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1 EXECUTIVE SUMMARY 
The objectives of the Assessment of the Drivers of Net-to-Gross study were to provide program designers 
and implementers with an understanding of the factors that drive net-to-gross (NTG) results and to provide 
recommendations and considerations to inform program design and decisions with the goal of increasing net 
impacts. The Evaluation Team (“the Team”) completed the following two tasks to address these research 
objectives: 

 Literature and prior research review 
 Re-analysis of prior NTG survey data 

This study attempted to identify drivers of NTG related to three areas: program design, project 
characteristics, and customer characteristics. The literature and prior research review investigated past NTG 
research regarding drivers, trends, and other patterns related to NTG. The re-analysis of prior NTG survey 
data relied primarily on existing data from the Massachusetts Cross-Cutting Commercial and Industrial (C&I) 
Free-ridership and Spillover Surveys1 with supplemental customer characteristic data appended from the 
customer profile study. The electric and gas Free-ridership and Spillover telephone surveys were conducted 
with large samples of C&I customers and vendors from across the entire state representing all 
Massachusetts Program Administrators.  While use of existing data and studies is a cost-effective approach, 
the analysis is constrained by the limitations of the available data because prior surveys were designed to 
estimate NTG values rather than the drivers of NTG.  

This study defines NTG as a ratio consisting of free-ridership, spillover, and market effects that is used to 
estimate the net savings of an energy efficiency program. More specifically, the NTG value begins with a 
ratio of 1.0 and increases or decreases with respect to the following components: 

 Free-ridership (FR) rate captures the percentage of the program savings attributed to free-riders, or 
program participants who would have installed the same energy-efficient equipment had the 
program not been in place. The free-ridership rate lowers overall NTG. 

 Spillover (SO) rate captures the percentage of the program savings attributed to participants or non-
participants who were influenced by the program to adopt additional energy-efficient measures 
without program assistance.2 Spillover increases the overall NTG. 

 Market effects (ME) captures the percentage of the program savings attributed to a program-driven 
change in the market structure or market behavior that influences consumers to adopt energy 
efficiency measures. Market effects increases the overall NTG. 

                                               
1 2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, NSTAR, 

Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 2015. Prepared by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. Prepared by Tetra 
Tech. 

2 Types of spillover include participant-like, participant-unlike, and non-participant spillover.  
Participant-like spillover are savings that occur when participants undertake the same actions outside of the program as 
those made through the program. 
Participant-unlike spillover are savings that occur when participants undertake energy efficient actions outside of the 
program that are unlike those made through the program.  
Non-participant spillover are savings that occur when non-participants make energy efficient actions due to the 
program’s influence. 
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In the survey re-analysis task, the team focused on free-ridership and participant-like spillover as the main 
components of NTG.  Nonparticipant spillover and market effects are excluded from this analysis because 
market effects were not measured by the Massachusetts surveys and because nonparticipant spillover is 
derived from vendor surveys rather than customer surveys. The studies described in the literature review 
often note that direct comparison of free-ridership, spillover, and NTG ratios between regions are difficult 
due to the complex and multifaceted nature of both programs and NTG methodologies.  

1.1 Conclusions 
The key findings regarding NTG drivers are as follows. 

 Program awareness and engagement at the planning and budgeting stage. If a project has 
already been incorporated into the capital and/or operating budget by the time the program is 
engaged, then the participant is more likely to be a free-rider. The survey re-analysis found that 
participants who allocated project funds prior to receiving program information exhibited higher 
free-ridership rates (+0.11 for electric and +0.20 for gas) than participants who had not pre-
allocated funds.3 In addition, the literature review found that projects that were conceived after the 
organization had discussions with program staff may yield higher NTGs. Evidence for this driver can 
be found in two studies from California (which included 1,388 and 146 surveys) and Maine (which 
included 57 surveys).  
 

 Customer motivations for program participation. Several results from the literature review and 
survey re-analysis identified the impact of customer motivations for implementing measures on NTG.  

o Measures that were installed for energy efficiency or energy savings may exhibit lower free-
ridership. The survey re-analysis found that energy efficiency as a primary motivation for 
measure implementation lowers free-ridership rates by -0.13 for electric programs and -
0.11 for gas programs. In addition, gas participants who sought to increase energy savings 
had -0.08 lower free-ridership.  

o Measures that were installed to replace failing equipment may exhibit higher free-ridership 
because the participant would have purchased new equipment without the program.4 From 
the survey re-analysis, electric program participants who report equipment failure as their 
motivation have higher rates of free-ridership by +0.10. Further supporting evidence was 
found in one study from California that included 1,388 surveys.  

o In the survey re-analysis, poorly working equipment as the main motivation for 
participation was one of the few significant factors impacting spillover, increasing electric 
spillover rates by +0.15. We speculate that a company with adequate capital funds to 
replace poorly working equipment before failure is more likely to be able to afford 
subsequent equipment purchases, increasing the likelihood of spillover. 

o Another motivational factor identified from the survey re-analysis that appears to influence 
free-ridership is customer motivation to reduce maintenance cost (-0.06 lower free-
ridership) for electric program participants. We speculate that, because participants are 

                                               
3 Customers who have participated in the PA’s programs in the past may factor program support into their budgets before engaging with the 

programs. However, the NTG algorithm already accounts for the influence of past program participation on free-ridership. 
4 The NTG surveys ask questions about the efficiency level of equipment considered, which is then incorporated into the NTG calculation. 
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purchasing new equipment for reasons other than the failure of existing equipment, they 
may be more likely to be influenced by the program.   
 

 Financing assistance. The survey re-analysis found that participants who utilized interest-free 
financing have lower free-ridership rates (-0.05 for electric and -0.29 for gas) than those who did 
not. Companies who receive financial assistance may not have the upfront capital for larger projects, 
making them less likely to be free-riders.  

 Dedicated account representatives. Dedicated account representatives are normally assigned to 
large customers. While there is a correlation between customer size and the assignment of a 
representative, the survey re-analysis found that customers with account representatives have 
significantly lower free-ridership rates (-0.07 for electric) despite controlling for energy usage. This 
suggests that dedicated account representatives may either boost the influence of the program or 
help screen out free-riders. 

1.2 Considerations 
We offer the following considerations. These suggestions appear to have merit; however, further research or 
discussion of these suggestions may be warranted. 

 Consider monitoring data from rebate applications regarding the condition of existing 
equipment and the allocation of funds prior to receiving program information. The 
survey re-analysis and the literature review both found that the allocation of funds prior to 
receiving program information leads to a decreased NTG. In addition, the study found that 
customers whose primary motivation was to replace failed equipment also have lower NTG. In 
order to monitor indicators of NTG, the PAs may want to consider adding a question on fund pre-
allocation to the prescriptive rebate applications (checkboxes regarding project motivations 
already appear). These questions could serve as indicators of the rate of free-ridership across 
the program.   

 Consider further emphasizing early replacement programs.5 The survey re-analysis found 
that customers whose primary motivation was to replace poorly working equipment or to 
improve energy efficiency have higher NTG. Therefore, we suggest placing further emphasis on 
early replacement initiatives that encourage customers to replace equipment prior to failure.  

 Consider targeting customers who require financing. Customers who utilized the interest-
free financing had lower free-ridership rates than customers who did not, possibly because 
companies who receive financing assistance may not have sufficient capital to fund projects. 
Consider targeting these customers in the future in order to raise NTG values. 

 Consider targeting customers with or expanding access to dedicated account 
representatives. The survey re-analysis results suggest that customers with dedicated account 
representatives exhibit lower free-ridership than those without such representatives, even after 
controlling for customer size. Consider encouraging account representatives to play a more 
active role in informing their customers about energy savings opportunities. In addition, 
assigning account representatives to the next tier of customers, if cost effective, could help 
increase NTG.  

                                               
5 Early replacement refers to replacement of operable inefficient equipment with new equipment that meets or exceeds 

energy efficiency requirements. 
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We offer the following suggestions to consider for future NTG research.  

 Consider collecting consistent project cost data. The survey re-analysis incorporated the 
incentive amount to control for the impact of project size and rebate amount on free-ridership 
and spillover. However, the incentive as a percentage of project cost would better reflect the 
factors considered by customers. In addition, future modeling could test the effect of a higher 
incentive-to-cost ratio on free-ridership rates, which may lead to recommendations regarding 
optimal incentive levels. Therefore, the evaluation team suggests that all programs collect 
consistent data on total costs (including capital and labor costs) so it is possible to include the 
rebate/cost ratio in future NTG studies. However, consistent and accurate project cost data may 
be difficult to collect from customers and vendors. Therefore, one alternative is to leverage the 
cost assumptions used for program planning; however, the per unit rebate and cost data would 
essentially be the same for each measure, which would not accurately reflect the cost 
considerations for each customer.  

 Consider adding questions to the future Cross-cutting free-ridership and spillover 
surveys to help identify NTG drivers. While the survey re-analysis was able to address some 
of the drivers identified in the literature review, the use of previously collected survey data 
limited the breadth of variables included in the modeling effort.6 Therefore, we suggest adding 
the following questions to future Cross-cutting free-ridership and spillover surveys: 

o Has the organization previously installed this measure in any facility? 
o Did the organization install the measure due to automation or another workplace benefit?  
o Has the organization faced any recent cutbacks to budgets or staffing? 
o Is the organization part of a regional or national chain? 

                                               
6 Past Massachusetts NTG surveys assessed nonparticipant spillover using vendor surveys, which the team could not match to individual customer 

surveys and therefore excluded from the survey re-analysis. Market effects were not addressed in past Massachusetts NTG surveys.  
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2 INTRODUCTION 
Net savings are a key metric used in assessing the performance of Mass Save programs. Net savings also 
serve as indicators of market conditions and may identify program areas in need of design modifications. 
Therefore, for net-to-gross results to be most informative, it is important to understand what factors drive 
NTG results. This study attempted to provide program designers and implementers with information to 
inform program design and delivery decisions.  

Factors that influence NTG ratios may include program design elements (e.g., incentive levels, services, 
outreach, and vendor engagement) as well as stage of the program life cycle. In addition, participating 
customer characteristics, such as their level of sophistication, corporate policies related to energy efficiency, 
firmographics, and prior program participation may also affect NTG ratios. These factors can be addressed 
by program design or customer targeting. However, there may be external factors (e.g., economic 
conditions and market trends) that are beyond the control of programs. Lastly, the NTG research 
methodology may also affect the estimated NTG ratios. This study attempted to identify drivers of NTG 
related to three areas: program design, project characteristics, and customer characteristics.  

The NTG value begins with a ratio of 1.0 and increases or decreases due to the inclusion of different 
components: 

 Free-ridership rate captures the percentage of the program savings attributed to free-riders, or 
program participants who would have installed the same energy efficiency equipment had the 
program not been in place. The free-ridership rate lowers overall NTG. 

 Spillover rate captures the percentage of the program savings attributed to participants and non-
participants who were influenced by the program to adopt additional energy-efficient measures 
without program assistance. Spillover increases the overall NTG and can consist of participant-like, 
participant-unlike, and non-participant spillover. In the case of low free-ridership and/or high 
spillover, it is possible for NTG to be greater than 1.0. 

 Market effects captures the percentage of the program savings attributed to a program-driven 
change in the market structure or market behavior that influences consumers to adopt energy 
efficiency measures. Market effects increases the overall NTG; however, few states include market 
effects in their NTG estimation because the effects are difficult to measure. Market effects are often 
grouped into nonparticipant spillover savings “that reflect significant program-induced changes in 
the structure or functioning of energy efficiency markets.”7 

2.1 Study Objectives 
The primary objective of this study is to identify program design elements and project and customer 
characteristics that influence NTG ratios for commercial and industrial (C&I) programs. The study relies on 

                                               
7 Violette, D. and Rathbun, P. 2014. “Chapter 17: Estimating Net Energy Savings: Common Practices,” Uniform Methods 

Project, September, http://www.nrel.gov/docs/fy14osti/62678.pdf. 
Prahl, R., Ridge, R., Hall, N. and W. Saxonis. 2013. “The Estimation of Spillover: EM&V’s Orphan Gets a Home.” In 

Proceedings of the 2013 International Energy Program Evaluation Conference. Chicago, August 13-15. Accessed 
November 11, 2014 from http://www.iepec.org/conf-docs/conf-by-year/2013-Chicago/095.pdf. 
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existing data from prior studies and other secondary data sources. While use of existing data is a cost-
effective approach, the analysis is constrained by the type and granularity of the data collected by prior 
studies. 

