = ∑ 𝐺𝑟𝑎𝑑𝑒𝐼𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒% × 𝐿𝑜𝑎𝑑 × 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛%𝑓𝑢𝑒𝑙 ×
𝑓𝑢𝑒𝑙

1
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑓𝑢𝑒𝑙

Table 37: Average Baseline Home Savings
(MMBTU/yr)
Mean Baseline Grade I Area
Grade I Relative Savings
Heating
Cooling
TOTAL

AGW
41.8%
9.61%
0.93
0.00
0.93

Floor
11.3%
22.9%
0.93
-0.03
0.90

Ceiling
69.5%
12.4%
0.53
0.02
0.55

TOTAL
5.8%a
2.38
-0.01
2.38

a. Using 60.2 + 17.5 MMBTU/yr average heating and cooling loads from the baseline study energy models.

The 5.8% total savings in Table 37 compares favorably to a 2016 analysis of the ENERGY STAR
Homes program, which arrived at a 5% total savings in heating and cooling load for Grade I
insulation in Climate Zones 4-8, versus typical installations of Grade III walls with Grade II ceiling
and floors.62 Similarly, a 2017 analysis conducted by Ekotrope on behalf of the Insulation Institute
found a difference in HERS index scores of 4.83 for Grade I installations versus Grade III
installations in Climate Zone 5.63 One HERS index point nominally represents 1% savings, which
places the results of the study in the same area as the EPA analysis and the report. However, in
a 2017 review of the revised stretch code, NMR found the relationship to be 2.65% per point.64 It
should also be noted that while these other analyses assumed uniform sub-par insulation grades
throughout the home, this report includes a mixture of Grade I through Grade III and uninsulated
areas, as recorded in the 2019 residential new construction baseline.
Table 38 shows the results of using this same algorithm for program homes. Unsurprisingly,
program homes already have a high proportion of Grade I area, lowering the technical savings

US EPA, “ENERGY STAR Certified Homes v3.1 (Rev 8) Cost Savings & Estimates”, (December 25, 2016),
https://www.energystar.gov/ia/partners/downloads/ES_Version_3.1_Cost_Savings_Summary.pdf, p. 4
63 Ekotrope, “Grade I Insulation Installation: Why Builders Should Care”, (February 2017),
https://insulationinstitute.org/wp-content/uploads/2017/03/Grade1installation-FINAL.pdf
64 NMR, “2015 Single-Family Stretch Code Update Compliance and Potential”, (May 5, 2017),
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Stretch-Code-Update-Compliance-and-Potential.pdf
62
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potential for this population. In addition, the imperfect penetration of Grade I insulation among
program homes serves as a reference for potential levels of compliance.

Table 38: Average Program Home Savings
(MMBTU/yr)
AGW
89.3%
2.7%
0.28
0.00
0.28

Mean Program Grade I Area
Grade I Relative Savings
Heating
Cooling
TOTAL

Floor
75.2%
7.6%
0.15
0.00
0.15

Ceiling
96.6%
3.5%
0.13
0.00
0.13

TOTAL
1.1%a
0.57
0.00
0.57

a. Using 62.5 + 0.9 MMBTU/yr average heating and cooling loads from program energy models.

The existing home savings in Table 39 are calculated using the difference in (non-infiltration)
heating and cooling loads between “industry standard practice” (Grade 2) and scenarios from the
Renovations and Additions Market Characterization and Potential Savings Study. These results
are weighted by the mixture of small versus large projects, as well as renovations versus additions
versus renovations and additions.

Table 39: Existing Home Savings
Project
Type
Renovations
Additions
Renovations & Additions
AVERAGE

Permits
Small
59%
52%
29%

65.6%
24.2%
10.2%

Heating
%
1.9%
1.9%
6.9%
2.4%

MMBTU/y
2.5
2.6
9.2
3.2

Cooling
%
1.4%
1.4%
-1.3%
1.1%

MMBTU/y
0.0
0.0
-0.0
0.0

A.6.6 Estimated Gross Technical Potential Savings
The savings from each segment of the population (new construction program, non-program, and
existing homes) are combined in Table 40 using Equation 7. Future values for program
penetration and compliance are best guesses based on current information. However, note that,
as mentioned above, the Team estimates GTP for the R2 amendment to be zero since the
amendment serves as a clarification of existing code and does not increase its stringency.
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Table 40: R2 Gross Technical Potential, First-year Savings
(Billions of BTUs per year)
New Const. Pop.
NP Compliance
Program NC %
Prog. Compliance
Reno. & Add. Pop.
R&A Compliance
Heating Savings
Cooling Savings
TOTAL

2022
8,150
100%
54%
100%
122,000
53%
399.8
2.8
402.5

2023
8,150
100%
55%
100%
122,000
68%
399.6
2.8
402.4

2024
4,765
100%
56%
100%
71,167
72%
233.0
1.6
234.7

Compliance values in Table 41 are estimates based on a traditional sigmoid adoption curve to
yield less optimistic savings rates than the pure GTP in Table 40.

Table 41: R2 Gross Technical Potential, First-year Savings (Partial Compliance)
(Billions of BTUs per year)
New Const. Pop.
NP Compliance
Prog. Compliance
Reno. & Add. Pop.
R&A Compliance
Heating Savings
Cooling Savings
TOTAL

2022
8,150
53%
54%
66%
122,000
53%
212.2
1.5
213.7

2023
8,150
68%
55%
85%
122,000
68%
272.2
1.9
274.1

2024
4,765
72%
56%
90%
71,167
72%
168.1
1.2
169.2
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