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ES           

Executive Summary  
Since 2014, the Massachusetts Program Administrators (PAs) have funded the Code Compliance 

Support Initiative (CCSI) to help improve compliance with residential and non-residential building 

codes in the state. The CCSI trains code officials and building professionals on the building codes 

and helps them stay abreast of changes to these codes. The Massachusetts PAs and the Energy 

Efficiency Advisory Council (EEAC) consultants have contracted with the Massachusetts Cross-

Cutting Research Area evaluation team, consisting of NMR and Cadmus (referred to as “the team” 

throughout this report), to estimate the savings attributable to the commercial1 portion of the CCSI 

for the 2019-2021 program period. 

METHODOLOGY 

This study used a Delphi panel approach to estimate savings attributable to the CCSI from code 

compliance enhancement efforts. The evaluation team asked a panel of experts to provide 

estimates of code compliance over the 2018-2021 period under two scenarios: (1) with the CCSI 

continuing training and outreach in the future at a similar level to historical efforts and (2) with the 

CCSI never having been implemented. After the Delphi panel process was complete, the 

evaluation team, with input from the PAs and EEAC, acknowledged the need to estimate 

compliance as if the CCSI were to cease to exist after 2018. As a result, the team adjusted 

panelists’ projected values to reflect this revised scenario by using the midpoint between 

panelists’ estimated compliance rates with and without the CCSI. The team used Delphi panelists’ 

estimates to develop attribution scores and project net savings for 2019-2021.  

Using the program attribution values, the team calculated program net savings with the following 

equation: 

𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑁𝑒𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑦𝑒𝑎𝑟 = 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑦𝑒𝑎𝑟 × 𝐺𝑟𝑜𝑠𝑠 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙𝑦𝑒𝑎𝑟 

The team calculated gross technical potential (GTP) savings from two main inputs: (1) baseline 

technical potential estimated with modeled results from the 2017 DNV GL code compliance study2 

(i.e., the savings associated with bringing non-compliant measures up to prescriptive code levels) 

and (2) projected growth in the commercial new construction sector. The calculation for GTP is 

simply a formula that multiplies technical potential by projected commercial new construction 

growth for 2019-2021.  

Figure 1 shows the overall approach of the study. The main body of the report provides more 

detail regarding specific sources and further explains assumptions underlying how each of these 

components contributed to projected savings. 

                                                

1 This market segment is referred to as both the non-residential and commercial market in this document. 
2 The New Buildings institute (NBI) modeled results from the 2017 Massachusetts Energy Code Compliance and 
Baseline Study for IECC 2012 (P70). 
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Figure 1: Study Approach 

 

FINDINGS  

The key findings from this study are summarized below.  

CCSI Attribution  

Using the results from the Delphi panel, the 

evaluation team developed the 2019–2021 

compliance rates as if the CCSI program were to 

end in 2018, and estimated that an increase of 

roughly five percentage points in compliance is 

attributable to the CCSI over the period (Table 

1). The estimated proportion of GTP savings 

projected to be achieved during 2019–2021 is 

between 42% and 45%. The underlying 

assumptions and calculations are explained in detail in Section 4.1. 

Rationale for Delphi Panelists’ Estimates 

In their rationale for their compliance estimates 

with and without the CCSI, Delphi panelists 

recognized the role and impact of the CCSI 

trainings in educating code officials and 

building professionals on the building energy 

code and encouraging them to enforce and 

employ efficient building practices. 
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Table 1: Estimated Compliance and CCSI Attribution Over Time 

  2017 2018 2019 2020 2021 

Compliance Estimate with CCSI (A) 93% 94% 94% 95% 95% 

Compliance without the CCSI Ever 
Existing (B) 

81% 82% 83% 84% 84% 

Compliance if the CCSI Ceased to 
Exist After Implementation (C)1 
Calculation: (A+B)/2 

87% 88% 89% 89% 90% 

Compliance Attributable to CCSI (D) 
Calculation: (A-C) 

6% 6% 6% 5% 5% 

Portion of GTP Savings Achieved 
Calculation: D/(1-2017C)2 

48% 46% 45% 42% 42% 

1 Represents the midpoint between respondents’ initial responses (A and B). 
2 The values represent what proportion of the total GTP (savings available from achieving 100% compliance) may 
be attributable to the CCSI. The team fixed the comparisons to 2017 as this value most closely represents the 
sample that was used to calculate GTP. Data from the 2017 DNV GL code compliance study modeled by NBI 
represent the GTP from compliance enhancement at a fixed point in time. 

Program Savings 

Gross Technical Potential 

The team used data modeled by the New Buildings Institute (NBI) from the DNV GL 2017 code 

compliance study, along with estimated growth in commercial new construction projects, to 

calculate the GTP. The outputs from the NBI modeled data were labeled as 2015L and 2015H, 

which corresponds with sections of the 2015 International Energy Conservation Code (IECC) that 

give options for building professionals to meet reduced lighting power density (2015L) code 

requirements or more efficient HVAC performance (2015H). 

Table 2: Estimated Gross Technical Potential 

Year 

Technical Potential (EUI) 
New 

Construction 
Growth (ksf) 

Gross Technical Potential 

2015L IECC 2015H IECC 2015L IECC 2015H IECC 

Electric 
(kWh/sf)  

Gas 
(kBtu/sf) 

Electric 
(kWh/sf)  

Gas 
(kBtu/sf) 

Electric 
(MWh) 

Gas 
(therms)1 

Electric 
(MWh) 

Gas 
(therms)1 

A B C D E A*E B*E*10 C*E D*E*10 

2019 

0.5 (0.4) 0.8 0.3 

18,458 9,432  (77,347) 14,362  49,820  

2020 27,897 14,256  (116,902) 21,707  75,298  

2021 28,320 14,472  (118,673) 22,036  76,439  

3-year Total 38,159 (312,922) 58,106 201,558  

1 Formula incorporates conversion from kBtu to therms. 

Projected 2019–2021 Net Savings 

Based on the information above, the evaluation team estimated the savings attributable to CCSI 

by multiplying the GTP (Table 2) by the proportion of GTP savings achieved by the CCSI (Table 

1). The evaluation team offers two alternatives for the overall net savings (Table 3).  The savings 

projections presented below reflect conservative estimates and are constrained by specific 

assumptions and limitations. For example, the team derived the attribution assessments based 
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on responses from the Delphi panel, who largely believed that in the absence of the CCSI, 

compliance rates would fall considerably. Without actual compliance data under the 2015 IECC, 

it is difficult to project this exact scenario. Drawing on patterns from past compliance studies as 

well as the panelists’ well-reasoned rationales, the team developed the savings estimates using 

two methods: 

• Method 1 includes separate savings estimates by code option (e.g., 2015L and 2015H).  

• Method 2 averages the savings associated with the two code options. Absent reliable 

data regarding the proportion of builders using each compliance pathway, the team 

assumed that 50% would use one path and 50% would use the other. The average 

includes the negative gas savings associated with 2015L potential savings. The MMBTU 

values show that the electric savings more than offset the negative gas savings that exist 

under the 2015L compliance pathway. 

Table 3: Savings Attributable to CCSI by Code Option 

Year 

Method 1: 
Net by Code Option 

Method 2: 
Average Savings 

Including Negative Gas 
Savings 2015L IECC 2015H IECC 

Electric 
(MWh) 

Gas  
(therms) 

Electric 
(MWh) 

Gas 
(therms) 

Electric 
(MWh) 

Gas 
(therms) 

2019 4,200  (34,445) 6,396  22,186  5,298  (6,129) 

2020 5,952  (48,806) 9,063  31,437  7,507  (8,685) 

2021 6,042  (49,545) 9,200  31,913  7,621  (8,816) 

3-year Total 16,194  (132,796) 24,659  85,536  20,426  (23,630) 

Savings in MMBTU 

2019 14,292  (3,444) 21,762  2,219  18,027  (613) 

2020 20,250  (4,881) 30,836  3,144  25,543  (868) 

2021 20,557  (4,955) 31,303  3,191  25,930  (882) 

3-year Total 55,100  (13,280) 83,902  8,554  69,501  (2,363) 

CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS 

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

The CCSI is the primary statewide resource for training and support related to commercial 

building energy codes. We found that few other organizations provide direct training or support, 

and not to the same extent as the CCSI. Many of the Delphi panelists also acknowledged the role 

and impact of the CCSI program in enhancing building code officials’ knowledge and 

understanding of code requirements. Since several of the trainings hosted by regional code official 

associations were delivered in partnership with CCSI, it is unlikely that these building code official 

trainings would have occurred without the CCSI program.  

Although the CCSI is the primary statewide resource for code support, it is worth noting that only 

slightly more than one-third of code officials took the 2012 IECC and 2015 IECC commercial 

energy code trainings (35% and 37%, respectively). The market penetration for other occupations, 

such as design professionals, is not known. Many code officials and building professionals 
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manage to stay abreast of code changes as a matter of standard professional practice. This does 

not undercut the value of the CCSI, but it does place its relative impact within a larger context. 

The CCSI is, in part, responsible for increased non-residential code compliance rates in 

Massachusetts. In their rationale for their compliance estimates with and without the CCSI, the 

majority of the Delphi panelists, drawing on the evaluation results from the CCSI trainings and 

their own experience, acknowledged that the program helps keep code officials and building 

professionals aware of code requirements, and that the CCSI thereby helps preserve high levels 

of code compliance. Results from the CCSI training evaluations indicate that the CCSI has had a 

positive effect on code officials and building professionals. Training attendees reported in follow-

up surveys and interviews that the CCSI trainings were likely to affect their building practices or 

had already affected them.  

Recommendation: Maintain the CCSI program and use evaluation and compliance study 

results to target opportunities for improvement in order to maximize the impact and related 

savings from the program. For example, the NBI modeling results document GTP savings 

at the measure level, which could be used to develop targeted training modules for 

measures displaying the highest savings potential.  

The GTP savings assessment relies on several assumptions that could be improved by 

future research and coordination. The assumptions are necessary due to limited information 

for some of the key factors. For example, the evaluation team had limited information on the 

mechanical system types and compliance paths used in commercial new construction projects. 

The team could more accurately project savings if more detailed baseline data or survey data 

were available for review.  

Consideration: The PAs should consider coordinating with the codes and standards 

evaluation team prior to conducting studies that will be used in future attribution 

assessments. This will allow the codes and standards evaluation team to provide input on 

the types of variables that would be useful to improve net savings calculations. 

The savings calculator only accounts for new construction projects and does not address 

potential savings associated with compliance enhancement in renovation projects that 

trigger code requirements.  

Consideration: The PAs should consider conducting research that would allow them to 

quantify the savings associated with enhancing compliance in renovation projects. 

