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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 and was conducted by NMR (throughout 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 went into effect on 
November 8, 2020.  

This report represents Phase II of the MA21X23 Codes and Standards Promulgation Gross 
Savings Adjustment Study. It is a follow-up study to the Code Promulgation Attribution Study 
(MA19X07-B-CDPROMATT).1 Phase I of this study provided an estimate of savings accrued 
through 2021 from the code amendments developed and promoted by the PAs and adopted by 
the Massachusetts Board of Building Regulation and Standards (BBRS) in 2020. Phase II of this 
study, detailed within this report, provides estimates of expected savings for 2023, updating 
various assumptions from the MA19X07-B-CDPROMATT study such as Natural Occurring Market 
Adoption (NOMAD) and market sizing. This report also provides a summary of the MA19X07-B-
CDPROMATT savings estimates for 2022 (see Appendix B).  

UPDATED SAVINGS ESTIMATES FOR 2023 
Table 1 presents the applicable square footage and 2023 GTP savings estimates for each of the 
amendments. These represent the estimated savings associated with moving the proportion of 
the market that was non-compliant with these amendments at the time of enforcement to full 
compliance in 2023.  

Table 1: GTP Savings for 2023 (Full Compliance) 

Amendment Applicable ft2 
or Complete kWh 

kWh/ft2 or 
Complete Therms 

Therm/ft2 or 
Complete 

C1 12,545,001* 580,189 0.0462 -2,117 -0.0002 
C2 19,681,085* 38,304 0.0019 -- -- 
C3 2,053,042* 39,567 0.0193 -- -- 
R1 1,425** 1,320 0.9263 48,963 34.36 
Total -- 659,380 -- 46,846 -- 

*Square footage  
**Completions representing a mix of new homes and renovations and additions.  

 
1 https://ma-eeac.org/wp-content/uploads/MA19X07-B-CDPROMATT_OverallReport_Final_2020.09.15.pdf  

https://ma-eeac.org/wp-content/uploads/MA19X07-B-CDPROMATT_OverallReport_Final_2020.09.15.pdf
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2 

 

The Team applied compliance adjustment factors to the savings in Table 1 to calculate the gross 
savings associated with each amendment. The compliance values in Table 2 represent the 
proportion of savings from Table 1 that we estimate will be achieved in 2023. In other words, the 
compliance values in Table 2 are an estimate of the compliance levels we expect to see for the 
projects that were eligible for GTP savings calculations (i.e., those that were non-compliant at the 
time the amendments were enforced).  The sources for the compliance adjustment factors, along 
with the rationale for their application, can be found in the detailed sections for each amendment 
in Section 2.  

Table 2: Compliance Adjustment Factors 

Amendment Compliance 
Adjustment 

C1 97% 
C2 78% 
C3 51% 
R1 – New Homes 100% 
R1 – R&A  82% 

 

The gross savings in Table 3 apply the compliance adjustment factors in Table 2 to the GTP 
savings in Table 1. For context, the gross savings represent 1% of the 2020 RNC and C&I new 
construction program electric savings and 3% of 2020 gas savings. 

 Table 3: Gross Savings for 2023 (Partial Compliance) 
Amendment kWh Therms 
C1 562,783 -2,054 
C2 29,877 -- 
C3 20,179 -- 
R1 1,320 31,282 
Total 614,159 29,228 

 

Table 4 presents the 2023 net savings associated with the PAs amendments after applying the 
90% attribution rate that was agreed upon the MA19X07-B-CDPROMATT study.  

Table 4: Net Savings for 2023 
Amendment kWh Therms 
C1 506,505 -1,849 
C2 26,889 -- 
C3 18,161 -- 
R1 1,188 28,154 
Total 552,743 26,305 
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The estimated savings for 2023 have decreased since the MA19X07-B-CDPROMATT study was 
completed in 2020. The changes in potential savings are driven by a variety of factors that are 
detailed below. More details on these items are provided in the detailed methodological 
descriptions and calculations in Section 2 and in Appendix D. 

• The adjustments for industry standard practice (ISP) were updated as part of this study. 
Multiple evaluations were completed between the MA19X07-B-CDPROMATT study and 
this study that were used to update ISP assumptions and inform these potential savings 
calculations. The most drastic change in ISP was for the C1 amendment, where the 
MA19X07-B-CDPROMATT study applied a 50% adjustment factor to overall potential 
savings and this study has applied a 10% adjustment factor. These adjustment factors 
account for the proportion of the applicable market that was estimated to be non-compliant 
with the amended requirements at the time the code was enforced. In other words, this 
study estimates that 90% of C&I new construction square footage was likely to be 
compliant with the C1 amendment at the time the code began being enforced.  

• The compliance adjustment factors used to adjust GTP savings changed for most of the 
amendments when compared to the MA19X07-B-CDPROMATT study. In the MA19X07-
B-CDPROMATT study the compliance adjustment factors for the commercial 
amendments were taken from the Massachusetts Commercial Energy Code Compliance 
and Baseline for IECC 2012 study (P70).2 In this study those values were updated based 
on the more recent Massachusetts NRNC Market Characterization Study (MA19C08-B-
NRNCMKT) which focused on the 2015 IECC.3 A summary of these comparisons can be 
found in Appendix C. 

• The completed square footage applicable to the amended C&I code requirements has 
decreased substantially between studies. For reference, the CMD forecast data in the 
MA19X07-B-CDPROMATT study estimated 38,670,824 ft2 of new construction starts in 
2021. More recent CMD data, based on actual new construction starts, shows 29,551,462 
ft2 of new starts in 2021. The results of the MA19X07-B-CDPROMATT study also include 
renovations while this update does not.4  

• The hours of use (HOU) assumptions for the C&I lighting measures have been updated 
to reflect the most recent values available in the Massachusetts TRM. For some building 
types the HOU decreased and for others it increased.  

 
2 https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf  
3 https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-
Report.pdf  
4 Renovation square footage was identified as missing from the 2023 analysis after the PAs reporting deadlines had 
passed. As a result, the PAs and EEAC agreed that the 2023 savings values should be finalized absent the 
renovation square footage.   

https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
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RECOMMENDATIONS AND CONSIDERATIONS 
Recommendation. The PAs should adopt the updated net savings values for 2023 presented in 
Table 4. These values reflect more up-to-date assumptions than the MA19X07-B-CDPROMATT 
study for all measures. 

Consideration. The PAs should consider updating the compliance assumptions used in this 
report. One option for this would be to continue trying to complete the in-depth interviews that 
were planned for this study but could not be completed by the reporting deadline. This is listed as 
a consideration given the challenges and costs associated with assessing historical compliance 
rates and the relatively modest magnitude of savings these amendments represent, particularly 
for electric savings.   

Consideration. The PAs should consider updating the gross savings estimates associated with 
these amendments each year to reflect the most recent evaluation study results and market sizing 
estimates available. New construction activity, in particular, could be highly variable coming out 
of the pandemic and therefore the square footage assumptions associated with these 
amendments should be updated annually.  

Consideration. The PAs should consider working with policy makers or other relevant 
stakeholders to identify the length of time that the savings associated with these amendments 
can accrue. A new code is expected to be enforced in the middle of 2024. When the new code is 
enforced, it will supersede the current iteration with PA amendments and potentially eliminate the 
savings from the amendments for all projects permitted under the upcoming code. That said, the 
new iteration of the energy code in Massachusetts may include language from the PAs 
amendments. If that is the case, then there is a question of whether the PAs can claim savings 
from their amendment efforts under the upcoming iteration of the energy code.  
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1                             
Section 1 Introduction 
This report represents Phase II of the MA21X23 Codes and Standards Promulgation Gross 
Savings Adjustment Study. It is a follow-up study to the Code Promulgation Attribution Study 
(MA19X07-B-CDPROMATT).5 Phase I of this study provided an estimate of savings accrued 
through 2021 from the code amendments developed and promoted by the PAs and adopted by 
the Massachusetts Board of Building Regulation and Standards (BBRS) in 2020. Phase II of this 
study, detailed within this report, provides updated estimates of savings accrued from the PAs 
amendments in 2022 and provides recommendations for updating potential savings for 2023 and 
beyond.  