2.2 Methods 
The Team completed the following two tasks to address these research objectives: 

 Literature and prior research review 
 Re-analysis of prior NTG survey data 

2.2.1 Literature Review 
We conducted a literature review of prior NTG studies to identify research that investigates drivers of NTG. 
We begin the literature review with the Massachusetts C&I free-ridership and spillover studies conducted 
under the Cross-Cutting research area, including the recent electric and gas studies. The Massachusetts PAs 
have conducted C&I NTG research for over a decade; the consistent NTG methodology utilized in 
Massachusetts provides a valuable source of long-term NTG data.  

In addition, we also review other Massachusetts NTG studies for sector-specific information, such as the 
Chain and Franchise Market Characterization, National Account studies, and the LED spillover report. Lastly, 
we review C&I NTG reports from outside of Massachusetts, including California, Wisconsin, New York, and 
Oregon, as these states have also completed numerous NTG studies. This literature review includes results 
from a broad array of evaluation studies listed in 0.  

The team hoped to include findings from previous studies of NTG drivers. However, we were unable to 
identify any such reports; the main focus of the reviewed studies was to estimate NTG values rather than to 
assess the drivers of NTG. The findings from these reports were often based on bi-variate analysis of mean 
NTG values across different subgroups of interest. For the most part, the authors of these studies did not 
conduct further analysis such as testing for statistically significant differences across these subgroups. 
Therefore, the findings from this literature review should be taken as informed inference. Issues such as 
spurious causation—a situation in which certain drivers may be correlated with NTG but do not in fact 
influence NTG—were considered in the second task of this study, the re-analysis of the Massachusetts NTG 
survey data. 

The studies described in this literature review often note that direct comparison of free-ridership, spillover, 
and NTG ratios between regions, programs, and measures is difficult due to their complex and multifaceted 
nature. Other studies have delved into detail about these factors,8 and we briefly summarize them below.  

NTG Calculation. While some studies from all the states included in this literature review incorporated free-
ridership and participant spillover into the NTG estimation, only some states also addressed non-participant 

                                               
8 Skumatz, L. A. Lessons Learned and Next Steps in Energy Efficiency Measurements and Attribution: Energy Savings, Net 

to Gross, Non-Energy Benefits, and Persistence of Energy Efficiency Behavior. Prepared for California Institute for 
Energy and Environment, November 2009.   

U.S. Environmental Protection Agency. Understanding Cost-Effectiveness of Energy Efficiency Programs: Best Practices, 
Technical Methods, and Emerging Issues for Policy-Makers. November 2008. 

Violette, D.M., and Rathbun, P. Estimating Net Savings: Common Practices. The Uniform Methods Project: Methods for 
Determining Energy Efficiency Savings for Specific Measures. Subcontract report prepared for NREL, September 2014. 
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spillover, and just Massachusetts and New York addressed market effects in a few studies (Error! 
Reference source not found.). 

Table 2-1: Components used in NTG Calculation by State 

State 
Free-

ridership 
Participant 
Spillover 

Non-
Participant 
Spillover 

Market 
Effects 

Massachusetts X X X X 

California X X   

Connecticut X X X  

Wisconsin X X   

Maine X X   

Oregon X X X  

New York X X X X 

Colorado X X X  

Texas X X   

Illinois X X X  

 
1 This table provides comprehensive information on components used in NTG calculations by state. Reports in the 

literature review are subject to the evaluator’s study objectives and may not include all components. 
 
Sources: Iowa Energy-Efficiency Net-to-Gross Report. Prepared for Iowa Utility Association and the Oversight 

Committee, September 2015. Prepared by Navigant Consulting. 

NTG Methodology. Different evaluations have used different methods of measurement, such as self-report 
surveys and market data analysis. In addition, even when self-report surveys are utilized, the question 
design and scoring algorithms may still differ. Lastly, other studies rely on deemed or stipulated free-
ridership, spillover, or NTG values based on findings from previous studies.  

The Uniform Methods Project, a set of protocols developed by the Department of Energy for measuring 
savings from energy efficiency measures and projects, provides a chapter on net savings that describes and 
compares current industry practices for estimating net savings. This chapter notes that NTG values vary 
across time and space and are strongly linked to program design and implementation. 

Given the differences in NTG calculation and methodology, the team generally does not directly compare 
NTG from different programs across the country. However, we do compare NTG estimates for different 
measures from the same program sponsors that were developed using the same methodologies. 
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2.2.2 Survey Re-analysis 
In the survey re-analysis, we analyzed data to identify program design elements and customer or project 
characteristics that influence NTG ratios for C&I programs. The study relies primarily on existing data from 
the Massachusetts Cross-Cutting C&I Free-ridership and Spillover Surveys,9 with supplemental customer 
characteristic data appended from the customer profile study. While use of existing data is a cost-effective 
approach, the analysis is constrained by the limitations of the available data because the Free-ridership and 
Spillover surveys were designed to estimate NTG values rather than the drivers of NTG.  

Both the electric and gas Free-ridership and Spillover telephone surveys were conducted with a large sample 
of C&I customers and vendors from across the entire state representing all PAs. The 2013 electric study 
included surveys with 1,225 participants and 62 vendors regarding free-ridership and participant spillover, 
and with 56 vendors regarding nonparticipant spillover. The 2014-2015 gas study included surveys with 901 
participants and 51 vendors regarding free-ridership, 931 participants regarding participant spillover, and 89 
vendors regarding nonparticipant spillover.  

The NTG ratios developed for the Cross-cutting NTG studies include three elements: free-ridership, like 
spillover, and nonparticipant spillover. For purposes of this analysis, we are excluding drivers of 
nonparticipant spillover given its relatively low contribution to the NTG ratio and the fact that nonparticipant 
spillover is not derived from customer surveys (but rather is derived exclusively from contractor surveys). 
For the electric analysis, we placed more emphasis on the free-ridership component because free-ridership 
is a larger contributor to the NTG ratio, with spillover having considerably less impact.  
 
The identification of the variables for inclusion in the models was based on the team’s prior research 
experience and a review of variables included in the NTG surveys, excluding those variables that were 
directly used in the construction of the free-ridership and spillover ratios. Table 2-2 provides descriptions 
and sources of the variables included in the analysis. The variables gathered from the telephone survey data 
are as follows: 

 Program incentive amount 
 Per-unit measure savings 
 Provision of program interest-free financing 
 Presence of corporate energy efficiency policy 
 Provision of non-program technical or financial assistance 
 Presence of dedicated account representative 
 Company funds allocated for project prior to program participation 
 Motivations for measure implementation 

Variables appended from the customer profile tracking data are annual energy consumption and industry 
sector. Industry sector variables are used to represent the type of primary business activity. Employment 
rate data, collected from the Bureau of Labor Statistics, are used as proxies for 2013 town-level economic 
conditions. The employment rate is the number of employed people divided by the size of the workforce. 
This information is matched to each participant using the participant’s town. 
                                               
9 2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, NSTAR, 

Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 2015. Prepared by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. Prepared by Tetra 
Tech. 
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These variables attempt to control for the decision factors that participants consider when implementing a 
measure and their motivations for doing so. They also control for different types of services (i.e., interest-
free financing and technical assistance) that may motivate program participation. Customer characteristics 
such as business type and annual energy usage may also influence participation; for example, larger energy 
users may behave differently than smaller energy users. We also attempt to control for the state of the 
economy, which may affect investment decisions. Lastly, customers participated in different programs, thus 
we also control for program type. These factors may all influence the decision to implement a measure, and 
therefore the participant’s free-ridership and spillover ratios.  

Table 2-2: Variable Description for Natural Gas and Electric Data 

Variable Description Variable type Source 

Free Ridership Primary dependent variable  C NTG Survey 

Spillover Primary dependent variable C NTG Survey 

NTG (electric only) Secondary dependent variable for electric 
survey (NTG = 1 – FR + PSO) C NTG Survey 

Program incentives Program incentives received by participant  C NTG Survey 

Measure savings Savings for measure type included in survey C NTG Survey 

Rate of employment Town-level rate of employment to proxy for 
the state of the economy in 2013 C Bureau of 

Labor Statistics 
Program interest-free 
financing 

Indicator for participation in program 
interest-free financing service B NTG Survey 

Presence of corporate 
energy efficiency 
policy  

Indicator for whether participant has a 
corporate policy in place that prioritizes 
energy efficiency equipment 

B NTG Survey 

Non-program 
technical or financial 
assistance  

Indicator for receiving non-program 
technical or financial assistance B NTG Survey 

Dedicated account 
representative  

Indicator for whether participant has a 
dedicated account representative B NTG Survey 

Company fund 
allocation before 
program information 

Indicator for whether company funds were 
allocated to the project before receiving 
program information 

B NTG Survey 

Motivation: old 
equipment failed 

Indicator for equipment failure being the 
motivation for measure implementation B NTG Survey 

Motivation: old 
equipment worked 
poorly 

Indicator for poor functioning equipment 
being the motivation for measure 
implementation 

B NTG Survey 

Motivation: scheduled 
replacement 

Indicator for scheduled replacement being 
the motivation for measure implementation B NTG Survey 

Motivation: reducing 
maintenance cost 

Indicator for reducing maintenance cost 
being the motivation for measure 
implementation 

B NTG Survey 

Motivation: energy 
efficiency 

Indicator for energy efficiency being the 
motivation for measure implementation B NTG Survey 

NAICS industry sector 

Indicators representing 24 two-digit North 
American Industry Classification System 
(NAICS) codes used to classify participant 
industry sector 

Cat. Customer 
Profile 

Annual electricity and 
gas usage 

Indicators representing low, medium, and 
high levels of annual electricity usage in 
kWh and annual gas usage in therms  

Cat. Customer 
Profile 
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1 Some survey questions/variables are only in either the gas or electric survey and are indicated in parentheses. 
2 C = continuous, B = binary, Cat. = categorical 

In the work plan, the team originally proposed to account for program-provided technical assessment 
services, prior program participation, presence of companion equipment, and third-party vendor influence on 
decision. However, these factors were used in the calculation of the NTG ratios and are highly correlated, so 
they are excluded as predictor variables. 

Other variables we had hoped to include were chain or national account status and incentive-to-cost ratio. 
Chain or national account status was unavailable in the NTG survey and customer profile datasets. To 
estimate the incentive-to-cost ratio, we need to divide the total incentive received by the total cost of the 
project. However, the data on the total project cost was inconsistent, as some costs appear to reflect the 
out-of-pocket cost (net the incentive) rather than total project cost, and others were missing. Therefore, we 
use the total incentive amount to proxy for project size and recognize that this presents a limitation to the 
modeling.  

The team also considered including a measure quantity variable to account for the number of measures 
installed. However, this variable is often correlated with the incentive amount. Additionally, the data on 
measure quantity was also not reliable and was not a significant determinant in the initial modeling efforts. 
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3 LITERATURE REVIEW RESULTS 
The literature review included relevant C&I NTG studies from Massachusetts, California, Connecticut, 
Wisconsin, Maine, Oregon, New York, Colorado, and Texas. These studies are summarized by state and then 
by study within each state. While all studies provided information on NTG, some studies were more detailed 
than others in terms of providing insight regarding the underlying drivers. 

3.1 Massachusetts 
The Massachusetts literature review emphasizes the results of free-ridership and spillover studies conducted 
under the Cross-Cutting research area. These studies entailed telephone surveys with a large sample of C&I 
customers and vendors from across the entire state. The 2013 electric study included surveys with 1,225 
participants and 62 vendors regarding free-ridership and participant-like spillover (PLS), and with 56 
vendors regarding nonparticipant spillover (NPS). Participant-like spillover occurs when a customer 
participates in the program by installing energy efficiency measures and is influenced by the program to 
install additional measures of the same kind. Nonparticipant spillover, on the other hand, occurs when a 
program influences a nonparticipant to install energy efficiency measures.  