Research could include identifying the size of the commercial renovation market, 

identifying the scale and baseline conditions of renovation projects, and modeling the 

impacts of improved compliance in renovation projects.  
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1                             

Section 1 Background 
The primary purpose of the CCSI is to improve the energy code compliance rates of residential 

and commercial buildings in Massachusetts, thereby achieving more electric and gas savings. 

Since 2014, the CCSI has sought to improve compliance with residential and commercial building 

codes in Massachusetts through classroom and in-field trainings and technical assistance. The 

trainings, which range from one to four hours long, are rooted in building science principles and 

best practices. Through the trainings, attendees are kept abreast of changes to the building 

energy code as they occur. Through its implementation contractor, Performance Systems 

Development (PSD), the CCSI also offers technical assistance to code officials and building 

professionals via statewide circuit riders. 3 These individuals offer phone and email support to 

answer general code questions and to provide code interpretations. Circuit riders also provide 

consultations on project compliance verification through plan and specification review and on-site 

observations. 

The overall goal of this study was to estimate the savings that may be attributable to the CCSI in 

the 2019–2021 period due to enhanced code compliance in the commercial new construction 

market.4 The study draws on various sources of information and uses a Delphi panel approach to 

estimate the proportion of efficiency improvements that can be attributed to the activities of the 

CCSI. 

1.1 METHODOLOGY 

Figure 2 shows the main steps that the evaluation team used to assess attribution and calculate 

estimated savings from the CCSI. These steps were to (1) identify factors affecting code 

compliance and supply them to a panel of experts to assess attribution, (2) estimate GTP savings, 

and (3) multiply CCSI attribution by GTP savings to estimate net savings from the CCSI. Within 

each step, we have indicated the relevant data source(s). The subsequent sections of this report 

provide more detail about underlying assumptions and further explain how each of these 

components contributed to the overall assessment. 

                                                

3 CLEAResult implemented the CCSI trainings and technical assistance across the state through 2017. 
4 Attribution for the residential portion of the CCSI is addressed through a separate study (TXC48). 
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Figure 2: Study Approach 

 

To help Delphi panelists assess attribution for the non-residential portion of the CCSI, the team 

compiled background information about the following factors affecting code compliance: 

• Building energy code requirements and key changes that may have influenced compliance 

rates 

• CCSI training and technical support, as well as the reported impacts of these efforts by 

code officials and building professionals 

• Efforts of other organizations that may have contributed to enhanced compliance  

• Baseline and follow-up studies from 2012, 2014, and 2017, which report code compliance 

rates (overall and by measure category) in the commercial new construction market 

• Modeling results from the New Buildings Institute (NBI) detailing the gross technical 

potential from code compliance enhancement 

1.1.1 Delphi Panel Process 

Using the information above, as well as their own expertise, the team asked panelists to provide 

estimates of code compliance over the period of 2018–2021 under two scenarios: (1) with the 

CCSI continuing training and outreach in the future at a similar level to historical efforts and (2) 

with the CCSI never having been implemented. The panelists provided this information in two 

rounds. In the first round, they developed initial compliance estimates under the two scenarios 

and provided their rationale. After the first round, the evaluation team compiled panelists’ 

estimates and rationales and distributed them to the panelists. In the second round, the panelists 

reviewed the first-round results as a whole and individually and had an opportunity to revise their 

estimates for the two scenarios and provide an explanation for their second-round estimates. The 
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evaluation team participated in both rounds by developing an independent set of responses. More 

details on the Delphi panel process can be found in Section 3. 

1.1.1.1 Estimating Compliance Assuming the CCSI Ceased to Exist After 2018 

After discussions with the PAs and EEAC the evaluation team acknowledged the need to estimate 

compliance assuming the CCSI ceased to exist after 2018. Since this decision was made after 

both rounds of the Delphi panel, the team, with input from the PAs and EEAC, derived the 

estimated compliance assuming the CCSI would cease to exist after 2018 by using the average 

(e.g., mid-point) compliance results provided by the Delphi panelists under the two scenarios 

listed above.  

1.1.2 Program Savings Estimates 

Results from the Delphi panel were a key input into projecting the savings attributable to the CCSI. 

The team used panelists’ estimates to derive compliance with and without the influence of the 

CCSI (e.g., program attribution). The projected attribution scores for 2019–2021 were multiplied 

by the gross technical potential (GTP) to calculate program net savings: 

𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑁𝑒𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑦𝑒𝑎𝑟 = 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑦𝑒𝑎𝑟 × 𝐺𝑟𝑜𝑠𝑠 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙𝑦𝑒𝑎𝑟 

The team relied on NBI-modeled data from the DNV GL 2017 code compliance study to calculate 

the technical potential associated with moving from non-compliant baseline building practices to 

code-compliant building practices. We used additional datasets, such as Dodge Data and 

Analytics, 5  to estimate market segments, growth, and other trends in the commercial new 

construction market. Section 5 provides greater detail on the data sources, calculations, and 

assumptions for each input to these estimates. 

1.2 REPORT OUTLINE 

This report is organized as follows: 

• Section 2 outlines the various factors affecting code compliance. This information was 

presented to the Delphi panel to inform their projected compliance rates with and without 

the CCSI.  

• Section 3 describes the Delphi panel process and summarizes the results from this effort.  

• Section 4 presents the attribution scores and explains how we developed them from the 

Delphi panelists’ estimates. 

• Section 5 presents the commercial new construction gross technical potential savings and 

net savings estimates. 

• The appendices provide supplemental documentation, including the CCSI savings 

calculator, located in Appendix C.  

                                                

5 We used 2010-2015 Dodge data on new construction starts in thousands of square feet (ksf). 
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2                             

Section 2 Factors Affecting Code Compliance 
To assist Delphi panelists in developing compliance estimates with and without the CCSI, the 

evaluation team provided panelists with a situation memo that summarized background 

information about commercial building energy codes in Massachusetts, CCSI trainings and their 

influence on participants, training efforts of other organizations, and code compliance rates before 

and after the CCSI was implemented. This section highlights the main findings from the situation 

memo. A full copy of the situation memo can be found in Appendix A. 

2.1 OVERALL TIMELINE 

Figure 3 presents a timeline of CCSI trainings within the context of recent IECC code cycles and 

commercial baseline studies. The timeline identifies when various codes went into effect and 

when the CCSI trainings began. The bars at the bottom of the timeline indicate the estimated 

completion dates of the buildings that were included in the commercial baseline studies.6 Because 

the baseline studies rely on building permit dates, the timeline indicates our best estimates of 

when the buildings included in these studies completed construction. 

• The 2012 study includes projects permitted between 2009 and 2011, likely covering 

buildings permitted late in the 2006 IECC and early in the 2009 IECC code cycles. 

• The 2014 study covers projects permitted from late 2012 or early 2013 through July 2014, 

which was late in the 2009 IECC code cycle. 

• The 2017 study includes projects permitted from July 2014 through December 2016, which 

covers the entire 2012 IECC cycle. 

The attribution assessment focuses on CCSI effects on compliance with the 2015 IECC. However, 

the services delivered by the CCSI initially focused on the 2012 IECC. As Figure 3 shows, the 

CCSI began holding commercial trainings in November 2014. As a result, the initiative could only 

have influenced buildings included in the 2017 study. 

                                                

6 The commercial compliance study samples were selected based on permit dates, not completion dates. As a result, 
many of the buildings included in these studies were still under construction at the time of inspection.  
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Figure 3: Timeline of Events 

 

2.2 CHANGES TO THE COMMERCIAL BUILDING ENERGY CODE 

This section provides an overview of historical and recent changes to the commercial building 

energy code in Massachusetts. The historical changes include key differences between the 2006 

IECC and 2009 IECC, as well as the 2009 IECC and 2012 IECC. The summary of recent changes 

reviews important updates between the 2012 IECC and 2015 IECC. Although the CCSI 

commercial training started four months after the 2012 IECC went into effect and the attribution 

assessment period falls under the 2015 IECC, it is important to provide the historical context to 

better understand the required increases in efficiency over time.   

2.2.1 Historical Changes to the Massachusetts Building Code  

2006 IECC to 2009 IECC: 5% increase in overall efficiency 

In late 2009, the 2009 IECC was adopted as the statewide energy code and enforcement began 

in July 2010.The 2009 IECC included several changes from the 2006 IECC.7 The most important 

changes were the introduction of the building envelope U‐factor table and Group R-specific 

                                                

7 Huang, Y and K Gowri. March 2011. Comparison of 2006 IECC and 2009 IECC Commercial Energy Code 
Requirements for Kansas City, MO. U.S. Dept. of Energy. 
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-20263.pdf 

 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-20263.pdf
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envelope requirements, 8  as well as increases in HVAC minimum efficiency requirements, 

economizer requirements, pipe insulation requirements, and exterior lighting requirements. 

Additional high-level changes between the 2006 and 2009 IECC included an update to the 

referenced ASHRAE standard (ANSI/ASHRAE/IESNA Standard 90.1-2004 to 

ANSI/ASHRAE/IESNA Standard 90.1-2007) and a new requirement that a project must comply 

with either ASHRAE Standard 90.1 or the 2009 IECC, but not a combination of the two.  

MA Amendments to the 2009 IECC. Massachusetts adopted an amended version of both the 2006 

and 2009 IECC. The most significant of these amendments, present in both editions, is the 

requirement for buildings to have a continuous air barrier. This requirement was not added to the 

IECC until the 2012 edition. 

MA Stretch Code. The Massachusetts stretch code, based on the 2009 IECC, was also first 

adopted in July 2009; enforcement began in July of 2010. The 2009 version of the Massachusetts 

stretch code required that newly constructed buildings be designed to achieve energy use per 

square foot at least 20% below the requirements of ASHRAE Standard 90.1-2007. Buildings 

complying with the prescriptive path must additionally meet the requirements of one of the 

following: more efficient mechanical or HVAC equipment, reduced lighting power density, or on-

site supply of renewable energy. At the time, the stretch code was designed to be roughly 20% 

more efficient than the base code. Stretch code adoption has taken place over time and the 

effective date of enforcement varies by municipality.9  

2009 IECC to 2012 IECC: 20% increase in overall efficiency 

The 2012 IECC included several significant changes when compared to the 2009 IECC. The most 

important changes included decreased allowable vertical fenestration; the introduction of a space-

by-space method for determining allowable lighting power density limits; improved HVAC 

efficiency standards; and the requirement that the project comply with one of three new efficiency 

package provisions.  

High-level changes between the 2009 and 2012 versions of the IECC also included a new section 

on building commissioning that required a registered design professional or agency to develop a 

mechanical system commissioning plan and to provide evidence of commissioning prior to the 

final mechanical inspection. Additionally, a functional testing requirement was added, mandating 

that the third-party submitting the building plans designate who will conduct tests to ensure that 

the lighting system’s hardware and software function properly. 