1.1 BACKGROUND 
In 2018 through 2020, the PAs developed and advocated for five building energy code 
amendments that were ultimately adopted in the Massachusetts Building Energy Code.6 That 
code went into effect in November of 2020. The amendments that were adopted into the building 
code include the following: 

• 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, heat-
recovery ventilator, or high-efficiency domestic hot water for some projects 

• R2.2021 – Specifying Grade I insulation installation as standard  

The PAs published the Code Promulgation Attribution study in September of 2020. In that study, 
the evaluation team, led by NMR Group, developed frameworks for estimating savings for each 
of the five amendments and estimated an attribution factor of 90%. 

As part of the Code Promulgation Attribution study, the evaluation team included a consideration 
that the PAs conduct additional research to increase the accuracy of the GTP estimates for the 
2022-2026 program years. The Code Promulgation Attribution study represents upper bounds of 
potential energy savings from the code amendments the PAs developed and promoted, given 
that they assume 100% energy code compliance and were based on previous baseline conditions 
and new construction forecasts.  

At the request of the PAs, Phase I of this study estimated savings that accrued in 2021 due to 
construction being completed that was subject to the PAs’ amendments. This high-level review 

 
5 https://ma-eeac.org/wp-content/uploads/MA19X07-B-CDPROMATT_OverallReport_Final_2020.09.15.pdf  
6 The PAs did have two proposed amendments that were not approved. One was for laboratory exhaust fans and the 
other was for commercial plug loads.  

https://ma-eeac.org/wp-content/uploads/MA19X07-B-CDPROMATT_OverallReport_Final_2020.09.15.pdf
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used estimates of commercial and residential new construction completions in 2021 while keeping 
the other assumptions from the Code Promulgation Attribution study constant.   

Phase II of this study, presented here, focuses on updating the various assumptions that were 
included in the Code Promulgation Attribution study GTP calculations. The assumptions that the 
Team reviewed and update where necessary included: 

• Code compliance rates 

• Code compliance pathway distributions 

• ISP values by measure 

1.2 PHASE II IN-DEPTH INTERVIEWS 
The stage 3 plan for this study called for in-depth interviews with up to 15 market actors to help 
update assumptions on code compliance pathway distributions, compliance rates, new 
construction forecasts, and ISP values by measure. Unfortunately, the Team was unable to 
complete these interviews in time for the September reporting deadline associated with this study. 
The Team provided a detailed summary of our in-depth interview outreach efforts as part of the 
regularly scheduled Special and Cross-Cutting biweekly meetings. In summary, the Team 
contacted over 100 potential respondents two-to-three times each with very little progress (one 
interview was scheduled and completed as part of this process). The Team used various 
recruitment strategies including email (where possible), calling at different times of the day, 
leaving voicemails, and even offering respondents a written version of the interview questions in 
case it was easier to respond via email. These efforts did not result in interview completes in time 
for this study update.  

As a result, the working group for this study agreed to update the 2022 savings estimates using 
published study results and updated market sizing information that was not available at the time 
of the MA19X07-B-CDPROMATT study.  
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2                             
Section 2 Detailed GTP Methods and Updates 
This section presents the detailed methods and calculations that the Team used to develop 
updated GTP savings estimates for four of the five code amendments supported by the PAs. Note 
that the R2 amendment is not included as the Team identified no potential savings associated 
with this measure in the initial code promulgation attribution and GTP savings study (MA19X07-
B-CDPROMATT).  

2.1 C1: MORE STRINGENT INTERIOR LPD REQUIREMENTS 
The C1 amendment reduces the maximum allowable interior LPD requirements (Section 
C405.3.2).7 Table 5 compares the 2018 IECC LPD allowances to the C1 LPD allowances.  

 
7 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 5: Building Type Matching for LPD 
Building Area Type 2018 IECC LPD C1 LPD 
Automotive Facility 0.71 0.75 
Convention Center 0.76 0.64 
Courthouse 0.90 0.79 
Dining: bar lounge/leisure 0.90 0.80 
Dining: cafeteria/fast food 0.79 0.76 
Dining: family 0.78 0.71 
Dormitory 0.61 0.53 
Exercise center 0.65 0.72 
Fire station 0.53 0.56 
Gymnasium 0.68 0.76 
Health care clinic 0.82 0.81 
Hospital 1.05 0.96 
Hotel/Motel 0.75 0.56 
Laboratory in a Classroom 1.20 1.11 
Laboratory Otherwise 1.45 1.33 
Library 0.78 0.83 
Manufacturing facility 0.90 0.82 
Motion picture theater 0.83 0.44 
Multifamily 0.68 0.45 
Museum 1.06 0.55 
Office 0.79 0.64 
Parking garage 0.15 0.18 
Penitentiary 0.75 0.69 
Performing arts theater 1.18 0.84 
Police station 0.80 0.66 
Post office 0.67 0.65 
Religious 0.94 0.67 
Retail 1.06 0.84 
School/university 0.81 0.72 
Sports arena 0.87 0.76 
Town hall 0.80 0.69 
Transportation 0.61 0.50 
Warehouse 0.48 0.45 
Workshop 0.90 0.91 
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2.1.1 Basic GTP Estimation Method 
The basic formula used to estimate savings is shown in Equation 1.  

Equation 1: C1 Basic GTP Estimation 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = ∆𝐿𝐿𝐿𝐿𝐿𝐿 × 𝐻𝐻𝐻𝐻𝐻𝐻 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ÷ 1000
𝑊𝑊
𝑘𝑘𝑘𝑘

 

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.8 

3. Match HOU data from the Massachusetts TRM by area to the CMD data.9 

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 November 8, 2020, 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. 

 

 
8 https://www.constructconnect.com/products/constructconnect-insight/forecast  
9 https://www.masssavedata.com/Public/TechnicalReferenceLibrary 

https://www.constructconnect.com/products/constructconnect-insight/forecast
https://www.masssavedata.com/Public/TechnicalReferenceLibrary
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2.1.2 Calculating the ∆LPD 
Projects may choose between two methods to comply with the interior LPD code requirements: 
(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.10 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.  Note, a signficant portion 
of the market already exceeds the interior LPD requirements of both the 2018 IECC and the 
amended values.  The Team adjusts savings for this on the back-end of these calculations – these 
adjustments are detailed in the sections that follow.  

In addition 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 MA19X07-B-CDPROMATT report 
assumed that 50% of projects would select the reduced lighting power package as one of their 
three required packages. The Team maintains that this is a reasonable assumption. That said, 
the Team did not calculate any savings associated with this component of the amendments due 
to the following: 

• Nearly 70% of the square footage of sampled sites in the most recent Non-Residential 
New Construction (NRNC) Market Characterization Study11 complied with amended C406 
requirement.12 

• We assume that the projects selecting this as a package option are those that comply. 

 

2.1.3 Matching Forecasted Construction Starts 
As with the MA19X07-B-CDPROMATT study, the Team leveraged forecast data from the CMD 
Construction Forecast to assess the square footage of new construction starts by building type.  
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 6 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. 

 
10 Table C405.3.2(1) 
11 https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-
Report.pdf  
12 The Team compared the raw interior LPD data from the MA19C08-B-NRNCMKT study to the MA amendments to 
make this assessment. As a result, these findings are not weighted in any way and only offer a rough assessment of 
compliance. 

https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
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Table 6: Building Type Matching for LPD 
CMD Building Type Code Building Area Type for LPD 

Amusement 
Average of Dining: bar lounge/leisure, Motion picture 
theater, Performing arts theater 

College / University School/university 
Courthouses Courthouse 
Elementary / Preschool School/university 
Fire and Police Stations Average of Fire station, Police station 
Government Offices Town Hall 
Hospitals / Clinics Average of Hospital, Health care clinic 
Hotels Hotel/Motel 
Industrial Labs / Labs / School Labs Average of Lab in Classroom/Otherwise 
Jr / Sr High School School/university 
Libraries / Museums Average Library/Museum 
Manufacturing Manufacturing facility 
Medical Misc. Average of Hospital, Health care clinic 
Military Average of Office and Dormitory 
Multifamily Multifamily 
Nursing Homes Dormitory 
Offices Office 
Parking Garages Parking garage 
Prisons Penitentiary 
Religious Religious 
Retail Misc. Average of Retail and all Dining Categories 
Shopping Retail 

Special / Vocational 
Average of Automotive Facility and Manufacturing 
Facility 

Sports Arenas / Convention Centers Average of Sports Arena/Convention Center 
Transportation Terminals Transportation 
Warehouses Warehouse 
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2.1.4 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 7 shows how we matched these categories. Note, the values presented here have 
been updated from the MA19X07-B-CDPROMATT report based on the most recent HOU values 
for commercial lighting in the MA TRM.  