The 2014-2015 gas study was conducted in two waves and included surveys with 901 participants and 51 
vendors regarding free-ridership, 931 participants regarding participant spillover, and 89 vendors regarding 
nonparticipant spillover.  

While specific NTG values were developed for each PA, we focus our review only on statewide results 
because the Mass Save programs are consistently implemented across the state, so PA-specific results are 
not relevant to this study. In addition, we supplement the most recent NTG studies with the results from 
earlier studies in order to provide a sense of trends in NTG over time. 

For the Massachusetts electric free-ridership and spillover studies, self-reported telephone surveys were 
used to gather information regarding program influence. Evaluators noted that NTG values varied by end-
use both between evaluation years and among PAs for a given year driven by the following factors:  

 The same measures may be categorized into different end-uses across PAs and over time, which 
could cause NTG to differ solely due to incompatible measures. However, the evaluators did not 
provide specifics on the measures affected or the degree of impact of these inconsistencies. 

 Volatility of NTG estimates due to small sample sizes. 

With a NTG of 94% to 96%, the Massachusetts C&I electric programs exhibit higher NTG than the natural 
gas C&I programs, which are at 76% to 88%. 

After summarizing the Cross-cutting free-ridership and spillover studies, we summarize other Massachusetts 
sector-specific or measure-specific studies that provide insights into NTG drivers, including an LED spillover 
study and a national accounts study.  

3.1.1 Electric Measures 
Figure 3-1 provides information on the NTG (percentage value) by electric measure type for 2010 and 2013. 
Total electric program-wide NTGs appear to be similar in both studies, at 94% in 2010 and 96% in 2013. 
Most measures exhibit a fairly high NTG—in particular, motors and drives (99% in 2010 and 113% in 2013) 
and, to a lesser extent, process equipment (96% in both studies). In addition, refrigeration yields a very 
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high NTG in 2010 (121%), though a below-average NTG in 2013 (90%). Only one electric measure with a 
sample size of at least 10 survey responses exhibits a relatively low NTG in both years—compressed air (84% 
in 2010 and 73% in 2013).  

Figure 3-1: Massachusetts Net-to-Gross Ratios for the 2010 and 2013 C&I Electric Programs by 
Measure Type  

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0, Table A-1 for information on free-
ridership, spillover, and sample size. 

 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National 

Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, June 23, 2011. Prepared 
by Tetra Tech.  

2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, 
NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 2015. Prepared by 
Tetra Tech. 
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Figure 3-2 further breaks down the NTG for C&I electric program measures by program type for the 2010 
study.10 Across all three program types—large retrofit, new construction, and small business—the 
refrigeration measures yield the highest NTGs, all over 100%. Based on observations within measures, there 
do not appear to be any clear patterns (see 0,   

                                               
10 Measure-level NTGRs by program type at the statewide level are unavailable for the 2013-2014 study.  
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Table A-2 for detailed comparison). 

 

Figure 3-2: Massachusetts Net-to-Gross Ratios for the 2010 C&I Electric Programs by Measure 
Type and Program Type 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0,   
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Table A-2 for information on free-ridership, spillover, and sample size. 
 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, June 23, 
2011. Prepared by Tetra Tech. 

3.1.2 Natural Gas Measures 
Similar to the electric program studies, findings from the natural gas studies were used to calculate NTG 
values and quantify net impacts of natural gas energy efficiency programs. The custom gas program had a 
higher average NTG for the 2014-2015 study (88%) than for the 2011 study (77%) (see Figure 3-3), 
though the reverse is true for the prescriptive program (76% in 2014-2015 and 88% in 2011) (see Figure 3-
4). The 2014-2015 gas study was conducted in two waves using separate samples for free-ridership and 
spillover to allow customers time to install additional equipment. However, sample sizes were not reported 
for the 2014-2015 study. Custom programs are shown in Figure 3-3, and prescriptive programs are shown 
in Figure 3-4. 

Among custom measures, there do not appear to be any clear trends besides the “other” category, which 
exhibits higher than average NTG values in both 2011 and 2014-2015. Some measures yield high NTG in 
one study, while the same measure yields low NTG in the other study, possibly due to small sample sizes.  

 

Figure 3-3: Massachusetts Net-to-Gross Ratios for 2011 and 2014-2015 C&I Natural Gas Custom 
Programs 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0,   
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Table A-3 for information on free-ridership, spillover, and sample size. 
 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

National Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. 
Prepared by Tetra Tech.  
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Among prescriptive gas measures, controls exhibit high NTG values, at 99% in 2011 and 108% in 2014-
2015. In addition, water-saving measures also exhibit high NTG in both 2011 (93%) and 2014-2015 (94%). 
In contrast, several prescriptive measures have relatively low NTGs, in particular food service (70% in 2011 
and 57% in 2014-2015), and to a lesser extent HVAC (83% in 2011 and 68% in 2014-2015) and water 
heating (84% in 2011 and 64% in 2014-2015). 

Figure 3-4: Massachusetts Net-to-Gross Ratios for 2011 and 2014-2015 C&I Natural Gas 
Prescriptive Programs 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0, Table A-4 for information on 
free-ridership, spillover, and sample size. 

 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

National Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. 
Prepared by Tetra Tech. 
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Three gas measures that are evaluated in both the 2011 custom and prescriptive programs are shown in 
Figure 3-5, and four gas measures for the 2013-2014 custom and prescriptive programs are shown in Figure 
3-6.  In 2011, prescriptive measures had higher NTG for all measures. However, this pattern reversed in 
2014-2015 such that custom measures had a higher NTG for all measures except controls. 

Figure 3-5: Massachusetts Net-to-Gross Ratios for 2011 C&I Natural Gas Custom and Prescriptive 
Program 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0,   
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Table A-5 for information on free-ridership, spillover, and sample size. 
 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
 

Figure 3-6: Massachusetts Net-to-Gross Ratios for 2014-2015 C&I Natural Gas Custom and 
Prescriptive Programs 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0,   
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Table A-5 for information on free-ridership, spillover, and sample size. 
 
Sources: 2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. 

Prepared for National Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 
10, 2015. Prepared by Tetra Tech. 

HVAC is the only measure type with sufficient sample sizes that overlaps between the electric and gas free-
ridership and spillover program studies. Similar to the overall program-wide pattern, the electric HVAC 
measures exhibit somewhat higher NTG (88% in 2010; 92% in 2013) than gas HVAC measures (71%-83% 
in 2011; 68%-84% in 2014-2015). Spillover rates are similar across fuel types, though natural gas 
programs have higher free-ridership than electric programs (16%-33% compared to 12%-15%, 
respectively), contributing to the lower NTG. 

A side-by-side comparison of NTG by measure type can be found in 0,   
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Table A-5, and total program free-ridership, participant-like spillover, nonparticipant spillover, and NTG 
values are presented in 0,  
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Table A-6. 

3.1.3 LED Spillover Study 
The 2015 Massachusetts LED Spillover Analysis summarizes the free-ridership, spillover, and NTG values for 
LED lighting programs. The study methodology utilized self-reported surveys, similar to the approach used 
in the cross-cutting NTG studies described above. Follow-up telephone surveys were conducted for 99 of 144 
customers who participated in on-site visits for the Massachusetts C&I Customer On-Site Assessments and 
had verified LED installations to determine free-ridership, participant spillover, and non-participant spillover.  

As shown in Table 3-1, the LED study reported an overall NTG of 142%. Free-ridership is 21% compared to 
12% for the lighting measure category (which included LEDs as well as sensors and CFLs) in the cross-
cutting study. At 63%, participant-like spillover for LEDs is much higher than the 9% figure for the lighting 
measure category. Non-participant spillover is similar—1% in the LED study and 0% in the cross-cutting 
study. As LEDs have become more widely available at a lower cost over the past few years, both higher 
free-ridership and higher spillover seem reasonable. 

Evaluators noted that non-participant spillover was influenced by participants who believed their products 
did not qualify for the program or did not want to go through the rebate process, and therefore purchased 
LEDs outside the program.  

Findings also suggest that customers’ prior experience and exposure to the long history of energy efficiency 
programs influenced customers to install LEDs through the program, contributing to relatively high NTG 
values.  

Table 3-1: Massachusetts Free-ridership, Spillover, and Net-to-Gross Ratios for LEDs and 2013 
Cross-cutting Lighting Measures 

Study Free-
ridership 

Participant 
Like 

Spillover 

Non-
Participant 
Spillover 

NTG 

Cross-cutting Lighting 
(2013) 12% 9% 0% 97% 

LED (2015) 21% 63% 1% 142% 

Sources: Final Report of Massachusetts LED Spillover Analysis. Prepared for: Massachusetts Program 
Administrations and Energy Efficiency Advisory Counsel, September 2015. Prepared by DNVGL. 

2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National 
Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 
2015. Prepared by Tetra Tech. 

 

3.1.4 Chain and Franchise Studies 
The 2006 and 2007 National Accounts Final Reports evaluated free-ridership for lighting and HVAC programs 
for national account customers, customers that are classified as either a chain or a franchise, served by 
National Grid. In the 2006 study, 60 participating customers completed the free-ridership survey. The 2007 
study included in-depth surveys with six of the twelve participants from national accounts.  

The 2006 study found that national accounts exhibited lower free-ridership compared to other commercial 
customers for lighting, and both the 2006 and 2007 studies found significantly higher HVAC free-ridership 
for national account customers (Table 3-2). Overall, the national accounts’ NTG values for New Construction 
HVAC measures increased substantially from 26% in 2006 to 57% in 2007 because free-ridership 
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significantly declined (79% to 47%, respectively). Evaluators note that the driving factor for the reduction in 
free-ridership was the withdrawal of two national accounts from the 2007 program, which were responsible 
for over one-half of 2006 kWh savings and were also partial or complete free-riders. Spillover was found to 
remain fairly similar in both studies. 

 

Table 3-2: National Grid Net-to-Gross Ratios from the National Accounts Studies 

Program Measure Sector 
2006 2007 

NTG n NTG n 

New Construction 

Lighting
National Accounts 95%* 16 - - 

All Other Commercial 62% 59 - - 

HVAC
National Accounts 26%* 54 57% 15

All Other Commercial 66% 117 - - 

Retrofit Lighting
National Accounts 100% 3 - - 

All Other Commercial 94% 85 - - 
1 Statistically significant differences between national accounts and all other C&I participants are noted with an 

asterisk (*) at the 95% +/- 5% confidence level. NTGs estimated with weighted free-ridership and spillover 
estimates (see 0,   
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Table A-7). 
 
Sources: National Accounts Study: Customer Energy Efficiency Equipment Decision Making Process and Standard 

Practice Final. Prepared for National Grid, September 2006. Prepared by PA Consulting Group. 
National Accounts Study: HVAC Customer Energy Efficiency Equipment Decision Making Process and Standard 

Practice Final Report. Prepared for National Grid, July 2007. Prepared by PA Consulting Group.  

In contrast to the National Accounts Final Reports described above, the Chain and Franchise Market 
Characterization Report did not find clear differences in NTG between chain and franchise (C&F) customers 
and other C&I customers. This study re-analyzed past survey data from four NSTAR C&I evaluations 
between 2004 and 2007 to compare free-ridership for C&F vs. non-C&F customers. Evaluators did not 
identify any clear, consistent NTG differences overall or by measure type (Table 3-3).  

Table 3-3: NSTAR 2004-2007 Net-to-Gross Ratios from the Chain and Franchise Market 
Characterization Report 

Measure Type Sector NTG n 

Overall 
C&F 89% 85 

Non-C&F 90% 331 

Lighting 
C&F 89% 50 

Non-C&F 91% 144 

Non-lighting 
C&F 90% 35 

Non-C&F 90% 187 

Sources: Final Report Project 1B Chain & Franchise Market Characterization. Prepared 
for Massachusetts Energy Efficiency Program Administrators, June 2011. Prepared by 
KEMA and NMR Group. 