MA Amendments to the 2012 IECC. Massachusetts adopted an amended version of the 2012 IECC. 

Major amendments included an added subsection regarding the use of biomass fuels, a 

performance path for Group R buildings of five or fewer stories requiring a Home Energy Rating 

System (HERS) rating of ≤65, and a new Passive House Planning Package performance path. 

                                                

8The Group R designation includes residential buildings not covered by the IECC residential code. These include 
Group R-1 (hotels, boarding houses, etc.), Group R-2 (permanent residences with more than two units), Group R-3 
(covering those buildings not in Groups 1, 2, or 4), and Group R-4 (residential care/assisted living facilities).  
9 The exact dates of stretch code adoption and enforcement for various municipalities can be found here: 
http://www.mass.gov/eea/docs/doer/green-communities/grant-program/stretch-code-towns-adoption-by-community-
map-and-list.pdf  

http://www.mass.gov/eea/docs/doer/green-communities/grant-program/stretch-code-towns-adoption-by-community-map-and-list.pdf
http://www.mass.gov/eea/docs/doer/green-communities/grant-program/stretch-code-towns-adoption-by-community-map-and-list.pdf
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MA Stretch Code – No Changes. Massachusetts did not adopt a stretch code based on the 2012 

IECC; instead, the stretch code based on the 2009 IECC remained in place. This stretch code 

was similar enough to the 2012 IECC that savings were likely minimal for buildings in towns 

following the stretch code, compared to buildings in the non-stretch code towns. 

2.2.2 Recent Changes to the Massachusetts Building Code 

2012 IECC to 2015 IECC: 8% increase in overall efficiency 

In July of 2016, Massachusetts adopted the 2015 IECC with state-specific amendments, with 

enforcement beginning in January of 2017. The 2015 IECC included minimal changes to the 2012 

IECC building envelope requirements, but moderate changes to the lighting and HVAC 

requirements. The most important changes included a requirement for skylights to provide 

daylighting for at least 50% of the floor area of spaces in buildings greater than 2,500 ft2, a 

mandatory occupant sensor requirement for lighting in several space types, an automatic daylight 

responsive control requirement for all lighting located in daylit spaces, and an increase in the 

efficiency requirements of several HVAC equipment types. Additionally, the 2015 IECC included 

a new chapter that covers commercial additions, alterations, and repairs. The 2015 IECC also 

increased efficiency option pathways from three to six. 

MA Amendments to the 2015 IECC. Massachusetts adopted a version of the 2015 IECC with 

substantial amendments. If a Group R building is fewer than six stories, the residential code may 

be used for buildings that are considered commercial under the IECC.10 ENERGY STAR® Homes 

3.1 is approved as a performance path, as is any other method approved by the Board of Building 

Regulations and Standards (BBRS). If using the HERS compliance path, the rating must be 55 or 

lower unless renewable trade-offs are used. Additionally, a source-fuel conversion factor table 

has been introduced, and combined heat and power district heat energy consumption must be 

calculated with a Massachusetts Department of Energy Resources (DOER)-approved Excel 

spreadsheet. The Massachusetts amended code is more stringent, requiring two of the six options 

to be selected. (Section 5.1.1 explains these provisions in more detail.) 

MA Stretch Code. The current Massachusetts stretch code, effective January 1, 2017, is based on 

the 2015 IECC and greatly simplifies the previous stretch code. Group R buildings of four or fewer 

stories must follow the residential performance pathway, which requires a HERS rating of 55 or 

lower (with offsets given for renewable energy use), compliance with the ENERGY STAR® Homes 

Version 3.1 path, or a Passive House Institute (PHIUS) certification. Large commercial buildings 

(i.e., all buildings over 100,000 ft2 and new supermarkets, laboratories, and conditioned 

warehouses over 40,000 ft2) must demonstrate energy use per square foot at least 10% below 

the energy requirements of ANSI/ASHRAE/IES Standard 90.1-2013 Appendix G Performance 

Rating Method on either a site or source energy basis. Any building that does not fall into one of 

the two previous categories must comply with the requirements of the Massachusetts residential 

code.11  

                                                

10 ‘Group R’ represents residential occupancies in IECC building codes. 
11 The exact language associated with the stretch code requirements can be found here: 
http://www.mass.gov/ocabr/docs/dpl/dps/buildingcode/inf4/bbrs-780-cmr-appendix115aa-aug16.pdf.  

http://www.mass.gov/ocabr/docs/dpl/dps/buildingcode/inf4/bbrs-780-cmr-appendix115aa-aug16.pdf
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2.3 CCSI TRAINING AND SUPPORT SERVICES OVERVIEW AND FEEDBACK 

Between November 2014 and October 2017, the CCSI sponsored 52 public and private 

classroom training sessions covering the 2012 and 2015 IECC, with stretch code topics discussed 

in each where appropriate. The trainings were meant for builders, design professionals, 

equipment suppliers, energy-efficiency professionals, building inspectors, and others involved in 

either applying or enforcing building energy codes. The purpose of these trainings was to increase 

the rate of compliance with the energy code in commercial buildings in Massachusetts. 

2.3.1 CCSI Training Focus Areas 

The training sessions focused on three main areas of the energy code:  

• Envelope provisions and building science (EBS)  

• Mechanical provisions (MP), including HVAC equipment and system requirements 

• Lighting, lighting controls, and electric provisions (LLC) 

Table 4 shows the number of courses for each topic by code year. The CCSI provided 25 total 

trainings covering the 2012 IECC and 27 trainings on the 2015 IECC. Training courses and 

materials (including slides and handouts) provided in-depth coverage of key changes between 

the 2009 and 2012 IECC and changes between the 2012 and 2015 IECC. The first CCSI training 

occurred for the 2012 IECC. Because the 2012 IECC and 2015 IECC were relatively similar, 

training on many 2012 IECC requirements would be expected to provide attendees with 

knowledge that carried over into project work and compliance with the 2015 IECC. 

Table 4: CCSI Course Topics by Code Year 

Training Topic 
Number of 2012 

IECC Courses 

Number of 2015 IECC 

Courses 

Envelope provisions and building science 10 10 

Lighting, lighting controls, and electric 

provisions 
9 9 

Mechanical provisions 6 7 

Envelope and lighting combination course 0 1 

Total courses offered 25 27 

2.3.2 Training Participation 

Training attendees came from across Massachusetts and included code officials and building 

professionals that held a variety of occupations. 12  Attendees represented all stages of 

construction and compliance verification, from design to final inspection. 

Table 5 shows that 1,089 unique attendees participated in the 2012 and 2015 IECC commercial 

energy code trainings. For both code years, most attendees were code officials (45% in the 2012 

                                                

12 Code officials include all individuals involved in building code enforcement. Their occupations included building 
commissioner, state building commissioner, building inspector, state building inspector, and plans reviewer. All other 
respondents (referred to as “building professionals”) worked as builders, contractors, design professionals, energy-
efficiency consultants, project managers, engineering service providers, equipment suppliers, lighting designers, or 
university employees, among others.   
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trainings and 59% in the 2015 trainings) or architects or design engineers (17% and 18%, 

respectively).  

Table 5: Training Attendees 

Position 

# 2012 

IECC 

Attendees 

% 2012 

IECC 

Attendees 

# 2015 

IECC 

Attendees 

% 2015 IECC 

Attendees 

Building code official 270 45% 285 59% 

Architect or design engineer 104 17% 90 18% 

HERS rater or energy-efficiency 

consultant 
46 8% 15 3% 

Position not known1 45 7% 0 -- 

Equipment supplier 29 5% 2 <1% 

Builder (oversees entire construction 

of a building) 
24 4% 29 6% 

Contractor 21 3% 15 3% 

Other 81 13% 51 10% 

Total unique training attendees 602 -- 487 -- 
1 Includes individuals who did not indicate their position on the registration form and a small number of individuals 
who attended the trainings (and filled out the immediate paper surveys) but did not register. 

The database of code officials registered in Massachusetts, provided to the evaluation team by 

the Office of Public Safety and Inspections, contains the names of 767 registered code officials.13 

Based on the training records, we estimated that 35% (270 out of 767) of the code officials in the 

state of Massachusetts received 2012 IECC commercial energy code training through CCSI and 

37% (285 out of 767) received 2015 IECC training. The market penetration for other occupations, 

such as design professionals, is not known. 

2.3.3 Training Feedback 

Information about the training was collected from participant surveys immediately following the 

training sessions and from in-depth interviews with training participants conducted approximately 

six months after the trainings. The following sub-sections provide a high-level overview of 

respondents’ perceptions of the training. The situation memo, attached in Appendix A, provides 

more detail on these topics. In this section, when we refer to “respondents,” we mean attendees 

who filled out a survey immediately after the training or participated in an interview later on. 

2.3.3.1 Quality of Training Materials and Information Delivered to Training Participants 

Respondents provided positive feedback regarding the quality of the training material. Key 

highlights include the following:  

                                                

13 Of the 767 registered code officials, 587 code officials were affiliated with a particular municipality; the remaining 
180 may work on a statewide basis, work for cities and towns on a contract basis, or be retired but still maintain their 
licenses. 
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• The 2012 and 2015 IECC training participants who responded to surveys provided positive 

ratings on the instructors' skills and the quality of the information presented; 2015 IECC 

attendees also provided positive ratings on handout information. 

• The surveys also showed that 87% of 2012 IECC training participants and 93% of 2015 

IECC training participants said that they would recommend the training to others. 

• Training participants generally offered positive feedback on the trainings in the follow-up 

interviews. Respondents noted that training was informative, kept the industry up to date 

with changes in the code, and was comprehensive. 

• Almost all (98%) of the 2012 IECC trainees interviewed said that they would encourage 

others to attend the training because it was thorough, informative, and a good experience 

overall. More than one-half of all 2015 IECC training respondents had already 

recommended the trainings to others (57%), and the majority of those who had not 

recommended the training said they would recommend it to others in the future (88%). 

• The 2012 IECC training participants reported learning something new from the trainings, 

with compliance resources and technical support options being key takeaways (immediate 

surveys); 2015 IECC training participants most commonly reported the overview of the 

code, emphasis on code changes and MA amendments, and efficiency package options 

as new key takeaways. 

2.3.3.2 Usefulness of Training to the Job Functions of Training Participants 

Attendees indicated that the trainings were relevant to their job functions and they reported 

sharing this information with others.  

• In follow-up interviews, code official attendees of the 2012 IECC trainings found topics 

related to the building envelope to be the most useful. Building professionals said details 

on the code changes were most useful. 2015 IECC training attendees most commonly 

cited training aspects related to lighting requirements and changes in code requirements 

to be most useful.   