Table 7: Building Type Matching for HOU 
CMD Building Type HOU Building Type HOU Values 
Amusement Other 4,141 
College / University College & University 4,132 
Courthouses Other 4,141 
Elementary / Preschool K-12 School 2,902 
Fire and Police Stations Other 4,141 
Government Offices Office Building 4,171 
Hospitals / Clinics Hospital 5,601 
Hotels Lodging 4,194 
Industrial Labs / Labs / School 
Labs 

Industrial/Manufacturing 5,229 

Jr / Sr High School K-12 School 2,902 
Libraries / Museums Other 4,141 
Manufacturing Industrial/Manufacturing 5,229 
Medical Misc. Hospital 5,601 
Military Other 4,141 
Multifamily Lodging 4,194 
Nursing Homes Lodging 4,194 
Offices Office Building 4,171 
Parking Garages Parking Garages 8,760 
Prisons Lodging 4,194 
Religious Other 4,141 
Retail Misc. Retail 4,957 
Shopping Retail 4,957 
Special / Vocational Other 4,141 
Sports Arenas / Convention 
Centers 

Other 4,141 

Transportation Terminals Other 4,141 
Warehouses Warehouse and Storage 6,512 

 

2.1.5 Calculating Completed Building Area 
The CMD data provides projections of total area and total value by building type for construction 
starts for new buildings and additions through 2026; however, savings cannot be generated until 
projects are completed. We included all building types for new construction and additions and 
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applied assumptions related to completion date and applicable area of multifamily buildings for 
our analysis.  

Completion Date 

The Team made several assumptions related to completion date: 

• Assume all starts after November 8, 2020, were affected by the amendments.13  

• 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.  

This leads to the values in Table 8. 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 2022-2026. This study is focused on updating the 2023 potential savings; however, given that 
the code is not planned to be updated until 2024, savings from the PAs amendments will be 
applicable for all starts through the middle of 2024. As shown, the completed square footage 
applicable to 2023 is assumed to be one-third of the new construction starts from 2021 and 2022, 
respectively.14  

Table 8: Assumed Construction Completion Year by Start Year 
Completion Year 2021 2022 2023 
2021       
2022 33%   

2023 33% 33%  

2024 33% 33% 33% 
2025  33% 33% 
2026   33% 

The forecasted volume of commercial new construction in Massachusetts is substantially lower 
than it was when the MA19X07-B-CDPROMATT study was conducted. This is a significant 
contributing factor to reduced potential savings compared to the MA19X07-B-CDPROMATT 
study.  For comparison, the estimated volume of C&I new construction starts for 2021 in the 
MA19X07-B-CDPROMATT study was 38,670,824 ft2. The actual CMD values for 2021 C&I new 
construction starts are 29,551,462 ft2. The reduction in starts for 2021 affects the forecasted 
values as well, which are lower than the previous CMD estimates used in the MA19X07-B-
CDPROMATT study.   

Multifamily Buildings 

For all building types except multifamily, we based our savings estimates on the CMD square 
footage project for each building type. The multifamily projected area was adjusted in two ways 
and is consistent with the MA19X07-B-CDPROMATT study:  

 
13 This is the date the PAs code amendments went into effect.  
14 This analysis also includes two months of new construction starts from 2020, accounting for the fact that the code 
amendments promulgated by the PAs went into effect on November 8, 2020.  
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• 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 used the MA19X07-B-CDPROMATT assumption 
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.15 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 all multifamily units have equal square footage, and that the distribution of 
building sizes is equal across the northeastern states.  

• 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.16 This represents the 
most conservative (smallest) estimate of non-residential area in multifamily buildings. 

Final Completed Square Footage Estimate for 2023 

After converting new construction starts to completions and adjusting multifamily to account for 
the factors identified above, the Team estimated a total of 12,545,001 ft2 of C&I new construction 
will be completed in 2023 and subject to the amended interior LPD requirements.   

2.1.6 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. In the MA19X07-B-CDPROMATT study, ISP was accounted for by applying an adjustment 
factor of 50% to the total gross savings estimate.  

 
15 https://www.census.gov/construction/chars/ 
16 http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-
FINAL.pdf 

https://www.census.gov/construction/chars/
http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf
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The most recent NRNC market characterization study data indicate that approximatey 30% of the 
square footage for study participants was non-compliant with the interiror LPD amendments. The 
Team acknowledges that the sample for the study was built under the 2015 IECC and therefore 
does not represent the current NRNC market as it pertains to interior lighting LPD. Given the 
ongoing and rapid adoption of LEDs, the Team applied an adjustment factor of 10% to the total 
gross savings estimates for this update. The 10% adjustment factor represents the proportion of 
NRNC square footage that the Team estimates was likely to be non-compliant when the amended 
code began being enforced. The Team calculated the 10% adjustment factor using data from 
multiple NRNC market characterization studies. The details of this analysis can be found in 
Appendix A. While substantially lower than the 30% non-compliant value found in the most recent 
NRNC study, the 10% value reflects the fact that buildings must respond to the stringency of these 
new code requirements and that there is naturally occuring market adoption of LED’s in the NRNC 
lighting market.  

2.1.7 Estimated Gross Savings 
After updating square footage estimates, hours of use, and adjusting for ISP, the Team estimates 
GTP savings of 580,189 kWh and -2,117 therms for 2023 (Table 9). 

Table 9: C1 - 2023 GTP Savings 
Fuel Savings 
Electric (kWh) 580,189 
Gas (Therms) -2,117 

The most recent NRNC market characterization study found that 97% of the observed square 
footage was compliant with the applicable energy code. The Team applied this compliance rate 
to estimate gross savings of 562,783 kWh and -2,054 therms for 2023 (Table 10).  

Table 10: C1 - 2023 Gross Savings 
Fuel Savings 
Electric (kWh) 562,783 
Gas (Therms) -2,054 
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2.2 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).  

2.2.1 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 2.1. 

However, exterior lighting allowances are broken into requirements that apply to the building 
façade and those that apply to building hardscape.17 The calculation for each building type is as 
follows: 

Equation 2: C2 Basic GTP Estimation 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = [(∆𝐿𝐿𝐿𝐿𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹) + �∆𝐿𝐿𝐿𝐿𝐿𝐿𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻�] ×𝐻𝐻𝐻𝐻𝐻𝐻 ÷ 1000
𝑊𝑊
𝑘𝑘𝑘𝑘

 

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). 18 
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 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. 

 
17 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. 
18 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=17-
BSTD-03   

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-BSTD-03
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-BSTD-03
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4. Calculate HOU by leveraging a 2012 Small Business Direct Install Program study and 
accounting for code provisions.19 

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. 

2.2.2 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.  

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, which 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 Lighting Zone 
  1 2 3 4 
Façade 0 0.075 0.113 0.15 
Entry Canopy 0.02 0.25 0.4 0.4 
Walkway 0.1 0.1 0.11 0.14 
Parking Lot 0.03 0.04 0.06 0.08 

 

 
19 Cadmus. 2012. Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study. 
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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. 

2.2.3 Estimated 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 Value 
Ratio of Façade to Building Floor Area 0.4 
Proportion of Façade Illuminated 0.375 
Proportion of Buildings Illuminated 0.08 
Average Ratio of Illuminated Façade to Building Area 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 

  Total Hardscape 
Area/Space, ft2 

Spaces Required/1000 
ft2 Floor Area 

Non-Vehicular 
Area/Space, ft2 

Office 250 4 40 
College 250 4 40 
Hotel  250 2.8 40 
Retail 250 2.8 40 
School 250 2.8 40 
Other 250 2.8 40 
Warehouse 600 0.5 40 
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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.20  

2.2.4 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 2.2.3, 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 non-
vehicular 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 in 2023. The average allowed hardscape Watts/ft2 from this study 
is comparable to the MA19X07-B-CDPROMATT study estimate (0.083 vs. 0.088).  

Table 14: Hardscape Exterior Lighting Power Variables for Commercial Buildings 
Completed Each Year  

Completion Year 2023 
Non-vehicular Hardscape Area (ft2) 2,114,085 
Vehicular Hardscape Area (ft2) 13,611,312 
Allowed Hardscape Watts 1,311,635 
Average Allowed Hardscape Watts/ ft2. 0.083 

 

2.2.5 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.21 However, Section C405.2.6 of 
the code requires exterior lighting power to decrease by at least 30% between midnight and 6 

 
20 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. 
21 Cadmus. 2012. Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study. 
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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 by the values in Table 14 produces the 
allowable electricity consumption values shown in Table 15. 