3.2 California 
The California reports reviewed for this study sought to identify factors that influenced NTG for custom 
projects overseen by the four major investor-owned utilities (IOUs): Pacific Gas and Electric (PG&E), 
Southern California Edison (SCE), San Diego Gas and Electric (SDG&E), and Southern California Gas (SCG). 
Although information on spillover is often gathered, NTGs in these reports were calculated using only free-
ridership; thus, NTG values may be lower than in Massachusetts and other studies that include spillover 
effects. 

3.2.1 Custom 2010-2012 
The 2010-2012 California Custom NTG report used a combination of program files, 1,388 decision-maker 
telephone surveys, vendor surveys, and program staff interviews to gather free-ridership and spillover 
information in order to calculate NTG. The report also cites findings from the 2006-2008 Retro Commission 
Impact Evaluation.  

The following excerpt from the report provides a description of the analytical approach: “The intent was to 
look at a deeper level, beyond the numerical responses used in the NTGR algorithm, into the complete set of 
factors that may have influenced the project decision making. Factors were selected for this analysis if they 
were scored highly (8, 9, or 10) during the NTG interview. Note that the scoring for these factors does not 
influence the overall NTGR on a given project, except indirectly.” Based on this description, it appears that 
this study undertook a more in-depth analysis of NTG drivers than other reports reviewed. However, while 



 

DNV GL – www.dnvgl.com                                                                      April 07, 2017   Page 25
 

the analytical approach is not described in detail, our understanding is that the analysis does not appear to 
account for the inter-correlation of NTG factors.  

Factors identified as contributing to high average NTG values for retro commissioning projects include the 
following: 

 Selection of projects at an early stage in the project development cycle. These projects are more 
likely to be substantially influenced by the program than projects already in the advanced stages of 
design and implementation. 

 Perceived uncertainty and risk associated with recommissioning projects. Costly projects raise the 
risk that the project will not pay for itself through potential savings. Programs reduce the risk 
associated with these projects. 

 Constraints due to funding cutbacks, staffing shortages, and reductions in maintenance budgets, 
particularly in public institutions and private sectors such as office buildings and the hospitality 
industry. 

Factors identified as contributing to low average NTG values for retro commissioning projects include the 
following: 

 Measure installed to replace failing equipment. 
 Projects installed for non-energy reasons, such as improvement of workplace quality and automation 

of existing manual processes (to control and manage building systems such as HVAC, lighting, 
security, and building access). 

 Projects installed to meet environmental standards such as pollution reduction. The participant was 
required to complete the project regardless of the program. 

 Measures had become standard practice for the organization. For example, firms that already 
installed the measure in other locations where programs were not offered would install the measure 
and claim rebates in locations where programs are offered. 

 Installations in a market segment considered to be proactive on energy efficiency. 

Market segments and measure categories that exhibited high free-ridership include the following: 

 Water-wastewater sector, including measures such as aerators, controls, and variable frequency 
drives. 

 Agricultural sector, including the Agriculture and Forestry and Water Supply Irrigation categories. 

3.2.2 Industrial, Agricultural, and Large Commercial Custom 
The 2013 Custom Impact Evaluation of Industrial, Agricultural, and Large Commercial Projects highlights 
similar key factors as drivers of NTG for California IOU energy efficiency programs. This report presents 
findings from 146 telephone surveys used to estimate NTG values. The approach used to analyze NTG 
factors was similar to the approach from the 2010-2012 California Custom NTG report described in the 
previous section. The factors that influence NTG are also similar to those identified in the 2010-2012 
California Custom NTG report. Factors that contribute to higher NTG values include the following: 

 Timing of decision relative to discussions with program staff. Projects that were conceived only after 
the organization had discussions with program staff yielded higher NTGs. 

 First-time installation of a measure by the organization, in comparison to measures that have been 
previously installed in other locations, especially in areas where rebates were not offered. 

 Energy efficiency is the sole or primary motivation. 
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 Program incentive is a high percentage of the project cost (>25%).11 

Factors that contribute to lower NTG values include the following: 

 Strong presence of corporate environmental policies. 
 Projects that have already been incorporated into the capital and/or operating budget. 
 Measure automates existing manual processes (i.e., energy efficiency is a secondary benefit). 
 Measure is associated with industry standard practice or environmental compliance. 

Overall, the factors contributing to higher NTG were found to outweigh those contributing to lower NTG.  

3.2.3 Downstream Lighting 
The California Nonresidential Downstream Lighting Impact Evaluation Report verified and validated the net 
and gross savings for 42 downstream lighting measure categories. Therefore, the results are more focused 
on NTG and correlation with program type than on specific NTG drivers. The study estimated NTG based on 
2,443 telephone surveys (Table 3-4). Findings include the following:  

 Of the five gross program groups—Custom, Deemed, Direct-Install,12 Local Government Partnership, 
and Third Party—Custom programs (50%) tend to have lower NTGs, whereas Direct-Install 
programs tend to have higher NTGs (68%). 

 Larger projects (250 MWH or more) have lower NTGs (51%) than small and medium projects (55%). 

Table 3-4: California Net-to-Gross Ratios for the Downstream Lighting Impact Evaluation 

Gross Program Group NTG 

Custom 50% 

Direct Install 68% 

Deemed 60% 

Third Party 60% 

Local Government Partner 62% 

Statewide Total  NTG 

Deemed 53% 

Sm/Med Calculated 55% 

Large Calculated 51% 

All Calculated 53% 

Statewide Average 61% 
 

Sources: Nonresidential Downstream Lighting Impact Evaluation Report. Prepared for 
California Public Utilities Commission, September 2014. Prepared by Itron. 

 

                                               
11 The report did not specify any sources for determining what is considered a high percentage and therefore the 25% 

threshold may not be a common definition. 
12 Deemed incentives provide rebates for the installation of new energy-efficient measures identified through energy 

audits, whereas direct-install programs target small businesses by offering energy efficiency hardware retrofits through 
contractors. This program aims to overcome barriers of limited capital, lack of expertise and understanding of program 
offerings often associated with small businesses. (Fact Sheet Statewide Commercial Program (2013-2014) 
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DNV GL – www.dnvgl.com                                                                      April 07, 2017   Page 28
 

The NTG values for the high-impact measure groups are shown in Figure 3-7. The high-impact measure NTG 
factors weighted by kWh savings range from 53% to 65% at the statewide level, with the high intensity 
discharge (HID) lighting being the lowest and delamping the highest. 

 

Figure 3-7: California Net-to-Gross Ratios for High Impact Lighting Measures 

 
 

1 Sample sizes are provided in parentheses. 
 
Sources: Nonresidential Downstream Lighting Impact Evaluation Report. Prepared for California Public Utilities 
Commission, September 2014. Prepared by Itron. 

 

3.3 Connecticut 
The Connecticut free-ridership and spillover study was conducted in 2011 to assess the free-ridership and 
spillover for Connecticut electric and natural gas programs. Self-report telephone surveys gathered data to 
calculate NTGs using a similar approach to the Massachusetts standardized methodology that estimated 
free-ridership, participant-like spillover, and non-participant spillover. The study included surveys with 641 
electric and 39 natural gas participants and with 49 design professionals and vendors who were deemed 
influential in the decision-making process to estimate free-ridership and participant-like spillover. In addition, 
46 design professionals and vendors who had recommended, sold, or installed equipment were surveyed 
regarding nonparticipant-like spillover. 

Figure 3-8 shows NTG results for the C&I electric and natural gas programs in Connecticut. Gas programs 
have a lower overall NTG rate (89%) than electric programs (94%). Evaluators in the study note that it is 
typical for gas programs to have higher free-ridership rates (27% for gas vs. 10% for electric). However, 
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spillover is slightly higher for the gas programs, driven by the HVAC measures in the Energy Opportunities 
program.13 

For electric programs, refrigeration and other measures have the highest NTG values (104% and 99%, 
respectively), while the custom and cooling measures have the lowest NTG values at 86% and 84%, 
respectively. HVAC is the only gas measure with a sample size larger than 10 and has a NTG of 87%, just 
below the statewide figure of 89%. 

 

Figure 3-8: Connecticut Net-to-Gross Ratios for C&I Electric and Natural Gas Programs 

 

 

1 Figure includes NTGs with a sample size of at least 10 survey responses. See 0,   

                                               
13 The Energy Opportunities Program offers technical assistance, financial incentives, and/or low-interest financing for the 

replacement or modification of functioning electric- and gas-operated equipment with energy-efficient upgrades.  
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Table A-8 for information on free-ridership, spillover, and sample sizes. 
 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 

Connecticut Energy Efficiency Fund, October 2012. Prepared by Tetra Tech.  
 

3.4 Wisconsin 
The Focus on Energy Annual Evaluation reports were reviewed for 2012, 2013, 2014, and 2015. These 
evaluation reports provide NTG values that are consistently calculated across eight nonresidential programs 
using free-ridership and spillover, as shown in Figure 3-8. Descriptions of the programs can be found in 0, 
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Supplemental tables.  

For the years 2012, 2013, and 2014, evaluators used a combination of self-reported surveys and standard 
market practice approaches to estimate free-ridership and self-report surveys to estimate spillover. The 
2015 data were not sufficient for evaluators to conduct standard market practice analysis; therefore, free-
ridership estimates are determined from self-reported data. Because the evaluators did not provide 
sufficient data to support the calculation of statistical significance, we are unable to determine whether or 
not the differences in NTG values are statistically significant. However, it is likely that small changes in NTG 
values are not statistically significant. 

The findings include the following: 

 Business Incentive Program 

o The NTG estimates of 64% to 86% are higher than for most other Wisconsin programs. The 
number of participant surveys varies each year, with 74 in 2012, 198 in 2013, and 104 in 2015. 

o The Wisconsin evaluation team determined that free-ridership for the three largest projects in 
the survey sample increased significantly between 2012 and 2013, primarily because one 
participant in 2013 was a partial free-rider.  

o Program spillover was higher in 2013 (18%) than in 2012 (7%). The increase was driven by a 
carryover project participant who reported installing many VFDs at multiple locations following 
participation in the program. 

o Overall, average free-ridership dropped slightly from 45% in 2013 to 42% in 2014 due to 
changes in the measure mix, with the largest contribution due to the increase in LEDs in the 
program’s commercial lighting portfolio.  

o The 2015 NTG decreased to 64% due to a near-zero spillover rate, down from an 18% spillover 
rate in 2014.  

 Chain Stores and Franchises Program 

o The program’s net-to-gross ratio declined from 82% in 2012 to 52% in 2013 due to an increase 
in reported free-ridership from some of the largest participants in 2013. 

o The 2015 NTG increased to 77% due to changes in free-ridership estimation—self-reported free-
ridership fell from 51% in 2013 to 23% in 2015. 

 Large Energy Users Program 

o The NTG estimates (74% to 94%) are on the high end of the range of net-to-gross findings 
observed in other Wisconsin nonresidential programs. Implementers noted changes in staff 
efforts to screen out free-riders, thereby lowering free-ridership rates. 

o The program’s net-to-gross ratio declined from 94% in 2012 to 74% in 2013. The evaluation 
team determined that free-ridership increased largely because of the increase in reported free-
ridership from some of the largest participants in 2013. 

o The 2015 NTG increased slightly to 82% due to changes in free-ridership estimation—self-
reported free-ridership decreased from 27% in 2013 to 18% in 2015.  

 Small Business Program 

o The NTG increased slightly from 71% in 2013 to 74% in 2014 due to changes in the measure 
mix.   
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o The 2015 NTG increased to 88% due to changes in free-ridership estimation—self-reported free-
ridership decreased slightly from 15% in 2013 to 13% in 2015.  

 Retrocommissioning Program 

o The high NTG for this program (98%) is likely related to the Express Building Tune-Up option 
that offers quicker, yet smaller, savings solutions that are more affordable than the core path. 
Almost one-half of the project completions came from the Express Building Tune-Up path.  

 Design Assistance Program 

o At 56% and 57%, respectively, the 2013 and 2014 NTGs are on the low end, although the 2013 
results were based on just two projects. Note, however, that spillover was not included in Design 
Assistance estimates.  

o In 2015, NTG jumps to 68% because the 2015 free-ridership estimate included an additional 
“influence” component that was not included in 2013 and 2014. 

