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ES      

Executive Summary 
The Massachusetts Program Administrators (PAs) and the Energy Efficiency Advisory Council 

(EEAC) consultants have contracted with the Massachusetts Cross-Cutting Research Area 

evaluation team, in this case NMR (from here on referred to as the team), to forecast net-to-gross 

(NTG) ratios for the low-rise Residential New Construction (RNC) program and the residential 

portion of the Code Compliance Support Initiative (CCSI) for the 2019-2021 program period.  

METHODOLOGY 

The RNC and the CCSI programs (from here on referred to as the programs) both address the 

single-family RNC market and influence similar market actors. For this study, the team considered 

the effects of these programs together to avoid two potential issues:  

1) Leaving savings attributable to the PAs undocumented 

2) Double counting savings from these programs   

This study used a Delphi panel approach to estimate the effect of the programs on single-family 

new construction building practices. The methodology for calculating net savings and developing 

NTG ratios is consistent with the 2014 Residential New Construction Net Impacts Study. 1 

Depending on the municipality, new homes in Massachusetts must comply with either the base 

International Energy Conservation Code (IECC) requirements or the stretch code requirements. 

This study considered the effect of the programs on four separate samples: 

• RNC program homes in stretch code municipalities 

• Non-program homes in stretch code municipalities 

• RNC program homes in non-stretch code municipalities 

• Non-program homes in non-stretch code municipalities 

The team decided to treat stretch code and non-stretch code municipalities separately because 

of a couple key differences that could result in varying program impacts in these communities. 

These differences are described below: 

• Stretch code municipalities require Home Energy Rating System (HERS) assessments, 

non-stretch code municipalities do not. 

• Stretch code municipalities (70%) display much higher RNC program penetration rates 

than non-stretch code municipalities (24%). 

The team asked panelists to first estimate how building practices would have changed for single-

family homes that were completed in 2015 had the RNC program ceased to exist after 2011 and 

had the CCSI never been implemented. The team then used these results to inform net savings 

                                                

1 http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf.  

http://www.nmrgroupinc.com
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and NTG projections for the 2019-2021 program period. More details on the study methods can 

be found in Section 1.3. 

Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

FINDINGS 

The key findings from this study are summarized below. 

Retrospective Findings 

➢ Delphi panelists indicated that new single-family homes completed in 2015 would have 

been less efficient had the RNC program ceased to exist after 2011 and had the CCSI 

never been implemented.  

➢ The team calculated an overall NTG ratio of 0.88 for the 2015 programs (Table 1).2 The 

team weighted the stretch code and non-stretch code NTG ratios based on the relative 

proportion of single-family homes in these municipalities (37% for stretch code and 63% 

for non-stretch code in 2015). Stretch code homes displayed a far lower non-participant 

spillover ratio than non-stretch code homes due to the large difference in program 

penetration rates between the two populations (70% and 24%, respectively). In other 

words, while stretch code municipalities exhibit some non-participant spillover, the non-

program population is small, which thereby minimizes the overall impacts.  

Table 1: Retrospective NTG Results for the 2015 Program Year 

 Stretch Code 
Non-Stretch 

Code 
Overall 

Free-Ridership 0.64 0.69 0.67 

Non-Participant Spillover 0.13 0.80 0.55 

Net-to-Gross 0.49 1.11 0.88 

➢ Panelists indicated that program homes would experience larger drops in efficiency than 

non-program homes in both stretch code and non-stretch code municipalities, although 

the differences were similar for many measures. Detailed tables showing these results 

can be found in Section 3. 

➢ Panelists indicated that the programs have had the largest effect on duct leakage levels. 

Figure 1 and Figure 2 detail the panelists’ findings for duct leakage to the outside. 

                                                

2 Net-to-Gross is defined using the following algorithm: NTG=1-Free-Ridership+Non-Participant Spillover.  

http://www.nmrgroupinc.com
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Figure 1: Duct LTO (CFM25/100 sq. ft.) – Stretch Code 

 

Figure 2: Duct LTO (CFM25/100 sq. ft.) – Non-Stretch Code 

 

➢ Panelists indicated that the programs have had a substantial effect on air infiltration levels. 

Figure 3 and Figure 4 detail the panelists’ findings for air infiltration. 

Figure 3: Air Infiltration (ACH50) – Stretch Code 

 

Figure 4: Air Infiltration (ACH50) – Non-Stretch Code 

 

➢ Panelists indicated that the programs have also had a substantial impact on insulation 

installation quality. The impact of the programs on insulation installation quality was 

greater for program homes than non-program homes.  

➢ Panelists estimated that the efficiency of mechanical equipment would be similar in the 

absence of the programs. It should be noted that some panelists indicated this would be 

the case because builders would likely participate in other PA sponsored programs in the 

absence of the RNC program. 

http://www.nmrgroupinc.com
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Prospective Findings 

The team used the retrospective findings to inform forecasted NTG ratios for the 2019-2021 

period. The team conducted a third-round of the Delphi panel survey in which they asked panelists 

to review the provided forecast assumptions. The team asked the Delphi panel to forecast the 

following: 

➢ The overall difference in HERS scores that will exist between program and non-program 

homes for 2018 through 2021  

➢ The rate of single-family new construction activity in Massachusetts between 2018 and 

2021 

➢ The number of municipalities that will adopt the stretch code between 2018 and 2021  

➢ The RNC program penetration rate for single-family homes between 2018 and 2021  

The team then used the results of the third-round survey to adjust the retrospective findings of 

the Delphi panel to develop NTG ratios for 2019-2021. More details on this process can be found 

in Section 4.  

Table 2 presents the final NTG ratios for the 2019-2021 period. Once again, these values are 

weighted for stretch code and non-stretch code homes based on the relative proportion of new 

construction activity in those municipalities. All of the factors listed above influence the forecasted 

NTG ratios, but the primary reason that they are higher than the retrospective ratio is that gross 

savings estimates for the programs decrease in the forecast estimates, which in turn reduce free-

ridership. 

Table 2:Overall NTG Ratio Forecasts for 2019-2021 

 2019 2020 2021 

NTG Ratio 0.96 1.02 1.10 

As shown in Table 2, the results of the forecast effort show an increasing NTG ratio over the 

course of the 2019-2021 period. However, after discussions with the PAs and EEAC, it was 

determined that an increasing NTG ratio for these programs is unlikely given the dynamics of the 

RNC market in Massachusetts. Overall savings opportunities are declining for the RNC and CCSI 

programs as the baseline market conditions become more efficient. In addition, the ratio of RNC 

non-participants to RNC participants is also declining as the RNC program penetration rate 

continues to rise over time. Non-participant spillover is a major contributor to the high NTG ratios 

identified in this report, but that will be more difficult to achieve with a declining share of non-

participant homes. All these factors will make it challenging for the RNC and CCSI programs to 

achieve an increasing NTG ratio over the 2019-2021 period. As a result, the team recommends 

that the 2019 NTG ratio of 0.96 be used for the duration of the 2019-2021 period.  

  

http://www.nmrgroupinc.com
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CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS 

Based on the findings from this study, we offer the following conclusions, recommendations, and 

considerations.  

The NTG ratios for the low-rise RNC program and the residential portion of the CCSI range 

from 0.96 in 2019 to 1.10 in 2021. The Delphi panelists indicated that the program has had a 

substantial impact on the building practices in the single-family new construction market, and they 

expect that the programs will continue to have a similar impact on this market in the future. Many 

factors influence the final prospective NTG ratios. Stretch code homes have lower prospective 

NTG ratios than non-stretch code homes, primarily due to the fact that the RNC program 

penetration rate is high in stretch code municipalities (70% in 2015), and panelists expect that 

trend to continue. High program penetration rates led to lower non-participant spillover in stretch 

code municipalities. 

The baseline conditions used to calculate gross savings strongly affect the calculated NTG 

ratio. The 2015 RNC program used a User Defined Reference Home (UDRH) based on the 2011 

single-family baseline study results.3 This baseline was likely out of date, resulting in overstated 

gross savings for the 2015 RNC program. The 2015-16 baseline study 4  showed a large 

improvement in the market baseline between 2011 and 2015, providing evidence for the 2011 

baseline being out of date for the 2015 RNC program. The Delphi panelists’ counterfactual 

responses reflected their knowledge of the baseline transformations that had taken place between 

2011 and 2015, resulting in lower net savings, and yielding a lower NTG ratio than would have 

been the case had the 2015 RNC program used an updated baseline. Therefore, the net savings 

that were calculated as part of the retrospective analysis were substantially lower than the gross 

savings. As a result, the NTG ratio was 0.88. Had the 2015 RNC program used a more efficient 

baseline, the gross savings would have been lower and the net savings would have been closer 

to the gross savings, resulting in a higher NTG ratio.  

Recommendation: After consulting with the PAs and EEAC, the evaluation team 

recommends that the PAs use the prospective 2019 NTG ratio of 0.96 for the duration of 

the 2019-2021 program period. The prospective analysis assumes a shifting baseline over 

time and reduced gross savings opportunities. The PAs are already planning to revisit the 

baseline conditions for the RNC market during the 2019-2021 program period, and that 

research will ensure that the assumption of increased baseline efficiency that was used in 

this study is generally consistent with the ongoing gross savings calculated by the RNC 

program.  

Recommendation: The PAs should apply the prospective 2019 NTG ratio to the gross 

savings for all RNC participant housing units for the 2019-2021 program period. This study 

did not specifically look at multifamily housing units, and, in the absence of measured 

results, we recommend the prospective 2019 NTG ratio be applied to both single-family 

and multifamily housing units moving forward. The prospective gross and net savings 

                                                

3 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-
Residential-New-Contruction-Final-Report.pdf  
4 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-2.pdf  

http://www.nmrgroupinc.com
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-2.pdf
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presented in this report were used to calculate prospective NTG ratios and should not be 

used moving forward. Instead, the prospective 2019 NTG ratio should be applied to 

ongoing gross savings that are calculated by the RNC program.  

Delphi panelists indicated that the programs have had the largest impact on duct leakage, 

air infiltration, and insulation installation quality. These measures displayed the largest 

changes when comparing the as-built efficiency values and the counterfactual efficiency values 

estimated by the Delphi panelists. Panelists typically indicated that the programs have a larger 

impact on program homes than non-program homes and the impact of these programs is similar 

in stretch code and non-stretch code municipalities.  

Consideration: The PAs should consider focusing future training efforts on these 

measures. It is clear that the Delphi panel believes the PAs’ historical efforts in these areas 

have made a large impact. Moreover, the panelists indicated that these measures (in 

particular air leakage and insulation measures) are likely to represent the largest 

opportunities for capturing future savings.  

http://www.nmrgroupinc.com
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Section 1 Introduction and Methodology 
The Massachusetts Program Administrators (PAs) and the Energy Efficiency Advisory Council 

(EEAC) consultants have contracted with the Massachusetts Cross-Cutting Research Area 

evaluation team, in this case NMR (from here on referred to as the team), to forecast NTG ratios 

for the low-rise Residential New Construction (RNC) program and the residential portion of the 

Code Compliance Support Initiative (CCSI) for the 2019-2021 program period.  

The RNC and the CCSI programs (from here on referred to as the programs) both address the 

single-family RNC market and influence similar market actors. For this study, the team considered 

the effects of these programs together to avoid two potential issues:  

1) Leaving savings attributable to the PAs undocumented 

2) Double counting savings from these programs  

This study used a Delphi panel approach to estimate the effect of the programs on single-family 

new construction building practices. The methodology for calculating net savings and developing 

NTG ratios is consistent with the 2014 Residential New Construction Net Impacts Study. 5 

Depending on the municipality, new homes in Massachusetts must comply with either the base 

International Energy Conservation Code (IECC) requirements or the stretch code requirements. 

This study considered the effect of the programs on four separate samples: 

• RNC program homes in stretch code municipalities 

• Non-program homes in stretch code municipalities 

• RNC program homes in non-stretch code municipalities 

• Non-program homes in non-stretch code municipalities 

Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

1.1 PROGRAM DESCRIPTIONS 

The RNC program offers incentives for building housing units that achieve a minimum level of 

energy savings over the User Defined Reference Home (UDRH). The UDRH is informed from the 

results of baseline studies of non-RNC program homes. The current incentive structure provides 

incentives based on a percentage of savings over the UDRH. In 2015, the incentive structure was 

using prescriptive or performance based paths to determine the incentive levels provided. 

The CCSI was designed to assist code officials and building professionals in understanding the 

requirements of the energy code, how requirements have changed over time, and how building 

                                                

5 http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf.  

http://www.nmrgroupinc.com
http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf
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practices might change in the face of new requirements. The CCSI aims to educate professionals 

within the industry while increasing the energy code compliance rates throughout Massachusetts. 

1.2 BACKGROUND 

In 2014 NMR conducted a net impacts study for the Massachusetts RNC program.6 The 2014 

study is comparable to this one as a similar approach was used to estimate net impacts. The one 

key difference between the current study and the 2014 study is that the CCSI had not yet been 

implemented at the time of the 2014 study and therefore was not considered as part of the net 

impacts assessment.  

The 2014 study involved a Delphi approach, in which a panel of RNC industry experts estimated 

counterfactual efficiency values for individual building characteristics of newly constructed single-

family homes under the scenario that the RNC program had ceased to exist after the baseline 

study in 2004. The panelists made their judgements with the help of background materials, 

including the results of two baseline studies (covering homes built in 2004 and 2011), summaries 

of RNC program homes built in 2004 and 2011, a description of the PAs’ RNC program and what 

it emphasized, descriptions of code changes, and the number of single-family homes built with 

and without support from the RNC program.  

NMR then used these counterfactual values – for example, estimates of air leakage for RNC 

program homes, and separately for non-RNC program homes, assuming the program had ceased 

to exist after the first baseline study – to develop counterfactual REM/Rate models for single-

family RNC program homes and non-RNC program homes. The difference in estimated energy 

usage between the as-built REM/Rate models and the counterfactual models, scaled to the 

population, was the estimate of net savings.  

Using this approach, the NTG estimated for the 2011 Massachusetts Residential New 

Construction Program was 1.87 (between 1.37 and 2.36 at the 95% confidence level), including 

free-ridership of 0.53 and spillover (from non-program homes) of 1.39. The Delphi panelists said 

that the program had a particularly strong effect on air infiltration, duct leakage, lighting, insulation 

installation grades, and some heating system efficiencies. 

1.3 EVALUATION METHODOLOGY 

This study relied on previous studies and RNC/CCSI program documentation for the following: 

• Baseline studies covering (1) homes built at the end of the 2006 IECC cycle, (2) homes 

built at the beginning of the 2009 IECC cycle, (3) homes built at the end of the 2009 IECC 

cycle, (4) homes built at the beginning of the 2012 IECC cycle, (5) homes built at the end 

of the 2012 IECC cycle, and (6) homes built under the stretch code7,8,9 

                                                

6 http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf. 
7 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-Mini-Baseline-Study-of-Homes-Built-at-the-end-
of-the-2006-IECC-Cycle-Final-Report.pdf  
8 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-
Residential-New-Contruction-Final-Report.pdf  
9 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-2.pdf 

http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-Mini-Baseline-Study-of-Homes-Built-at-the-end-of-the-2006-IECC-Cycle-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-Mini-Baseline-Study-of-Homes-Built-at-the-end-of-the-2006-IECC-Cycle-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-2.pdf
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• Program records of energy-related characteristics of new homes participating in the RNC 

Program 

• The RNC Program’s and the CCSI’s activities from 2011 through 2016, including specific 

practices that were targeted, RNC Program requirements, number of homes built under 

the RNC Program, and number of CCSI trainees by category (e.g., home inspectors, 

builders, etc.) 

• Summaries of code changes in the 2011-2016 period 

• Numbers of homes built within the program and outside the program in the 2011-2016 

period 

• Summaries of results from the immediate surveys the attendees completed at CCSI 

trainings that assessed satisfaction and usefulness of the areas covered 

• Summaries of results of follow-up interviews with attendees at CCSI trainings concerning 

changes to their practices after returning to work. 