Table 15: Hardscape Exterior Lighting Allowable Energy Use for Commercial 
Buildings Completed Each Year 

Lighting Power Variable 2023 
Allowed Hardscape kWh/Year 4,659,653  
Average Allowed Hardscape kWh/ ft2 0.299 

2.2.6 Applying Adjustments 
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. This is consistent with the MA19X07-B-CDPROMATT assumption for 
this measure.  

The most recent NRNC market characterization study found that 16% of applicable exterior 
square footage was non-compliant with the 2015 IECC requirements. Accounting for the 
increased stringency in exterior LPD requirements from the 2018 IECC (compared to 2015 IECC) 
and then from the MA amendments, the Team would anticipate a decrease in code compliance 
assuming no naturally occuring market adoption. However, we know that the lighting market has 
rapidly evolved over time and therefoe we expect the market has at least maintained its 
compliance with exterior LPD requirements as new code iterations have come to market. As a 
result, the Team applied and adjustment factor of 0.16 to account for the estimated proportion of 
square footage that would be non-compliant with the amended exterior LPD requirements when 
the code was adopted.  

2.2.7 Estimated Gross Savings 
The Team estimated GTP savings of 38,304 kWh for 2023 based on the assumptions detailed in 
the previous sections. This is substantially lower than the estimate from the MA19X07-B-
CDPROMATT study due to decreased applicable square footage estimates and 0.16 ISP 
adjustment factor.  

Table 16: C2 – 2023 GTP Savings 
Fuel Savings 
Electric (kWh) 38,304 

The most recent NRNC market characterization study found that 78% of the observed square 
footage was compliant with the applicable energy code. The Team applied this compliance rate 
to estimate gross savings of 29,877 kWh for 2023 (Table 17). 
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Table 17: C2 – 2023 Gross Savings 
Fuel Savings 
Electric (kWh) 29,877 
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2.3 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.22 

2.3.1 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 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  ∆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝐿𝐿𝐿𝐿𝐿𝐿 × 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 × 𝐻𝐻𝐻𝐻𝐻𝐻 ÷ 1000 𝑊𝑊/𝑘𝑘𝑘𝑘 

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.23 

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. 

 
22 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.  
23 PNNL. ANSI/ASHRAE/IES Standard 90.1-2013 Determination of Energy Savings: Quantitative Analysis. PNNL-
23479. August 2014 
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2.3.2 Estimating Floor Area Potentially Affected 
The Team estimated the affected floor area by starting with a prototypical large office building 
design developed by PNNL.24 The characteristics of this prototype are presented in Table 18. 

Table 18: Characteristics of Office Prototype 
Building Characteristic Value 
Total Floor Area, ft2 498,640 
Perimeter Zone Percentage 29% 
Perimeter with Daylight Access 80% 
Enclosed Office Percentage 60% 
Open Plan Office Percentage 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.  

2.3.3 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 2018 IECC, W/ft2 ISP, W/ft2 100 W Trigger, ft2 150 W Trigger, ft2 
Enclosed Office 0.93 0.737 136 204 
Open Plan Office 0.81 0.670 149 224 

A PNNL report estimates that at least 75% of enclosed offices are larger than 170 square feet.25 
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. 

 
24 PNNL. City Reach Code Technical Support Document. October 2017. 
25 PNNL. ANSI/ASHRAE/IES Standard 90.1-2013 Determination of Energy Savings: Quantitative Analysis. PNNL-
23479. August 2014 
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The floor area actually affected for each specific office space is calculated with Equation 4: 

Equation 4: C3 Affected Floor Area Estimation 
∆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
× 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
× 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 

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 

2.3.4 Estimating Energy Use 
Using the values presented in Section 2.3.3, 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 

2.3.5 Calculating Average Savings 
The values from Section 2.3.4 provide inputs to calculate the average kWh/square foot savings 
for the prototype office building using Equation 5.  

Equation 5: C3 Average Savings Calculation 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐻𝐻𝐻𝐻𝐻𝐻 × % 𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 ÷ 1,000
𝑊𝑊
𝑘𝑘𝑘𝑘

÷ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 

The HOU are 4,171 per year, and the savings percentage is 28%.26 Based on these values, the 
average savings are 0.084 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 was 88%. This results in adjusted average savings of 0.074 kWh/ft2. 
Note, the HOU value in the MA19X07-B-CDPROMATT study was 3,610 and has been adjusted 
to reflect updated HOU estimates for offices from the Massachusetts TRM. The most recent 
NRNC market characterization study found that 26% of square footage was non-compliant with 

 
26 Massachusetts TRM at https://etrm.anbetrack.com/#/workarea/trm/MADPU/COM-L-LC/2022-
2024%20Plan%20TRM/version/5 
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the 2015 IECC daylighting controls requirements. Consistent with the C2 assumptions, the Team 
assumes that percentage of square footage that would be non-compliant with the amended 
lighting control requirements was 26% at the time the code was adopted. This accounts for the 
fact that compliance would likely decrease in the face of increased requirements absent any 
naturally occurring market adoption. However, given the advancement of lighting controls and 
designs, the Team believes that the market would maintain historical compliance rates in the face 
of new requirements due to natural occurring market adoption. As a result, we apply a 0.26 
adjustment factor to the GTP calculations to estimate overall savings.  

2.3.6 Estimated Gross Savings 
The Team calculated a total square footage of 2,053,042 ft2 for office buildings completed in 2023 
that are applicable to this amendment. Applying the assumptions detailed in the sections above, 
along with the office square footage, the Team estimates the 2023 GTP savings are 39,567 kWh.  

Table 20: C3 – 2023 GTP Savings 
Fuel Savings 
Electric (kWh) 39,567 

The most recent NRNC market characterization study found that 51% of the observed square 
footage was compliant with the applicable energy code. The Team applied this compliance rate 
to estimate gross savings of 20,179 kWh for 2023 (Table 21). 

Table 21:  C3 – 2023 Gross Savings 
Fuel Savings 
Electric (kWh) 20,179 
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2.4 RESIDENTIAL POPULATION ESTIMATES 
This section outlines the methods used to estimate the number of homes subject to the R1 and 
R2 amendments. 

2.4.1 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 MA19X02-B-RNCBL RNC 
baseline study. 27  The forecasts for the MA19X07-B-CDPROMATT study were extended to 
include two, three, and four-unit buildings for an average of 8,150 homes per year. While there 
has been some fluctuation since 2019, as shown in Figure 2,28 this average is still appropriate for 
forecasting. A three-year average (2019–2021) for multifamily construction yields 10,340 units 
annually. 

Figure 1 shows that not only was economic growth in Massachusetts largely unaffected by the 
2008 recession, despite the strong presence in finance, insurance, and real estate (FIRE) within 
the Commonwealth, it has also not experienced the same level of COVID-related impacts as the 
nation. However, comparing this plot to Figure 2, which plots the number of units for new housing 
permits, reveals a poor correlation between these two metrics. 

 
27 https://ma-eeac.org/wp-content/uploads/MA19X02-B-RNCBL_ResBaselineOverallReport_Final_2020.04.01_v2.pdf  
28 While there was a dip early in the pandemic, preliminary permit data through July of 2022 suggest that the market 
has rebounded with potential growth of as much as 29% compared to the same period in 2021. 
U.S. Census Bureau. (Aug. 2022, Aug. 2021) . Building Permits Survey – ASCII files by State, MSA, County or Place. 
https://www.census.gov/construction/bps/ Accessed September 12, 2022 

https://ma-eeac.org/wp-content/uploads/MA19X02-B-RNCBL_ResBaselineOverallReport_Final_2020.04.01_v2.pdf
https://www.census.gov/construction/bps/
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Figure 1: Economic Growth Since 200929 

 
  

 
29 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 September 
12, 2022). 

https://fred.stlouisfed.org/graph/?g=qdUr
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Specifically, the approximately 60% decline in new home construction within Massachusetts 
preceded the 2008 recession by several years (2004 versus 2008). Housing starts for buildings 
with fewer than five units have only shown modest average annual growth (1.0%) in the past 
decade, and permit numbers have remained relatively constant since 2013. 