• More than 90% of both the code officials and building professional attendees of the 2012 

IECC training who participated in follow-up interviews said that they shared information 

from the training with other parties; 80% of 2015 IECC training participants indicated that 

they shared information from the training with other parties.  

2.3.3.3 Changes in Practices Following Training 

Key findings regarding changes to how survey respondents completed their work after the training 

include the following:  

• Training attendees indicated that the courses were likely to impact building practices. 

• Surveys found that training participants planned to use information from the training to 

assist with code compliance or enforcement. Seventy-seven percent of the 2012 IECC 

training respondents and 74% of the 2015 IECC training respondents said they would use 

the information immediately or within three months. 

• In 2016, 63% percent of the 2012 IECC code official respondents stated that they had 

made changes to their on-site inspections or plan review as a result of the training; 50% 

of the building professionals said that they had made such changes to their work. 
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Respondents usually said the training increased their familiarity with the code and general 

awareness of its requirements.  

• When asked if the training caused them to change their work to comply with new or more 

stringent code provisions, 2015 IECC code official respondents were more likely than 

building professional respondents to say they changed their work as a result of the training 

(70% versus 45%). Respondents who made no changes most commonly reported that 

they already knew the information or had not had the opportunity to apply the information.  

• 2015 IECC training respondents also reported an increase in knowledge and awareness 

of the code, and a greater ability to communicate with others on code-related topics 

because of the training.  

• Just over half (53%) of the 2015 IECC training code official respondents said they were 

now finding and correcting code compliance issues that they might have missed prior to 

the training. 

2.3.3.4 Perceived Challenges to Energy Code Compliance and Enforcement 

Training participants provided the following feedback when asked about the challenges of 

enforcing or complying with the code: 

• 2015 IECC code official training respondents most frequently cited others’ lack of 

knowledge as a challenge in enforcing the energy code (42%). 

• Building professionals who responded most commonly said they did not experience 

challenges complying with the energy code (61%). 

• Both code officials and building professionals said insufficient education posed the 

greatest barrier to compliance. In many cases, respondents said that this resulted from 

recent adoption of a new code and the subsequent learning curve. 

• Other barriers included use of non-compliant material, lack of experience, and inconsistent 

enforcement. 

• Five of seven building professionals who identified a trend toward an increase in code 

compliance said the CCSI program played a role in the increase in compliance.  

2.3.4 CCSI Support Services 

Table 6 shows the number of technical calls or emails to which the CCSI program has provided 

answers since 2014. Nearly one-half (45%) of the questions were received and answered in 2017. 

Table 6: CCSI Commercial Technical Support by Year 

Total Calls and 

Emails 

Year Technical Support Provided 

2014 2015 2016 2017 

67 3 23 11 30 

Key findings regarding the CCSI program from the 2015 IECC training respondents also include 

the following:  

• Awareness of technical support services, including the Mass Save website and hotline 

(phone/email), was high, while usage of the services was low. Compared to 2012 IECC 
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training respondents, 2015 IECC training respondents had a greater awareness of the 

technical support services available but were less likely to use them. 

• Only 30% of respondents had attended any other type of training sessions on building 

energy codes since attending the CCSI training. This represents a drop from the previous 

study of 2012 IECC training respondents, in which one-half of the training attendees 

interviewed said that they took additional training outside of that provided by the CCSI. 

2.4 EFFORTS OF OTHER ORGANIZATIONS 

In addition to reviewing the CCSI trainings, the team sought to identify other efforts designed to 

support code compliance in Massachusetts. Table 7 shows the organizations that we identified, 

and which of these entities are a direct or indirect source of code enhancement training and 

support. Direct sources are those that offer trainings. Indirect sources may host trainings that are 

delivered by others, offer software tools that aid in code compliance, or offer online forums where 

code officials may ask questions.  

Our review found that the CCSI is the primary statewide resource for training and support related 

to commercial building energy codes. We found that only a few other organizations provide direct 

training or support, and none provide the same extent as the CCSI. BBRS and the New England 

Building Officials Education Association (NEBOEA) provide formal trainings to building 

professionals and code officials. The Center for EcoTechnology (CET) also provides formal 

trainings, focusing on the western part of the state. The U.S. Department of Energy (DOE) 

Building Energy Codes Program offers online training materials, which provide an overview of the 

base code but do not address Massachusetts-specific code issues.14 

                                                

14 These include four online trainings on the 2015 IECC and two online trainings that cover the ASHRAE Standard 
90.1-2013. 
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Table 7: Other Organizations’ Roles in Providing 
 Code Compliance Training or Support 

Direct Sources Indirect Sources 

• Massachusetts Board of Building 

Regulations and Standards (BBRS) 

• New England Building Officials Education 

Association (NEBOEA) 

• Center for EcoTechnology (CET)1 

• U.S. Department of Energy (DOE) 

Building Energy Codes Program2 

• Northeast Energy Efficiency Partnerships 

(NEEP) 

• Massachusetts Department of Energy 

Resources (DOER)3 

• Massachusetts Building Commissioners 

and Inspectors Association (MBCIA) 

• Massachusetts Federation of Building 

Officials (MFBO) 

• Various Regional Building Official 

Associations 

o Building Officials of Western 

Massachusetts Association (BOWM) 

o MetroWest Building Officials 

Association (MWBOA) 

o Southeastern Massachusetts Building 

Officials Association (SEMBOA) 
1 Due to its location, CET is focused on outreach in western Massachusetts. 
2 The DOE does not focus on Massachusetts-specific code issues. 
3 The DOER has a greater emphasis on the stretch code. 

2.5 CODE COMPLIANCE CHANGES 

Three commercial code compliance and baseline studies funded by the Massachusetts PAs and 

EEAC between 2012 and 2017 found that code compliance rates have varied over time as the 

code has changed15 (see Table 8). The studies included buildings permitted under three different 

code cycles. The 2014 and 2017 studies used two different methods for calculating compliance 

rates, the Department of Energy and Pacific Northwest National Laboratory (DOE/PNNL) 

approach and the Massachusetts Commercial and Industrial Evaluation Contract team (MA-

CIEC) approach.16 While we present results based on both methods to show a longer period of 

data, we instructed the panel to focus on and estimate compliance based on the MA-CIEC method 

since it more accurately reflects energy consumption and savings opportunities.  

                                                

15 DNV KEMA, Energy & Resource Solutions, and APPRISE. 2012. Final Report, Project 11, Code Compliance 
Baseline Study: Massachusetts Energy Efficiency Programs’ Large Commercial & Industrial Evaluation. http://ma-
eeac.org/wordpress/wp-content/uploads/Code-Compliance-Baseline-Study.pdf. 
DNV GL, Energy & Resource Solutions, & APPRISE. 2015. Massachusetts Commercial New Construction Energy 
Code Compliance Follow-Up Study. http://ma-eeac.org/wordpress/wp-content/uploads/Commercial-New-
Construction-Energy-Code-Compliance-Follow-up-Study.pdf. 
DNV GL, Energy & Resource Solutions, & APPRISE. 2017. P70 - Massachusetts Energy Code Compliance and 
Baseline Study for IECC 2012. 
16 The DOE/PNNL method weights each provision of the energy code according to the relative energy impact of its 
compliance or non-compliance. This approach is compatible with widely reported compliance rates in other 
jurisdictions and provides consistency with results from previous years. The MA-CIEC method, used in the 2014 and 
2017 studies, accounts for partial compliance with energy code provisions and trade-offs within the building envelope 
that are allowed by the energy code. Evidence indicates that the DOE/PNNL method does not correlate well with 
actual impacts on energy usage.  

http://ma-eeac.org/wordpress/wp-content/uploads/Code-Compliance-Baseline-Study.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Code-Compliance-Baseline-Study.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Commercial-New-Construction-Energy-Code-Compliance-Follow-up-Study.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/Commercial-New-Construction-Energy-Code-Compliance-Follow-up-Study.pdf
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Table 8 shows weighted compliance results from the studies and the applicable code. We present 

the results from the first two studies to illustrate past compliance rates and likely impacts to 

building practices, but these results are not influenced by the CCSI. The 2017 study is the only 

compliance study that covers the period since the CCSI trainings have been in place. It is possible 

that some of the buildings included in the 2017 study were influenced by the CCSI. However, the 

extent of that influence is uncertain considering the timing of the trainings and the lag time among 

commercial new construction design, permit, and completion dates. 

Table 8: Compliance Trends 

Study 

Year 

Calendar 

Year 

Applicable Code 

(Cycle Timing) 
Site Count 

Average Compliance 

DOE/PNNL 
MA-

CIEC 

2012 
2009-2010 2006 IECC (Late) 48 82% 82% 

combined 

NA 

2011-2012 2009 IECC (Early) 27 76% NA 

2014 2013-2014 2009 IECC (Late) 50 85% 94% 

2017 2015-2016 2012 IECC (All) 39 88% 94% 

As Table 8 illustrates, the DOE/PNNL compliance rates from the end of the 2006 IECC code cycle 

to the beginning of the 2009 IECC code cycle declined from 82% to 76%. Toward the end of the 

2009 IECC code cycle, compliance rates had increased to 85%. In other words, without the CCSI, 

overall compliance rates first declined by 6% and then, over the course of the code cycle, 

improved by 9% above the initial compliance rate for the 2009 IECC – for a net gain of 3% higher 

compliance than at the end of the 2006 cycle, after the code had been in place for some time. 

The backsliding at the start of the 2009 IECC, as well as the increase over that cycle period, 

occurred prior to the implementation of the CCSI and represents our best approximation of 

naturally occurring market adoption. By contrast, the results from the 2014 and 2017 studies show 

overall compliance either increasing slightly or staying the same (depending on the compliance 

methodology) from the end of the 2009 IECC through the 2012 IECC.  

The evaluation team would expect the compliance rate to depend on how a new code differs from 

the prior version. Overall, the change in efficiency between the 2009 IECC and the 2012 IECC 

was greater than the change in efficiency between the 2006 and 2009 IECC. The 2012 IECC was 

roughly 20% more efficient than the 2009 IECC, while the 2009 IECC was approximately 5% more 

efficient than the 2006 IECC. Based on how much more the stringency increased between the 

2009 and the 2012 IECC compared to the modest change between the 2006 and 2009 IECC, it 

is surprising that compliance did not drop for buildings constructed under the 2012 IECC. 

However, it is important to note that the stretch code was adopted over time by individual 

municipalities when the 2009 IECC was in effect and included code requirements that were 

essentially equivalent to the 2012 IECC requirements. Thus, it is possible that the shift to the 2012 

IECC cycle did not decrease compliance rates, since nearly one-half of the municipalities had 

already adopted the more stringent stretch code. (More detail on the stretch code can be found 

in Section 2.5.2.) 
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2.5.1 Measure Category Compliance Rates 

The compliance rates by measure category for the past three studies, along with relevant changes 

to the code, reveal mixed results, but indicate relatively high compliance in all three measure 

groupings overall (Figure 4).  