 Renewable Energy Competitive Incentive Program 

o NTG is the highest out of all the programs at 104% due to 0% free-ridership, though NTG 
declined to 100% in 2015 due to a smaller spillover rate. 
 

Figure 3-9: Wisconsin Net-to-Gross Ratios from 2012, 2013, 2014, and 2015 reports 

 

 

1 ASG Program stands for the Agriculture, School and Government Program. 
 
2 Sample sizes were inconsistently reported. Results from 2013 are reported for 2014 Retrocommissioning and 

Renewable Energy Competitive Incentive Programs. See 0,   
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Table A-9 for information on free-ridership and spillover.  

3.5 Maine 
The Commercial Projects Grant and Large Projects Grant programs were matching grant programs for 
energy efficiency and renewable energy programs offered by Efficiency Maine between January and July of 
2010. The NTG values in these reports were calculated using only free-ridership. Of the 61 Commercial 
projects reported, 30 projects were used to verify free-ridership through a self-reported survey. The NTG for 
annual site energy savings is 62% and for lifetime site energy savings is 61% for the Commercial Grant 
Program.  

NTGs were reported by project strata that accounted for different projects:  

 Very Large projects include HVAC and controls.  
 Other Large projects include shell measures and HVAC upgrades.  
 Renewable Electric projects include vegetable oil cogeneration, solar PV, and process solar thermal.  
 Nonrenewable Electric projects include lighting, HVAC, and controls. 
 Renewable Non-Electric projects include solar thermal measures.  
 Non-Renewable Non-Electric projects include shell measures and HVAC upgrades.  

Figure 3-10 shows the stratum-level NTG results for the Commercial Projects Program. Very large projects 
have the lowest NTG of 43%; however, this is mainly due to their small sample size, with one project that 
was advanced in its planning and implementation stage by the time the program became available. 
Renewable energy projects have the highest NTG, ranging from 87% to 93%.  

 

Figure 3-10: Maine Net-to-Gross Ratios for Commercial Projects Grant Programs 

 

1 Available sample sizes are provided in parentheses. Sample size is not available for the Other Very Small 
Projects program. 

Sources: Impact Evaluation of the Efficiency Maine Trust 2010-2011 Commercial Projects Grant Program: Funded 
by the American Recovery and Reinvestment Act of 2009. Prepared for Efficiency Maine Trust, January 2012. 
Prepared by Navigant Consulting. 
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The Large Projects Program reported 30 projects, of which 27 were used to verify free-ridership through a 
self-reported survey. Compared with the Commercial Projects Program, the Large Projects Program had a 
higher NTG of 67% for annual site and lifetime site energy savings. 

NTG values were reported in four stratums by size of greenhouse gas savings (small or large site) and the 
presence of ISO-NE peak demand savings (with or without ISO-NE savings):  

 Large sites without ISO-NE Savings included biomass boilers and process heat recovery projects. 
 Large sites with ISO-NE Savings included combined heat and power, paper process, and drive 

projects. 
 Small sites without ISO-NE Savings included heat recovery, HVAC, and other projects. 
 Small sites with ISO-NE Savings included drives, lights, HVAC, and process projects.  

Figure 3-11 shows the stratum level NTG results for the Large Projects Program where small sites tend to 
have higher NTG than larger sites. Large sites with ISO-NE Savings reported the lowest NTG of 64%, 
whereas small sites with ISO-NE Savings reported the highest NTG of 80%. Evaluators did not comment on 
the impact of ISO-NE savings on NTG. 

Figure 3-11: Maine Net-to-Gross Ratios for Large Projects Grant Programs 

 

1 Sample sizes are provided in parentheses. 
 
Sources: Impact Evaluation of the Efficiency Maine Trust 2010-2011 Large Projects Grant Program: 

Funded by the American Recovery and Reinvestment Act of 2009. Prepared for Efficiency Maine Trust, 
April 2012. Prepared by Navigant Consulting. 

Overall, evaluators from both programs concluded that NTG, particularly high free-ridership, was influenced 
by the following factors: 

 Large projects were in advanced stages of planning before program enrollment. 
 The short duration of the program further favored projects in advanced planning stages. 
 Programs that did not emphasize funding projects quickly would see higher NTGs.   
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3.6 Oregon 
The Energy Trust of Oregon fields regular telephone surveys with participating customers to assess 
satisfaction, customer decision making, and areas for program improvement. A total of 356, 379, and 438 
respondents completed surveys for the commercial and industrial sectors in 2011, 2012, and 2013, 
respectively. The 2011 and 2012 reports focused more on customer satisfaction, whereas the 2013 report 
provided more insight into the drivers of free-ridership for electric and gas programs.  

The NTG values in Figure 3-12 were calculated using only free-ridership; therefore, NTG estimates may tend 
to be lower than those in MA, which include spillover. With the exception of the Existing Buildings Program in 
2011 and 2013, NTGs for electric programs are higher than for similar gas programs, although results may 
not be statistically different. Evaluators reported the Existing Buildings Program experienced an increase in 
electric free-ridership in 2013 driven by two large projects that were free-riders. The gas Existing Multifamily 
Program exhibits the lowest NTG among all programs. 

Figure 3-12: Oregon Net-to-Gross Ratios from 2011, 2012, and 2013 reports 

 

 

1 Natural gas NTG for 2013 Existing Multifamily and Production Efficiency programs were calculated using 2011, 2012, 
and 2013 data due to small sample size. See 0,   
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Table A-10 for information on free-ridership, spillover, and sample size. 
 
Sources: Fast Feedback Results 2011 Report. Prepared for Energy Trust of Oregon, April 2012. Prepared by Sarah 

Castor.   
Fast Feedback Results 2012 Report. Prepared for Energy Trust of Oregon, April 2013. Prepared by Gilmore Research 

Group.   
Fast Feedback Results 2013 Report. Prepared for Energy Trust of Oregon, May 2014. Prepared by Bruins Consulting & 

Analysis.   

3.7 New York 
The New York State Energy Research and Development Authority (NYSERDA) 2009-2010 Industrial and 
Process Efficiency Program Impact Report presents estimates for free-ridership and spillover. Free-ridership 
was estimated using 35 vendor surveys and 33 decision-maker surveys. Spillover values are derived from 
previous studies of similar NYSERDA programs. The NTG for electric program projects is estimated to be 
104%. One possible limiting factor for spillover may be the transferability of technology—evaluators 
hypothesize that there may be only a small opportunity for spillover for large unique projects that do not 
lend themselves to technology transfer.14  

The Commercial and Industrial Existing Facilities Nonparticipant Spillover and Market Effects Study is an 
evaluation of nonparticipant spillover using enhanced self-report surveys. In addition, market effects were 
evaluated using a cross-state study. Evaluators conducted surveys with 570 end-users, 225 contractors, 121 
comparison state end-users, and 72 comparison state contractors. The study supports a nonparticipant 
spillover rate of 25%. The findings suggest that contractors are influenced by NYSERDA programs to 
recommend higher efficiency levels to nonparticipating end-users. This results in more efficient equipment 
being installed in remodeled facilities, increasing non-participant spillover effects. The study also finds a 
strong indication that policies aimed at large chains and franchises may be driving market effects for 
efficient lighting.  

Another speculated driver of non-participant spillover is the duration and focus of the programs. For 
example, the Agricultural Disaster Program aimed to help agricultural producers whose equipment was 
damaged in two major hurricanes. The program, offered from October 2011 through April 2012, offered 
financial assistance to replace damaged equipment with energy-efficient systems. The evaluators 
hypothesized that the programs were unlikely to produce non-participant spillover due to their targeted 
nature and short duration.  

 

                                               
14 The evaluators define unique projects as projects without legislated code or standard that specifies minimum efficiency, 

and without known prior research on common practice.   
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4 SURVEY RE-ANALYSIS RESULTS 
In this section, we present the specification of and results from the models designed to identify the drivers 
of NTG in Massachusetts. The models use survey data from the most recent Cross-cutting free-ridership and 
spillover studies, as described in Section 2.2.2.  

First, we analyze the drivers of free-ridership and spillover for the electricity sector. This is followed by an 
analysis of free-ridership for the natural gas sector. The free-ridership and spillover surveys are analyzed 
separately because of the differences in how data was gathered for the electric and gas samples. In 
particular, the gas study used different samples of gas customers to estimate free-ridership and spillover in 
order to allow for additional time for spillover to occur. Therefore, we were unable to link spillover rates to 
the same customers with calculated free-ridership rates in order to calculate total NTG ratios. Free-ridership 
rates also tend to comprise the majority of the NTG ratio, whereas a majority of the sample exhibited near-
zero spillover effects.  

4.1 Electric Model Specification and Estimation 
The team applied a generalized linear model (GLM) with a logit link approach to identify the factors that 
influence the free-ridership ratios. Our dependent variable is the free-ridership ratio, which ranges between 
0 and 1. The GLM accounts for the bounded dependent variable and will not generate predicted values below 
0 or above 1. GLM allows us to assume that the dependent variable has a binomial distribution and that it 
has a nonlinear relationship with the predictor variables. In other words, the mean of the dependent variable 
is a nonlinear function of the predictors. As a result, GLM is more flexible in the assumptions, does not 
require a normally distributed dependent variable, or constant variance (homoscedasticity). 

We also plotted and tested for normally distributed errors and confirmed that the dependent variable did not 
meet the assumption of normality. While normality is not required for linear regressions (e.g., ordinary least 
squares [OLS]) to be an unbiased estimator, it is necessary for testing whether coefficients are significantly 
different from zero and calculating robust confidence intervals, otherwise the t-tests used to determine 
variable significance may be invalid.  

The interpretation of GLM results is more complex than OLS, because the marginal effect for each covariate 
must be calculated at specific values due to the nonlinear nature of the model. Alternatively, we estimate 
the average marginal effect, which is the average partial effect over all observations. We used OLS, Tobit, 
Poisson, and logit models as alternative regression approaches to support the GLM results. APPENDIX B, 
Model Specification, provides a discussion of each approach with the GLM method and reports the results. 
The alternative model results support the GLM estimates with similar significance, signs, and magnitudes. 

The team also analyzed the effects on free-ridership by program type and energy use in APPENDIX B (see  

Free-ridership Model Results by Program Type and Energy Use). While we originally intended to supplement 
the overall results with program- and energy use-specific findings, the models provided conflicting results. A 
common approach used to determine group-specific estimates is to use interactions in a single model. Each 
explanatory variable is interacted with the program type to obtain program-specific effects. However, this 
method works best with just a few groups and explanatory variables because introducing a large number of 
predictors will over-fit the model and result in misleading estimates and p-values. Therefore, we split the 
sample to model separate regressions for each program. However, our results sometimes have conflicting 
signs. For example, the corporate energy efficiency policy coefficient is positive for Small Business programs 
and negative for Retrofit programs. This occurs because running individual regressions by program type can 
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result in conflicting estimates due to correlation of the variables and decreased sample sizes. While we can 
use the results to infer individual effects specific to the program sample, they should not be used to 
compare across models.  

To model the drivers of spillover, the team applied a zero-inflated Poisson model. Originally, Tobit and logit 
models were considered for modeling spillover. However, the spillover variable consists of only 38 positive 
values out of 648 cases. As a result, a logit model will suffer from small sample bias. On the other hand, the 
Tobit model requires the dependent variable to be normally distributed, which is not the case. As a result, 
the standard errors may be unreliable and estimated values may fall below the lower bound of zero. The 
logit and Tobit models are presented in APPENDIX B,   
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Alternative Model Results for comparison. A zero-inflated Poisson model is more appropriate for modeling 
dependent variables with a large number of zeroes by modeling the data in two parts: 1) the binary aspect 
of the zero and non-zero values and 2) the Poisson aspect of the positive continuous values (see APPENDIX 
B, Model Specification, for more information).  

4.1.1 Summary Statistics 
The survey sample included customers of all Massachusetts electric PAs, including Cape Light Compact, 
National Grid, Eversource (then NSTAR), Unitil, and WMECo. Table 4-1 shows summary statistics of key 
model variables for those customer accounts included in the main regressions. The unweighted average NTG 
ratio is 0.90, with an average free-ridership rate of 0.17 and an average spillover rate of 0.08.  