Figure 2: Massachusetts New Construction Units 2000–202130 

Population projections from the UMass Donahue Institute in Figure 3 shows continued growth in 
the Commonwealth of approximately 31,000 people per year. This growth is at odds with the 
current level of new construction in Figure 2, which clearly conveys the generally recognized pent-
up 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.” 

 
30 U.S. Census Bureau, Building Permits Survey 2000–2021 complied by University of Massachusetts Donahue 
Institute Population Estimates Program, http://www.donahue.umassp.edu/business-groups/economic-public-policy-
research/massachusetts-state-data-center/data, (Accessed September 12, 2022). 
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Figure 3: Massachusetts Population Projection (UMass Donahue Institute)31 

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.32 However, based on data collected in the 
MA20R30 baseline, mid-rise and high-rise construction appear to account for approximately a 
third of multifamily sites or half of new units. 

2.4.2 Existing Home Estimates 
The 2020 Renovations and Additions Massachusetts Market Characterization and Potential Study 
(RLPNC 18–12), 33  suggests that 10% of existing single-family homes (122,000) per year 
performed renovations and/or additions with a permit. This is the estimates used in the GTP 
analyses for renovations and additions. 

2.4.3 Amendment Scope 

The mechanical efficiency requirements of Section 407 introduced by R1 are limited to 
prescriptive path homes: 34 

R401.2 Compliance. Projects shall comply with one of the following: 

 
31 UMass Donahue Institute, Vintage 2018 Population Projections, http://pep.donahue-institute.org/ (March 2020). 
32 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 
33 http://ma-eeac.org/wordpress/wp-
content/uploads/MARLPNC_1812_RenoAddMarketPotential_Report_Final_2020.03.30_Clean_v2.pdf 
34 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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MA21X23-B-CDPROMSA: CODE PROMULGATION GROSS SAVINGS UPDATE 

 
 

30 

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. 
Table 22 shows the historic and forecast fractions of homes in 1-4 unit buildings across base code 
communities through 2025. These are dominated by the influence of single-family construction 
(“1 Unit”), comprising 77% of 1-4 unit base code construction in 2020 and 2021. 

Table 22: Base Code Percentage of New Construction Units by Year 
(Future years are estimated) 

Home Type 2020 2021 2022 2023† 2024 
Single-family: 1-4 Units 20.7%‡ 13.4% 10.6% 10% 10% 
Multifamily: 5+ Units 3.7% 2.1% 3.2% 3% 3% 
† It is expected that little change shall occur to the proportion of base code communities in the short term given the 
high level of adoption in comparison to the traditional sigmoid adoption curve, and because of anticipation for the 
forthcoming 10th edition of the state building code. 
‡ This value, rounded to 21%, was the basis of the calculations in MA19X07-B-CDPROMATT. 

Table 23 shows the fraction of base code homes following the prescriptive path from the 2015-
2016 Residential New Construction Baseline,35 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 2011.36 The Team estimates 80% of base code homes use the 
prescriptive path to allow for increased adoption of the ERI path. 

Table 23: 2015-2016 Baseline Prescriptive Path Compliance 

 Late 
2006 IECC 

Early 
2009 IECC 

Late 
2009 IECC 

All 
2009 IECC 

Early 
2012 IECC Overall 

Prescriptive Path 85% 93% 90% 92% 76% 87% 
HERS/ERI Avail.? – – Yes Partial Yes Partial 

2.4.4 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 code change. We 
assumed that homes and additions would be completed one year after their permit date; therefore, 

 
35 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-Study-
Volume-4.pdf 
36 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-cmr-
5100-massachusetts-residential-code/download 

http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-4.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-4.pdf
https://www.mass.gov/doc/8th-edition-780-cmr-massachusetts-building-code-780-cmr-5100-massachusetts-residential-code/download
https://www.mass.gov/doc/8th-edition-780-cmr-massachusetts-building-code-780-cmr-5100-massachusetts-residential-code/download
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homes and additions permitted in 2022 would generate savings in 2023. 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.37 Multiplying 
the full population by the base code and prescriptive path fractions yields the estimated 
completions in Table 24 The existing homes calculations includes an assumption from RLPNC 
18–12 that 7.1% of large renovation & addition projects replace primary heating systems. 

The estimated prescriptive path base code multifamily population in Table 24 is very small since 
most multifamily construction occurs near urban centers, and therefore in stretch code 
communities. This limited population is further diminished by the inclusion of mid-rise and high-
rise construction projects within the Census Bureau permit data. 

Table 24: Estimated Prescriptive Path Base Code 1–4 Completions for 2023 
Year 2023 
New Construction, 1-4 Units  8,150 
New Construction, 5+ Units  10,340 
Existing Homes, Single-family  122,000 
Replace Primary Heating [R1 Exist] 7% 
Base Code, 1-4 Units [NC & Exist] 11% 
Base Code, 5+ Units [NC] 3% 
Low-rise Multifamily 50% 
Prescriptive Path [NC & Exist] 80% 
R1 New Construction, 1–4 Units 691 
R1 Existing Homes 734 
R1 New Construction, 5+ Units 124 

  

 
37 The adjustment is small given the timeframe, and the fact that stretch code already covers 85% of the population. 
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2.5 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 2.4.3. The 
calculations and input values for the R1 analysis are largely consistent with the MA19X07-B-
CDPROMATT study. The only differences between the two analyses are the market size values 
calculated in Section 2.4 and the NOMAD adjustments detailed in Section 2.5.7.  

2.5.1 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 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

= �
�𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,2019� ×  𝐻𝐻𝑜𝑜𝑜𝑜𝑜𝑜𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ×

�𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ×  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ×  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
 

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 non-
program homes, and qualifying work in existing homes): 

1. Estimate baseline compliance with final amendment specifications using data from the 
2019 Massachusetts RNC Compliance/Baseline (MA19X02-B-RNCBL) study for each 
high-efficiency package of 1–4 unit buildings, and the 2020 Multifamily New Construction 
Baseline (MA20R30) study for low-rise construction with more residential units. 

2. Estimate the frequency of which homes include each package to comply with the 
code change. 

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 MA19X02-B-RNCBL or MA20R30 respectively. 
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5. Calculate average home level savings across all packages by weighting the package-
level 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. 

2.5.2 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 25 shows compliance levels and equipment efficiencies from the 2019 RNC baseline. The 
non-program data is based on energy audits from 100 homes conducted by NMR in 2019, 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 25: New Construction R1 Package Compliance 
 1–4 Unit Multifamily 
R1 Efficiency Requirement Non-Program Program Non-Program Program 
1a. 95 AFUE Furnace 77.2% 89.3% 57.1% 75.3% 
1b. 95 AFUE Boiler 94.2% 91.2% 40.0% 100.0% 
1c. 3.5 COP GSHP 100.0% 71.4% N/A N/A 
1d. 10 HSPF ASHP1 44.9% 25.0% 0.0% 100.0% 
2. 1.2 W/CFM HRV/ERV 85.4% 96.9% N/A N/A 
3ai. 0.87 EF Gas DHW 55.9% 81.7% 100.0% 99.3% 
3aii. 2.2 EF Electric DHW 62.2% 91.7% 80.0% 72.7% 
3b. 75% TSRF Solar DHW 0.0% N/A N/A N/A 
Total 91.4% 96.4% 71.4% 100% 
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 25 is a union of the individual options and indicates whether any 
system in the home complied with R1. 