The team used a multi-step methodology to calculate a retrospective NTG ratio for the 2015 

program year. The team used the retrospective NTG results to inform the prospective NTG 

forecast. The team used the following steps to develop retrospective NTG estimates: 

• A two-round Delphi panel survey effort, where panelists estimated what measure-level 

efficiencies would be in the absence of the RNC and CCSI programs (from here on 

referred to as the counterfactual) 

• A modeling effort to calculate the difference in energy consumption from program and 

non-program homes as they were constructed (the as-built scenario) and as panelists 

suggested they would appear in the absence of the programs (the counterfactual 

scenario)10 

• An analysis of as-built and counterfactual energy consumption, for stretch code and non-

stretch code homes, to calculate retrospective net savings estimates and NTG estimates  

The team used the following steps to develop prospective NTG estimates after the retrospective 

work was complete: 

• An internal forecast assessment of key parameters that are likely to influence the impact 

of the programs in 2019-2021 

• A third-round Delphi panel survey, where panelists reviewed the internal forecast 

assumptions and suggested changes 

• An application of the Delphi panel results to adjust the retrospective findings and develop 

NTG ratios for 2019-2021 

These steps are discussed in more detail in the following sections.  

                                                

10 The modeling effort leveraged REM/Rate data from 2015 RNC program year and the 2015/16 Single-Family New 
Construction Code Compliance/Baseline Study. 
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1.3.1 Delphi Panel 

The Delphi method is an interactive and iterative approach that leverages a panel of experts to 

develop a group judgement. The Delphi method includes a series of questionnaires, typically two 

or more. The Delphi approach is based on the principle that structured, closed-ended responses 

from experts, informed by the responses from their peers, may lead to more accurate results than 

unstructured responses without the benefit of iterative feedback.11 

The team selected fifteen RNC industry experts to participate in a three-round Delphi panel 

survey. In the first two rounds, the team asked the Delphi panelists to estimate measure-level 

counterfactual efficiency values for program and non-program homes assuming the RNC and 

CCSI programs had ceased to exist after 2011.12 The team conducted this process separately for 

stretch code homes and non-stretch code homes. The team provided the Delphi panel with a 

third-round survey questionnaire that focused on the prospective forecast for the 2019-2021 

period. Each Delphi panelist received a $1,000 honorarium for participating in the survey. The 

honorarium was split into two payments (one after the first two survey rounds and the other after 

the third round) to incentivize participation through the entire process.  

The Delphi processes for panel recruitment, development of Delphi questionnaires, and 

supporting materials are described in more detail in Appendix A. The results from the Delphi panel 

are presented in Section 2.  

1.3.2 Energy Models and Savings Calculations 

The team used the Delphi panel estimates from the second-round questionnaire to generate four 

data sets, which included two counterfactual estimates for each sampled home. The team 

developed counterfactual estimates for the following samples: 

• 50 stretch code program homes 

• 50 non-stretch code program homes 

• 46 stretch code non-program homes 

• 50 non-stretch code non-program homes 

Each data set included unique counterfactual efficiency values for each of the 12 building 

components that were considered by the Delphi panel. The generated counterfactual efficiency 

values included a range of values that, overall, represented the panelists’ average estimates for 

each measure. The Team created two counterfactual energy models for each home with different 

counterfactual efficiency values for each measure in the different models. Two counterfactual 

models per sampled home rather than one allows for a greater combination of interactive effects 

among the models and results in a more vigorous estimate of net savings for the programs. The 

                                                

11 See: (A) Hsu, C. and B.A. Sandford. (2007). ―The Delphi technique: making sense of consensus. ‖ Practical 
Assessment, Research & Evaluation. 12(10): 1-8; (B) Linstone, H. A., & Turoff, M. (1975). The Delphi Method: 
Techniques and Applications. Reading, MA: Addison-Wesley Publishing Company; (C) Ludwig, B. (1997). Predicting 
the future: Have you considered using the Delphi methodology? Journal of Extension, 35 (5), 1-4. Retrieved August 
25, 2010 from http://www.joe.org/joe/1997october/tt2.ht  
12 One panelist dropped out during the second-round questionnaire; the team did not include their responses included 
in the final results. However, the team did use their round-one responses to inform the second-round questionnaire. 

http://www.joe.org/joe/1997october/tt2.ht
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following equations summarize the counterfactual modeling process that the team used to 

develop retrospective net savings for each of the samples detailed above: 

𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙. 𝑒𝑛𝑒𝑟𝑔𝑦. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 =
(𝑟𝑢𝑛1. 𝑒𝑛𝑒𝑟𝑔𝑦. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 + 𝑟𝑢𝑛2. 𝑒𝑛𝑒𝑟𝑔𝑦. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗)

2
 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒. 𝑛𝑒𝑡. 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 =  
1

𝑛
∑(𝑐𝑓. 𝑒𝑛𝑒𝑟𝑔𝑦. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 − 𝑎𝑠. 𝑏𝑢𝑖𝑙𝑡. 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗)

𝑗

 

Additional details on the methodology used to generate and model the counterfactual values are 

provided in Appendix B. 

1.3.2.1 Lighting 

In order to maintain consistency with the RNC program methodology, the team calculated the 

savings associated with lighting outside of the energy models. The team used site-specific bulb 

counts and deemed savings values as the as-built savings for lighting.13  The team adjusted the 

number of energy-efficient bulbs per home based on the Delphi panelists’ estimates of the 

saturation of energy-efficient light bulbs in the absence of the programs. The team applied the 

lighting savings associated with the as-built and counterfactual models to the modeled savings 

estimates to calculate overall savings. Additional details on how the team calculated lighting 

savings are in Appendix B.2.  

1.3.3 Determining Net Savings and the Net-to-Gross Ratio 

The team determined the net savings and NTG ratios by comparing the original energy models 

for both program and non-program homes (the as-built models) to the counterfactual models. 

Specifically, the team subtracted the energy consumption values from the as-built models from 

the average energy consumption values of the two corresponding counterfactual models to 

estimate savings attributable to program homes and non-program homes, for both stretch and 

non-stretch code locations. Net savings from program home models derived free-ridership values 

(i.e., the amount of savings that program homes would have achieved, regardless of the 

programs’ existence). The team used the net savings from non-program homes to inform spillover 

(i.e., the amount of savings in non-program homes that are attributable to the programs’ 

existence). The team then multiplied the net savings for program and non-program homes by the 

corresponding number of single-family homes built in 2015. To assess the statistical uncertainty 

surrounding the estimated savings, the team constructed 90% confidence intervals around the 

program and non-program savings estimates. 

The team compared each of the sampled RNC program homes to the 2015 user-defined 

reference home (UDRH) in REM/Rate to estimate the gross savings for the RNC program homes. 

The team applied the average gross savings to the RNC program population. The processes and 

results for calculating net savings and the NTG ratio are described in greater detail in Section 3. 

The team calculated the NTG ratio using the following equations:  

 

                                                

13 The deemed savings used by the RNC program in 2015 were provided to the evaluation team by ICF, the program 
implementation contractor.  
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𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 =
(𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 − 𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠) 

𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
 

𝑁𝑜𝑛. 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 =
𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙 𝑁𝑜𝑛𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
 

𝑁𝑒𝑡. 𝑡𝑜. 𝐺𝑟𝑜𝑠𝑠 𝑅𝑎𝑡𝑖𝑜 = 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 + 𝑁𝑜𝑛. 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 
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2               

Section 2 Delphi Panel Findings 
Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

The Delphi Panelists reviewed how recently-built homes were constructed, based on the results 

of baseline studies in Massachusetts and analysis of RNC program home data. The team then 

asked panelists to consider how those homes would have been built had the RNC program been 

discontinued at the end of 2011 and had the CCSI never been implemented. Panelists considered 

homes built in stretch code and non-stretch code municipalities separately. They also considered 

program and non-program homes separately. This section describes the measure-level changes 

estimated by the panel. To help aid the reader in distinguishing the differences between the four 

samples’ as-built values and the panelist estimates, the samples are color coded, as shown in 

Figure 5. 

Figure 5: Sample Color Key 

 
Key Findings – Stretch Code 

➢ Panelists estimated that program homes would experience larger drops in efficiency for 

the majority of measures compared to non-program homes. 

➢ The counterfactual estimate of duct leakage for program homes was 68% less efficient 

than the actual value. The counterfactual estimated non-program value was 46% less 

efficient. 

➢ The counterfactual air infiltration value for program homes was 28% less efficient than the 

as-built value. The counterfactual estimated non-program value was 36% less efficient. 

➢ Panelists consistently estimated that the counterfactual building shell insulation 

installation quality (Grade) would be 30%-45% less efficient in program homes, except for 

http://www.nmrgroupinc.com
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framed floors (9% less efficient). Non-program homes would be 9%-17% less efficient had 

the programs ended in 2011. 

➢ The panel estimated a counterfactual 20% reduction in efficient lighting saturation in 

program homes and an 18% reduction in non-program homes.  

➢ Panelists estimated minimal changes in efficiency for heating, cooling, and domestic water 

heating equipment without the programs.  

Key Findings – Non-Stretch Code 

➢ Panelists estimated program homes would have larger reductions in efficiency compared 

to non-program homes had the program ended in 2011. 

➢ The counterfactual estimated duct leakage for program homes was 73% less efficient than 

the actual value. The counterfactual estimated non-program value was 58% less efficient. 

➢ The counterfactual estimated air infiltration value for program homes was 37% less 

efficient than the actual value. The counterfactual estimated non-program value was 35% 

less efficient. 

➢ Panelists consistently estimated that counterfactual building shell insulation installation 

quality (Grade) would be 37%-59% less efficient in program homes, except for framed 

floors (22% less efficient). They estimated that non-program homes would be 6%-22% 

less efficient without the programs’ existence. 

➢ The panel estimated a similar reduction of efficient lighting saturation in program (14%) 

and non-program homes (13%) without the programs.  

➢ Panelists estimated minimal efficiency reductions for heating, cooling, and water heating 

equipment without the programs.  

2.1 OVERALL  

Table 3 compares the mean values estimated by the Delphi panelists for stretch code homes built 

in the absence of the programs with the actual data from the RNC program database or the non-

program baseline study. Table 4 compares the mean values estimated by the Delphi panelists for 

non-stretch code homes. The team calculated the Delphi panelist mean estimations, shown in the 

“Without Program” columns, using the individual panelists’ weighted average after removing 

outliers.14 The team then leveraged these values to create the counterfactual energy models; see 

Appendix A for more details on this process. Note that while the table displays the percent change 

of how much worse each estimation is than the corresponding as-built value, this is not a 

measurement of that measure’s effect on savings calculations determined through the energy 

models.  

                                                

14 Outlier responses were considered 1.5 times the interquartile range. If a panelist had an average weighted 
response that was considered an outlier, the team excluded their response and did not factor it into the final results 
from the second-round Delphi questionnaire. See Appendix D for an analysis on how panelist responses changed 
between rounds, as well as the number of outliers removed on a measure-level basis. 
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Table 3: Stretch Code Energy Efficiency Values Estimated by Delphi Panelists 

 

 

  

As-Built Without Program
Efficiency Reduction 

(Percent Change)
As-Built Without Program

Efficiency Reduction 

(Percent Change)

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 2.59 4.34 68% 4.10 6.00 46%

Air Infiltration (ACH50) 2.98 3.81 28% 3.72 5.07 36%

Percent of Sockets with Efficient Lighting (%) 88% 70% 20% 52% 43% 18%

Window U-Value 0.29 0.31 4% 0.33 0.34 1%

Wall Insulation R-Value 21.3 20.7 3% 20.2 19.4 4%

Wall Insulation Average Grade 1.34 1.83 37% 1.83 2.05 12%

Frame Floor Insulation R-Value 28.8 27.9 3% 29.7 28.3 5%

Frame Floor Insulation Average Grade 1.97 2.16 9% 2.19 2.39 9%

Flat Ceiling Insulation R-Value 40.6 37.7 7% 36.8 34.1 7%

Flat Ceiling Insulation Average Grade 1.15 1.50 30% 1.49 1.75 17%

Cathedral Ceiling Insulation R-Value 37.9 34.4 9% 33.1 31.1 6%

Cathedral Ceiling Insulation  Average Grade 1.17 1.57 34% 1.72 1.89 10%

Cond. Foundation Wall Insulation R-Value 14.4 12.8 11% 16.6 11.8 29%

Cond. Foundation Wall Insulation Average Grade 1.29 1.87 45% 2.11 2.29 9%

Heating Equipment

Gas/Propane Furnace AFUE 94.9 93.8 1% 93.8 92.4 1%

Gas/Propane Boiler AFUE 94.4 91.8 3% 94.9 92.4 3%

Oil Furnace AFUE 85.3 84.2 1% 83.9 83.5 <1%

Oil Boiler AFUE 86.8 84.3 3% NA 82.8 NA

Air Source Heat Pump & Ductless Minisplit HSPF 10.5 10.2 3% 10.4 10.2 2%

Ground Source Heat Pump COP 4.0 3.6 10% 4.0 3.7 7%

Cooling Equipment

Central Air-Split SEER 13.7 13.4 2% 13.5 13.3 1%

Air Source Heat Pump & Ductless Minisplit SEER 19.8 18.8 5% 19.0 18.5 3%

Domestic Hot Water Equipment

Gas/Propane Conventional Storage EF 0.70 0.66 5% 0.68 0.66 4%

Gas/Propane Instantaneous (Tankless) EF 0.93 0.91 3% 0.91 0.90 <1%

Electric Conventional Storage EF 0.92 0.91 1% 0.90 0.89 1%

Heat Pump Storage EF 2.71 2.59 4% 2.75 2.58 6%

All Fuels Indirect Fired EF 0.86 0.86 1% 0.86 0.85 1%

Program Homes Non-Program Homes

Measure

http://www.nmrgroupinc.com
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Table 4: Non-Stretch Code Energy Efficiency Values Estimated by Delphi Panelists 

 

As-Built Without Program
Efficiency Reduction 

(Percent Change)
As-Built Without Program

Efficiency Reduction 

(Percent Change)

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 2.57 4.44 73% 3.90 6.15 58%

Air Infiltration (ACH50) 2.55 3.49 37% 3.50 4.71 35%

Percent of Sockets with Efficient Lighting (%) 90% 77% 14% 50% 44% 13%

Window U-Value 0.30 0.31 3% 0.33 0.34 4%

Wall Insulation R-Value 20.9 20.4 2% 20.6 19.5 5%

Wall Insulation Average Grade 1.24 1.74 40% 1.94 2.10 8%

Frame Floor Insulation R-Value 29.9 29.1 3% 31.6 29.5 7%

Frame Floor Insulation Average Grade 1.64 2.01 22% 2.14 2.31 8%

Flat Ceiling Insulation R-Value 42.1 38.8 8% 41.0 37.6 8%

Flat Ceiling Insulation Average Grade 1.07 1.47 37% 1.32 1.61 22%

Cathedral Ceiling Insulation R-Value 37.4 34.0 9% 31.9 30.8 3%

Cathedral Ceiling Insulation  Average Grade 1.07 1.65 54% 1.77 1.87 6%

Cond. Foundation Wall Insulation R-Value 13.9 12.4 11% 10.1 8.5 17%

Cond. Foundation Wall Insulation Average Grade 1.25 1.99 59% 2.41 2.55 6%

Heating Equipment

Gas/Propane Furnace AFUE 94.3 93.5 1% 94.1 92.9 1%

Gas/Propane Boiler AFUE 94.5 92.5 2% 91.0 89.7 1%

Oil Furnace AFUE 85.1 84.9 <1% NA 83.0 NA

Oil Boiler AFUE 86.5 85.2 2% 85.3 83.7 2%

Air Source Heat Pump & Ductless Minisplit HSPF 8.9 8.9 <1% 9.9 9.3 7%

Ground Source Heat Pump COP 4.0 3.6 10% NA 3.6 NA

Cooling Equipment

Central Air-Split SEER 13.4 13.4 1% 13.4 13.3 1%

Air Source Heat Pump & Ductless Minisplit SEER 18.8 18.0 4% 17.6 17.3 2%

Domestic Hot Water Equipment

Gas/Propane Conventional Storage EF 0.67 0.65 3% 0.67 0.64 3%

Gas/Propane Instantaneous (Tankless) EF 0.94 0.92 2% 0.93 0.91 2%

Electric Conventional Storage EF 0.91 0.91 <1% 0.92 0.90 1%

Heat Pump Storage EF 2.81 2.70 4% 2.65 2.63 1%

All Fuels Indirect Fired EF 0.86 0.85 1% 0.87 0.87 <1%

Measure

Program Homes Non-Program Homes
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2.2 DUCT LEAKAGE 

Panelists provided estimates for duct leakage to the outside (LTO) per 100 square feet of 

conditioned area. In the absence of the programs, duct leakage would have the largest measure-

level reduction in efficiency compared to the as-built values for all four samples. Duct leakage 

values would be 68% (stretch) and 73% (non-stretch) worse in program homes. The panelists 

also estimated that non-program homes would have the largest drop in efficiency for both stretch 

(46%) and non-stretch (58%) codes. 