Because of inconsistent cost data, we were able to model only the incentive amount rather than a ratio of 
incentive amount to measure or project cost, which would more accurately depict the cost factors that 
inform a decision to implement a given measure. Of the original sample of 1,407 records, 648 were used in 
the regression analysis. Some observations were marked as missing if the survey respondent indicated “I 
don’t know” or the survey was programmed to skip a particular question, so they were dropped from the 
analysis. The variables in the table only include observations if the respondent was able to answer “yes” or 
“no” to the survey question. In addition, the annual kWh usage data appended from the customer profile 
dataset were not able to be matched for all customers. Lastly, observations showing evidence of reporting 
error were dropped. For example, if the survey data indicated a positive measure quantity but reported zero 
for the incentive amount, the participant was dropped if the measure description indicated the participant 
should have received an incentive.  
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Table 4-1: Electric Model Summary Statistics (n=648) 

Variable Type Mean Std. Dev Median Min Max 

NTG  C 0.90 0.59 1 0 11 

Free-ridership Rate C 0.17 0.28 0 0 1 
Spillover Rate C 0.08 0.50 0 0 10 
Program incentives ($) C 27,485.5 79,525.2 6,865.0 42 1,222,500 
Per-unit measure savings 
(MWh) C 3,055.6 3,155.4 1527.4 8 1,533,030 

Employment rate in 2013 (%) C 93.4 2.0 93.9 86.5 96.2 
Use of Program interest-free 
financing B 0.31 0.46 0 0 1 

Presence of corporate energy 
efficiency policy B 0.38 0.49 0 0 1 

Use of Non-program technical 
or financial assistance B 0.25 0.43 0 0 1 

Dedicated account 
representative B 0.47 0.50 0 0 1 

Company funds allocated before 
program information was 
received  

B 0.08 0.27 0 0 1 

Motivation: old equipment 
failure B 0.04 0.20 0 0 1 

Motivation: old equipment 
worked poorly B 0.07 0.25 0 0 1 

Motivation: scheduled 
replacement B 0.10 0.30 0 0 1 

Motivation: reducing 
maintenance cost B 0.19 0.39 0 0 1 

Motivation: energy efficiency B 0.05 0.23 0 0 1 

Annual usage less than 100,000 
kWh B 0.48 0.50 0 0 1 

Annual usage between 100,000 
and 999,999 kWh B 0.22 0.42 0 0 1 

Annual usage 1,000,000 kwh 
and above B 0.29 0.46 0 0 1 
 

1 C= continuous, B = binary 
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Table 4-2 presents the unweighted average free-ridership, spillover, and NTG ratios for each program type. 
At 0.37, the New Construction program has the highest average free-ridership rate. There are statistically 
significant differences between all program-specific free-ridership rates. However, spillover is not statistically 
different across program groups.  

Table 4-2: Unweighted Electric Free-ridership, Spillover, and NTG Ratios by Program Type for 
Modeled Sample 

Variable N 
Free-ridership Spillover NTG 

Avg. Std. 
Dev. Avg. Std. 

Dev. Avg. Std. 
Dev. 

New Construction Program 137 0.37 0.37 0.07 0.33 0.70 0.51 

Retrofit Program 276 0.15 0.24 0.07 0.36 0.92 0.44 

Small Business Program 235 0.08 0.20 0.09 0.70 1.00 0.73 
 

1 Two-sample t tests indicate statistically significant differences between program-specific free-ridership ratios (p≤0.001). 

The account representative variable had a large number of missing responses due to the respondent not 
knowing the answer to the survey question. A missing indicator is included for participants who reported 
“don’t know” when asked if they have an account representative. This method is used to avoid dropping 
observations by recoding the response from a “don’t know” to a “no” rather than a missing. The missing 
account representative variable is then coded as a 1 for respondents who responded with “don’t know” and a 
0 for other. In the regression sample, 51 respondents replied with “don’t know.”15  

To check for patterns or relationships in the data, we plotted the free-ridership rate against the three 
continuous variables in Figure 4-1: incentives, per-unit measure savings, and employment rate. We fitted a 
line to illustrate the direction of the relationship. However, it is evident that the plots do not show a 
discernible direction or pattern in the relationship and are highly influenced by outliers. The limited array of 
continuous predictor variables may contribute to the issue. 

                                               
15 The possibility of bias occurs with this method when the response (such as “refuse to answer”) is potentially linked to 

an unobserved characteristic (such as socioeconomic status) and is treated as a “no” response. Because the survey 
offers the options to select “don’t know” and “refuse to answer”, we believe that the “don’t know” variable represents 
the fact that the respondent genuinely does not know the answer. “Refuse to answer” responses are coded as missing 
values.  
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Figure 4-1: Free-ridership Rate Versus Continuous Explanatory Variables 

 
(a) Free-ridership vs. natural log of incentive 

 
(b) Free-ridership vs. per unit measure savings 

(MWh)  

 
(c) Free-ridership vs. employment rate 

 

 

4.1.2 Specification 
The regression form used is as follows: 

	 ln 	 	 	 	  	 _  

, , , 	 ,  

Where: 

 = Net-to-gross component that we run separately for the free-ridership rate for 
participant i and spillover rate for participant i; 

ln  = Natural log of total incentive dollars received for the measure by participant i; 
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 = Dummy variable indicates whether participant i participated in program interest-free 
financing; 

 = Dummy variable indicates whether participant i has a corporate energy efficiency 
policy; 

 = Per-unit measure savings is the savings for participant i; 

 = Dummy variable indicates whether participant i participated in non-program 
technical or financial assistance; 

 = Dummy variable indicates whether participant i has a dedicated account 
representative; 

_  = Dummy variable that indicates whether observation for dedicated account 
representative is missing for participant i; 

 = Dummy variable indicates whether participant i had company funds allocated before 
program information was received; 

 = Employment rate in 2013 as the number of employees divided by the number of 
people in the labor force for customer i's town; 

 = Dummy variables indicate the motivations for measure implementation for 
participant i; 

,  = Dummy variables indicate whether participant i is a participant in the New 
Construction, Retrofit, or Small Business (baseline) program;  

,  = Dummy variables indicate whether participant i’s annual usage is below 100,000 
kWh (baseline), between 100,000-999,999 kWh; or 1,000,000 kWh and above; 

,  = Dummy variables indicate whether participant i belongs to one of 25 different two-
digit NAICS codes. 

 

4.1.3 Electric Modeling Results 
This section discusses the results of the model estimation separately for free-ridership and spillover. 

4.1.3.1 Free-ridership 
Table 4-3 shows the results from four GLM model specifications with Model 2 as the preferred model. The 
dependent variable in each model is the free-ridership rate. The first model includes all electric survey 
respondents and shows the results in which the free-ridership rate is modeled as a function of program 
incentive, employment rate, per-unit measure savings, and other survey factors affecting free-ridership.  

In Model 1, the company funds allocated before program information variable was found to be a significant 
factor in determining free-ridership. Participants who allocated funds before they learned about the program 
would have a free-ridership rate that is +0.11 higher than a participant who did not pre-allocate funds. 
Participants in the New Construction and Retrofit programs, on average, have a higher free-ridership rate 
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(+0.18 and +0.08, respectively) than participants in the Small Business programs; in fact, as Table 4-2 
shows, New Construction programs have the highest free-ridership ratios of all the programs. Other 
significant variables include a dedicated account representative (-0.07) and having participated in interest-
free financing (-0.05). Other factors, including employment rate, per-unit measure savings, having a 
corporate energy efficiency policy, and non-program technical or financial assistance, are not statistically 
significant at a 90% confidence level.  

Model 2 includes motivating factors for measure implementation. Participants with energy efficiency and 
reducing maintenance costs as their motivating factors, on average, have a lower free-ridership by -0.13 
and -0.06, respectively. The coefficients of motivating factors are jointly significant at the 99% confidence 
level (Chi2 (5) = 21.31, p=0.0007). Old equipment failure as a motivating factor increases free-ridership by 
+0.10, whereas poor working condition and scheduled replacement were not significant. Initial models also 
included motivating factors such as reducing energy bills and saving energy, but these variables are not 
shown here because they were insignificant and increased the Akaike Information Criterion (AIC), indicating 
a worse model fit.16 

Model 3 removes the employment rate variable due to its possible correlation with other unobserved 
variables. Again, we find the results of the other predictors in the model to be consistent. However, the AIC 
is now higher than the previous models with the employment rate (488.21 compared to 483.30), indicating 
a worse-fitting model. 

Dedicated account representatives tend to be assigned to larger companies and are positively correlated 
with annual energy usage. Model 4 removes the dedicated representative variable because usage is already 
controlled for and we find that the large annual usage indicator and the incentive variables become 
significant. This suggests effects were due to companies having an account representative rather than 
simply being large users of electricity. Moreover, the AIC is only slightly smaller than that of Model 2 
(483.21 compared to 483.30), suggesting that removing the dedicated account representative variables 
does not bring about a significant improvement in model fit.17  

 

                                               
16 The AIC measures the relative quality of the models. A lower AIC suggests a better-fitting model in 

comparison. However, size of the AIC alone does not provide information on the overall quality of the 
model.  

17 Other factors such as theory, interpretation, and practicality of significant effects are taken into 
consideration in model selection when AIC values are very close.   



 

DNV GL – www.dnvgl.com                                                                      April 07, 2017   Page 45
 

Table 4-3: Electric Free-rider GLM Results 

Variable Model 1 Model 2 
(Preferred) Model 3 Model 4 

Incentive -0.010 
(0.01) 

-0.011 
(0.01) 

-0.011 
(0.01) 

-0.014** 
(0.01) 

Per-unit measure 
savings (MWh) 

-3.42E-6 
(0.00) 

-1.95E-6 
(0.00) 

-2.20E-6 
(0.00) 

-1.65E-6 
(0.00) 

Percent employed in 
2013 

0.001 
(0.00) 

0.003 
(0.00)  0.001 

(0.00) 
Program interest-
free financing 

-0.053* 
(0.03) 

-0.055* 
(0.03) 

-0.056* 
(0.03) 

-0.057** 
(0.03) 

Presence of 
corporate energy 
efficiency policy 

-0.022 
(0.02) 

-0.013 
(0.02) 

-0.020 
(0.02) 

-0.022 
(0.02) 

Non-program 
technical or financial 
assistance 

-0.029 
(0.02) 

-0.019 
(0.02) 

-0.013 
(0.02) 

-0.023 
(0.02) 

Dedicated account 
representative 

-0.068** 
(0.03) 

-0.069** 
(0.03) 

-0.069** 
(0.03) -- 

Dedicated account 
representative 
missing indicator 

0.031 
(0.04) 

0.013 
(0.04) 

0.012 
(0.04) -- 

Company funds 
allocated before 
program information 
was received  

0.110*** 
(0.02) 

0.111*** 
(0.02) 

0.117*** 
(0.02) 

0.113*** 
(0.02) 

Motivation: old 
equipment failure -- 0.101** 

(0.04) 
0.104** 
(0.05) 

0.122*** 
(0.04) 

Motivation: old 
equipment worked 
poorly 

-- 0.023 
(0.03) 

0.026 
(0.03) 

0.026 
(0.03) 

Motivation: 
scheduled 
replacement 

-- 0.043 
(0.03) 

0.041 
(0.03) 

0.041 
(0.03) 

Motivation: reducing 
maintenance cost -- -0.062** 

(0.03) 
-0.070** 

(0.03) 
-0.060** 

(0.03) 

Motivation: efficiency -- -0.134*** 
(0.04) 

-0.140*** 
(0.04) 

-0.128*** 
(0.04) 

Program: New 
Construction 

0.184*** 
(0.04) 

0.180*** 
(0.04) 

0.184*** 
(0.04) 

0.166*** 
(0.03) 

Program: Retrofit 0.083** 
(0.04) 

0.092*** 
(0.03) 

0.103*** 
(0.04) 

0.069** 
(0.03) 

Annual usage: 
100,000-999,999 
kWh 

-3.95E-44 
(0.03) 

0.007 
(0.03) 

0.008 
(0.03) 

0.008 
(0.03) 

Annual usage: 
1,000,000 kWh and 
above 

-0.051 
(0.03) 

-0.047 
(0.03) 

-0.033 
(0.03) 

-0.074** 
(0.03) 

NAICS dummies Yes Yes Yes Yes 
Number of 
Observations 648 648 650 648 

AIC 483.98 483.30 488.21 483.21 
 

1 In all the models, the dependent variable is the free-ridership ratio. Average marginal effects are presented.  
2 Robust standard errors are in parentheses. *p<0.10, **p<0.05, *** p<0.01 
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4.1.3.2 Spillover 
Next, the team analyzed the drivers of spillover.   
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Table 4-4 presents results for the zero-inflated Poisson models, with Model 5 as the preferred model (
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Alternative Model Results are presented in APPENDIX B). The model suggests that, on average, increasing 
the per-unit measure savings by 1 unit increases spillover by +6.05E-6. Additionally, spillover rates are 
+0.13 higher for participants who report that their motivation was due to poorly working equipment. Energy 
efficiency as the motivation for program implementation does not have an effect on spillover. Other factors 
are not significant at the 90% confidence level. 