2.5.3 Estimating the Frequency of which Homes Include Each Package 
Table 26 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 non-
program homes that met any high-efficiency package requirement were furnaces. Two exceptions 
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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 26: New Construction R1 Package Selection 
 1–4 Unit Multifamily 
R1 Efficiency Requirement Non-Program Program Non-Program Program 
1a. 95 AFUE Furnace 37.1% 40.0% 28.6% 24.1% 
1b. 95 AFUE Boiler 6.7% 3.8% 7.1% 19.2% 
1c. 3.5 COP GSHP 0.0% 0.0% 0.0% 0.0% 
1d. 10 HSPF ASHP 11.0% 0.0% 0.0% 3.4% 
2. 1.2 W/CFM HRV/ERV 7.9% 12.8% 0.0% 0.0% 
3ai. 0.87 EF Gas DHW 27.6% 33.1% 50.0% 50.5% 
3aii. 2.2 EF Electric DHW 9.7% 10.3% 14.3% 2.7% 
3b. 75% TSRF Solar DHW 0.0% 0.0% 0.0% 0.0% 
Total 100% 100% 100.0% 100.0% 

 

2.5.4 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).38 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 samples as the references 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 vent 
motor, which is copied from the 2019-2021 Massachusetts TRM.39 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 

 
38 See Section R.403.6.1 in the 2018 IECC. 
39 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/2019-
2021%20Plan%20TRM/version/1?measureName=HVAC%20-%20Furnace,%20Gas  

https://etrm.anbetrack.com/#/workarea/trm/MADPU/RES-HVAC-FG/2019-2021%20Plan%20TRM/version/1?measureName=HVAC%20-%20Furnace,%20Gas
https://etrm.anbetrack.com/#/workarea/trm/MADPU/RES-HVAC-FG/2019-2021%20Plan%20TRM/version/1?measureName=HVAC%20-%20Furnace,%20Gas
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York TRM includes heating and cooling interactions, as well as derating for equipment in 
unconditioned space.40 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 27: Package Level Gas GTP for New Construction (Therms) 
 1–4 Unit Multifamily 
 Non-Program Program Non-Program Program 

1a. 95 AFUE Furnace 82.7 27.1 18.5 – 
1b. 95 AFUE Boiler 6.7 70.6 12.5 – 
1c. 3.5 COP GSHP – – – – 
1d. 10 HSPF ASHP – – – – 
2. 1.2 W/CFM HRV/ERV – – – – 
3ai. 0.87 EF Gas DHW 26.0 19.7 6.7 – 
3aii. 2.2 EF Electric DHW -14.4 -16.8 -14.4 – 
3b. 75% TSRF Solar DHW 0.0 – – – 

 

Table 28: Package Level Electricity GTP for New Construction (kWh) 
 1–4 Unit Multifamily 
 Non-Program Program Non-Program Program 

1a. 95 AFUE Furnace – – – – 
1b. 95 AFUE Boiler – – – – 
1c. 3.5 COP GSHP 0 536 – – 
1d. 10 HSPF ASHP 10 6 – – 
2. 1.2 W/CFM HRV/ERV 0 0 – – 
3ai. 0.87 EF Gas DHW -43 -43 -43 – 
3aii. 2.2 EF Electric DHW 1,586 1,289 1,372 – 
3b. 75% TSRF Solar DHW 0 – – – 

 

2.5.5 Calculating Average Home Level Savings 
The Team then calculated average home level savings for each high-efficiency package based 
on the findings in Table 27, and weighted these using the compliance option share assumptions 
from Table 26 to generate Table 29. 

Table 29: Average Home Level Savings 
 1–4 Unit Multifamily 
Fuel Non-Program Program Non-Program Program 

 
40 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 

http://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/TRM%20Version%207%20-%20April%202019.pdf
http://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/TRM%20Version%207%20-%20April%202019.pdf
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Gas (Therms) 36.5 18.3 8.4 – 
Electricity (kWh) 142 119 175 – 

2.5.6 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 
the estimates using HARDI data41 by removing program home units and scaled-up baseline units 
from the average number of units sold per AFUE or HSPF bin in 2017-2019.42 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 
 Package 

Compliance 
Selection 

Frequency 
Mean Non-

Compliant Eff. 
1a. 95 AFUE Furnace 43.2% 50.1% 87.3 
1b. 95 AFUE Boiler 43.0% 49.9% 85.3 
1d. 10 HSPF ASHP 54.5%a – 8.7a 
a. Estimated using the regressions developed for 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 
 Gas (Therms) Electricity (kWh) 

1a. 95 AFUE Furnace 115.8 – 
1b. 95 AFUE Boiler 148.4 – 
1d. 10 HSPF ASHP 0.0 0 

 
41 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. 
42 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 

https://data.census.gov/cedsci/table?q=Heating%20and%20Air%20Conditioning%20%28HVAC%29&g=0400000US09,23,25,33,44,50&hidePreview=true&tid=ACSCP1Y2018.CP04&t=Heating%20and%20Air%20Conditioning%20%28HVAC%29&vintage=2018
https://data.census.gov/cedsci/table?q=Heating%20and%20Air%20Conditioning%20%28HVAC%29&g=0400000US09,23,25,33,44,50&hidePreview=true&tid=ACSCP1Y2018.CP04&t=Heating%20and%20Air%20Conditioning%20%28HVAC%29&vintage=2018
https://data.census.gov/cedsci/table?q=Heating%20and%20Air%20Conditioning%20%28HVAC%29&g=0400000US09,23,25,33,44,50&hidePreview=true&tid=ACSCP1Y2018.CP04&t=Heating%20and%20Air%20Conditioning%20%28HVAC%29&vintage=2018
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Weighted Average 132.1 0 
 

2.5.7 NOMAD Adjustments 

The R1 amendment analysis relies on data from the 2019 Massachusetts RNC 
Baseline/Compliance Study 43  (MA19X02-B-RNCBL), the 2020 Multifamily New Construction 
Baseline Study 44  (MA20R30), the Renovations and Additions Market Characterization and 
Potential Savings Study45 (RLPNC 18-12) and a memo on the analysis of residential HVAC sales 
data from HARDI distributors46 (TXC65). 

For new construction, the Team used the MA19X02-B-RNCBL study results to determine 
compliance with the R1 package amendments and to identify a baseline from which to calculate 
potential savings. The Team did not adjust the baseline efficiencies as part of this analysis. 
Instead, to account for NOMAD the Team maintained the same adoption curve as in the 
MA19X07-B-CDPROMATT study but changed the reference date for savings calculations from 
2019 compliance levels (when the baseline study was completed) to the estimated values for 
2021. In effect, this adjusted for NOMAD and the proportion of the market that was expected to 
be compliant with these amendments at the time the code was enforced.  

The compliance values for both new construction and renovations and additions are estimates 
based on a traditional sigmoid adoption curve starting from the measured values in the 
aforementioned studies, with an estimated 100% compliance for new construction in 2025 versus 
86% for renovations and additions.47,48 The renovations and additions compliance estimates are 
based on the TXC65 memo which focused on all residential furnaces and boilers and therefore is 
more applicable to the renovations and additions market than the MA19X02-B-RNCBL study that 
focused only on new construction. The resulting compliance values are shown below (Table 32). 

Table 32: R1 Compliance Over Time 

 2019 
(Baseline) 

2021 (Pre-
enforcement) 2023 

RNC non-program compliance 92% 97% 100% 
RNC program compliance 96% 100% 100% 
R&A compliance 43% 50% 82% 

 

 
43 https://ma-eeac.org/wp-content/uploads/MA19X02-B-RNCBL_ResBaselineOverallReport_Final_2020.04.01_v2.pdf 
44 https://ma-eeac.org/wp-content/uploads/MA20R30_RNCMFBaseline_Final_2022.03.02.pdf 
45 https://ma-eeac.org/wp-
content/uploads/MARLPNC_1812_RenoAddMarketPotential_Report_Final_2020.03.30_Clean_v2.pdf 
46 https://ma-eeac.org/wp-content/uploads/TXC65_HARDI_Data_Memo_Final_2019.11.15.pdf 
47 The 86% value estimated for 2025 assumes that three-quarters of the non-compliant market in 2019 (57%) will be 
compliant in 2025.   
48 The compliance values used here for renovations and additions differ from those presented in the Phase I memo 
that estimated savings for 2021. After revisiting these assumptions, the Team believes that the compliance estimates 
presented here are more accurate and represent a more conservative estimate of savings. 

https://ma-eeac.org/wp-content/uploads/MA19X02-B-RNCBL_ResBaselineOverallReport_Final_2020.04.01_v2.pdf
https://ma-eeac.org/wp-content/uploads/MA20R30_RNCMFBaseline_Final_2022.03.02.pdf
https://ma-eeac.org/wp-content/uploads/MARLPNC_1812_RenoAddMarketPotential_Report_Final_2020.03.30_Clean_v2.pdf
https://ma-eeac.org/wp-content/uploads/MARLPNC_1812_RenoAddMarketPotential_Report_Final_2020.03.30_Clean_v2.pdf
https://ma-eeac.org/wp-content/uploads/TXC65_HARDI_Data_Memo_Final_2019.11.15.pdf
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2.5.8 Estimated Gross Savings 
The Team estimates GTP savings of 48,963 therms and 1,320 kWh for 2023. Table 33 presents 
the estimated annual GTP savings for the R1 amendment. Note that these results do not include 
the comparatively small savings for multifamily construction.49  

Table 33: R1 2023 GTP Savings 
 2023 
New Const. Pop. 691 
Program Penetration 55% 
NP Compliance 100% 
Prog. Compliance 100% 
Reno. & Add. Pop.a 734 
R&A Compliance 100% 
Gas Savings (Therms) 48,963 
Electric Savings (kWh) 1,320 
a. This is 7.1% of the population in Table 23; 10% of projects are 
renovation & addition, 71% of which are large. 