Figure 6: Duct LTO (CFM25/100 sq. ft.) – Stretch Code 

 

Figure 7: Duct LTO (CFM25/100 sq. ft.) – Non-Stretch Code 

 

Delphi panelists emphasized the importance of the RNC and CCSI efforts to duct sealing 

practices.               

 

“My experience is that programs that educate building professionals 

about the [indoor air quality] and thermal comfort benefits of tight ducts 

– in addition to greater energy efficiency – have a lot of impact on quality 

and attention to detail of duct installation.”                                

 — Building efficiency consultant working outside Massachusetts 

 

“Duct leakage results are driven primarily by the level of effort and care 

of the installer, which in turn is determined by the builder/GC. With less 

awareness, the distribution will migrate to the code minimum because 

this is perceived as the lowest cost installation. The differences in the 

distributions are because the builders in that population [program 

homes] would tend to be in the higher income communities or build in 

more expensive market segments.”                                                                                             

— Building efficiency consultant working in Massachusetts 

 

http://www.nmrgroupinc.com
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2.3 AIR INFILTRATION 

The estimations provided by panelists for air infiltration (ACH50) showed a 28% (stretch) and 37% 

(non-stretch) reduction in efficiency for program homes. Non-program homes had a reduction of 

36% (stretch) and 35% (non-stretch) in mean air infiltration levels.  

Figure 8: Air Infiltration (ACH50) – Stretch Code 

 

Figure 9: Air Infiltration (ACH50) – Non-Stretch Code 

 

Delphi panelists noted that, while there are other drivers for air sealing, the programs have an 

effect in reducing air infiltration levels. 

2.4 LIGHTING 

Panelists provided estimates for the percent of sockets with efficient lighting. For stretch code 

homes, panelists estimated that the percentage of sockets with efficient lighting would drop by 

20% in program homes and 14% in non-program homes in the absence of the programs. Panelists 

estimated non-stretch code homes would have a similar drop in saturation of efficient lighting, 

18% in program homes and 13% in non-program homes. 

 

“Due to the expense of heating and cooling, some will find ways to be 

compliant without such programs… However, where competition is 

fierce and budgets are tight, some homes will be built that fall below 

norms, especially in communities that have not adopted the stretch 

code. The RNC and CCSI has been instrumental in helping all of the 

industry (designers/builders/ inspectors/developers) improve air sealing 

practices.”  

— Code official working in Massachusetts 
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Figure 10: Lighting Saturation – Stretch Code 

 

Figure 11: Lighting Saturation – Non-Stretch Code 

 

Panelists indicated that the RNC program had a substantial impact on the levels of efficient 

lighting in program homes. 

2.5 WINDOWS 

Panelists estimated that window U-values would be slightly less efficient in the absence of the 

program for all four samples of homes.  

Figure 12: Window U-Values – Stretch Code 

 

 

“Because CFLs/LED lights are expensive, most builders will put in the 

cheapest available. Without the free lights from RNC, these houses will 

mimic the non-program houses. In the absence of the code compliance 

training, the building inspectors will have a harder time identifying the 

compliant lights and, therefore, compliance will get worse.”  

— Building efficiency consultant working in Massachusetts 
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Figure 13: Window U-Values – Non-Stretch Code 

 

Delphi panelists noted that windows are not a priority for the programs. 

2.6 INSULATION 

Panelists provided estimates of the changes in shell insulation R-values and insulation installation 

quality (grade) in the absence of the programs. In practice, insulation grade is characterized as 

one of three discrete values: “Grade I” indicates a high-quality installation, “Grade II” is a fair 

installation, and “Grade III” refers to a poor installation quality.15 To compare the as-built insulation 

installation grade with the counterfactual, weighted averages are presented. These weighted 

averages represent the distribution of insulation installation grade for each sample, where 1 is the 

most efficient and 3 is the least efficient, but do not represent how grade designations are made 

in practice on an individual home level. 

In the absence of the programs, panelists predicted that the insulation installation grade for stretch 

code homes would be between 9% and 45% worse for each shell measure in program homes, 

but only between 9% and 17% worse in non-program homes. Similarly, in non-stretch code 

homes, panelists estimated a reduction in insulation installation grade between 22% and 59% for 

program homes, but only 6% to 22% in non-program homes.  

Panelists estimated that R-values would only be slightly worse for all four samples of homes in 

the absence of the programs. The most significant R-value reductions for all four samples of 

homes were conditioned foundation walls. Results for each shell measure are listed in the 

sections below. 

                                                

15 RESNET defines the insulation installation standards for HERS ratings. REM/Rate models take insulation grade 
into account; homes with better quality insulation installations will perform better (lower consumption values, and 
better HERS Index values) than homes with worse installation grades. A summary of the technical requirements for 
these insulation grades are defined as follows:  

•  Grade I: Negligible void areas, compression or incomplete fill ≤ 2%, fitted neatly around obstructions  

•  Grade II: Void areas ≤ 2%, compression or incomplete fill ≤ 10%  

•  Grade III: Void areas ≤ 5% 

“Windows are driven more by price and aesthetics and not by energy 

performance. The RNC Program puts pressure on the homes to be better, 

but our influence in this area is smaller than in other areas.” 

— Building efficiency consultant working in Massachusetts 
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Delphi panelists noted the programs’ effect on the quality of insulation installation. 

2.6.1 Conditioned Walls 

For stretch code homes, panelists estimated that the R-values of conditioned walls would be 

reduced by 3% in program homes and 4% in non-program homes. Insulation grades would 

decrease by 37% in program homes and 12% in non-program homes.  

For non-stretch code homes, panelists estimated similar reductions in the efficiency for 

conditioned walls and insulation installation grading. Program home R-values would be reduced 

by 2% and non-program homes would be reduced by 5%. Insulation installation quality (grade I 

is a high-quality install and grade III is a poor-quality install) would decrease by 40% in program 

homes and 8% in non-program homes.  

 

“Insulation is predominately fiberglass for most builders and poorly 

installed. HERS raters through the program provided key quality 

assurance by doing inspections.”  

— Building efficiency consultant working in Massachusetts 
 

"Insulation installation grades are a HERS thing. I think a lot of code 

officials would just check the nominal R-value.” 

— Energy efficiency consultant working nationally 
 

“Ceiling insulation is a relatively easy inspection because it is easy to 

see and get at. The floor insulation is a bit more difficult because it gets 

enclosed. Walls are the same; they get closed up quickly. Crawl spaces 

are hard to get at, so it is more difficult to control conditions in the field. 

Finally, foundation insulation is usually done by others than those who 

do fiberglass batts, etc. So, again, without the MA RNC/CCSI programs, 

we would not be getting the results we are seeing today.”   

— Code official working in Massachusetts    
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Figure 14: Conditioned Walls – Stretch Code 

 

Figure 15: Conditioned Walls – Non-Stretch Code 

 

2.6.2 Frame Floor (Over Unconditioned Basements) 

For stretch code homes, panelists estimated that the R-values of framed floors (over 

unconditioned basements) would decrease by 3% in program homes and 5% in non-program 

homes. Insulation installation grade would decrease by 9% in both program homes and non-

program homes.  

For non-stretch code homes, panelists predicted insulation installation quality would be much 

worse for program homes (22%). Insulation installation grades would decrease by 8% in non-

program homes. Program home R-values would decrease by 3% and non-program homes by 7% 

in the absence of the programs.  
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Figure 16: Framed Floors – Stretch Code 

 

Figure 17: Framed Floors – Non-Stretch Code 

 

2.6.3 Flat Ceilings (Attics) 

For stretch code homes, Delphi panelists estimated that the R-values of attics with flat ceilings 

would be reduced by 7% in both program and non-program homes in the absence of the 

programs. Insulation installation grade would decrease by 30% in program homes and 17% in 

non-program homes.  

Panelists indicated larger reductions in the efficiency and insulation installation quality for non-

stretch code homes. Both program and non-program R-values would decrease by 8%. Insulation 

installation quality would decrease by 37% in program homes and 22% in non-program homes. 
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Figure 18: Flat Ceilings (Attics) – Stretch Code 

 

Figure 19: Flat Ceilings (Attics) – Non-Stretch Code 

 

2.6.4 Vaulted Ceilings 

For stretch code homes, panelists estimated that the R-values of vaulted or cathedral ceilings 

would decrease by 9% in program homes and 6% in non-program homes. Insulation grade would 

be 34% worse in program homes and 10% worse in non-program homes.  

Panelists indicated similar reductions for vaulted ceilings in non-stretch code homes; however, 

the insulation installation grading in program homes would have a much larger decrease (54%). 

R-value estimates would decrease by 9% for program homes and 3% for non-program homes. 

Panelists predicted the insulation grading in non-program homes would not change much (3% 

decrease). 
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Figure 20: Vaulted Ceilings – Stretch Code 

 

Figure 21: Vaulted Ceilings – Non-Stretch Code 

 

2.6.5 Conditioned Foundation Walls 

For stretch code homes, panelists estimated that the mean R-value of conditioned foundation 

walls would decrease by 11% in program homes and 29% in non-program homes in the absence 

of the programs. Insulation installation grade would decrease by 45% in program homes and 9% 

in non-program homes.  

In non-stretch code homes, the mean R-value would decrease by 11% in program homes and 

17% in non-program homes in the absence of the programs. Insulation installation quality would 

decrease by 59% in program homes and only 6% in non-program homes. 
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Figure 22: Foundation Walls – Stretch Code 

 

Figure 23: Foundation Walls – Non-Stretch Code 

 

2.7 HEATING 

The Delphi panel came to the consensus that only minimal reductions in heating system efficiency 

would have been seen in the absence of the programs. This indicates that the programs have 

limited impact on the efficiency of selected heating equipment, as opposed to other measures, 

such as insulation installation quality or duct leakage to the outside.  

For stretch code homes, panelists estimated a 10% reduction in efficiency for Ground Source 

“Foundation insulation has probably been the most misunderstood and 

sometimes goes in well, while sometimes gets damaged or details are 

neglected. Foundation insulation is usually installed by laborers who 

may not be sufficiently trained.”  

— Code official working in Massachusetts    
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Heat Pumps (GSHPs) in program homes and 7% in non-program homes. For all other heating 

equipment, the Delphi panelists estimated efficiency would decrease by 3% or less for both 

program and non-program homes.  

Figure 24: Stretch Code – Heating Equipment 

 

Panelists estimated that non-stretch code heating efficiency values would decrease slightly for 

both program and non-program homes in the absence of the programs. Notable differences 

between as-built values and panelist estimates include a 10% decrease in GSHPs (COP) for 

program homes and a 7% decrease in ASHP (HSPF) efficiency for non- program homes. All other 

heating equipment estimates would decrease by 2% or less. 
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Figure 25: Non-Stretch Code – Heating Equipment 

 
 

2.8 COOLING 

Similar to heating equipment, panelists estimated only minimal reductions in mean efficiency 

values for both cooling equipment types. For program homes in stretch code municipalities, 

ASHPs (including ductless mini-splits) received the largest estimated reduction (5%). Panelists 

believed that cooling SEER levels for ASHPs would decrease more than the heating efficiency 

(HSPF) in ASHPs – for both program and non-program homes. Central air conditioning system 

(CAC) efficiency would decrease by only 2%.  

“I would expect no change in the non-program homes as they would 

switch to the GasNetworks program to receive the rebates and, from the 

builders’ perspective, they would still receive the rebate. The program 

houses would be in the same situation and, therefore, their behavior 

would be the same.”   

— Building efficiency consultant working in Massachusetts   
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Figure 26: Stretch Code – Cooling Equipment 

 

Panelists estimated minimal reductions in mean efficiency values for both cooling equipment 

types in non-stretch code municipalities. For program homes, ASHPs (including ductless mini-

splits) received the largest estimated reduction (4%). Again, panelists believed that mean cooling 

SEER levels for ASHPs would decrease more than the heating efficiency (HSPF) in program 

home ASHPs; however, not for non-program homes. Central air conditioning (CAC) system 

efficiency would decrease by only 1%. 

Figure 27: Non-Stretch Code – Cooling Equipment 

 
 

“Same as heating systems. The benefit of improved AC efficiency in a 

heating dominated climate gives it little effect on HERS ratings or energy 

efficiency, and rebates will still come through the CoolSMART program. 

Without the new construction program, the program homes will face the 

same market forces and behavior will mimic non-program homes.”  

— Building efficiency consultant working in Massachusetts  
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2.9 DOMESTIC HOT WATER 

For stretch code homes, panelists estimated relatively minimal changes in efficiency for water 

heating systems in the absence of the programs. For program homes, gas storage systems had 

the largest estimated efficiency reduction (5%), followed by heat pumps (4%) and gas 

instantaneous systems (3%). The panelists estimated changes of 1% or less for the remaining 

program water heating systems. Panelists estimated similar decreases in efficiency for non-

program homes: heat pumps had the largest estimated reduction in efficiency (6%), followed by 

gas storage systems (4%). The remaining water heater systems for non-program homes all had 

estimated decreases of 1% or less. The team asked panelists about indirect-fired water heaters 

(all fuels); results are displayed in Table 3 for stretch code homes. 

Figure 28: Stretch Code – Water Heating Equipment 

 

Panelists predicted similar decreases in efficiency for water heating systems for non-stretch code 

homes had the programs ceased to exist. For program homes, heat pump systems had the largest 

estimated efficiency reduction (4%), followed by gas storage (3%) and gas instantaneous systems 

(2%). The panelists estimated changes of 1% or less for the remaining program water heating 

systems. Panelists indicated similar decreases in efficiency for non-program homes: gas storage 

systems had the largest estimated reduction in efficiency (3%), followed by gas instantaneous 

systems (2%). All other water heater systems for non-program homes had estimated reductions 

in efficiency of 1% or less. Indirect-fired water heater system (all fuel types) results are displayed 

in Table 4 for non-stretch code homes. 
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Figure 29: Non-Stretch Code – Water Heating Equipment 

 

 

“HERS Rater involvement encouraged the use of higher efficiencies for 

the impact on incentives and HERS Rating for [stretch code 

communities]. HERS Raters also educated builders about the equipment 

incentives and facilitated the processing of the equipment incentives.”  

— Building efficiency consultant working in Massachusetts         
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3               

Section 3 Program Savings 
This section presents the results of the modeling effort discussed in Section 1.3.2 (with additional 

details in Appendix B) in the following order: estimated gross RNC program savings, estimated 

savings for program participants and non-participants, overall net savings, and NTG ratios. 

Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

3.1 GROSS RNC PROGRAM SAVINGS 

The team calculated estimated gross savings for program homes by comparing program homes 

to the 2015 UDRH.16 The team calculated lighting savings from efficient bulbs using the deemed 

savings estimates listed in Table 31. Additional details on gross program savings can be found in 

Appendix C. Table 5 presents the estimated average gross savings per home for the 2015 RNC 

program by non-stretch and stretch code. 

Table 5: Average Per-Home Gross Savings Estimates for 2015 Program 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 50 50 37 1 10 

Gross Savings 52.1 3,606.2 436.5 405.9 354.7 

Stretch Code 

n 50 50 38 1 11 

Gross Savings 64.4 4,016.3 472.2 406.9 661.8 

The team used the estimated average gross savings per home from the program sample to project 

savings for the entire population of homes that participated in the program in 2015. As shown in 

Table 6, 1,106 non-stretch code and 1,905 stretch code single-family projects were completed in 

the 2015 RNC program.  