Model 6 estimates Model 5 with an additional control for motivation being equipment failure to check 
whether poorly working equipment was capturing the effects of equipment failure. We find a higher AIC 
value (180.72 compared to 173.29), indicating a worse model fit. We observe very slight differences in the 
coefficients and significance levels.  

Models including account representative and employment rate separately to Model 5 (not shown) do not 
result in an improvement in model fit. Employment rate is an indicator for the state of the economy but may 
be correlated with other unobserved factors. Dedicated account representatives are correlated with larger 
energy users, which we control for with the usage indicators. However, neither of these variables has 
significant impacts on spillover. 
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Table 4-4: Electric Spillover Zero-Inflated Poisson Results 

Variable Model 5 
(Preferred) Model 6 

Incentive ($) -0.002 
(0.01) 

-0.001 
(0.01) 

Per-unit measure savings (MWh) 6.05E-6* 
(0.00) 

6.00E-6* 
(0.00) 

Program interest-free financing 0.033 
(0.04) 

0.035 
(0.04) 

Non-program technical or financial 
assistance 

0.032 
(0.03) 

0.034 
(0.03) 

Company funds allocated before 
program information was received  

-0.006 
(0.02) 

-0.002 
(0.03) 

Motivation: old equipment worked 
poorly  

0.132*** 
(0.03) 

0.131*** 
(0.03) 

Motivation: old equipment failure -- -0.965*** 
(0.15) 

Motivation: efficiency 0.033 
(0.07) 

0.035 
(0.07) 

Program: New Construction -0.008 
(0.05) 

-0.010 
(0.05) 

Program: Retrofit  -0.039 
(0.04) 

-0.039 
(0.04) 

Annual usage 100,000-999,999 kWh 0.001 
(0.04) 

0.005 
(0.04) 

Annual usage 1,000,000 kWh and 
above 

0.089* 
(0.05) 

0.092* 
(0.05) 

Inflation variable 9.83E-10*** 
(0.00) 

0.002*** 
(0.15) 

NAICS dummies Yes Yes 

Number of Observations 643 643 

AIC 173.291 180.72 
 

1 In all the models, the dependent variable is the spillover ratio.  
2 Robust standard errors are in parentheses. * p<0.10, **p<0.05, *** p<0.01 

4.2 Natural Gas Model Specification and Estimation 
Similar to the electric survey data, the team applied a GLM with a logit link approach to identify the factors 
that influence the gas free-ridership ratio. The team employed various approaches to assess the robustness 
of the models and therefore improve our confidence in the results. See APPENDIX B, Model Specification, for 
more information on the methodology. 

The gas NTG survey was conducted in two waves using different samples of participating customers. The 
first wave estimated free-ridership relatively soon after project completion, whereas the second wave 
estimated participant spillover for a different set of respondents after a longer time had passed to allow an 
opportunity for spillover to occur. Therefore, the team focused the natural gas analysis on the drivers of 
free-ridership.  
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4.2.1 Summary Statistics 
Table 4-5 shows summary statistics for the main variables used in the regression analysis. The unweighted 
average free-ridership ratio was 0.23, and the average incentive amount received by each participant was 
$6,363.  

Table 4-5: Gas Model Summary Statistics (n=386) 

Gas Type Mean SD Median Min Max 
Free-ridership ratio C 0.23 0.33 0.06 0 1 
Program incentives ($) C 6,362.8 15,733.5 1,451 5.6 179,631 
Per-unit measure savings 
(therms) C 135,417.7 319,673.4 37486 306 2,149,707 

Percent employed C 93.6 1.6 93.9 87.2 96.1 
Program interest-free financing B 0.10 0.30 0 0 1 
Presence of corporate energy 
efficiency policy B 0.44 0.50 0 0 1 

Non-program technical or 
financial assistance B 0.24 0.43 0 0 1 

Dedicated account representative B 0.39 0.49 0 0 1 
Company funds allocated before 
program information was 
received  

B 0.36 0.48 0 0 1 

Motivation: Old equipment failure B 0.01 0.12 0 0 1 

Motivation: Reduce maintenance 
costs B 0.10 0.30 0 0 1 

Motivation: Incentive from the 
program B 0.20 0.40 0 0 1 

Motivation: Save energy B 0.45 0.50 0 0 1 

Motivation: Efficiency B 0.06 0.23 0 0 1 

Annual usage less than 8,000 
therms B 0.42 0.49 0 0 1 

Annual usage between 8,000 and 
39,999 therms B 0.30 0.46 0 0 1 

Annual usage 40,000 therms and 
above B 0.28 0.45 0 0 1 

 
1 C = continuous, B = binary 
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Table 4-6 compares average unweighted free-ridership rates for the custom and prescriptive programs in 
the regression sample. Prescriptive programs, on average, have a higher free-ridership rate and are 
statistically significantly different than custom programs. 

Table 4-6: Unweighted Gas Free-ridership Rates by Program Type for Modeled Sample 

Variable N 
Free-ridership 

Avg. Std. Dev.
Custom Program 162 0.15 0.22 
Prescriptive Program 224 0.28 0.38 

 

1 A two-sample t test indicates a statistically significant difference between program-specific free-ridership 
ratios (p≤0.01). 
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We analyze the quality of the data with a series of scatterplots in Figure 4-2. We plot the free-ridership ratio 
against incentive amount, per-unit measure savings, and employment rate to check for linearity in the 
relationship. While the fitted red lines suggest a negative relationship, the plots do not show an obvious 
direction in the relationship or a clear pattern in the data (also see APPENDIX B, Table B-1, for bivariate 
correlations).18 The limited array of continuous predictor variables may contribute to the issue. 

Figure 4-2: Free-ridership Versus Continuous Explanatory Variables 

 
(a) Free-ridership vs. natural log of the 

incentive 

 
(b) Free-ridership vs. natural log of per unit 

measure savings 

 
(c) Free-ridership vs. employment rate 

 
 

 

  

                                               
18 A side effect of multicollinearity is that it inflates the standard error of estimated coefficients.  
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4.2.2 Specification 
The regression form used is as follows: 

	 	 ln	 	 	 	 ln	  _  

, , , 	 ,  

Where: 

 = Free-ridership ratio for participant i; 

ln	  = Natural log of total incentive dollars received for the measure by participant i; 

 = Dummy variable that indicates whether participant i participated in program interest-
free financing; 

 = Dummy variable that indicates whether participant i has a corporate energy 
efficiency policy; 

ln	  = Natural log of per-unit measure savings for participant i; 

 = Dummy variable that indicates whether participant i participated in non-program 
technical or financial assistance; 

 = Dummy variable that indicates whether participant i has a dedicated account 
representative; 

_  = Dummy variable that indicates whether observation for dedicated account 
representative is missing for participant i; 

 = Dummy variable that indicates whether participant i had company funds allocated 
before program information was received; 

 = Employment rate in 2013 as the number of employees divided by the number of 
people in the labor force for customer i's town; 

,  = Dummy variable indicates whether participant i is a participant in the Custom or 
Prescriptive (baseline) program;  

,  = Dummy variables indicate the motivations for measure implementation for 
participant i; 

,  = Dummy variables that indicate whether participant i’s annual usage was below 8,000 
therms (baseline), between 8,000-40,000 therms; or 40,000 therms and above; 

,  = Dummy variables that indicate whether participant i belongs to one of 25 different 
two-digit NAICS codes. 
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4.2.3 Natural Gas Modeling Results 

4.2.3.1 Free-ridership 
Table 4-7 shows the results from four GLM model specifications similar to those in the electric analysis, with 
Model 7 as the preferred model specification. The free-ridership rate is the dependent variable. Model 7 
shows the results in which the free-ridership rate is modeled as a function of program incentive, 
employment rate, per-unit measure savings, and other factors affecting free-ridership.  

Participants in the Custom program, on average, have lower free-ridership rates by -0.10 than participants 
in the Prescriptive program. This is consistent with the free-ridership ratios in Table 4-6. Customers 
participating in interest-free financing have lower free-ridership rates by -0.29 than customers who did not 
receive the financing. On the contrary, customers with company funds pre-allocated have higher free-
ridership rates by +0.20. Other factors such as the incentive amount, corporate energy efficiency policy, 
dedicated account representative, and non-program technical or financial assistance are not statistically 
significant at a 90% confidence level.  

Motivation was also a significant factor in determining free-ridership. Participants who stated that the 
program incentive, efficiency, and/or saving energy was their motivating factor for implementing the 
measure, on average, have a lower free-ridership by -0.12, -0.11, and -0.08, respectively. The coefficients 
of motivating factors are jointly significant at the 99% confidence level (Chi2 (5) = 23.29, p=0.0003). Initial 
models that also included motivating factors such as poor working equipment, scheduled replacement, and 
reducing energy bills are not shown here; however, these variables were not significant and led to a worse 
model fit. Model 8 excludes motivating factors for measure implementation, which improves the overall 
model fit. 

Unlike the electric models, the employment rate variable is significant. A one-unit increase in the 
employment rate decreases the free-ridership score by -0.02. However, we expect employment rate to be 
positively correlated with free-ridership as companies may be more likely to invest in energy efficiency in a 
healthy economy without the need for incentives. However, this relationship is complex, and employment 
rate may not entirely capture employer confidence and economic health. 

Model 9 removes the employment rate variable due to its possible correlation with other unobserved 
variables. In Model 7, employment rate has a negative impact on free-ridership, which seems 
counterintuitive. Removing the employment rate variable, we find the results of the other predictors in the 
model to be consistent. However, Model 7 had a better fit (AIC is 353.06 compared to 346.20). Similarly, 
removing the dedicated account representative variables in Model 10 resulted in relatively consistent 
estimates, though it also resulted in a worse model fit. 
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Table 4-7: Gas Free-rider GLM Results 

Variable Model 7 
(Preferred) Model 8 Model 9 Model 10 

Incentive -0.003 
(0.01) 

-0.005 
(0.01) 

-0.003 
(0.01) 

-0.005 
(0.01) 

Per-unit measure savings (therms) 0.018 
(0.01) 

0.018 
(0.01) 

0.019 
(0.01) 

0.016 
(0.01) 

Percent employed in 2013 -0.021** 
(0.01) 

-0.0244** 
(0.01) -- -0.021*** 

(0.01) 

Program interest-free financing -0.285*** 
(0.06) 

-0.274*** 
(0.07) 

-0.215*** 
(0.07) 

-0.258*** 
(0.06) 

Presence of corporate energy 
efficiency policy 

-0.005 
(0.03) 

-0.017 
(0.03) 

0.004 
(0.03) 

-0.015 
(0.03) 

Non-program technical or financial 
assistance 

0.043 
(0.03) 

0.047 
(0.03) 

0.041 
(0.03) 

0.026 
(0.03) 

Dedicated account representative -0.064 
(0.05) 

-0.071 
(0.04) 

-0.078 
(0.055) -- 

Dedicated account representative 
missing indicator 

0.108*** 
(0.05) 

0.083* 
(0.05) 

0.090* 
(0.05) -- 

Company funds allocated before 
program information was received  

0.199*** 
(0.03) 