• Lighting: Compliance for lighting measures improved the most under both measurement 

methods. Using the DOE/PNNL method, compliance improved from 74% in the 2012 study 

to 93% in the 2017 study.17 The MA-CIEC method also shows an increase from 90% in 

the 2014 study to 96% in the 2017 study. These results are concurrent with increased 

market adoption of efficient lighting options. For example, LED penetration for interior 

lighting fixtures rose from 33% in the 2014 study to 85% in the 2017 study (Figure 5).18 

While the LED penetration for exterior lighting did not increase between the 2014 and 

2017 studies (85% and 76%, respectively), the use of efficient lighting was still high. 

• HVAC: The DOE/PNNL method shows significant improvements for HVAC-related 

measures, from 80% in the 2012 study to 92% in the 2017 study. Both methods show 

relatively high compliance rates for HVAC, with modest increases between the 2014 and 

2017 studies.  

• Building envelope: The results for building envelope are somewhat mixed. The 

DOE/PNNL method shows very little improvement over time. The MA-CIEC method 

estimated a 95% compliance rate in the 2014 study, which dropped to 91% in the 2017 

study. 

Figure 4: Compliances Rates by Measure Category and Overall 

 

                                                

17 We note that the 2012 study reported results for lighting controls separately; since the 2012 study reported that the 
compliance rate for lighting controls was 82%, the increase may not appear as pronounced if it were incorporated in 
the overall lighting category. 
18 The 2017 study also found that the LED penetration was higher among sites that participated in PA programs (94% 
of fixtures for participants versus 67% of fixtures for non-participants). 
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Figure 5: Lighting Technologies between 2014 and 2017 Studies 

 

2.5.2 Compliance Rates in Stretch Code Communities 

The 2014 compliance study assessed compliance with the code (stretch code or state-amended 

code) applicable to the jurisdiction. For stretch code communities, compliance was assessed 

using the more stringent prescriptive stretch code requirements, which were roughly the same as 

the 2012 IECC, rather than the 2009 IECC prescriptive requirements. The results from the 2014 

study showed that compliance rates under both study methodologies were higher for sites located 

in stretch code communities than those located in non-stretch code communities (Table 9). The 

2017 study did not include a similar analysis because, at the time, the prescriptive requirements 

of the stretch code were very similar to the 2012 IECC code provisions, and there were very few 

differences between the stretch code and the base code. The current version of the stretch code, 

which went into effect on January 1, 2017, was beyond the scope of the commercial baseline 

studies, but is estimated to be roughly 10% more stringent than the base code. 

Table 9: Compliance Rates by Stretch Code Status 
(2014 Commercial Compliance Study) 

Designation Site Count MA-CIEC DOE/PNNL 

Non-stretch code community 17 90% 84% 

Stretch code community 33 95% 86% 

Total 50 94% 85% 

2.5.3 Measure Category Efficiency Improvements 

Results detailing the GTP savings associated with compliance enhancement can be another 

source of data to inform attribution estimates. The NBI analysis used the results of the 2014 and 

2017 commercial baseline studies to model the GTP savings that would be available from moving 

non-compliant measures up to the 2009 IECC prescriptive requirements. The analysis conducted 

by NBI was the same for both study samples, regardless of the code under which the buildings 

were permitted. Each building was compared to the 2009 IECC prescriptive requirements. In the 

case of non-compliant measures, the difference between the as-built consumption and the code-

compliant consumption represents GTP savings compared to the 2009 IECC. Aggregating the 

GTP savings for all below-code measures results in GTP savings for the overall study populations.  
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The evaluation team reviewed the 2014 and 2017 modeling results to determine which individual 

measures and measure categories displayed improved efficiencies between the 2014 and 2017 

baseline studies. Table 10 shows the results of the NBI comparison between the 2014 and 2017 

studies. These values were calculated by subtracting the 2017 potential savings from the 2014 

potential savings.19 Positive values indicate that the potential savings decreased between the two 

studies; therefore, the efficiency of the measure category improved. Negative values indicate an 

increase in potential savings and a decrease in efficiency. The “ % Total Savings” columns show 

the difference between the 2014 and 2017 studies when compared to the 2009 IECC 

requirements.20 The “% Total Savings” refers to the percentage of savings available, relative to 

baseline consumption, when moving a non-compliant measure to prescriptive code levels. Our 

analysis included only non-compliant measures. It revealed improved efficiencies for HVAC 

measures, followed by building envelope and lighting measures.  

Table 10: Measure Category Efficiencies 

Measure Category Specific Measures 2017 2014  % Total Savings 

Lighting 

LPD 0.58% 0.36% -0.21% 

0.18% Lighting Controls 0.03% 0.42% 0.39% 

Exterior Lighting1 1.31% -- -- 

Building Envelope 

Infiltration 0.04% 0.02% -0.02% 

1.00% 

Wall Insulation 0.00% 0.16% 0.16% 

Roof Insulation 0.13% 0.68% 0.55% 

Fenestration 0.10% 0.36% 0.26% 

Slab 0.00% 0.05% 0.05% 

HVAC 

Cooling Efficiency 0.00% 0.62% 0.62% 

3.42% 

Heating Efficiency 0.00% 0.16% 0.16% 

Fan Horsepower 0.00% 2.43% 2.43% 

Duct Leakage 0.00% 0.19% 0.19% 

Economizer 0.29% 0.33% 0.03% 

DHW 0.00% 0.00% 0.00% 

DCV 0.00% 0.00% 0.00% 

Total 2.59% 6.04% 3.46% 
1The NBI modeled results do not include values for exterior lighting in 2014. As a result, exterior lighting is 
excluded from the overall change in lighting efficiency between the two studies.  

The results from the NBI modeled data are not directly aligned with the measure category findings 

from the compliance studies. In particular, the HVAC measures showed the greatest efficiency 

improvements, while lighting measures displayed the largest increase in compliance rates 

                                                

19 The NBI results include three building types: office, retail, and school. The data also includes up to four HVAC 
systems, depending on the building type. We assumed an even distribution of HVAC types to calculate the average 
savings per building type for each measure. Using Dodge commercial new construction data on the building types in 
Massachusetts, we weighted building types to calculate one overall value based on the distribution of office, retail, 
and school buildings. 
20 The 2009 IECC is the only code that was compared to both the 2014 and 2017 compliance study buildings. Using 
the same code to evaluate potential savings allows us to consistently identify where there have been measure-level 
improvements.  
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between 2014 and 2017. The improved efficiency for HVAC is related to two factors. First, the 

results for the 2017 study showed no related savings for the majority of the HVAC measures. 

Second, because fan horsepower shows no savings in 2017, the change between 2014 and 2017 

for this measure appears to represent the majority of the HVAC-related savings. The NBI 

efficiency results for lighting are mixed, but positive overall. The efficiency for lighting power 

density (LPD) worsened, but efficiency for lighting controls improved. The NBI data do not include 

values for exterior lighting for 2014; however, the results show an overall gain for lighting 

efficiency. The 2014 and 2017 baseline studies revealed increased compliance for both LPD and 

lighting controls, although the improvements for LPD were not as large as for controls. The 2012 

IECC includes additional space-by-space LPD requirements that were not included in the 2009 

IECC. The differences between the codes could explain how LPD compliance increased (as 

detailed in the baseline studies), while the overall efficiency (as modeled by NBI) decreased 

slightly. 
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3                            

Section 3 Delphi Panel Process and Results  
To produce an estimate that reflects the change in new commercial building code compliance 

attributable to CCSI program activities, the evaluation team assembled a panel of experts in 

building energy codes and code compliance working in Massachusetts and nationwide. The 

evaluation team shared the background information and research assembled in Section 2 with 

the Delphi panel. The panelists were asked to estimate what they would expect code compliance 

to be for the 2018–2021 period under a “with the CCSI” scenario and what it would be under a 

hypothetical “without the CCSI” scenario. The panelists were asked to provide their estimates 

based on using the MA-CIEC methodology. Results from the Delphi panel were used to inform 

the forecast of attribution across the 2019–2021 period.   

3.1 DELPHI PANEL SELECTION AND PARTICIPATION 

To create a candidate list of knowledgeable, objective panelists, the evaluation team sought 

experts both in and out of the state of Massachusetts with the experience and credentials 

necessary to evaluate the impact of the CCSI on code compliance. The team invited 31 individuals 

to participate as part of the expert panel, including code officials, architects, engineers working in 

Massachusetts, and building energy-efficiency consultants and program evaluators working 

nationally. 

The experts’ work included firsthand experience with the Massachusetts energy code, 

participation in code enforcement organizations and regional energy-efficiency organizations, and 

involvement in similar studies conducted in other states. Eleven of the 31 experts invited to serve 

on the panel agreed to participate, including seven in-state and four out-of-state experts. The in-

state experts included one building plans examiner, two building commissioners, two architects, 

one design engineer, and one mechanical engineer. The out-of-state experts included two private 

consultants, an education and training expert, and one program manager. Table 11 shows the 

distribution of Delphi panelists by occupation type and location. The evaluation team also 

participated in the exercise, but they are not included in the table.  

Table 11: Delphi Panelists’ Occupation Type and Location 

Occupation Type and Location Number of Experts 

Code officials working in Massachusetts 3 

Design professionals working in Massachusetts 3 

Building efficiency consultants working in Massachusetts 1 

Building efficiency consultants working nationally 3 

Program evaluators working nationally 1 



TXC47: NON-RESIDENTIAL CCSI ATTRIBUTION AND NET SAVINGS 

 
 

25 

3.2 DELPHI PANEL PROCESS 

To facilitate the expert panel process and to familiarize the panelists with the intent of the 

evaluation, the team e-mailed a package of review materials to all eleven experts. The package 

included the following: 

• A situation memo that summarized the research conducted as part of the evaluation, 

including interview results, previous study findings, and program activities, which could be 

used to support an assessment of the program’s impact on compliance. 

• An initial survey instrument that further summarized the material in the situation memo 

and included instructions for completing the estimate. 

For the first round of the survey, the evaluation team asked each panelist to individually review 

the information and estimate attribution in the form of commercial building energy code 

compliance levels for 2018, 2019, 2020, and 2021 under two scenarios: (1) assuming the CCSI 

continues training and outreach in the future at a level similar to historical efforts and (2) with the 

CCSI never having been implemented. We instructed the panelists to assume the 2015 IECC 

would be effective for buildings covered throughout the period.  

We also asked the panelists to consider which of the three training topics covered as part of the 

CCSI program (i.e., building envelope, lighting, HVAC/mechanical) could have the biggest impact 

on compliance rates for the 2018–2021 period. Panelists either ranked the importance of the three 

training areas on a scale of 1 (most important) to 3 (least important), or indicated they had no 

impact.   