                                                

16 To estimate gross savings, the team adjusted thermostat set points for program homes during the REM/Rate 
modeling stage to match the thermostat set points of UDRH homes.  

http://www.nmrgroupinc.com


TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

33 

Table 6: Fuel Use Distribution for 2015 RNC Program Single-Family Homes 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 1,106 1,106 818 22 221 

% Using Fuel 100% 100% 74% 2% 20% 

Stretch Code 

n 1,905 1,905 1,448 38 419 

% Using Fuel 100% 100% 76% 2% 22% 

The team estimated the overall non-stretch code and stretch code gross savings for the 2015 

program year, shown in Table 7 (see Table 34 and Table 41 for detailed results), by multiplying 

the per-home gross savings estimates reported in Table 5 by the number of homes by fuel type 

in Table 6. 

Table 7: Total Estimated Gross Savings for Single-Family Homes in 2015 RNC 
Program Year 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 1,106 1,106 818 22 221 

Gross Program 

Savings 
57,656 3,988,413 357,073 8,931 78,386 

Stretch Code 

n 1,905 1,905 1,448 38 419 

Gross Program 

Savings 
122,702 7,651,013 683,688 15,461 277,303 

3.2 NET SAVINGS ESTIMATES: PROGRAM HOMES 

Table 8 displays the average per-home as-built energy consumption, counterfactual energy 

consumption (i.e., energy consumption had the RNC program ceased to exist after 2011 and had 

the CCSI never existed), and net savings per program participant by non-stretch code and stretch 

code (see Table 35 and Table 42 for summary details). Net savings attributable to program 

participants is calculated as the difference between the counterfactual energy consumption and 

the as-built energy consumption. Please note that the difference in as-built consumption between 
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stretch code homes and non-stretch code homes is driven by the fact that stretch code homes 

are substantially larger than non-stretch code homes.17  

Table 8: Summary of Average per-Home Program Participant Net Savings 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 50 50 37 1 10 

As-Built Energy 

Consumption 
94.4 8,068.1 702.3 377.5 598.6 

Counterfactual Energy 

Consumption 
104.5 8,289.6 809.3 531.7 658.5 

Net Savings1 16.3 2,019.4 107.0 154.2 60.0 

Stretch Code 

n 50 50 38 1 11 

As-Built Energy 

Consumption 
109.2 8,847.9 759.4 857.9 939.8 

Counterfactual Energy 

Consumption 
125.4 8,980.7 888.7 1,034.2 1,210.5 

Net Savings1 23.0 2,123.3 129.3 176.3 270.6 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 

equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 1,797.9 kWh per home with 90% CI = (1,469.2, 2,126.7) or 6.1 MMBtu with 90% CI = 
(5.0, 7.3). Stretch code lighting savings were equal to 1,990.6 kWh per home with 90% CI = (1,657.1, 2,324.0) or 6.8 
MMBtu with 90% CI = (5.7, 7.9). 

The team estimated the overall 2015 program net savings, shown in Table 9 (see Table 36 and 

Table 43 for detailed results), by multiplying the program consumption and savings estimates 

(reported in Table 8) by the number of homes that use each fuel type (see Table 6). 

                                                

17 Among the sampled homes, stretch code program homes have an average square footage of 3,231 square feet 
while non-stretch code program homes have an average square footage of 2,750 square feet.  
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Table 9: Total Program Participant Net Savings 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 1,106 1,106 818 22 221 

As-Built Energy 

Consumption 
104,362 8,923,363 574,465 8,305 132,288 

Counterfactual Energy 

Consumption 
115,599 9,168,309 662,024 11,698 145,537 

Total Net Savings1 18,028 2,233,456 87,559 3,393 13,249 

Stretch Code 

n 1,905 1,905 1,448 38 419 

As-Built Energy 

Consumption 
207,969 16,855,326 1,099,655 32,601 393,793 

Counterfactual Energy 

Consumption 
238,830 17,108,234 1,286,881 39,301 507,183 

Total Net Savings1 43,815 4,044,925 187,226 6,700 113,390 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 

equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 1,797.9 kWh per home with 90% CI = (1,469.2, 2,126.7) or 6.1 MMBtu with 90% CI = 
(5.0, 7.3). Stretch code lighting savings were equal to 1,990.6 kWh per home with 90% CI = (1,657.1, 2,324.0) or 6.8 
MMBtu with 90% CI = (5.7, 7.9). 

3.3 NET SAVINGS ESTIMATES: NON-PROGRAM HOMES 

As with program homes, the team calculated the net savings associated with non-program homes 

by subtracting the as-built energy consumption from the counterfactual energy consumption. 

Table 10 displays the summary of results for non-program homes in stretch code and non-stretch 

code municipalities (see Table 37 and Table 44 for summary details). Please note that the 

difference in as-built consumption between stretch code homes and non-stretch code homes is 

driven by the fact that stretch code homes are substantially larger than non-stretch code homes.18 

                                                

18 Among the sampled homes, stretch code non-program homes have an average square footage of 3,090 square 
feet, while non-stretch code non-program homes have an average square footage of 2,564 square feet.  
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Table 10: Summary of Average per-Home Non-Program Net Savings 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 50 50 35 1 18 

As-Built Energy 

Consumption 
99.0 9,578.0 629.3 630.0 624.3 

Counterfactual Energy 

Consumption 
108.9 9,675.7 723.3 625.9 1,017.8 

Total Net Savings1 13.1 1,061.0 94.1 (4.1) 393.5 

Stretch Code 

n 46 452 29 1 13 

As-Built Energy 

Consumption 
109.8 10,674.6 756.4 471.3 891.9 

Counterfactual Energy 

Consumption 
125.6 11,115.0 1,233.0 553.4 1,064.7 

Total Net Savings1 19.6 1,562.5 476.6 82.2 184.1 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 

equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 963.3 kWh per home with 90% CI = (820.3, 1,106.3) or 3.3 MMBtu with 90% CI = (2.8, 
3.8). Stretch code lighting savings were equal to 1,112.2 kWh per home with 90% CI = (935.5, 1,288.8) or 3.8 MMBtu 
with 90% CI = (3.2, 4.4). 
2 One home was excluded due to missing lighting information. 

3.3.1 Estimating Total Non-Program Net Savings 

The team calculated the total non-program net savings by scaling the average per-home savings 

estimates to the total number of non-program single-family new construction completions in 2015. 

The team estimated the 2015 single-family completions using the 2014 Census Bureau residential 

new construction building permit and the Quarterly Starts and Completions reports.19 Table 11 

reports the estimated single-family program and non-program completions for the state in 2015 

by non-stretch code and stretch code.  

Table 11: Estimated Statewide Single-Family Completions in 2015 

 

Estimated MA 

Single-Family 

Completions 

Program 

Completions  

Non-Program 

Completions 

Percent of 

Homes 

Participating 

in Program 

Non-Stretch Code 4,610 1,106 3,504 24% 

Stretch Code 2,720 1,905 815 70% 

                                                

19 NMR used 2014 permits to estimate 2015 completions to account for the lag between permit and construction 
completion. https://www.census.gov/construction/nrc/index.html 
 

https://www.census.gov/construction/nrc/index.html
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Data for non-program home fuel use distribution are not available; therefore, the team assumed 

that the distribution of fuel types within the non-participant sample was reflective of all non-

participant homes throughout the state. The team multiplied the state-level non-participant fuel 

use estimates by the non-program consumption and savings estimates in Table 10 to calculate 

the overall 2015 non-participant net savings reported in Table 12 (see Table 38 and Table 45 for 

detailed results). 

Table 12: Total Non-Participant Net Savings 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 3,504 3,504 2,453 70 1,261 

As-Built Energy 

Consumption 
346,896 33,561,417 1,543,550 44,099 787,192 

Counterfactual Energy 

Consumption 
381,445 33,903,723 1,774,279 43,814 1,283,446 

Total Net Savings1 46,043 3,717,744 230,729 (284) 496,254 

Stretch Code 

n 815 815 514 18 230 

As-Built Energy 

Consumption 
89,446 8,699,758 388,774 8,483 205,139 

Counterfactual Energy 

Consumption 
102,380 9,058,692 633,747 9,962 244,883 

Total Net Savings1  15,958 1,273,429 244,972 1,479 42,348 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 

equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 963.3 kWh per home with 90% CI = (820.3, 1,106.3) or 3.3 MMBtu with 90% CI = (2.8, 
3.8). Stretch code lighting savings were equal to 1,112.2 kWh per home with 90% CI = (935.5, 1,288.8) or 3.8 MMBtu 
with 90% CI = (3.2, 4.4). 
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3.4 OVERALL NET SAVINGS AND NET-TO-GROSS RATIOS 

The team calculated the overall net savings by combining the program and non-program net 

savings from Table 9 and Table 12. The team estimated the net savings for single-family homes, 

shown in Table 13, to be approximately 64,000 MMBtu in non-stretch code municipalities. For 

stretch code municipalities, the net savings for single-family homes are approximately 60,000 

MMbtu. 

Table 13: Overall Net Savings for 2015 Single-Family Homes1 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Non-Stretch Code 

n 4,610 4,610 3,271 92 4,610 

Net Savings 64,083 5,951,205 318,283 3,109 509,500 

Stretch Code 

n 2,720 2,702 1,962 56 649 

Net Savings 59,763 5,318,350 432,203 8,180 155,737 
1 The participant and non-participant savings from Table 9 and Table 12 do not sum exactly to the net savings reported 

in this table due to errors in rounding. 

The team calculated the NTG ratios by comparing the net savings of program and non-program 

homes to the estimated gross savings for 2015 single-family program homes. Table 14 and Table 

15 (see Table 39 and Table 46 for detailed results) present the overall gross and net savings 

estimates, free-ridership ratios, non-participant spillover ratios, and NTG ratios for non-stretch 

code and stretch code homes, respectively.  

 

𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 =  
(𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 − 𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
 

 

𝑁𝑜𝑛 − 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 =  
𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙 𝑁𝑜𝑛 − 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐺𝑟𝑜𝑠𝑠 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
 

 

𝑁𝑒𝑡 𝑡𝑜 𝐺𝑟𝑜𝑠𝑠 𝑅𝑎𝑡𝑖𝑜 = 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 + 𝑁𝑜𝑛 − 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 
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Table 14: Net Savings and Net-to-Gross Ratios – Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Number of Homes 

(Program/Non-Program) 
1,106/3,504 1,106/3,504 818/2,453 22/70 221/1,261 

Net Savings 

Gross Program Savings 57,656 3,988,413 357,073 8,931 78,386 

Net Program Savings 18,028 2,233,456 87,559 3,393 13,249 

Net Non-Program 

Savings 
46,043 3,717,744 230,729 (284) 496,254 

Net-to-Gross Ratios 

Free-Ridership 0.69 0.44 0.75 0.62 0.83 

Non-Participant Spillover 0.80 0.93 0.65 -0.03 6.33 

Net-to-Gross 1.111 1.49 0.89 0.35 6.50 
1 Overall net-to-gross ratio reported does not calculate exactly to the net-to-gross formula of 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 +
𝑁𝑜𝑛 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 due to errors in rounding. 

Table 15: Net Savings and Net-to-Gross Ratios – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Number of Homes 

(Program/Non-Program) 
1,905/815 1,905/815 1,448/514 38/18 419/230 

Net Savings 

Gross Program Savings 122,701 7,651,013 683,688 15,461 277,303 

Net Program Savings 43,815 4,044,925 187,226 6,700 113,390 

Net Non-Program Savings 15,958 1,273,429 244,972 1,479 42,348 

Net-to-Gross Ratios 

Free-Ridership 0.64 0.47 0.73 0.57 0.59 

Non-Participant Spillover 0.13 0.17 0.36 0.10 0.15 

Net-to-Gross 0.491 0.70 0.63 0.53 0.56 
1 Overall net-to-gross ratio reported does not calculate exactly to the net-to-gross formula of 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 +
𝑁𝑜𝑛 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 due to errors in rounding. 

The team calculated an overall NTG ratio of 0.88 for the 2015 programs (Table 16). The team 

weighted the stretch code and non-stretch code NTG ratios based on the relative proportion of 

new single-family homes in those municipalities (37% for stretch code and 63% for non-stretch 

code in 2015). Stretch code homes displayed a far lower non-participant spillover ratio than non-

stretch code homes due to the large difference in program penetration rates between the two 

samples (70% and 24%, respectively). 
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Table 16: Statewide Retrospective Net-to-Gross Ratio 

 Stretch Code 
Non-Stretch 

Code 
Overall 

Free-Ridership 0.64 0.69 0.67 

Non-Participant Spillover 0.13 0.80 0.55 

Net-to-Gross 0.49 1.11 0.88 
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4               

Section 4 Prospective Net-to-Gross Forecast 
The team used the information presented in Section 3 as a starting point for developing NTG ratio 

forecasts for the 2019-2021 program period. Several considerations went into the forecast 

estimates. These considerations and the associated logic are detailed in the following sections.  

Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

4.1 PROSPECTIVE NET-TO-GROSS RATIO METHODOLOGY 

The Team developed forecasts for several variables that we used to determine the net savings 

and NTG ratios for the 2019-2021 period. The team leveraged the retrospective results and 

historical trends to determine initial forecast values. We presented our forecasted values to the 

Delphi panelists in the third-round questionnaire (see Appendix A.5). The team presented the 

panelists with two options: to agree with the team’s prediction or to not agree with the suggested 

forecast. If the panelist agreed, the team’s forecast value was used for that given year and 

variable. If the panelist disagreed with the team, they provided what they believed the forecast 

value should be. For both scenarios, the panelists provided the reasoning behind their decisions. 

It should be noted that the team asked the panelists about individual year forecasts – typically 

2018-2021. 

The results from the third-round Delphi questionnaire20 and how they impacted the forecasted 

values are presented in the following sections. 

4.2 ADJUSTING ESTIMATED GROSS SAVINGS 

The 2015 RNC program UDRH that was used in the retrospective NTG assessment leveraged 

baseline data that was collected prior to the most recent UDRH update, which incorporated the 

findings of the 2015/16 Single-Family New Construction Compliance/Baseline Study.21 Given that 

the UDRH for the RNC program was recently updated, the team assumes that the average gross 

savings per home will decrease due to the increased stringency of the updated UDRH. Based on 

this assumption, the team adjusted the per-home gross savings estimates that we used in the 

retrospective analysis to be representative of what might happen in 2019-2021. To make this 

adjustment, the team reviewed the difference between program and non-program Home Energy 

Rating System (HERS) scores from three separate baseline studies. The following studies all 

compared HERS scores between program and non-program homes: 

                                                

20 The team conducted an outlier analysis for the third-round. Outliers were identified as 1.5 times the interquartile 
range. 
21 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-3.pdf  

 

http://www.nmrgroupinc.com
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-3.pdf
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• The 2011 Single-Family New Construction Baseline Study22 

• The 2015/16 Single-Family New Construction Compliance Baseline Study23 

• The 2017 Single-Family New Construction Mini-Baseline Study24  

Table 17 presents a comparison of measured HERS scores between program and non-program 

homes from these studies.  

Table 17: Comparison of Program and Non-Program HERS Scores Over Time 

Average HERS Score 2011 Study 2015/16 Study 2017 Study 

Non-Program 79 68 66 

Program 63 55 55 

Delta HERS Score 16 13 11 

HERS scores are representative of the overall efficiency of a home and, in the 2015/16 Single-

Family Baseline Study, were shown to be correlated with overall building energy consumption. 

The team used the measured HERS score difference presented in Table 17 to forecast the 

difference of program and non-program HERS scores for the 2019-2021 period. Table 18 

presents forecasted delta HERS scores for program versus non-program homes. The light green 

highlighted cells represent measured differences between HERS scores, while the blue 

highlighted cells were interpolated and the yellow highlighted cells were forecasted. As shown, 

the panelists project the difference between program and non-program HERS scores to 

continually decrease over time. This has been shown in the previous baseline studies and is likely 

to continue given the aggressive energy codes that the new single-family homes are subject to. 

In fact, both the updated stretch code and the 2015 IECC (through the Energy Rating Index 

compliance path) require a HERS score of 55 – the same HERS score that was measured for 

program homes in 2017. Given these code requirements, we anticipate it will be increasingly 

difficult for RNC program homes to maintain a double-digit HERS score difference over non-

program homes.  