Table 34 adjusts the GTP savings to account for expected compliance with the R1 amendment in 
2023. The compliance value of 82% for renovations and additions is based on a traditional sigmoid 
adoption curve starting from a 43% compliance value measured in a memo on the analysis of 
residential sales data from HARDI distributors (TXC65).50 Applying this compliance value gross 
savings are estimated to be 31,282 therms and 1,320 kWh for 2023.  

Table 34: R1 2023 Gross Savings 
 2023 
New Const. Pop. 691 
Program Penetration 55% 
NP Compliance 100% 
Prog. Compliance 100% 
Reno. & Add. Pop.a 734 
R&A Compliance 82% 
Gas Savings (Therms) 31,282 
Electric Savings (kWh) 1,320 

 

 

 
49 The Team can incorporate the small amount of multifamily savings into the revised report draft.  
50 https://ma-eeac.org/wp-content/uploads/TXC65_HARDI_Data_Memo_Final_2019.11.15.pdf  

https://ma-eeac.org/wp-content/uploads/TXC65_HARDI_Data_Memo_Final_2019.11.15.pdf
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A                             
Appendix A C1: Interior LPD NOMAD Adjustment  
This appendix presents the approach and analyses used by the Team to estimate the impacts of 
NOMAD on the C1 savings. Specifically, this analysis was used to estimate the proportion of C&I 
new construction square footage that would have been non-compliant with the C1 amendment 
(and therefore eligible for savings potential) at the time the amended code began being enforced.  

The Team used two C&I new construction market characterization studies, along with code 
required maximum LPD values, to estimate the proportion of square footage that would have been 
non-compliant with the amended interior LPD requirement at the time the code was enforced. The 
two studies used were the Massachusetts Commercial Energy Code Compliance and Baseline 
for IECC 2012 Study51 (P70) and the Massachusetts NRNC Market Characterization Study52 
(MA19C08-B-NRNCMKT). The latter study investigated buildings completed under the 2015 
IECC. 

2015 IECC interior LPD. The foundation of the analysis were the site-level lighting data from 
MA19C08-B-NRNCMKT study. With these data the Team determined that 13% of square footage 
included in the study was non-compliant with the 2015 IECC requirements using the building area 
method.53 The study data also showed that the average LPD for projects in the site-level data 
was 0.54 W/ft2, which is considerably lower than the average 2015 IECC requirement (across all 
building types) of 0.9 W/ft2. Thus, the study buildings had an interior LPD that was, on average, 
60% of the code-required LPD. Table 35 shows the MA19C08-B-NRNCMKT study results that 
were used for this analysis. Note that it is also possible to calculate the 0.54 W/ft2 from the 0.9 
W/ft2 2015 IECC requirement (0.9×0.6=0.54). 

Table 35: 2015 IECC Interior LPD Results 

Code Required 
Average LPD 

Study Projects 
Average LPD 

Ratio of Study LPD 
to Code LPD 

Proportion of Non-
Compliant Square 

Footage 
0.9 0.54 0.60 13% 

    Source: Massachusetts NRNC Market Characterization Study (MA19C08-B-NRNCMKT) 

 

2012 IECC interior LPD. With the information in Table 35 and results from the P70 study, the 
Team estimated the ISP for these study buildings and the proportion of square footage of these 
buildings that was non-compliant with the 2012 IECC code requirements, as follows:  

 
51 https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf  
52 https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-
Report.pdf  
53 The MA19C08-B-NRNCMKT study used the space-by-space approach to determine compliance and found that 
97% of observed square footage was compliant. We do not have the data required to assess compliance using the 
space-by-space approach in this study.  

https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
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1. The Team calculated the average 2012 IECC interior LPD requirement across all building 
types (1.1 W/ft2). 

2. The P70 report states that the installed interior lighting LPDs were 0.67 of the 2012 IECC 
code requirements. Using this and the average 2012 IECC interior LPD requirement, the 
Team estimated the LPD of the projects in the P70 study at 0.74 W/ft2 (1.1×0.67=0.74).  

3. The only measured data point used in estimating the proportion of non-compliant square 
footage is the 13% value from the MA19C08-B-NRNCMKT study presented in Table 35  
above. Therefore, the Team used this value and the ratio of study LPD to code LPD 
(0.74÷1.1=0.67) to calculate the proportion of non-compliant square footage associated 
with the projects in the P70 study. This calculation is detailed below where: 

• NCSF2012 = proportion of non-compliant square footage under 2012 IECC 

• NCSF2015 = proportion of non-compliant square footage under 2015 IECC 

• ISPtoCode2012 = ratio of study LPD to code LPD from 2012 IECC study (P70) 

• ISPtoCode2015 = ratio of study LPD to code LPD from 2015 IECC study (C1908) 

 

14.5% 𝑁𝑁𝑁𝑁𝑁𝑁𝐹𝐹2012 =
(13% 𝑁𝑁𝑁𝑁𝑁𝑁𝐹𝐹2015 × 0.67 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒2012)

0.6 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒2015
 

Table 36 summarizes this analysis. 

Table 36: 2012 IECC Interior LPD Results 

Code Required 
Average LPD 

Study Projects 
Average LPD 

Ratio of Study LPD 
to Code LPD 

Proportion of Non-
Compliant Square 

Footage 
1.1 0.74 0.67 14.5% 

    Source: Massachusetts Commercial Energy Code Compliance and Baseline for IECC 2012 Study (P70) 

Percent of square footage built under MA amendments for interior LPD that would be 
eligible for savings from the amendments. The Team then used the combination of data points 
from Table 35 and Table 36 to estimate the proportion of non-compliant square footage that 
existed when the amended code began being enforced in November of 2020. The average 
allowable LPD (across all building types) under the amended code is 0.7 W/ft2. The Team used a 
trend analysis using the average code LPD values (from the 2012 IECC, the 2015 IECC, and the 
MA amendments) and the average LPD values from the P70 and MA19C08-B-NRNCMKT studies 
(0.74 and 0.54, respectively) to calculate an estimated LPD value for projects permitted under the 
MA amendments. The trend analysis results in an estimated average LPD of 0.33 W/ft2. Based 
on this the Team estimates that the market LPD at the time the MA amendments began being 
enforced was 47% of the code required LPD (0.33÷0.70=0.47). As with the calculations for 2012 
IECC interior LPD, the Team used the MA19C08-B-NRNCMKT relationship between non-
compliant square footage and the ratio of study LPD to code LPD to calculate the proportion of 
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non-compliant square footage associated with the projects subject to the MA amendments 
(0.13×0.47÷0.6=0.10). This calculation is detailed below where: 

• NCSFMA = proportion of non-compliant square footage under MA amendments 

• NCSF2015 = proportion of non-compliant square footage under 2015 IECC 

• ISPtoCodeMA = ratio of estimated LPD to code LPD from MA amendments 

• ISPtoCode2015 = ratio of study LPD to code LPD from 2015 IECC study (C1908) 

 

10% 𝑁𝑁𝑁𝑁𝑁𝑁𝐹𝐹𝑀𝑀𝑀𝑀 =
(13% 𝑁𝑁𝑁𝑁𝑁𝑁𝐹𝐹2015 × 0.47 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑒𝑒𝑀𝑀𝑀𝑀)

0.6 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒2015
 

 

Table 37 summarizes of the Team’s analysis for projects subject to the MA amendments. With 
these results the Team updated the gross savings calculations to reflect the fact that only 10% of 
the square footage built under the MA amendments for interior LPD would be eligible for savings 
from the amendments.  

Table 37: MA Amendment Interior LPD Results 

Code Required 
Average LPD 

Estimated Average 
LPD 

Ratio of Estimated 
LPD to Code LPD 

Proportion of Non-
Compliant Square 

Footage 
0.7 0.33 0.47 10% 
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B                             
Appendix B 2022 Savings 
This appendix summarizes the gross and net savings values that were planned for 2022 in the 
MA19X07-B-CDPROMATT study. The PAs and EEAC agreed that these values should be used 
to claim savings for 2022. 