Panelists were asked to provide a brief explanation for each of their responses. The evaluation 

team participated in the first round in the same manner as the rest of the panel. The team reviewed 

the information presented to the other panelists, independently developed initial compliance 

estimates under the two scenarios, and documented their reasoning. We also ranked the 

expected importance of the training areas.  

After completing round one, the evaluation team sent each panelist the responses of all panel 

members, as well as the evaluation team’s estimate. The materials distributed included the 

panelists’ estimated compliance rates, training rankings, and rationales; all responses were 

presented anonymously. For round two, we asked the panelists to review the estimates provided 

by the other experts and consider whether they wanted to revise their original answers in light of 

their peers' responses. They then submitted their round-two responses, with an explanation 

indicating whether or not they changed their initial response and why.  

3.3 DELPHI PANEL RESULTS 

Table 12 presents the average of the panelists’ estimates of code compliance for the baseline 

scenario with the CCSI for both rounds of the Delphi process, with outliers removed round two.21 

It is important to note that the evaluation team provided all of the first-round responses and the 

                                                

21 We identified responses outside 1.5 times the interquartile range as outliers. Two respondents were outside this 
range in round one. In the second round, one of the same respondents fell outside the range; the second respondent 
did not provide a round two response. 
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associated rationales, including outliers, to the panelists as part of the second round of the Delphi 

panel. The estimated compliance rates are high and increase each year. The estimates for 2018 

showed that the panel overall thought the compliance rate would stay about the same under the 

2015 code when it went into effect as it was under the 2012 code.  

Table 12. Panel Compliance Estimates with CCSI 

Projected Compliance 

Rate by Year 

Average of All Panelists' 

Round 1 Responses 

Average of All Panelists' 

Round 2 Responses 

2018 90.9% 93.7% 

2019 92.1% 94.3% 

2020 92.9% 94.7% 

2021 93.1% 94.9% 

Note: Removing the two outliers from round two, increases the average compliance rates between the two rounds. 

During round one, several panelists credited the CCSI training with continued high compliance 

rates. Comments included the following: 

Compliance has increased over time, and education does seem to be a large factor in that 

increase … The training participant surveys were the most significant source of confidence 

on the impact of training…It seems that code officials are using the training to increase 

their review and inspection quality, which would have direct impact on compliance… 

However, as the code becomes more stringent, it seems that compliance will remain 

stable in the short-term and, perhaps, slightly increase over time. 

MA is clearly leading the nation in their effort to adopt current (and stretch) codes and is 

also committed to successfully addressing compliance and implementation. A major 

component of successful implementation involves training. It is apparent that training has 

played an important role in the past and absolutely must remain or compliance will 

certainly drop off. It is a challenge and likely incorrect to assume all code compliance 

success or failure is directly attributable to training. However, training in a sustained 

manner over the years is what sends a consistent message to the code enforcement 

community. 

However, not all comments were as positive about the effects of the CCSI. One respondent 

provided the following comment, despite estimating a 94% initial compliance rate: 

I don't think that the training methods are very effective. Classroom training does not result 

in long-term changes in behavior … and the circuit rider program simply connects with too 

few people. A good circuit rider program would go to the builders, architects, engineers 

and building officials and address their concerns on a one-to-one basis (and would repeat 

this step a few times). Simply answering individual questions is insufficient.  

The evaluation team used a mathematical approach to estimate round one compliance in all 

cases. We estimated the third lowest initial compliance rate but estimated that compliance would 
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increase significantly to a value capped at 99% in 2019, the highest estimate of any panel 

member.  

There were two outliers, both Massachusetts code officials, who estimated compliance at around 

80% initially with little or no increase over the four years with CCSI in place.22 One of these 

respondents provided the following comment:  

Due to the increased complexity and relatively recent adoption of the 2015 Energy Code, 

I feel that compliance rates will drop significantly and gradually improve over the next few 

years. The inclusion of multiple conformance paths … and MA-specific amendments that 

go over the base code requirements make it very difficult to enforce the Code properly.  

Additionally, many of the energy code requirements are difficult to inspect visually … 

resulting in many opportunities to miss Energy Code requirements.    

We note that a third Massachusetts code official had a different view and estimated compliance 

would be 95% in 2018 with the CCSI. 

As Table 12 suggests, results did not change significantly between rounds one and two. Average 

estimated compliance rates were a little lower each year than they had been in round one. Most 

respondents either kept the same estimates or lowered theirs. Based on comments from other 

panelists, the evaluation team capped its compliance estimate with the CCSI at 97% for round 

two, lowering it from 99% in round one. Specific comments included the following: 

I changed my responses slightly downward. While I believe that MA has a strong 

infrastructure, some of the other responses pointed out to me that it will be hard to maintain 

the high level of compliance. This is particularly true as the training model being used is, 

in my opinion, ineffective. So, I think that, if anything, there will be some minor degradation. 

I decreased my estimates because even with clear "book knowledge" of the code, 

implementation remains a tricky and collaborative thing in conveying constructible 

information to the general contractor. I still think it will increase with training, but 

compliance may plateau. 

One respondent commented on the low compliance rates provided by the code officials: 

The code officials are pretty conservative, and if compliance was based only on their work, 

I'd hesitate to rank compliance so high. But compliance isn't just about plan review and 

inspection, it is also about design and design implementation [from the project’s start]. The 

products and systems going into the buildings are the key factors determining energy use.  

Table 13 presents the panelists’ averaged estimates of code compliance for a scenario without 

the CCSI ever existing. In the analysis below, the team removed the same two outlier respondents 

from the round two results. In round two, the estimated compliance rates increased each year. In 

addition, more respondents decreased their compliance estimate for the second round than 

increased it.  

                                                

22 The evaluation team presented all first-round responses and associated rationales to panelists as part of the 
second round of the Delphi panel. The team removed these outliers from its final analysis. 
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Table 13. Panel Compliance Estimates without CCSI 

Projected Compliance 

Rate by Year 

Average of All Panelists' 

Round 1 Responses 

Average of All Panelists' 

Round 2 Responses 

2018 77.7% 82.1% 

2019 78.3% 83.1% 

2020 79.2% 84.2% 

2021 79.8% 84.4% 

Note: Removing the two outliers from round two, increases the average compliance rates between the two rounds. 

During round one, the panelists provided many comments that supported the idea that compliance 

would have been much lower without the CCSI. Comments included the following: 

CCSI trainings provide a valuable resource for Building Officials and design professionals.  

Without periodic training and refreshers, I am certain that the compliance rates for new 

commercial buildings would drop significantly. 

Without trainings – particularly for inspection services – it will be difficult for the industry to 

develop tools for compliance. Early trainings with code officials can put pressure on 

practitioners, which will in turn help develop the consultant base for assisting compliance.  

It seems like not only will initial compliance be lower, but acceleration will be slower to 

take hold without external pressure on Inspection services.  

I believe compliance would be greatly reduced because there are few alternatives to the 

CCSI. Based on budget considerations and the availability of other training, participation 

in training would be scarce and AHJs would not be as familiar with the requirements in the 

IECC. The CCSI training points out requirements that are not necessarily obvious to the 

uninitiated reader. This knowledge would come with time as they are exposed to more 

issues, but without the general overview and reminders the training provides, the 

improvement would only be incremental. 

As the code becomes more stringent, the rate of compliance goes down without 

comprehensive training on code changes. Complexity of the code, envelope, and HVAC 

will also make a difference in compliance over time. Without good training, you must wait 

for industry to increase good or best practices. 

I do believe that without consistent messaging over a long period of time … energy code 

compliance will absolutely fall. By delivering quality training … the content and importance 

of the energy code has been maintained and enhanced over time. Presumably, that trend 

would drift the opposite direction without the CCSI. 
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One respondent noted the importance of the stretch code, in addition to the CCSI: 

While I felt the training program was of limited value, I do believe … a big portion of the 

improvements come from architects/engineers/building officials having to do work in 

stretch code municipalities and transferring those skills those non-stretch code 

municipalities. Ultimately, without the training, there will be backsliding.  

The evaluation team estimated round one compliance without the CCSI to be higher over the four 

years than other respondents did. The team estimated compliance would have reached a capped 

value of 99% in 2021.  

Although Table 13 shows that the average compliance estimates increased in round two, this was 

mostly an artifact of dropping two outliers with low compliance estimates. Only one respondent 

estimated a higher compliance rate in round two; six estimated the same compliance rate; and 

four estimated a lower rate. Those who reduced their estimate provided the following comments:  

I reduced my numbers for two reasons – [First] ID 09 points out that the CCSI influence is 

inherently limited and thus may not have the same sway. Additionally, while you asked 

that we use logic rather than averages to determine our revised answers, "crowd-sourced" 

averages tend to be accurate. If you take out the high end and low end the new average 

still is far lower than my previous response. All supporting logic seems to be sound as 

well. 

I lowered my scores a bit here, mostly based on the engineer and code official lower 

scores. 

I decreased my estimate reflecting some of the comments provided by other reviewers…  

Without CCSI training (or the equivalent), it seems likely that the level of compliance will 

fall to only what is easily achievable or to a limited standard of implementation.   

The evaluation team also lowered its compliance rate estimate in the second round. Based on 

the input of the other respondents, we limited the maximum rate to 93% without the CCSI, instead 

of the 99% we used in the first round.  

The one person who increased his compliance estimate in round two was tied for the lowest 

compliance rate estimate in the first round (excluding the two respondents removed as outliers). 

This individual did not attribute the increase to the influence of other respondents.  

The final results presented here are for the assessment the expert panel provided of the relative 

importance of three different CCSI training areas in impacting compliance rates for the 2018–

2021 period. Each expert, including the evaluation team, provided their initial ranking using a 

scale from 1 (most important) to 3 (least important). They also provided their rationale for their 

ranking. We then provided the results back to each panel member and asked them to provide 

their final ranking and rationale. Table 14 presents the results of both rounds.  
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Table 14. Ranking of Importance of Training Areas 

CCSI Training Area 
All Panelists' 

Round 1 Ranking  

All Panelists' 

Round 2 Ranking 

Envelope Provisions and Building Science  2 2 

Lighting 3 3 

HVAC 1 1 

Based on the average rankings in the first round, HVAC training was ranked most important, 

followed by envelope and building science, followed by lighting-related training. Six respondents 

ranked HVAC as the most important training area in the first round. Six also ranked the envelope 

training area as most important, and four ranked the lighting area as most important. Several of 

the 11 respondents gave the same ranking to different training areas, so that the total number of 

areas ranked number one exceeded 11.  