                                                

22 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-
Residential-New-Contruction-Final-Report.pdf  
23 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-3.pdf  
24 http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-
Study.pdf   

http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-2011-Baseline-Study-of-Single-Family-Residential-New-Contruction-Final-Report.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-3.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-Study.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-Study.pdf
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Table 18: Measured, Interpolated, and Forecasted Delta HERS Scores for Program 
vs. Non-Program Homes 

Color Key Year Delta HERS 

Measured 2011 16.0 

Interpolated 2012 15.3 

Forecasted1 2013 14.5 

 

2014 13.8 

2015 13.0 

2016 12.0 

2017 11.0 

2018 10.4 

2019 9.5 

2020 8.7 

2021 7.9 

1 Forecasted values are based on the Delphi panel responses 

The team compared the forecasted delta HERS scores for 2019-2021 to the 2015 delta HERS 

score and the 2015 RNC program average gross savings per home to estimate gross savings per 

home for the 2019-2021 period. The equations below present an example of this calculation for 

2019 stretch code program homes.  

 

2019 𝑝𝑒𝑟 ℎ𝑜𝑚𝑒 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = (
2015 𝑝𝑒𝑟 ℎ𝑜𝑚𝑒 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠

2015 𝑑𝑒𝑙𝑡𝑎 𝐻𝐸𝑅𝑆 𝑠𝑐𝑜𝑟𝑒
) × 2019 𝑑𝑒𝑙𝑡𝑎 𝐻𝐸𝑅𝑆 𝑠𝑐𝑜𝑟𝑒 

 

46.1 𝑀𝑀𝐵𝑡𝑢 = (
62.9 𝑀𝑀𝐵𝑡𝑢

13.0 𝐷𝑒𝑙𝑡𝑎 𝐻𝐸𝑅𝑆 𝑆𝑐𝑜𝑟𝑒
) × 9.5 𝐷𝑒𝑙𝑡𝑎 𝐻𝐸𝑅𝑆 𝑆𝑐𝑜𝑟𝑒 

 

Table 19 presents a summary of the forecasted gross savings per home using the methodology 

detailed above. Stretch code homes display higher per home gross savings than non-stretch code 

homes, which is consistent with the retrospective gross savings estimates (Table 5). This is likely 

due, in part, to the fact that stretch code homes are substantially larger than non-stretch code 

homes.  



TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

44 

Table 19: Forecasted Gross RNC Program Savings per Home 

Year Stretch Code Non-Stretch Code 

2019 47.2 38.2 

2020 43.2 34.9 

2021 39.3 31.8 

4.3 FORECASTING NEW CONSTRUCTION ACTIVITY 

The next step the team took to develop forecasted NTG ratios was to estimate the rate of single-

family new construction for the 2019-2021 period. To do this, the team leveraged the United 

States Census Building Permits Survey 25  to calculate a growth rate over time. The team 

forecasted a 2% growth rate for 2018-2021 to project single-family new construction activity. The 

2% growth rate is equivalent to the average growth rate from 2014-2017 and is also equal to the 

most recent growth rate from 2016-2017. Table 20 presents the Delphi panel estimates for future 

single-family permits. The green highlighted rows represent measured data from the Census, 

while yellow highlighted rows were forecasted by the Delphi panel. 

Table 20: Forecasting Single-Family New Construction Activity 

Year SF Permit Count Annual Growth Rate 

2014 7,330 -- 

2015 6,922 -5% 

2016 7,641 10% 

2017 7,766 2% 

2018 7,925 2.0% 

2019 8,068 1.8% 

2020 8,150 1.0% 

2021 8,288 1.7% 

4.4 FORECASTING THE NUMBER OF MUNICIPALITIES ADOPTING STRETCH CODE 

The team leveraged the experience of the Delphi panelists to predict the number of municipalities 

that will adopt the stretch code during the 2018-2021 period.26 Unlike other forecast inputs, the 

team did not provide a prediction on the number of municipalities where the stretch code will be 

adopted in that period. The team gave the panelists the historical stretch code adoption rate and 

                                                

25 https://www.census.gov/construction/bps/  
26 The team asked the panelists to estimate the number of municipalities adopting the stretch code in 2018 as only 
partial year data was available at the time of the survey.  

 

https://www.census.gov/construction/bps/
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asked them to predict the number of towns that would adopt the stretch code moving forward 

(Table 21).27 

Table 21: Number of Municipalities Forecasted to Adopt the Stretch Code 

Year 
Number of Towns Adopting 

Stretch Code 

2018 10 

2019 8 

2020 8 

2021 7 

4.5 FORECASTING PROGRAM AND NON-PROGRAM ACTIVITY BY CODE 

Table 22 presents the estimated number of single-family home completions for the 2019-2021 

period. The estimates are split between program and non-program homes and by stretch code 

and non-stretch code municipalities. The team assumed a one-year lag from the time a permit is 

pulled to the time a home is completed. Given this, the 2019 estimated completions are based on 

the 2018 permit count in Table 20. Similarly, the 2020 completions are based on 2019 permit 

estimates and the 2021 completions are based on 2020 permit estimates. The data presented in 

Table 22 are based on calculations leveraging the information presented in Table 20, Table 21, 

and Table 23. These calculations assume the following: 

• The proportion of single-family new construction in stretch code communities for the 2019-

2021 period is based off Delphi panel estimates. 

• The RNC program penetration rate in stretch code and non-stretch code communities for 

the 2019-2021 period uses the Delphi panel estimates for RNC program penetration rates 

presented in Table 23. 

Table 22: Forecasted SF Completions for 2019-2021 

Year 
Stretch Code Non-Stretch Code 

Total 
Program Non-Program Program Non-Program 

2019 3,367 1,443 798 2,315 7,925 

2020 3,515 1,506 807 2,239 8,068 

2021 3,597 1,541 826 2,186 8,150 

                                                

27 The team multiplied the average number of permits per town (based on the most recent census permit data – 
2016) by the estimated number of towns adopting the stretch code to determine the number of stretch code permits 
for the 2018-2021 period. 
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Table 23: Forecasted RNC Program Penetration Rates 

Year Stretch Code Non-Stretch Code 

2019 70% 26% 

2020 70% 27% 

2021 70% 27% 

4.6 PROSPECTIVE NTG RATIO RESULTS 

The team used the same calculation methodology presented in Table 24 to calculate NTG ratio 

forecasts for the 2019-2021 program period. The team adjusted the original estimated gross 

program savings, the overall number of single-family new construction permits, and the proportion 

of stretch code vs. non-stretch code single-family new construction completions based on the 

Delphi estimates presented in Sections 4.2 through 4.5.  

Table 24: Free-Ridership, Spillover, and Net-to-Gross by Code 
(2015 Program Year) 

 Stretch Code Non-Stretch Code 

Gross Program Savings (MMBtu) [A] 119,786 57,656 

Net Program Savings (MMBtu) [B] 43,815 18,028 

Net Non-Program Savings (MMBtu) [C] 15,958 46,043 

Free-Ridership [D] 

Calculation: (A-B)/A 
0.63 0.69 

Non-Participant Spillover [E] 

Calculation: C/A 
0.13 0.80 

Net-to-Gross 

Calculation: 1-D+E 
0.50 1.11 

The team decided not to adjust the per-home counterfactual net savings that were estimated by 

the Delphi panel for the NTG forecast adjustment. In the first round of the Delphi panel survey, 

the team asked the panelists to anticipate whether they thought the influence of the RNC and 

CCSI programs on overall building efficiency would increase, decrease, or stay the same for the 

2019-2021 period. The responses to this question are presented in Table 25; nearly three-fourths 

of the panelists (74%) suggested the programs’ influence would either increase or stay the same. 

As a result, the team assumed the counterfactual impacts would stay the same for the 2019-2021 

period.  



TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

47 

Table 25: Influence of RNC and CCSI on Overall Building Efficiency  
(2019-2021) 

 n % Response 

Increase 7 47% 

Decrease 4 27% 

Stay the Same 4 27% 

The final values and NTG forecasts for stretch code and non-stretch code communities are 

presented in Table 26. As shown in Table 22, the team expects the number of homes to increase 

for each sample considered in this study except for non-program non-stretch code homes. In 

addition, the team decided not to adjust the per-home counterfactual net savings that were 

estimated by the Delphi panel because of the responses presented in Table 25. These are the 

primary factors driving the increasing net savings for program and non-program homes in Table 

26.  

Table 26: Forecasted Savings and Net-to-Gross Ratios by Code 

 
Stretch Code Non-Stretch Code 

2019 2020 2021 2019 2020 2021 

Gross Program 

Savings (MMBtu) 

[A] 

159,092 151,760 141,256 30,528 28,215 26,262 

Net Program 

Savings (MMBtu) 

[B] 

77,448 80,843 82,721 13,013 13,161 13,467 

Net Non-Program 

Savings (MMBtu) 

[C] 

28,256 29,495 30,180 30,420 29,427 28,723 

Free-Ridership [D] 

Calculation: (A-

B)/A 

0.51 0.47 0.41 0.57 0.53 0.49 

Non-Participant 

Spillover [E] 

Calculation: C/A 

0.18 0.19 0.21 1.00 1.04 1.09 

Net-to-Gross 

Calculation: 1-

D+E 

0.66 0.73 0.80 1.42 1.51 1.61 
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The last step the team took to calculate forecasted NTG ratios was to weight the stretch code and 

non-stretch code results based on the proportion of single-family new construction that was 

estimated for each code. The team used the calculated results for permit proportions (Table 27) 

to weight the results for the 2019-2021 period.  

Table 27: Annual Permit Proportions by Code 

Year Stretch Code Non-Stretch Code 

2019 61% 39% 

2020 62% 38% 

2021 63% 37% 

The final NTG ratios that the team developed are presented in Table 28. 

Table 28:Overall Net-to-Gross Ratio Forecasts for 2019-2021 

 2019 2020 2021 

Net-to-Gross Ratio 0.96 1.02 1.10 

As shown in Table 28, the results of the forecast effort show an increasing NTG ratio over the 

course of the 2019-2021 period. However, after discussions with the PAs and EEAC, it was 

determined that an increasing NTG ratio for these programs is unlikely given the dynamics of the 

RNC market in Massachusetts. Overall savings opportunities are declining for the RNC and CCSI 

programs as the baseline market conditions become more efficient. In addition, the ratio of RNC 

non-participants to RNC participants is also declining as the RNC program penetration rate 

continues to rise over time. Non-participant spillover is a major contributor to the high NTG ratios 

identified in this report, but that will be more difficult to achieve with a declining share of non-

participant homes. All these factors will make it challenging for the RNC and CCSI programs to 

achieve an increasing NTG ratio over the 2019-2021 period. As a result, the team recommends 

that the 2019 NTG ratio of 0.96 be used for the duration of the 2019-2021 period. 
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5 

Section 5 Forward-Looking Results 
In addition to describing a counterfactual scenario in which the programs had ceased to exist, the 

team asked panelists to think about the actual future of the programs. Panelists described which 

efficiency measures and which program activities would be important to achieve energy savings 

for the 2019-2021 period. It should be noted that the prospective questions presented to the 

panelists considered the programs’ future, regardless of code.28 

Throughout this report, “program homes” and “non-program homes” refer to homes that 

either did or did not participate in the RNC program, respectively. These terms do not refer 

to the CCSI. 

5.1 PROGRAM EFFECTIVENESS ON BUILDING COMPONENTS 

For each building component category for which panelists 

provided counterfactual estimates, a follow-up question 

prompted them to indicate if they thought the programs 

would become more, less, or equally effective at achieving 

efficiency gains for the measure moving forward. Figure 30 

displays the panel responses for measures. The following 

are some key findings from panelist responses.  

➢ Overall, panelists believed that the programs would 

become more effective at promoting overall home 

efficiency in the residential new construction 

market moving forward. However, four panelists 

believed overall effectiveness would decrease 

during the 2019-2021 period. 

➢ Panelists believed that the programs’ impact on building shell efficiency would continue to 

increase moving forward. The building shell components include R-value levels and 

insulation installation quality (Grade) for walls, ceilings, foundation walls, and framed 

floors.  

➢ Panelists believed the impact of the programs for most individual measures would 

increase moving forward.  

o This was not the case for air and duct leakage, where the majority of panelists believed 

the programs’ impact would either decrease or remain the same. 

➢ Panelists indicated that the programs would become increasingly effective at promoting 

efficiency among water heating systems in the future.  

➢ Panelists believed the programs would continue to increase the saturation of efficient 

lighting in homes. 

                                                

28 The team asked all 15 original panelists forward looking questions in the first-round. One panelist dropped out 
during the second-round. 

“The survey data shows a 

difference between program 

and non-program homes in 

most categories, although, in 

a couple of specific cases, 

(floor and foundation wall 

insulation) the difference is 

reversed; attention to these 

reversed areas could be a 

focus of education within the 

program.” – Delphi panelist 

http://www.nmrgroupinc.com
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Figure 30: Future Program Effects on Measures 

 

5.2 OPPORTUNITIES FOR ENERGY SAVINGS 

The team asked panelists to rank five measures – one through five, in order of decreasing 

importance – as the most important for generating energy savings in homes during the 2019-2021 

period. To rank the measures accordingly, the team used a point system, where a ranking of 1 

was allotted five points and a ranking of 5 was allotted one point. The team summed the points 

for each measure. These sums are displayed in Figure 31.  

➢ Building shell measures and water heater efficiencies were ranked as key areas for future 

savings opportunities, claiming two of the three highest point totals.  

o This aligns with responses from the previous forward-looking question, where building 

shell and water heater system efficiencies were most commonly cited as measures for 

which the programs would increase impact moving forward. 

➢ Lighting is still considered an important opportunity for future savings, ranked just behind 

water heaters and building shell measures.  

➢ Air infiltration is considered the highest ranked measure for 

future savings opportunities. This is slightly contrary to the 

previous forward-looking question, where only three 

panelists believed the programs’ impact on air infiltration 

would increase. However, the panelists noted the high 

energy saving impacts this measure has on new homes. 

“Air Infiltration is still 

the most economical 

way to save - target 1 

ACH50.” – Delphi 

panelist 
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Figure 31: Highest Ranked Measures for Future Savings Opportunities 

 

 

5.3 IMPORTANCE OF PROGRAM ACTIVITIES 

The team asked panelists to rank six aspects of the programs – three related specifically to the 

RNC program and three related to the CCSI program. Panelists ranked the programs’ aspects –  

one through six, in decreasing order of importance – in terms of increasing home efficiency over 

the 2019-2021 period. Similar to the previous forward-looking question, a point system was used 

to generate an overall ranking, where a ranking of 1 was allotted six points and a ranking of 6 was 

allotted one point. Figure 32 shows totals for each of the six program aspects, which included 

RNC incentives, RNC building professional training, RNC general marketing and outreach, CCSI 

training for code officials, CCSI training for building professionals, and CCSI circuit rider site 

visit/phone call/email assistance.  

➢ Not surprisingly, RNC incentives were ranked as the most 

important aspect of the programs for increasing efficiency 

for the 2019-2021 period.  

➢ CCSI trainings for code officials was considered the second 

most important program aspect. Panelists believed that a 

more educated code official would improve energy code 

compliance and encourage builders to use more efficient 

building practices.  

“Heat pump water heaters have a low usage rate now and may offer a large 

improvement if used much more.” – Delphi panelist 

“Incentives offset cost 

of measures and 

(HERS) Raters who 

deliver training and 

information when it's 

needed.” – Delphi 

panelist 
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➢ Trainings from both RNC and CCSI programs for building professionals were ranked as 

the third and fourth most important program aspects. 

Figure 32: Program Aspects for Future Home Efficiency 

 

 

 

 

“Code will be the major driver of improvement. Particularly the need to achieve 

HERS 55 and mandatory/prescriptive requirements.” – Delphi panelist 

 

“Code officials need support, especially in determining what to prioritize.”  