The first step in updating the 2022 savings involved calculating the average savings per square 
foot (for C&I measures) or per project (for R1) that were calculated as part of the MA19X07-B-
CDPROMATT study. These values are presented in Table 38 and Table 39.  

Table 38: 2022 GTP Savings from 19X07 – C&I Amendments 

Amendment Applicable ft2  kWh 
Savings kWh/ft2 Therm 

Savings Therm/ft2 

C1 12,996,317 3,449,387 0.2654 -12,588 -0.0010 
C2 20,745,660 118,884 0.0057 NA NA 
C3 1,183,646 75,937 0.0642 NA NA 

 

Table 39: 2022 GTP Savings from 19X07 – R1 

Amendment Applicable 
Completions  

kWh 
Savings 

kWh/ 
Complete 

Therm 
Savings 

Therm/ 
Complete 

R1 – New 
Construction 

1,369 10,651 7.8 2,842 2.1 

R1 – R&A 1,455 NA NA 192,206 132.1 
 

Gross savings for 2022 were calculated by applying the compliance values used in the MA19X07-
B-CDPROMATT study to the GTP savings in Table 38 and Table 39 . The compliance values are 
presented in Table 40 and the associated gross savings are presented in Table 41. This 
adjustment accounts for any non-compliance with the amendments – homes that are non-
compliant with the amendments are not considered in the gross savings calculations.  

Table 40: 2022 Compliance Estimates from 19X07 
Amendment Compliance Estimate  
C1 97% 
C2 90% 
C3 81% 
R1 – New Homes 100% 
R1 – R&A 53% 
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Table 41: 19X07 2022 Gross Savings 
Amendment kWh Savings  Therm Savings 
C1 3,345,905 -12,210 
C2 106,996 -- 
C3 61,509 -- 
R1 – New Homes 10,651 2,842 
R1 – R&A -- 101,869 
R1 – Total  10,651 104,710 
Total 3,535,712 197,210 

 

Applying the 90% attribution rate agreed upon in the MA19X07-B-CDPROMATT study results in 
the net savings presented in Table 42.  

Table 42: 19X07 2022 Net Savings 
Amendment kWh Savings  Therm Savings 
C1 3,011,315 -10,989 
C2 96,296 -- 
C3 55,358 -- 
R1 – Total  9,586 94,239 
Total 3,182,141 177,489 
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C                             
Appendix C Compliance Adjustment Factors   
Table 43 provides a comparison of the compliance adjustment factors used in this study 
compared to the MA19X07-B-CDPROMATT study.  

Table 43: Compliance Adjustment Factors 

Amendment 
19X07 

Compliance 
Adjustment 

21X23 
Compliance 
Adjustment 

C1 97% 97% 
C2 90% 78% 
C3 81% 51% 
R1 – New Homes 100% 100% 
R1 – R&A  68% 82% 

 

The compliance adjustment factors used to adjust GTP savings changed for most of the 
amendments when compared to the MA19X07-B-CDPROMATT study. In the MA19X07-B-
CDPROMATT study the compliance adjustment factors for the commercial amendments were 
taken from the Massachusetts Commercial Energy Code Compliance and Baseline for IECC 2012 
study (P70).54 In this study those values were updated based on the more recent Massachusetts 
NRNC Market Characterization Study (MA19C08-B-NRNCMKT) which focused on the 2015 
IECC.55  

For R1, the compliance adjustment for new homes was the same in this study as it was in the 
MA19X07-B-CDPROMATT study. The compliance adjustment factor for renovations and 
additions was updated in this study to reflect an updated compliance adoption curve. 

 
54 https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf  
55 https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-
Report.pdf  

https://ma-eeac.org/wp-content/uploads/MA-CIEC-stage-5-report-P70-Code-Compliance-and-Baseline-FINAL.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
https://ma-eeac.org/wp-content/uploads/MA19C08-B-NRNCMKT-NRNC-Market-Characterization-Study-Final-Report.pdf
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D                             
Appendix D Comparison to MA19X07 Savings 
This appendix presents a detailed comparison between the 2023 gross savings calculated as part 
of this study and those that were calculated previously under the MA19X07-B-CDPROMATT 
study.  

Table 44 presents a comparison of the 2023 GTP savings between the two studies. As shown, 
both the electric and gas realization rates range from 8% to 26%. 

Table 44: Comparison of 2023 GTP Savings (19X07 vs. 21X23) 
 kWh Therms 
Amendment 19X07 21X23 RR 19X07 21X23 RR 
C1 7,026,450 580,189 8% -25,644 -2,117 8% 
C2 242,959 38,304 16% 0 -- NA 
C3 154,649 39,567 26% 0 -- NA 
R1 0 1,320 NA 186,044 48,963 26% 
       

The changes in GTP savings between the two studies are driven by two primary factors: 

1) A reduction in the estimated size of the market between studies.56 This study used more 
recent construction forecasts and historical data to inform the market size estimates. For 
example: 

a. The 19X07 study used ContructConnect data to estimate that there were 
38,670,824 ft2 of new construction starts that were applicable to the C1 amendment 
in 2021. The updated historical (i.e., measured) ConstructConnect data shows that 
there were 29,551,462 ft2 of new construction starts that were applicable to the C1 
amendment in 2021. This represents a 24% reduction in the volume of square 
footage applicable to the C1 amendment.  

b. The 19X07 study estimated that 1,304 new homes and 1,386 residential 
renovations and additions would be applicable to the R1 amendment in 2023. This 
study estimates that 691 new homes and 734 residential renovations and additions 
will be applicable to the R1 amendment in 2023. This represents a 50% reduction 
in the number of new homes applicable to the R1 amendment and a 47% reduction 
in the number of renovations and additions applicable to the R1 amendment. 

2) Changes in industry standard practice. This study relied on the most recent evaluation 
results to account for NOMAD and an increase in efficient building practices. The ISP 
adjustment factors reduce GTP savings by removing the proportion of the market that 
would have been compliant with these amendments at the time they began being 
enforced. For example: 

 
56 Differences in GTP savings also account for a shift in the distribution of building types and the updated HOU 
assumptions for lighting measures.  
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a. The 19X07 study applied a 50% adjustment factor to the C1 amendment to 
account for ISP – this study applied a 10% adjustment factor. 

b. The 19X07 study did not apply an ISP adjustment factor to the C2 amendment – 
this study applied a 16% adjustment factor. 

c. The 19X07 study did not apply an ISP adjustment factor to the C3 amendment – 
this study applied a 26% adjustment factor.  

d. The 19X07 study did not apply an ISP adjustment factor the R1 amendment – this 
study applied a 57% adjustment factor for renovations and additions.  

Table 45 presents a comparison of the gross savings and realization rates between the two 
studies. The differences in gross savings account for the adjustments mentioned above as well 
as the differences in compliance adjustment factors presented in Table 43. 

Table 45: Comparison of 2023 Gross Savings (19X07 vs. 21X23) 
 kWh Therms 
Amendment 19X07 21X23 RR 19X07 21X23 RR 
C1 6,815,657 562,783 8% -25,644 -2,054 8% 
C2 218,663 29,877 14% 0 -- NA 
C3 125,266 20,179 16% 0 -- NA 
R1 0 1,320 NA 127,000 31,282 25% 
       

Figure 4 presents a waterfall chart that displays the step-by-step adjustments to the C1 savings 
calculations. A similar process was followed for the other amendments. In the figure, the ‘19X07 
Initial Savings’ column to the far left shows the initial starting point for the 19X07 calculations. The 
‘Initial Savings’ column to the right shows the starting point from this study. The difference 
between the first two columns is largely driven by the changes in square footage estimates 
detailed above. The ‘ISP Adjustment’ column shows the large decrease in savings that takes 
place when the 10% adjustment factor is applied to the initial savings. The ‘Compliance 
Adjustment’ column applies the 97% adjustment factor for compliance and the ‘Net Savings 
Adjustment’ column then applies the agreed upon 90% attribution factor. As shown in the figure, 
the major contributors to the decreased savings for the C1 amendment are the changes in market 
size and the updated ISP adjustment.  
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Figure 4: Example of C1 Step by Step Adjustments 
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