In the first round, the respondents who ranked envelope as the most important training area 

typically based that on the need to minimize air flow and the difficulty of complying with envelope 

requirements. Comments by the experts included the following: 

I believe that passive systems, like insulation and air sealing, are the foundation of an 

energy-efficient building. Without proper management of air infiltration, moisture control, 

and heat loss/gain, a building can never achieve a level of performance that will meet the 

Energy Code. 

Air barrier compliance will continue to be an area that will have issues. Not all architects 

will understand good air barrier and continuous insulation detailing. 

Envelope and building science issues contribute to significant energy savings. Using CCSI 

compliance methodology, I would expect this to be the most impactful category. 

The biggest impact is in envelope because that is the one where there is the most difficulty 

in improving compliance.   

Experts who ranked HVAC as the most important training area provided justifications, such as 

the following: 

Building mechanical system requirements are becoming increasingly difficult for 

individuals other than mechanical engineers to implement correctly; even verifying 

compliance can be difficult without significant system knowledge. The intricacies 

associated with complex mechanical systems, as well as new or more stringent code 

requirements, such as commissioning and fan power limits, require increased training 

focus; there is often too much material to cover in a half-day mechanical course. 

This ranking is based in part by Table 4: Measure Category Efficiencies measuring 

potential energy savings from compliance between the 2014 and 2017 modeling results. 
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I rated … "mechanical provisions" [number 1] because these issues can be very 

complicated when they deal with the commercial energy code. 

The mechanical provisions are more important as that is where the greatest energy 

savings will be realized in the future as a result of code mandated requirements. 

In the second round, we clarified to the respondents that they should rank the training areas in 

order and not have any ties in the rankings. In this round, one respondent did not provide a ranking 

and the remaining ten respondents split their number one rankings evenly between the HVAC 

and envelope trainings; lighting did not receive a number one ranking from anyone. Only a few 

experts changed their rankings. Those who gave the same rankings to different training areas 

changed their rankings. The others who changed their rankings usually gave the HVAC training 

area a ranking of more importance and justified the change based on the comments provided by 

other experts during the first round.  

Overall, lighting and lighting controls did not receive high importance rankings in either round. 

The experts typically felt that lighting was relatively straightforward because of the advances 

made in high-efficacy lighting and that lighting controls were well understood.  
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4                             

Section 4 CCSI Attribution  
To determine the efficiency gains attributable to CCSI, the evaluation team relied on the expert 

judgments by the Delphi panel, summarized in Section 3.3. This section describes how their 

judgments contributed to the projected attribution values. 

4.1 ATTRIBUTION ACROSS THE 2019-2021 PERIOD 

Table 15 presents the calculations that the team used to project CCSI attribution based on Delphi 

panelists’ responses. (See the tab labeled “Attribution Table” in the accompanying Excel file 

embedded in Appendix C workbook for these calculations). The list below explains the values that 

are included in the table and the logic that the team used to develop them. 

• Compliance with the CCSI: The 2018–2021 values represent the average results from 

the second round of the Delphi panel. The team removed two outliers from the results. 

Since the 2015 IECC went into effect in 2017, the team retrospectively projected the 2017 

value from the Delphi panel results.  

• Compliance without the CCSI: The evaluation team derived these values from the 

second round of the Delphi panel responses. The 2018–2021 values came from the 

average results, excluding two outliers. The team retrospectively projected the 2017 value 

from the Delphi panel’s responses. 

• Compliance if the CCSI were to Cease to Exist After Implementation: Because the 

period of interest covers 2019–2021, the team determined that it was appropriate to 

estimate compliance as if the CCSI program were to end in 2018. More details on this can 

be found in Section 1.1.1.1. Since we did not ask Delphi panelists to estimate impacts 

under this scenario, we derived these values by calculating the midpoint between 

panelists’ estimates for compliance with the CCSI and compliance had the CCSI never 

existed. As noted above, the 2015 IECC took effect in 2017, and the savings projections 

are dependent upon GTP estimates for this year. As a result, Table 15 displays 

compliance estimates for 2017 and 2018, primarily for the purpose of projecting program 

net savings. 

• Compliance Attributable to CCSI: This is the difference between estimated compliance 

rates with and without the influence of CCSI.  

• Portion of GTP Savings Achieved: These are calculated values that were ultimately 

used to calculate net savings. These values represent the compliance percentage that is 

attributable to the CCSI divided by the overall level of non-compliance that would exist if 

the program were to cease to exist after 2018. The team fixed the comparisons to 2017 

as this value most closely represents the sample that was used to calculate GTP. Data 

from the 2017 DNV GL code compliance study modeled by NBI represent the GTP from 

compliance enhancement at a fixed point in time. The buildings used in this analysis were 

built under the 2012 IECC but may display some improved efficiencies due to the CCSI. 

As a result, we expect that had the program not existed, these buildings would have been 

less efficient and would display even higher savings. However, we also expect that 
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buildings constructed under the 2015 IECC would be slightly more efficient than projects 

built under the 2012 IECC. For the purposes of this analysis, we assumed that these 

factors would balance each other out and that the NBI results represent GTP savings at 

the beginning of the 2015 IECC under a scenario with no program influence.  

Table 15: Estimated Compliance and CCSI Attribution Over Time 

  2017 2018 2019 2020 2021 

Compliance Estimate with CCSI (A) 93% 94% 94% 95% 95% 

Compliance without the CCSI Ever Existing (B) 81% 82% 83% 84% 84% 

Compliance if the CCSI Ceased to Exist After 
Implementation (C) 
Calculation: (A+B)/2 

87% 88% 89% 89% 90% 

Compliance Attributable to CCSI (D) Calculation: 
(A-C) 

6% 6% 6% 5% 5% 

Portion of GTP Savings Achieved 
Calculation: D/(1-2017C) 

48% 46% 45% 42% 42% 
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5                             

Section 5 Savings Estimates 
This section presents the commercial new construction GTP savings and net savings estimates 

(i.e., the savings attributable to the CCSI program). Using the program attribution values, the team 

calculated program net savings with the following equation: 

𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑁𝑒𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑦𝑒𝑎𝑟 = 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑦𝑒𝑎𝑟 × 𝐺𝑟𝑜𝑠𝑠 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙𝑦𝑒𝑎𝑟 

The evaluation team offers two alternatives for the overall net savings projections. Method 1 

includes separate savings estimates by code option. Method 2 uses an average of the savings 

associated with the two code options. Below, we explain the data sources, calculations, and 

assumptions for these estimates. 

5.1 CALCULATING GROSS TECHNICAL POTENTIAL 

The team calculated GTP from two main inputs: baseline technical potential and projected growth 

in the commercial new construction sector. (See the tab labeled “Savings Results” in the 

accompanying Excel Workbook.) The estimate is a formula that multiplies technical potential by 

projected commercial new construction growth for 2019–2021. Each input involves multiple 

components, as explained in the following sections. 

5.1.1 Baseline Technical Potential 

The team used modeling results from NBI to estimate baseline technical potential. The modeling 

results include the GTP (in terms of energy use intensity) associated with bringing all non-

compliant measures up to the prescriptive 2015 IECC requirements. We present the savings for 

natural gas, electric, and all fuels. The NBI data include three building types: office, retail, and 

school. The data also include up to four HVAC systems, depending on the building type. In order 

to calculate one savings value per building type, we assumed an even distribution of HVAC types. 

Using Dodge data on the building types in Massachusetts, we weighted building types to calculate 

one overall value based on the distribution of office, retail, and school buildings. The Dodge data 

include the average square footage of commercial new construction for 11 building types. We 

identified those buildings closely aligned with the three categories in the NBI modeled data for 

2015. Ultimately, we used a weight of 34% for office buildings, 20% for retail buildings, and 46% 

for schools. (See the tab labeled “Data-Dodge” for the proportions.) 

Table 16 shows the weighted outputs from the NBI modeling effort. The 2015 IECC added an 

“Options Package,” specifying that code users must comply with one of the following provisions:  

1. More efficient HVAC performance in accordance with Section C406.2 

2. Reduced lighting power density system in accordance with Section C406.3 

3. Enhanced lighting controls in accordance with Section C406.4 

4. On-site supply of renewable energy in accordance with Section C406.5 

5. Provision of a dedicated outdoor air system for certain HVAC equipment in accordance 

with Section C406.6 
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6. High-efficiency service water heating in accordance with Section C406.7 

The Massachusetts amended code is generally more stringent than the base code as it requires 

at least two of these six options to be selected. Projects located in municipal utility territories that 

are not served by the Mass Save Program are only required to select one of the six options. 

Because of this, the results are reported separately by lighting and HVAC savings.23 (See 2015L 

IECC and 2015H IECC in the tabs labeled “Data-NBI Results” and “Supp-NBI Measure Results.”) 

The 2015L IECC option results in a negative value for gas savings because the reduced internal 

gains from high-efficiency lighting leads to an increase in the gas heating consumption of 

buildings. Assuming that roughly one-third of the lighting energy savings is offset by increased 

heating energy needs, the overall building energy use is reduced. However, the results for the 

options are not additive, which is why NBI modeled them separately. 

Table 16: Baseline Technical Potential 

Code Option 
Technical Potential 

Overall (kBtu/sf) Gas (kBtu/sf) Electric (kWh/sf) 

2015L IECC 1.3 (0.4) 0.5 

2015H IECC 2.9 0.3 0.8 

5.1.2 Commercial New Construction Growth 

We used Dodge data to estimate the growth in commercial new construction. These data report 

new construction starts in thousands of square feet (ksf). To project through 2021, we assumed 

a 1.5% average growth rate24 of new construction starts and further assumed that commercial 

new construction projects take between one and three years to complete and applied an even 

distribution for each three-year period. The savings calculator focuses on savings under the 2015 

IECC. Since the 2015 IECC went into effect on January 1, 2017, the calculations affect two-thirds 

of the buildings projected for 2019 and all of the buildings for 2020 and 2021. Table 17 displays 

the overall results from these calculations. (See the tabs labeled “Analysis-Dodge Freq.” and 

“Analysis-Sq Ft.”) 