– Delphi panelist 
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A 

Appendix A Delphi Panel Process 
The Delphi method is an interactive and iterative approach that leverages a panel of experts to 

develop a group judgement. The Delphi method includes a series of questionnaires, typically two 

or more. The Delphi approach is based on the principle that structured, closed-ended responses 

from experts, informed by the responses from their peers, may lead to more accurate results than 

unstructured responses without the benefit of that iterative feedback.29 

The process for data collection using the Delphi method utilizes the following steps. First, expert 

panelists are identified and recruited to participate on the Delphi Panel. Next, the panelists are 

presented with a topic or scenario, supporting data, and a questionnaire. The questionnaire 

typically includes both structured, or close-ended, questions and provides the opportunity for the 

panelist to expand upon their assumptions or reasoning with an open-ended response. The 

panelists’ quantitative and qualitative responses to this questionnaire are summarized and a 

customized second questionnaire is sent to the panelists. In the second questionnaire, panelists 

are provided with the entire panels’ responses and reasoning, the panelists’ original responses, 

revisions to original responses (if necessary), and the reasons for adjusting (or retaining) original 

responses.30 

A.1 DELPHI PANEL RECRUITMENT 

The team recruited experts in the energy-efficient residential new construction (RNC) industry, 

the Massachusetts RNC market, RNC program operation, and evaluation of programs promoting 

energy efficiency to participate on the Delphi panel. The Massachusetts PAs approved a total of 

33 potential expert panelists, with the goal of recruiting 15 experts to the panel. The team used 

telephone and email recruiting to invite potential panelists to participate on the Delphi panel. 

To maintain some consistency with the 2014 Residential New Construction Net Impacts Study,31 

half of the panelists on the Delphi panel were repeat panelists. The team included repeat panelists 

because of their familiarity with the Delphi process, and because they remain actively engaged in 

the RNC market. The team sought a minimum of one repeat panelist for each expert category 

(see Table 29). 

                                                

29 See: (A) Hsu, C. and B.A. Sandford. (2007). ―The Delphi technique: making sense of consensus. ‖ Practical 
Assessment, Research & Evaluation. 12(10): 1-8; (B) Linstone, H. A., & Turoff, M. (1975). The Delphi Method: 
Techniques and Applications. Reading, MA: Addison-Wesley Publishing Company; (C) Ludwig, B. (1997). Predicting 
the future: Have you considered using the Delphi methodology? Journal of Extension, 35 (5), 1-4. Retrieved August 
25, 2010 from http://www.joe.org/joe/1997october/tt2.ht 
30 See: (A) Hsu, C. and B.A. Sandford. (2007). ―The Delphi technique: making sense of consensus.‖ Practical 
Assessment, Research & Evaluation. 12(10): 1-8; (B) Linstone, H. A., & Turoff, M. (1975). The Delphi Method: 
Techniques and Applications. Reading, MA: Addison-Wesley Publishing Company; (C) Ludwig, B. (1997). 
―Predicting the future: Have you considered using the Delphi methodology? Journal of Extension, 35 (5), 1-4. 
Retrieved August 25, 2010 from http://www.joe.org/joe/1997october/tt2.html.  
31 http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf.  

http://www.joe.org/joe/1997october/tt2.html
http://ma-eeac.org/wordpress/wp-content/uploads/Residential-New-Construction-Net-Impacts-Report-1-27-14.pdf
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Table 29: Delphi Panelist Representation by Category 

Panelist Category Number of Panelists 
Number of Repeat 

Panelists 

Building Efficiency Consultants Working in 

Massachusetts 
5 3 

Building Efficiency Consultants Working 

Outside of Massachusetts 
2 2 

Code Officials Working in Massachusetts 3 0 

RNC Program Managers Outside MA 1 1 

Evaluators Working Nationally 1 1 

Other – Mix of Local and National 

Efficiency Experts 
3 1 

Recruiting efforts led to fielding a panel of 15 RNC experts in the categories listed above. Most 

panelists were classified as building efficiency consultants, either working in or out of 

Massachusetts; this category included HERS raters and other professionals that work closely with 

builders participating in the programs. The “Other – Mix of Local and National Efficiency Experts” 

category included panelists that work for state and federal energy policy organizations, green 

building organizations, and national research laboratories that focus on energy efficiency.32 

One panelist, an “Other – Mix of Local and National Efficiency Experts,” was unable to participate 

in the second-round questionnaire; the team did not include their responses in the data analysis 

or the findings presented in this report. However, the panelist’s responses from the round-one 

questionnaire were presented to panelists in the second-round questionnaire. 

A.2 DEVELOPMENT OF THE DELPHI PANEL QUESTIONNAIRE 

The Delphi panel’s focus was to estimate the retrospective counterfactual energy-efficiency 

values of key building components. The team structured the first and second round questionnaires 

to produce inputs to REM/Rate modeling of program and non-program single-family homes, under 

the assumption that the RNC and CCSI programs had not existed in the 2011 to 2016 period.33  

The team provided the panelists with energy-efficiency values for 2015 for both RNC program 

and non-program homes (the most recent comprehensive baseline study was completed during 

2015).34 The team also provided the panelists with the values from program and non-program 

homes from 2011, along with extensive documentation on the RNC and CCSI program activities 

between 2011 and 2015, described in Section A.3.1. The Delphi panel considered non-stretch 

                                                

32 To avoid bias issues, the team did not recruit employees of the Program Administrators or the Program 
implementation contractor. 
33 The 2011 to 2016 period is being used as the basis for the retrospective attribution assessment because this is 
when the most recent single-family baseline studies were conducted.  
34 http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-5-2.pdf  

 

http://ma-eeac.org/wordpress/wp-content/uploads/Single-Family-Code-Compliance-Baseline-Study-Volume-5-2.pdf
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code and the stretch code homes separately.35 The Delphi panel questionnaire informed the 

counterfactual efficiency values for 100 program (50 stretch code and 50 non-stretch code) and 

96 non-program (46 stretch code and 50 non-stretch) homes.36 

The team distributed the survey to panelists as an Excel spreadsheet, which allowed for a clear 

presentation of the information and streamlined their input process for the energy-efficiency 

values. In order to keep the codes separate, each code had an individual sheet within the Excel 

workbook. An example of the stretch code wall insulation measure is provided below (Figure 33). 

The example shows how the questionnaire ensured the panelists allocated 100% of the homes 

in their response (program homes are filled in with example values, non-program homes are 

blank).37 

A.3 FIRST-ROUND DELPHI PANEL QUESTIONNAIRE 

The first-round Delphi panel questionnaire included actual energy-efficiency values for 3,011 

program homes and 96 non-program homes that participated in the 2015 baseline. The energy-

efficiency values were divided into three tiers for each building component studied: 25% of most 

efficient homes, 25% of least efficient homes, and 50% of midrange efficiency homes. The 

questionnaire also included the overall mean energy-efficiency value for both program and non-

program homes for each building component (see Table 30, note that percent of sockets with 

efficient lighting was also included in this measure list). 

The team asked panelists to provide the mean energy-efficiency value for each tier and to 

redistribute the percentage of homes that they believed would fall into each tier in the absence of 

the programs. Additionally, each panelist provided the reasoning behind their decisions, in an 

open-ended response for each building component. This process was done for both program and 

non-program homes, separated by stretch code and non-stretch code.  

The first-round questionnaire also included forward-looking questions for the panelists to 

speculate what might happen in the 2019-2021 period. The prospective questions included 

program influence on building components, savings potential for building components, and 

influential program components for driving savings. The prospective questions were qualitative in 

nature, and the team used them to help inform the prospective forecast of the Programs’ influence 

during the period of 2019-2021. The results for these questions are found in Section 5.

                                                

35 Program and non-program energy-efficiency values were analyzed separately for stretch code and 2012 IECC 
code homes, identified by location. The team separated out the code requirements for both codes for panelists to 
consider. 
36 The team made two counterfactual models for every home within the sample. The team created a total of 392 
counterfactual models. 
37 If a panelist submitted a questionnaire and had a measure that did not equal 100%, the Team reached out and 
asked the panelist to adjust their answers to reach a full 100%. 



TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

56  

 

 

Figure 33: Round-One Delphi Panel Questionnaire for Wall Insulation (Stretch Code) 

% of 

Homes

R-Value 

(average)

% of 

Homes

R-Value 

(average)

100% 21.3 100% 20.2

25% 18.8 25% 18.2

50% 21.0 50% 20.2

25% 24.4 25% 22.0

100% 0%

Please type an explanation of the reasoning behind your insulation estimates in the space below:

Grade I Installation 72% 55.0% Grade I Installation 17%

Grade II Installation 25% 30.0% Grade II Installation 83%

Mid R-value Tier 21 55.0% 21.0 Mid R-value Tier 19 to 21

Grade III (poor) Installation 4% 15.0% Grade III (poor) Installation 0%

100% 0%

Wall Insulation (Insulation grades are 

described under the Building Practices 

and Codes tab at the bottom) Percent of Homes

Percent of Homes with Each Grade of 

Insulation Installation in Absence of 

Program

Wall Insulation (Insulation grades 

are described under the Building 

Practices and Codes tab at the 

bottom) Percent of Homes

Percent of Homes with Each Grade of 

Insulation Installation in Absence of 

Program

Low (poor) R-value Tier 3 to 21 35.0% 17.0 Low (poor) R-value Tier 13 to 19

High R-value Tier 21 to 51 10.0% 23.0 High R-value Tier 21 to 29

Wall Insulation

Program Homes in Stretch Code Communities (single-

family only)

Non-program Homes in Stretch Code Communities 

(single-family only)

2015 Actual Percent of Homes 

in Each Tier in 

Absence of 

Program

Average R-Value 

in Each Tier in 

Absence of 

Program

Wall Insulation

2015 Actual Percent of Homes 

in Each Tier in 

Absence of 

Program

Average R-Value 

in Each Tier in 

Absence of 

ProgramAverage R-Value Average R-Value
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A.3.1 First-Round Delphi Panel Questionnaire – Supporting Materials 

The first-round Delphi panel questionnaire included supporting materials on the activity of the 

Massachusetts RNC program and the CCSI program, changes in building codes and practices, 

and market penetration rates of the RNC program between 2011 and 2016. The team gave the 

panelists supporting materials so they could review how the programs may have influenced the 

RNC market. The team included all supporting materials for the first-round survey in the Excel 

workbook that we provided to each panelist. The workbook had 13 separate sheets, summarized 

below. 

• Introduction provided instructions for completing the study and information on navigating 

the workbook. 

• Questions – Stretch Code questionnaire for all building components that the team 

studied, for stretch code homes only; this tab also included the prospective (or forward-

looking) questions. 

• Questions – 2012 IECC questionnaire for all building components that the team studied, 

for 2012 IECC homes only. 

• RNC and CCSI Program Description summarized the purpose, history, and current 

activities for both the RNC and CCSI programs. 

• Building Codes and Practices summarized building practices in program and non-

program homes in 2011 and 2015 for all measures studied. For participant and non-

participant 2015 homes, building practices are listed separately for homes built under the 

stretch code and those built under the 2012 IECC. The tab also included the building code 

requirements for 2009 IECC, stretch code, and 2012 IECC.38 

• RNC Requirements and Benefits summarizes the RNC program requirements from 

2012 through 2016, and benefits for program participants. The tab also shows the average 

program home HERS score over time. 

• RNC Market Penetration summarized the market penetration of the RNC program for 

newly constructed homes in Massachusetts over time (from 1998 to 2016). 

• RNC Marketing Activities summarized marketing activities conducted by program 

implementer, during the period of 2012-2017. 

• RNC Training summarized training offered by the RNC program to homebuilders, 

subcontractors, HERS raters, and real estate agents from 2012-2017. 

• CCSI Training Attendance summarized the number of professionals that participated in 

trainings and webinars offered by the CCSI program since 2014. 

• CCSI Training Types summarized training offered by the CCSI program since 2014. 

• CCSI Training Use summarized the effects of CCSI trainings on the work done by code 

officials and building professionals. 

• Code Enhancement – Others summarized trainings and code supports offered by other 

market actors. 

In addition to the supporting materials, panelists had the opportunity to contact project staff 

members to obtain answers to questions or receive additional information.  

                                                

38 2009 IECC code was effective in Massachusetts from 7/1/2010 through 7/1/2014. 
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A.4 SECOND-ROUND DELPHI PANEL QUESTIONNAIRE 

The team customized the second-round Delphi panel questionnaire for each panelist in an Excel 

workbook. Each spreadsheet had 14 tabs, one for each measure,39 and two supplemental tabs. 

Each measure tab summarized the actual 2015 values, the entire panel’s average response, and 

the individual panelist’s original round-one response for program and non-program homes 

separated by stretch code and non-stretch code. The team also provided the panelists with the 

overall average efficiency values provided by panel participants, along with their reasoning; the 

panelist was identified by category (see Table 29).  

The second-round questionnaire asked the panelists to review the round-one values and rationale 

from their fellow panelists. After reviewing the information, the team gave the panelists the 

opportunity to revise their original answer or leave it unchanged. The second round also included 

a calculated field that allowed the panelists to see what their overall average efficiency would be 

for all measures except for heating, cooling, and water heating equipment. The team included an 

open-ended response for each measure to allow panelists to explain the reasoning behind their 

decisions. An example of the second-round questionnaire for stretch code wall insulation is shown 

below (Figure 34). An example of how the panelists’ rationale was presented for each measure 

and code is presented in Figure 35. 

The second-round questionnaire included two supplemental worksheets. The first worksheet was 

an introduction to the second-round and provided the panelists with instructions on how to 

complete the questionnaire. The second worksheet included results from the Massachusetts mini-

baseline study conducted in 2017, which assessed the potential impact the CCSI program has 

had since it began in 2014, by comparing homes built early in the 2012 IECC cycle and homes 

built late in the 2012 IECC cycle.40 

                                                

39 The five insulation measures – walls, flat ceilings, cathedral ceilings, framed floors, and foundation walls – each 
had a separate tab. 
40 The baseline study included 50 site visits to non-program homes, located in 2012 IECC communities. The baseline 
looked at a few key measures, including duct leakage to the outside, air infiltration, and lighting.  
http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-
Study.pdf  

http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-Study.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/RLPNC-17-2-Single-Family-New-Construction-Mini-Baseline-Study.pdf
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Figure 34: Round-Two Delphi Panel Questionnaire for Wall Insulation (Stretch Code) 
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Figure 35: Round-Two Delphi Panel Average Efficiency Values and Rationale for Wall Insulation (Stretch Code) 



TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

61  

A.5 THIRD-ROUND DELPHI PANEL QUESTIONNAIRE 

The team designed the third-round questionnaire for panelists to review the team’s preliminary 

forecast assumptions, which were used to calculate the prospective NTG ratios for the 2019-2021 

period (see Section 4 for adjustments and forecast assumptions). The third-round questionnaire 

was fundamentally different from the first and second rounds. The team asked panelists to explore 

what the programs and new construction market would look like in the 2019-2021 period. The 

team gave the panelists the original data and an explanation of the team’s preliminary forecast 

estimates for four variables: 

• Delta HERS Score 

• Permit Activity 

• Adoption of Stretch Code41 

• RNC Program Penetration 

After reviewing the forecast assumptions, the team asked panelists whether they agreed or 

disagreed with the projection and to provide an explanation behind their answer. When the 

panelists disagreed, they provided an adjusted value. Similar to the second-round analysis, the 

team conducted an outlier analysis, which excluded outlier panelist responses in the final 

adjustments for the prospective NTG results. An example of the third-round questionnaire is 

provided below (Figure 36). 

                                                

41 The team did not provide a forecasted assumption for this variable. The team gave the panelists summary context 
and the adoption rate of stretch code in towns across Massachusetts since inception (2010). 
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Figure 36: Round-Three Delphi Panel Questionnaire for Delta HERS Score 

Average HERS Score 2011 Study 2015/16 Study 2017 Study

Non-Program 79 68 66

Program 63 55 55

Delta HERS Score 16 13 11

Year Delta HERS

2011 16.0 Measured

2012 15.3 Interpolated

2013 14.5 Forecasted

2014 13.8

2015 13.0

2016 12.0

2017 11.0

2018 10.4

2019 9.5

2020 8.7 9.2

2021 7.9 8.4

The Team's Rationale in forecasting the difference in HERS scores between Program and Non-program homes

Please explain why you agreed or disagreed with the forecasted Delta HERS score below:

Known HERS Score Trends Over Time

Forecasting Delta HERS Score Over Time

HERS scores are representative of the overall efficiency of a home and, in the 2015/16 Single-Family Baseline Study, were shown to be correlated with overall building 

energy consumption. The team used the measured HERS score difference presented in the first table below to forecast the differences between program and non-program 

HERS scores for the 2019-2021 period. The second table presents forecasted delta HERS scores for program versus non-program homes. The green cells represent measured 

differences between HERS scores while the blue and yellow highlighted cells were interpolated or extrapolated based on the measured results. As shown, the team projects 

the difference between program and non-program HERS scores to continually decrease over time. This has been shown in the previous baseline studies and is likely to 

continue given the aggressive energy codes that the new single-family homes are subject to. In fact, both the updated stretch code and the 2015 IECC (through the Energy 

Rating Index compliance path) require a HERS score of 55—the same HERS score that was measured for program homes in 2017. Given these code requirements, we 

anticipate it will be increasingly difficult for RNC program homes to maintain a double-digit HERS score difference over non-program homes.

For each year that is highlighted yellow (2018-2021), please indicate if you agree or disagree with the forecasted Delta HERS score. Note that we are asking about 2018 only 

because it may influence the findings for 2019-2021.  If you disagree, please indicate what you think the Delta HERS score would be for that year. Please include your 

rationale for your decision below.

Do you agree with the forecasted Delta HERS score? Delta HERS score estimate

Yes, I agree.

Yes, I agree.

No, I do not agree. I think it the Delta HERS score will be:

No, I do not agree. I think it the Delta HERS score will be:

Color Key
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B 

Appendix B Methodology 

B.1 MODELING ENERGY CONSUMPTION 

This section highlights the process for modeling the counterfactual Delphi panel measure-level 

estimates of efficiency and impact on the RNC market had the programs had ceased to exist in 

2011. The team began with samples of non-program REM/Rate files from the 2015-16 Baseline 

study, along with REM/Rate files from the 2015 program year for stretch code (50-program and 

46-non-program) and non-stretch code (50-program and 50-non-program homes) homes. The 

original REM/Rate homes for the program and non-program samples are referred to as the as-

built homes. The models for the as-built homes contain all the characteristics identified during on-

site data collection. The team generated counterfactual models by replacing the as-built building 

efficiency values with Delphi counterfactual efficiency values. The team compared each as-built 

model to two counterfactual models to estimate net program savings for the four samples. The 

team used the net savings estimated from the as-built and counterfactual models to calculate the 

NTG ratio for the programs.  

B.1.1 Development of Counterfactual Efficiency Values 

Fourteen Delphi panelists completed the two rounds of the Delphi panel questionnaire; they 

provided retrospective measure-level efficiency values, as well as the percentage of homes that 

would-have fallen into a high, medium, or low-efficiency tier in the absence of the programs. The 

Team constructed probability distributions using the second-round panelist responses (excluding 

outliers) to assign counterfactual efficiency values in the model.  

First, the team randomly assigned each home to one of three efficiency tiers based on the average 

percentage of homes that the panelists predicted would fall under each tier in the counterfactual 

scenario. For example, on average, 31% of stretch code program homes fell into the low (reduced 

efficiency) tier for conditioned-wall insulation if the programs had ceased to exist in 2011. This 

meant that a home had a 31% chance of being assigned to the low-efficiency wall insulation tier.  

Next, the team generated an efficiency value based on the Delphi panelist responses for that 

assigned tier using the following method: 

1. The team asked each panelist to estimate an average counterfactual efficiency value for 

each efficiency tier.  

2. The team generated a probability distribution for that tier with a mean equal to the 

average of the 14 panelist counterfactual efficiency values.  

3. The team randomly drew a final efficiency value from this distribution for each building 

component.  

Continuing with the conditioned-wall insulation example, the average R-value for stretch code 

program homes in the poor efficiency tier was 18.61, with R-values ranging from 18.00 to 20.00. 

Therefore, the probability distribution for poor efficiency wall insulation had a mean of 18.61 and 

http://www.nmrgroupinc.com
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was bounded by the minimum (18.00) and maximum (20.00) of the panelist responses. The team 

randomly drew a counterfactual efficiency value from the distribution for each home and assigned 

each to the low-efficiency wall insulation tier.  

The team repeated this process for all tiers across all efficiency measures for the four samples of 

homes. The Team repeated the entire procedure twice for the four samples of homes to obtain a 

total of eight sets of inputs used to run two counterfactual models per home. This approach 

allowed the Team to model the average panelist efficiency values, as a well as account for 

variation in the responses within each tier. It should be noted that all values within the distribution 

were also unique numbers, this prevented generating the same efficiency value for both 

counterfactual models. 

B.1.2 Application of Counterfactual Efficiency Values 

The Team generated two counterfactual models per home using the generated efficiency values 

described above. The team developed the models by revising as-built model efficiency inputs with 

the counterfactual estimates to reflect responses provided by the Delphi panelists and account 

for interactive effects between measures. See Table 30 for an entire list of building components 

with revised efficiency inputs. 
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Table 30: Measure-Level List 

Measure list 

Duct Leakage to Outside (CFM 25/ 100 sq. ft.) 

Air Infiltration (ACH50) 

Window U-Value 

Wall Insulation R-Value 

Wall Insulation Average Grade  

Frame Floor Insulation R-Value 

Frame Floor Insulation Average Grade 

Flat Ceiling Insulation R-Value 

Flat Ceiling Insulation Average Grade 

Cathedral Ceiling Insulation R-Value 

Cathedral Ceiling Insulation Average Grade 

Cond. Foundation Wall Insulation R-Value 

Cond. Foundation Wall Insulation Average Grade 

Heating Equipment 

Gas/Propane Furnace AFUE 

Gas/Propane Boiler AFUE 

Oil Furnace AFUE 

Oil Boiler AFUE 

Air Source Heat Pump & Ductless Minisplit HSPF 

Ground Source Heat Pump COP 

Cooling Equipment 

Central Air-Split SEER 

Air Source Heat Pump & Ductless Minisplit SEER 

Domestic Hot Water Equipment 

Gas/Propane Conventional Storage EF 

Gas/Propane Instantaneous (Tankless) EF 

Electric Conventional Storage EF 

Heat Pump Storage EF 

All Fuels Indirect Fired EF 

Unlike the building components listed above, the RNC program uses deemed savings to model 

the savings attributable to energy-efficient lighting. The team applied the same process described 

in greater detail in Appendix B.2. 
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B.1.3 Net Savings Calculations 

The team calculated the net savings in two steps. First, the team averaged the counterfactual 

(CF) energy consumption from the two counterfactual runs for each home j: 

 

𝐶𝐹 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 =  
𝑅𝑢𝑛 1 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 +  𝑅𝑢𝑛 2 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗

2
 

 

Second, the team subtracted the as-built energy consumption from the counterfactual energy 

consumption for each home j. The team then averaged the net savings for the total homes n to 

obtain the average net savings using the following equation:  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑒𝑡 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 =
1

𝑛
∑ (𝐶𝐹 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗 − 𝑎𝑠 − 𝑏𝑢𝑖𝑙𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑗𝑗 ). 

The team calculated the average net savings for each of the four samples’ (Stretch - 50 program 

and 46 non-program; non-stretch - 50 program and 50 non-program) homes. Lastly, the team 

constructed 90% confidence intervals around the estimates.  

B.2 LIGHTING 

The team modeled lighting savings separately from REM/Rate to maintain consistency with the 

programs’ methodology for calculating savings. The team calculated the savings from energy-

efficient light bulbs using the values listed in Table 31. 

Table 31: Lighting Savings per Bulb (kWh/yr) 

CFL-Bulb Screw-In CFL Fixture Pin-Based LED-Bulb Screw-In LED Fixture 

27.8 40.5 21.1 31.4 

To calculate lighting savings from the program home sample, ICF, the RNC program implementer, 

provided site-specific bulb counts. The site-specific bulb counts only included bulbs for which 

savings were applied in 2015. The team multiplied the counts by the deemed savings values in 

Table 31 to calculate the gross lighting savings for the program homes. The process for 

calculating the counterfactual lighting savings incorporated the Delphi panel questionnaire 

responses. The team asked the Delphi panelists to estimate the saturation of energy-efficient 

lighting if the program had ceased to exist in 2011.  

To calculate lighting savings for the counterfactual program models, the team needed 

counterfactual bulb estimates. The team used as-built and counterfactual efficient lighting 

saturation to calculate a counterfactual bulb ratio for each site. The team multiplied the 

counterfactual bulb ratio by the site-specific bulb count data to proportionately alter the number 

of energy-efficient bulbs to reflect the counterfactual saturation estimates. The team multiplied the 

counterfactual bulb counts by the lighting savings values in Table 31. 

During the 2015-16 baseline study, the team collected bulb count information for the non-program 

homes. The team applied the savings from Table 31 to the non-program home bulb counts. The 
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team used the same process for estimating the counterfactual bulb count for program homes for 

non-program homes. An example of this process is shown in Table 32. 

Table 32: Example of Counterfactual Lighting Savings Calculation 

Model Run 
% Efficient 

Lighting 

Counterfactual Count = (Counterfactual 

Saturation/Baseline Saturation) * Baseline Bulb Count 

Total 

Bulbs 

CFL-Bulb 

Screw-In 

CFL Fixture 

Pin-Based 

LED-Bulb 

Screw-In 

LED 

Fixture 

As-Built 80% 50 18 3 14 15 

Counterfactual 45% 50 10.1 1.7 7.9 8.4 

*NMR did not have counts of non-efficient bulbs, and therefore had to estimate this value based on the efficient 
lighting saturation. As a result, the total bulb count was a fraction in most cases. 
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C 

Appendix C Net Savings and NTG Detailed Results 
This section provides detailed results for both stretch code and non-stretch code homes. The 

tables below include results for gross savings, net savings, and NTG ratios. All results are 

presented with 90% confidence intervals assuming 10% relative precision.  

C.1 NON-STRETCH CODE DETAILED RESULTS 

Table 33: Average Per-Home 2015 Gross Savings Estimates – Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  50 50 37 1 10 

Gross Program Savings 

 Low CI  46.5 2,940.3 366.5 N/A 234.0 

 Mid-Point  52.1 3,606.2 436.5 405.9 354.7 

 High CI  59.1 4,272.0 506.6 N/A 475.3 

Table 34: Total Estimated Gross Savings for Single-Family Homes in 2015 
Program Year – Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  1,106 1,106 818 22 221 

Gross Program Savings 

 Low CI  51,462 3,251,994 299,772 N/A 51,723 

 Mid-Point  57,656 3,988,413 357,073 8,931 78,386 

 High CI  65,309 4,724,843 414,374 N/A 105,050 

 

http://www.nmrgroupinc.com
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Table 35: Summary of Average per-Home Program Participant Net Savings – Non-
Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  50 50 37 1 10 

As-Built Energy Consumption 

Low CI 85.9 7,421.2 608.1 N/A 453.1 

Mid-Point 94.4 8,068.1 702.3 377.5 598.6 

High CI 102.9 8,715.1 796.5 N/A 744.0 

Counterfactual Energy Consumption 

Low CI 94.4 7,556.8 699.6 N/A 485.4 

Mid-Point 104.5 8,289.6 809.3 531.7 658.5 

High CI 114.6 9,022.5 919.1 N/A 831.7 

Net Program Savings 

Low CI 13.3 1,673.1 77.3 N/A 24.9 

Mid-Point1 16.3 2,019.4 107.0 154.2 60.0 

High CI 19.3 2,365.7 136.8 N/A 95.0 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 1,797.9 kWh per home with 90% CI = (1,469.2, 2,126.7) or 6.1 MMBtu with 90% CI = 
(5.0, 7.3). 
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Table 36: Total Program Participant Net Savings – Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  1,106 1,106 818 22 221 

As-Built Energy Consumption 

Low CI 94,950 8,207,836 497,418 N/A 100,144 

Mid-Point 104,362 8,923,363 574,465 8,305 132,288 

High CI 113,763 9,638,890 651,521 N/A 164,433 

Counterfactual Energy Consumption 

Low CI 104,440 8,357,766 572,232 N/A 107,267 

Mid-Point 115,599 9,168,309 662,024 11,698 145,537 

High CI 126,759 9,978,852 751,824 N/A 183,810 

Net Program Savings 

Low CI 14,721 1,850,493 63,223 N/A 5,501 

Mid-Point1 18,028 2,233,456 87,559 3,393 13,249 

High CI 21,324 2,616,431 111,894 N/A 20,999 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 1,797.9 kWh per home with 90% CI = (1,469.2, 2,126.7) or 6.1 MMBtu with 90% CI = 
(5.0, 7.3). 
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Table 37: Summary of Average per-Home Non-Program Participant Net Savings – 
Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  50 50 35 1 18 

As-Built Energy Consumption 

Low CI 92.1 8,882.6 544.8 N/A 511.5 

Mid-Point 99.0 9,578.0 629.3 630.0 624.3 

High CI 106.0 10,273.5 713.7 N/A 737.0 

Counterfactual Energy Consumption 

Low CI 100.5 8,873.6 618.3 N/A 406.7 

Mid-Point 108.9 9,675.7 723.3 625.9 1,017.8 

High CI 117.2 10,477.8 827.3 N/A 1,628.9 

Net Non-Program Savings 

Low CI 9.8 709.1 59.3 N/A (221.0) 

Mid-Point1 13.1 1,061.0 94.1 (4.1) 393.5 

High CI 16.5 1,413.0 128.8 N/A 1,008.1 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 963.3 kWh per home with 90% CI = (820.3, 1,106.3) or 3.3 MMBtu with 90% CI = (2.8, 
3.8). 
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Table 38: Total Non-Program Participant Net Savings – Non-Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  3,504 3,504 2,453 70 1,261 

As-Built Energy Consumption 

Low CI 322,543 31,124,630 1,336,443 N/A 644,964 

Mid-Point 346,896 33,561,417 1,543,550 44,099 787,192 

High CI 371,249 35,998,169 1,750,657 N/A 929,407 

Counterfactual Energy Consumption 

Low CI 352,292 31,093,164 1,516,739 N/A 512,798 

Mid-Point 381,445 33,903,723 1,774,279 43,814 1,283,446 

High CI 410,564 36,714,246 2,029,367 N/A 2,054,081 

Net Non-Program Savings 

Low CI 34,339 2,484,511 145,487 N/A (278,668) 

Mid-Point1 46,043 3,717,744 230,729 (284) 496,254 

High CI 57,781 4,950,977 315,946 N/A 1,271,164 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Non-stretch code 
lighting savings were equal to 963.3 kWh per home with 90% CI = (820.3, 1,106.3) or 3.3 MMBtu with 90% CI = (2.8, 
3.8). 
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Table 39: Net Savings and Net-to-Gross Ratios – Non-Stretch Code 

 
Overall 

(MMBtu) 
Electricity 

(kWh) 
Natural Gas 

(Therms) 
Fuel Oil 

(Gallons) 
Propane 
(Gallons) 

Number of Homes 
(Program/Non-Program) 

1,106/3,504 1,106/3,504 818/2,453 22/70 221/1,261 

Gross Program Savings 

Low CI 51,462 3,251,994 299,772 N/A 51,723 

Gross Program Savings 57,656 3,988,413 357,073 8,931 78,386 

High CI 65,309 4,724,843 414,374 N/A 105,050 

Net Program Savings 

Low CI 14,721 1,850,493 63,223 N/A 5,501 

Net Program Savings 18,028 2,233,456 87,559 3,393 13,249 

High CI 21,324 2,616,431 111,894 N/A 20,999 

Net Non-Program Savings 

Low CI 34,339 2,484,511 145,487 N/A (278,668) 

Net Non-Program 
Savings 

46,043 3,717,744 230,729 (284) 496,254 

High CI 57,781 4,950,977 315,946 N/A 1,271,164 

Free-Ridership 

Low CI 0.62 0.30 0.68 N/A 0.73 

Free-Ridership 0.69 0.44 0.75 0.62 0.83 

High CI 0.75 0.58 0.83 N/A 0.93 

Non-Participant Spillover 

Low CI 0.57 0.63 0.39 N/A -3.21 

Non-Participant 
Spillover 

0.80 0.93 0.65 -0.03 6.33 

High CI 1.02 1.24 0.90 N/A 15.88 

Net-to-Gross Ratios 

Low CI 0.88 1.16 0.63 N/A -3.05 

Net-to-Gross 1.111 1.49 0.89 0.35 6.50 

High CI 1.35 1.83 1.16 N/A 16.05 
1 Overall net-to-gross ratio reported does not calculate exactly to the net-to-gross formula of 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 +
𝑁𝑜𝑛 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 due to errors in rounding. 
2 Confidence intervals are calculated at the 90% level. 
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C.2 STRETCH CODE DETAILED RESULTS  