                                                

23 The NBI modeled results include output for 2015H and 2015L. We assumed that these values correspond to 
Sections C406.2 and C406.3, which gives options for building professionals to meet the code requirements of more 
efficient HVAC performance or reduced lighting power density. NBI did not model the impact of the Massachusetts 
amendments, which require that two packages be used simultaneously.  
24 We also explored using data from U.S. Department of Commerce’s Bureau of Economic Analysis to estimate new 
construction growth. According to those data, the average growth rate for construction gross domestic product 
(GRDP) from 2012 to 2015 was 8.7%. (See the tab labeled “Supp-GDP Const Growth.”) We ultimately chose the 
Dodge data because the source is consistent with the square foot estimates, and the Dodge data offer a more 
conservative growth rate. For reference, the 2016–2018 CCSI calculator included a 2.62% growth rate. 
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Table 17: Commercial New Construction Growth Estimates 

Year 

New 
Construction 
Started (ksf)1 

(Previous year 
+ 1.5%2) 

New Construction Completed (ksf)3 

2015 2016 2017 2018 2019 2020 2021 

2015 26,667 0% 33% 33% 33%    

2016 27,071  0% 33% 33% 33%   

2017 27,482   0% 33% 33% 33%  

2018 27,898    0% 33% 33% 33% 

2019 28,321     0% 33% 33% 

2020 28,750      0% 33% 

2021 29,185       0% 

Total 9,425 18,313 27,336 27,071 27,481 27,897 28,320 

Total under 2012 IECC 9,425 18,313 27,336 17,911 9,023   

Total under 2015 IECC    9,160  18,458  27,897  28,320  
1 The 2015 figures are based on totals from Dodge data.  
2 The 2016–2021 figures assume a 1.5% annual increase based on the 2012–2015 average annual growth 
calculated from Dodge Data. 
3 Assumes projects take between one and three years to complete, and an equal distribution of ksf is completed 
over that time span. 

5.2 PROJECTING GROSS TECHNICAL POTENTIAL 

Table 18 combines the inputs in Table 16 and Table 17 to derive projected GTP. As noted above, 

we present separate results for the lighting (2015L) and HVAC (2015H) compliance paths that 

NBI considered in their potential savings modeling effort.  

Table 18: Estimated Gross Technical Potential 

Year 

Technical Potential (EUI) 
New 

Construction 
Growth (ksf) 

Gross Technical Potential 

2015L IECC 2015H IECC 2015L IECC 2015H IECC 

Electric 
(kWh/sf)  

Gas 
(kBtu/sf) 

Electric 
(kWh/sf)  

Gas 
(kBtu/sf) 

Electric 
(MWh) 

Gas 
(therms) 

Electric 
(MWh) 

Gas 
(therms) 

A B C D E A*E B*E*10 C*E D*E*10 

2019 

0.5 (0.4) 0.8 0.3 

18,458 9,432  (77,347) 14,362  49,820  

2020 27,897 14,256  (116,902) 21,707  75,298  

2021 28,320 14,472  (118,673) 22,036  76,439  

3-year Total 38,159 (312,922) 58,106 201,558  

1 Formula incorporates conversion from kBtu to therms. 

5.3 PROJECTING 2019-2021 NET SAVINGS 

To calculate the savings attributable to CCSI, we multiplied the GTP (from Table 18) by the 

proportion of GTP savings achieved by the CCSI (from Table 15). Table 19 displays the estimates 

for 2019–2021 and the three-year totals. We offer two alternatives for the overall net savings 

values. Method 1 includes separate savings estimates for the lighting and HVAC compliance 

paths considered in the NBI analysis. NBI did not model the impact of the Massachusetts 



TXC47: NON-RESIDENTIAL CCSI ATTRIBUTION AND NET SAVINGS 

 
 

37 

amendments, which require that two packages be used simultaneously. Method 2 uses an 

average of the savings associated with 2015L and 2015H. The exact weighting of these savings 

depends on how builders comply with the code, which we do not know. For Method 2, we 

assumed that 50% of builders would use one path and 50% would use the other. The average 

includes the negative gas savings associated with 2015L potential savings. The MMBTU values 

show that the electric savings more than offset the negative gas savings that exist under the 

2015L compliance pathway. 

Table 19: Savings Attributable to CCSI by Code Option 

Year 

Method 1: 
Net by Code Option 

Method 2: 
Average Savings Including 

Negative Gas Savings 2015L IECC 2015H IECC 

Electric 
(MWh) 

Gas 
(therms) 

Electric 
(MWh) 

Gas 
(therms) 

Electric 
(MWh) 

Gas (therms) 

2019 4,200  (34,445) 6,396  22,186  5,298  (6,129) 

2020 5,952  (48,806) 9,063  31,437  7,507  (8,685) 

2021 6,042  (49,545) 9,200  31,913  7,621  (8,816) 

3-year Total 16,194  (132,796) 24,659  85,536  20,426  (23,630) 

Savings in MMBTU 

2019 14,292  (3,444) 21,762  2,219  18,027  (613) 

2020 20,250  (4,881) 30,836  3,144  25,543  (868) 

2021 20,557  (4,955) 31,303  3,191  25,930  (882) 

3-year Total 55,100  (13,280) 83,902  8,554  69,501  (2,363) 
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Appendix A Situation Memo  
Content 

TXC_47_SituationM

emo_15Feb2018_Final.pdf
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Appendix B Delphi Panel Instruments  
 

TXC_47_DelphiPanel

Instrument_Round1.xlsx
 

TXC_47_DelphiPanel

Instrument_Round2.xlsx
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Appendix C CCSI Savings Calculator 

TXC_47_savings_calc

_11July2018.xlsx
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Appendix D Evaluation Team Compliance Estimate 
This appendix presents the analysis conducted by the evaluation team to estimate compliance 

over time under the two scenarios, with and without the CCSI. The evaluation team took an 

approach based primarily on the quantitative results of the studies and applied judgment relying 

on the qualitative information in the situation memorandum.  

D.1 COMPLIANCE WITH THE 2009 IECC 

The evaluation team looked closely at the 2009 code period that had both a beginning and ending 

compliance rate to develop several estimates and assumptions about compliance overall. First, 

we developed an estimate of how much compliance changes depending on the change in code 

stringency. We know from the compliance studies that there was a 6% decrease in compliance 

from late in the period when the 2006 IECC was in effect and early in the period when the 2009 

IECC was in effect. We also know that the 2009 IECC was about 5% more stringent than the 

2006 IECC. Assuming the change in the compliance rate is proportional to the change in 

stringency, using the data for the 2009 code period we estimated that without the CCSI, 

compliance early in the code cycle would decrease 1.2 (6/5) times the increase in stringency, 

when compared to compliance with the prior code just before the transition.  

Next, we looked at the change in compliance throughout the 2009 code period and determined 

the annual average increase in compliance would be 4.5% without the CCSI, as follows: 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 =
(𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑖𝑛 2014−𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑖𝑛 2012)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠
=

(85%−76%)

2
= 4.5%   

D.2 COMPLIANCE WITH THE 2012 IECC 

The evaluation team then estimated compliance with the 2012 IECC. Using the estimated change 

in compliance due to a change in efficiency required by the new code, we multiplied the efficiency 

increase of 20% by 1.2 to estimate a decrease in compliance of 24%. However, the stretch code 

was implemented in 2010, and was about 20% more efficient than the 2009 IECC and essentially 

equivalent to the 2012 IECC. Because the stretch code was in effect in about half the jurisdictions, 

we assumed it would have a significant effect on the initial compliance rate with the 2012 IECC 

and would mitigate the decrease in compliance between the 2009 and 2012 IECC. We assumed 

the stretch code would reduce the compliance decrease by one-half to a 12% reduction.   

The evaluation team first estimated the 2012 IECC initial compliance rate without the CCSI based 

on the DOE code compliance method. In the 2014 study, compliance with the 2009 IECC was 

measured in mid-2014, so we started by adjusting the measured compliance rate to what it would 

have been early in 2014. We did this as follows:  
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2009 𝐼𝐸𝐶𝐶 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 2014

= 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 −
𝐴𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒

2
= 85% −

4.5%

2
= 82.8% 

To estimate compliance with the 2012 IECC at the beginning of 2014 (assuming compliance was 

mandatory then rather than in July 2014), we subtracted 12% from this value and estimated 

compliance with the 2012 IECC as 70.8% early in 2014. Each year after, we increased estimated 

compliance by 4.5% to account for natural growth in compliance without the CCSI. Because the 

2012 IECC compliance studies with the CCSI were conducted in mid-2016, we also estimated 

the compliance rate without the CCSI in mid-2016. We added 2.5*4.5% to the starting compliance 

rate of 70.8% to estimate the 2012 IECC compliance in mid-2016 at 82%. 

Next, we estimated the annual change in 2012 IECC compliance with the CCSI in place. In mid-

2016, the estimated difference in compliance between the scenario with CCSI and without was 

6%, based on the 88% measured compliance rate in mid-2016 with the CCSI and the estimated 

82% compliance rate without the CCSI. Dividing this difference by 1.5 years, to account for the 

time that the CCSI training was in effect, indicated that the CCSI increased compliance by 4% per 

year in addition to the naturally occurring compliance rate increase. This gave an estimated 

compliance rate increase of 8.5% per year with the CCSI in place.  

D.3 ASSUMPTIONS AND CALCULATIONS FOR THE 2015 CODE PERIOD  

We used the same basic approach to calculate the initial decrease in compliance when the 2012 

IECC transitioned to the 2015 IECC, assuming no CCSI. Using the estimate of an 8% increase in 

the efficiency requirement, we calculated that the initial compliance rate would decrease 9.6% 

(1.2*8%) from the final compliance rate with the 2012 IECC. To estimate the compliance rate for 

the 2012 IECC at the beginning of 2017, we added one-half of the annual naturally occurring 

compliance increase to the estimated 82% compliance rate in mid-2016. This gave an initial 2015 

IECC compliance rate of 74.7% as follows:  

2015 𝐼𝐸𝐶𝐶 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 2017

= 2012 𝐼𝐸𝐶𝐶 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑚𝑖𝑑 − 2016

− 𝐸𝑓𝑓𝑒𝑐𝑡 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 +
𝐴𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒

2

= 82% − 9.6% +
4.5%

2
= 74.7% 

We then added 4.5% each year to the compliance rate to estimate the rate from 2018 to 2021 

without the CCSI.  

For the scenario with the CCSI, we applied the same approach to estimate the initial compliance 

rate with the 2015 IECC and calculated an initial compliance rate of 82.7%. For each year after 

2017, we added 8.5% to the compliance rate, but capped it at 99% in round one and 97% in round 

two. 

Because we wanted to estimate compliance rates using the MA-CIEC method as the final value, 

we had to adjust the compliance rates estimated using the DOE method. To adjust the DOE rates, 
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we averaged the difference between the compliance rates estimated using the two methods for 

the 2009 IECC and 2012 IECC. One difference was 9% and the other was 6%, so the average 

difference was 7.5%. We added 7.5% to our compliance rate estimates based on the DOE method 

to produce the estimated MA-CIEC rates.  

Table 20. Evaluation Team Compliance Rate Estimates 

Round  
 Year 

Scenario 2017 2018 2019 2020 2021 

One 
Without CCSI 82% 87% 91% 96% 99% 

With CCSI 90% 99% 99% 99% 99% 

Two 
Without CCSI 82% 87% 91% 93% 93% 

With CCSI 90% 97% 97% 97% 97% 

 