Table 40: Average Per-Home 2015 Gross Savings Estimates – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  50 50 38 1 11 

Gross Program Savings 

 Low CI  57.0 3,334.3 367.6 N/A 460.8 

 Mid-Point  64.4 4,016.3 472.2 406.9 661.8 

 High CI  75.8 4,698.3 576.7 N/A 862.9 

 

Table 41: Total Estimated Gross Savings for Single-Family Homes in 2015 
Program Year – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  1,905 1,905 1,448 38 419 

Gross Program Savings 

 Low CI  108,504 6,351,880 532,285 N/A 193,071 

 Mid-Point  122,702 7,651,013 683,688 15,461 277,303 

 High CI  144,485 8,950,166 835,076 N/A 361,534 

 



TXC 48 – RNC/CCSI ATTRIBUTION – FINAL 

 

75 

Table 42: Summary of Average per-Home Program Participant Net Savings – 
Stretch Code 

 
Overall 

(MMBtu) 
Electricity 

(kWh) 

Natural 
Gas 

(Therms) 

Fuel Oil 
(Gallons) 

Propane 
(Gallons) 

 n  50 50 38 1 11 

As-Built Energy Consumption 

Low CI 100.1 8,153.2 674.4 N/A 751.4 

Mid-Point 109.2 8,847.9 759.4 857.9 939.8 

High CI 118.3 9,542.7 844.4 N/A 1,128.3 

Counterfactual Energy Consumption 

Low CI 112.9 8,276.2 773.7 N/A 894.1 

Mid-Point 125.4 8,980.7 888.7 1,034.2 1,210.5 

High CI 137.8 9,685.2 1,003.7 N/A 1,526.8 

Net Program Savings 

Low CI 17.6 1,752.8 79.0 N/A 136.7 

Mid-Point1 23.0 2,123.3 129.3 176.3 270.6 

High CI 28.4 2,493.9 179.6 N/A 404.5 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Stretch code lighting 
savings were equal to 1,990.6 kWh per home with 90% CI = (1,657.1, 2,324.0) or 6.8 MMBtu with 90% CI = (5.7, 
7.9). 
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Table 43: Total Program Participant Net Savings – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural 

Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  1,905 1,905 1,448 38 419 

As-Built Energy Consumption 

Low CI 190,671 15,531,884 976,589 N/A 314,849 

Mid-Point 207,969 16,855,326 1,099,655 32,601 393,793 

High CI 225,266 18,178,767 1,222,720 N/A 472,737 

Counterfactual Energy Consumption 

Low CI 215,132 15,766,123 1,120,361 N/A 374,628 

Mid-Point 238,830 17,108,234 1,286,881 39,301 507,183 

High CI 262,528 18,450,344 1,453,416 N/A 639,738 

Net Program Savings 

Low CI 33,566 3,339,027 114,378 N/A 57,290 

Mid-Point1 43,815 4,044,925 187,226 6,700 113,390 

High CI 54,064 4,750,822 260,090 N/A 169,490 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Stretch code lighting 
savings were equal to 1,990.6 kWh per home with 90% CI = (1,657.1, 2,324.0) or 6.8 MMBtu with 90% CI = (5.7, 
7.9). 
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Table 44: Summary of Average per-Home Non-Program Participant Net Savings – 
Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural 

Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  46 45 29 1 13 

As-Built Energy Consumption 

Low CI 99.1 9,592.7 652.8 N/A 732.9 

Mid-Point 109.8 10,674.6 756.4 471.3 891.9 

High CI 120.4 11,756.4 860.0 N/A 1,051.0 

Counterfactual Energy Consumption 

Low CI 112.1 9,926.6 726.4 N/A 887.0 

Mid-Point 125.6 11,115.0 1,233.0 553.4 1,064.7 

High CI 139.1 12,303.3 1,739.5 N/A 1,242.4 

Net Program Savings 

Low CI 15.3 1,206.8 (3.2) N/A 103.4 

Mid-Point1 19.6 1,562.5 476.6 82.2 184.1 

High CI 23.9 1,918.2 956.4 N/A 264.9 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Stretch code lighting 
savings were equal to 1,112.2 kWh per home with 90% CI = (935.5, 1,288.8) or 3.8 MMBtu with 90% CI = (3.2, 4.4). 
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Table 45: Total Non-Program Participant Net Savings – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural 

Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

 n  815 797 514 18 230 

As-Built Energy Consumption 

Low CI 80,775 7,645,390 335,524 N/A 168,556 

Mid-Point 89,446 8,507,616 388,774 8,483 205,139 

High CI 98,118 9,369,835 442,025 N/A 241,725 

Counterfactual Energy Consumption 

Low CI 91,386 7,911,492 373,375 N/A 204,005 

Mid-Point 102,380 8,858,623 633,747 9,962 244,883 

High CI 113,375 9,805,746 894,113 N/A 285,761 

Net Non-Program Savings 

Low CI 12,470 961,804 (1,629) N/A 23,771 

Mid-Point1 15,958 1,245,305 244,972 1,479 42,348 

High CI 19,446 1,528,813 491,574 N/A 60,925 
1 Net savings of the overall energy consumption and electric consumption accounted for lighting savings and are not 
equal to the difference between the counterfactual consumption and the as-built consumption. Stretch code lighting 
savings were equal to 1,112.2 kWh per home with 90% CI = (935.5, 1,288.8) or 3.8 MMBtu with 90% CI = (3.2, 4.4). 
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Table 46: Net Savings and Net-to-Gross Ratios – Stretch Code 

 
Overall 

(MMBtu) 

Electricity 

(kWh) 

Natural 

Gas 

(Therms) 

Fuel Oil 

(Gallons) 

Propane 

(Gallons) 

Number of Homes 

(Program/Non-Program) 
1,905/815 1,905/815 1,448/514 38/18 419/230 

Gross Program Savings 

Low CI 108,504 6,351,880 532,285 N/A 193,071 

Gross Program Savings 122,701 7,651,013 683,688 15,461 277,303 

High CI 144,485 8,950,166 835,076 N/A 361,534 

Net Program Savings 

Low CI 33,566 3,339,027 114,378 N/A 57,290 

Net Program Savings 43,815 4,044,925 187,226 6,700 113,390 

High CI 54,064 4,750,822 260,090 N/A 169,490 

Net Non-Program Savings 

Low CI 12,470 961,804 (1,629) N/A 23,771 

Net Non-Program 

Savings 
15,958 1,273,429 244,972 1,479 42,348 

High CI 19,446 1,528,813 491,574 N/A 60,925 

Free-Ridership 

Low CI 0.55 0.35 0.61 N/A 0.47 

Free-Ridership 0.64 0.47 0.73 0.57 0.59 

High CI 0.74 0.60 0.85 N/A 0.71 

Non-Participant Spillover 

Low CI 0.10 0.12 0.00 N/A -0.20 

Non-Participant 

Spillover 
0.13 0.17 0.36 0.10 0.15 

High CI 0.10 0.12 0.00 N/A -0.20 

Net-to-Gross Ratios 

Low CI 0.39 0.56 0.26 N/A 0.18 

Net-to-Gross 0.491 0.70 0.63 0.53 0.56 

High CI 0.59 0.82 1.01 N/A 0.94 
1 Overall net-to-gross ratio reported does not calculate exactly to the net-to-gross formula of 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 +
𝑁𝑜𝑛 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 due to errors in rounding.  
2 Confidence intervals are calculated at the 90% level. 
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B D 

Appendix D Comparing Round 1 and Round 2 

Responses 
In Round 1 of the Delphi Panel, the experts provided initial estimates about what efficiency values 

would look like for various measures if the RNC program ceased to exist after 2011 and the CCSI 

programs were never implemented. In the second-round questionnaire, individuals reviewed their 

fellow panelists’ estimates and were then given the opportunity to revise their own initial 

responses. The team excluded outlier values at the end of the second-round questionnaire from 

further analyses.42 The tables below show that this revision process led to the panel of experts 

either converging or diverging behind a single estimate for each measure in program and non-

program homes. The tables below show the standard deviation of the distribution of panelists 

weighted mean for each measure (excluding HVAC equipment). Note that the number of outliers 

is provided for each measure for context on how the outlier analysis affected the standard 

deviation on the final results. 

For program measures (in both stretch and non-stretch code homes), most have a standard 

deviation that is getting smaller from the first-round questionnaire to the second-round. The 

shrinking standard deviation indicates that panelist responses converged around the 1st round 

mean. This suggests that the panel reached a stronger consensus after the 2nd round for most 

measures. However, there are a couple instances where the standard deviation increased 

between the two rounds. This indicates that panelist responses diverged from the 1st round mean 

for those measures. There were two primary drivers of the divergence. The first was that one 

panelist from the round-one did not participate in the round-two questionnaire. The second driver 

was when a few panelists had a large adjustment from their first-round response, and most 

panelists did not change their estimate or made only very minor adjustments to their 1st round 

response.  

The standard deviation in non-program homes (in both stretch and non-stretch code homes) 

diverge from the 1st round mean for more than 50% of measures. The primary drivers are the 

same as mentioned above. Also, the frequency of divergence indicates the individual comments 

and weighted means that were provided in the second-round questionnaire (Table 48 and Table 

50) drove the second-round adjustments more than the overall 1st round average provided to the 

panelist, for most measures.  

The standard deviation and number of outliers for stretch code program home measures are 

displayed in Table 47. The percent of sockets with efficient lighting (-21%), flat ceiling insulation 

grade (-20%), and wall insulation R-value (-20%) show the largest convergence of the panel, 

while flat ceiling insulation R-value and framed floor insulation grade diverged the most (12% and 

35%, respectively). 

                                                

42 This study defines outlier responses as 1.5 times the interquartile range. 

http://www.nmrgroupinc.com
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Table 47: Panelist Responses for (Stretch) Program Homes: Round 1 vs. Round 2 

 

The standard deviation and number of outliers for stretch code non-program home measures are 

displayed in Table 48. Framed floor insulation R-value (-14%) and flat ceiling insulation grade (-

10%) show the largest convergence of the panel, while frame floor insulation grade and the 

percent of sockets with efficient lighting diverged the most (76% and 40%, respectively). 

Table 48: Panelist Responses for (Stretch) Non-Program Homes: Round 1 vs. 
Round 2 

 

The standard deviation and number of outliers for non-stretch code program home measures are 

displayed in Table 49. Cathedral ceiling insulation R-value (-61%) and flat ceiling insulation R-

values (-33%) show the largest convergence of the panel, while air infiltration (ACH50) and 

framed floor insulation grade diverged the most (51% and 18%, respectively). 

 

Percent of Sockets with Efficient Lighting (%) 0.206 0.164 -21% 0 0.164

Flat Ceiling Insulation Average Grade 0.622 0.498 -20% 2 0.279

Wall Insulation R-Value 0.554 0.446 -20% 0 0.446

Frame Floor Insulation R-Value 1.638 1.349 -18% 3 0.727

Cathedral Ceiling Insulation  Average Grade 0.537 0.450 -16% 2 0.253

Air Infiltration (ACH50) 1.086 0.997 -8% 1 0.760

Window U-Value 0.015 0.013 -7% 4 0.004

Cond. Foundation Wall Insulation Average Grade 0.527 0.495 -6% 0 0.495

Cond. Foundation Wall Insulation R-Value 1.563 1.470 -6% 1 0.911

Wall Insulation Average Grade 0.415 0.399 -4% 0 0.399

Cathedral Ceiling Insulation R-Value 1.547 1.532 -1% 0 1.532

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 3.572 3.542 -1% 1 1.440

Flat Ceiling Insulation R-Value 1.585 1.770 12% 0 1.770

Frame Floor Insulation Average Grade 0.241 0.324 35% 4 0.104

Final Std. 

Dev.

Outliers 

Removed

Percent 

Change

Round 2 

Std. Dev.

Round 1 

Std Dev.
Measure

Frame Floor Insulation R-Value 2.062 1.780 -14% 1 1.451

Flat Ceiling Insulation Average Grade 0.500 0.450 -10% 2 0.257

Cathedral Ceiling Insulation R-Value 2.756 2.598 -6% 1 2.197

Cathedral Ceiling Insulation  Average Grade 0.411 0.396 -4% 2 0.240

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 4.012 3.916 -2% 1 2.025

Window U-Value 0.012 0.012 0% 0 0.012

Wall Insulation Average Grade 0.443 0.450 2% 0 0.450

Cond. Foundation Wall Insulation R-Value 2.372 2.460 4% 0 2.460

Air Infiltration (ACH50) 1.036 1.112 7% 0 1.112

Wall Insulation R-Value 0.786 0.894 14% 0 0.894

Cond. Foundation Wall Insulation Average Grade 0.363 0.421 16% 4 0.089

Flat Ceiling Insulation R-Value 2.244 2.659 18% 0 2.659

Percent of Sockets with Efficient Lighting (%) 0.129 0.181 40% 4 0.044

Frame Floor Insulation Average Grade 0.200 0.352 76% 1 0.205

Measure
Round 1 

Std Dev.

Round 2 

Std. Dev.

Percent 

Change

Outliers 

Removed

Final Std. 

Dev.
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Table 49: Panelist Responses for (Non-Stretch) Program Homes: Round 1 vs. 
Round 2 

 

The standard deviation and number of outliers for non-stretch code, non-program home measures 

are displayed in Table 50. Conditioned foundation wall insulation R-value (-45%) and cathedral 

ceiling insulation R-value (-26%) show the largest convergence of the panel, while frame floor 

insulation grade and percent of sockets with efficient lighting diverged the most (62% and 32%, 

respectively). 

Table 50: Panelist Responses for (Non-Stretch) Non-Program Homes: Round 1 vs. 
Round 2 

 

Cathedral Ceiling Insulation R-Value 3.354 1.308 -61% 1 1.067

Flat Ceiling Insulation R-Value 2.149 1.449 -33% 0 1.449

Flat Ceiling Insulation Average Grade 0.515 0.433 -16% 1 0.248

Frame Floor Insulation R-Value 1.821 1.605 -12% 0 1.605

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 2.811 2.509 -11% 3 0.541

Cathedral Ceiling Insulation  Average Grade 0.452 0.415 -8% 2 0.239

Wall Insulation R-Value 0.917 0.855 -7% 2 0.437

Cond. Foundation Wall Insulation Average Grade 0.487 0.459 -6% 0 0.459

Window U-Value 0.008 0.008 -6% 1 0.006

Percent of Sockets with Efficient Lighting (%) 0.171 0.167 -3% 2 0.091

Wall Insulation Average Grade 0.363 0.366 1% 2 0.224

Cond. Foundation Wall Insulation R-Value 0.819 0.839 2% 0 0.839

Frame Floor Insulation Average Grade 0.234 0.276 18% 2 0.200

Air Infiltration (ACH50) 0.664 1.003 51% 1 0.690

Measure
Round 1 

Std Dev.

Round 2 

Std. Dev.

Percent 

Change

Outliers 

Removed

Final Std. 

Dev.

Cond. Foundation Wall Insulation R-Value 3.342 1.847 -45% 3 0.850

Cathedral Ceiling Insulation R-Value 2.185 1.618 -26% 4 0.693

Flat Ceiling Insulation R-Value 3.028 2.558 -15% 1 2.113

Flat Ceiling Insulation Average Grade 0.477 0.418 -12% 1 0.240

Duct Leakage to Outside  (CFM 25/ 100 sqft CFA) 2.915 2.647 -9% 3 1.428

Window U-Value 0.014 0.013 -5% 0 0.013

Frame Floor Insulation R-Value 1.982 1.930 -3% 1 1.328

Air Infiltration (ACH50) 1.189 1.209 2% 0 1.209

Cathedral Ceiling Insulation  Average Grade 0.389 0.404 4% 3 0.165

Wall Insulation R-Value 0.849 0.931 10% 0 0.931

Wall Insulation Average Grade 0.335 0.387 16% 0 0.387

Cond. Foundation Wall Insulation Average Grade 0.305 0.402 32% 2 0.200

Percent of Sockets with Efficient Lighting (%) 0.136 0.180 32% 5 0.022

Frame Floor Insulation Average Grade 0.207 0.336 62% 1 0.254

Measure
Round 1 

Std Dev.

Round 2 

Std. Dev.

Percent 

Change

Outliers 

Removed

Final Std. 

Dev.