0.208*** 
(0.03) 

0.195*** 
(0.03) 

0.190*** 
(0.03) 

Motivation: Old equipment failure 0.157 
(0.15) -- 0.185 

(0.14) 
0.173 
(0.16) 

Motivation: Reduce maintenance 
costs 

0.067 
(0.04)  -- 0.065 

(0.05) 
0.063** 
(0.04) 

Motivation: Incentive from the 
program 

-0.122*** 
(0.04) -- -0.108*** 

(0.04) 
-0.093*** 

(0.04) 

Motivation: Save energy -0.081** 
(0.03) -- -0.074** 

(0.03) 
-0.073** 

(0.03) 

Motivation: Efficiency -0.105* 
(0.06) -- -0.122** 

(0.06) 
-0.085 
(0.06) 

Program: Custom -0.100*** 
(0.04) 

-0.108** 
(0.05) 

-0.111*** 
(0.05) 

-0.129*** 
(0.04) 

Annual usage 8,000-40,000 therms -0.078*** 
(0.05) 

-0.087** 
(0.04) 

-0.102*** 
(0.04) 

-0.091** 
(0.04) 

Annual usage more than 40,000 
therms 

-0.056 
(0.04) 

-0.067 
(0.05) 

-0.066 
(0.05) 

-0.094** 
(0.05) 

NAICS dummies Yes Yes Yes Yes 

Number of Observations 386 386 390 418 

AIC 346.20 346.68 353.06 360.24 
 

1 In all the models, the dependent variable is the free-ridership ratio. Average marginal effects are presented.  
2 Robust standard errors are in parentheses. * p<0.10, **p<0.05, *** p<0.01 



 

DNV GL – www.dnvgl.com                                                                      April 07, 2017   Page 56
 

5  CONCLUSIONS AND CONSIDERATIONS 
This section presents conclusions and considerations that resulted from this study. 

5.1 Conclusions 
The findings from the literature review and survey re-analysis tasks are summarized in the following two 
categories: customer or project characteristics and program characteristics. 

Customer or project characteristics 

 Program awareness and engagement at the planning and budgeting stage. If a project has 
already been incorporated into the capital and/or operating budget by the time the program is 
engaged, then the participant is more likely to be a free-rider. The survey re-analysis found that 
participants who had allocated project funds prior to receiving program information exhibited higher 
free-ridership rates (+0.11 for electric and +0.20 for gas) than participants who did not pre-allocate 
funds.19 In addition, the literature review found that projects that were conceived after the 
organization had discussions with program staff may yield higher NTGs. Evidence for this driver can 
be found in two studies from California (which included 1,388 and 146 surveys) and Maine (which 
included 57 surveys).  
 

 Customer motivations for program participation. Several results from the literature review and 
survey re-analysis identified the impact of customer motivations for implementing measures on NTG.  

o Measures that were installed because of energy efficiency or energy savings may exhibit lower 
free-ridership. The survey re-analysis found that energy efficiency as a primary motivation for 
measure implementation lowers free-ridership rates by -0.13 for electric programs and -0.11 for 
gas programs. In addition, gas participants who sought to increase energy savings had -0.08 
lower free-ridership.  

o Measures that were installed to replace failing equipment may exhibit higher free-ridership 
because the participant would have purchased new equipment without the program.20 From the 
survey re-analysis, electric program participants who report equipment failure as their 
motivation have higher rates of free-ridership by +0.10. Further supporting evidence was found 
in one study from California that included 1,388 surveys.  

o In the survey re-analysis, participants who reported that poorly working equipment was their 
main motivation comprised one of the few significant factors impacting spillover, increasing 
electric spillover rates by +0.15. This effect is unchanged with and without controlling for 
equipment failure. We speculate that a company with adequate capital funds to replace poorly 
working equipment before failure is more likely to be able to afford subsequent equipment 
purchases, increasing the likelihood of spillover. 

o Another motivation factor identified from the survey re-analysis that appears to influence free-
ridership is reducing maintenance costs (-0.06 lower free-ridership) for electric program 
participants. We speculate that, because participants are purchasing new equipment for reasons 

                                               
19 Customers who have participated in the PA’s programs in the past may factor program support into their budgets before engaging with the 

programs. However, the NTG algorithm already accounts for the influence of past program participation on free-ridership. 
20 The NTG surveys ask questions about the efficiency level of equipment considered, which is then incorporated into the NTG calculation. 
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other than the failure of existing equipment, they may be more likely to be influenced by the 
program.   
 

 Energy efficiency is a secondary benefit. Projects implemented for non-energy reasons but that 
also provide energy efficiency benefits, such as improvement of workplace quality and automation of 
existing manual processes (to control and manage building systems such as HVAC, lighting, security, 
and building access), may result in lower NTG. Supporting evidence was found in two studies from 
California that included 1,388 surveys and 146 surveys.  
 

 Environmental compliance or corporate policies. If a program participant was required to 
complete the project in order to comply with environmental regulations or corporate policy, then the 
corresponding measure(s) may yield lower NTG. Supporting evidence was found in two studies from 
California that included 1,388 surveys and 146 surveys, respectively. However, the survey re-
analysis did not find statistical significance supporting this result regarding corporate policies.  
 

 Project size. A few large projects may represent a large portion of program savings; therefore, 
changes in free-ridership levels in the largest projects can produce large swings in program-level 
NTG estimates. Supporting evidence was found in studies from Wisconsin (which included 272 
surveys), Oregon (which included 185 surveys), and Massachusetts (which included 69 surveys).  
 

 Energy use. Drivers appear to influence free-ridership differently depending on the participant’s 
program type and energy usage level. For example, in the electric programs, customers that 
allocated funds before receiving program information have higher free-ridership for both medium 
(+0.13) and large users (+0.11). In contrast, free-ridership for smaller users tends to be driven 
more by customer motives (in particular, energy efficiency at -0.44) for measure implementation. 
Similarly, natural gas custom and prescriptive program models exhibit differing levels of significance 
in their free-ridership drivers as well. In particular, the custom gas program is driven more by the 
presence of a dedicated account representative (-0.14), while prescriptive programs are driven more 
by the interest-free financing (-0.30). 
 

 First-time installation. A first-time installation of a given measure may be more likely to be 
influenced by the program compared to a subsequent installation of a measure—e.g., at a different 
location at the customer’s facilities. Supporting evidence was found in one study from California that 
included 1,388 surveys. In addition, measures where projects are standard practice (i.e., a firm has 
previously adopted the measure in locations without a program) may increase free-ridership; several 
reports from California offer evidence of this driver. 
 

 Budget or staffing cutbacks. Programs may be more influential with customers who face budget 
or staffing limitations because customers would be unable to move the project forward without 
program support. Supporting evidence was found in one study from California that included 1,388 
surveys. 
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 Transferability of technology. Unique energy efficiency projects may not readily lend themselves 
to the transfer of the technology to other projects, thus limiting spillover effects and resulting in a 
lower NTG. Supporting evidence was found in one study from New York that included 68 surveys. 

 Dedicated account representatives. Dedicated account representatives are normally assigned to 
large customers. While there is a correlation between customer size and the assignment of a 
representative, the survey re-analysis found that customers with account representatives have 
significantly lower free-ridership rates (-0.07 for electric) despite controlling for energy usage. This 
suggests that dedicated account representatives may either boost the influence of the program or 
help screen out free-riders. 
 

Program characteristics 

 Incentive type. Programs can offer direct payments (i.e., rebates) as well as technical and financial 
assistance (i.e., interest-free financing, technical assistance). 

o Direct payments. If the program rebate represents a high percentage of the total measure cost 
(for example, greater than 25%), then the measure may lead to a higher NTG value. For 
example, if a project is particularly costly or risky, then a substantial rebate may encourage the 
participant to proceed when they otherwise would not. Supporting evidence was found in one 
study from California that included 146 surveys. In addition, the survey re-analysis found that 
gas program participants who reported the program incentive was a motivating factor have a -
0.12 lower free-ridership rate. 

o Financing assistance. The survey re-analysis found that participants who utilized interest-free 
financing have lower free-ridership rates (-0.05 for electric and -0.29 for gas) than those who 
did not. Companies who receive financial assistance may not have the upfront capital for larger 
projects, making them less likely to be free-riders.  
 

 Program Type. Some program-specific patterns emerged from the survey re-analysis.  

o The survey re-analysis of electric programs shows that new construction and retrofit programs 
have +0.18 and +0.09 higher free-ridership ratios than Small Business programs, on average. 
However, the spillover rate across programs is not statistically different.  

o The survey re-analysis found that custom gas programs have -0.10 lower free-ridership than 
prescriptive gas programs, on average. 
  

 Program duration. Programs offered for only a short duration may limit spillover effects and 
increase free-ridership by catering to projects that are further along in their planning, resulting in a 
lower NTG value. Supporting evidence was found in a NY study with a program duration of seven 
months, and a study from Maine, which had a program duration of two non-consecutive months. 
 

 Fuel Type. The NTG estimates for electric programs are higher than for gas programs in studies 
from Massachusetts (over 2,000 surveys) and Connecticut (775 surveys).  
 

 Measure Type. Some measure-specific patterns emerged from the literature review.  
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o Electric motors and drives tend to yield high NTG values, while compressed air measures yield 
low NTGs. Supporting evidence was found in two studies from Massachusetts that included 418 
surveys for electric motors and drives and 168 surveys for compressed air measures. 

o The NTG values for prescriptive gas controls are higher than for custom gas controls. Supporting 
evidence was found in one study from Massachusetts that included 124 surveys.  

o The NTG values for renewable energy projects are high in Wisconsin, which included 13 surveys, 
and Maine, which included 30 surveys. 

 

The key findings from the study that lead to considerations are summarized in Table 5-1. 

Table 5-1: Key Findings 

Driver Survey Re-analysis Supporting Studies 

Planning and budgeting stage. 
Participants that had allocated project 
funds prior to receiving program 
information exhibit higher free-
ridership rates. 

 Increases free-ridership rates by: 
 +0.11 for electric  
 +0.20 for gas  

 Two California 
studies and one 
Maine study 

Financial assistance. Participants 
who utilized interest-free financing 
have lower free-ridership rates. 

 Decreases free-ridership rates by: 
 -0.05 for electric 
 -0.29 for gas  

 

Customer motivations. The reasons 
cited by customers for participation 
can influence free-ridership. 

 Changes free-ridership rates by: 
 +0.10 for electric equipment failure 
 -0.06 for reducing electric maintenance cost 

 Increase electric spillover rates by +0.15 for 
poorly working equipment 

 One California 
study 

Energy efficiency or energy 
savings as a primary benefit. 
Energy efficiency or energy savings is 
cited by the customer as a primary 
benefit may lower free-ridership 
rates. 

 Energy efficiency decreases free-ridership 
rates by: 
 -0.13 for electric 
 -0.11 for gas 

 Energy savings decreases free-ridership rates 
by: 
 -0.08 for gas 

 

Dedicated account 
representatives. Customers with 
account representatives have lower 
free-ridership rates. 

 Decreases free-ridership rate by -0.07 for 
electric 
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5.2 Considerations 
We offer the following considerations. These suggestions appear to have merit; however, further research or 
discussion of these suggestions may be warranted. 

 Consider monitoring data from rebate applications regarding the condition of existing 
equipment and the allocation of funds prior to receiving program information. The survey 
re-analysis and the literature review both found that the allocation of funds prior to receiving 
program information leads to a decreased NTG. In addition, the study found that customers whose 
primary motivation was to replace failed equipment also have lower NTG. In order to monitor 
indicators of NTG, the PAs may want to consider adding a question on fund pre-allocation to the 
prescriptive rebate applications (checkboxes regarding project motivations already appear). These 
questions could serve as indicators of the rate of free-ridership across the programs.   

 Consider further emphasizing early replacement programs.21 The survey re-analysis found 
that customers whose primary motivation was to replace poorly working equipment or to improve 
energy efficiency have higher NTG. Therefore, we suggest placing further emphasis on early 
replacement initiatives that encourage customers to replace equipment prior to failure.  

 Consider targeting customers who require financing. Customers who utilized the interest-free 
financing had lower free-ridership rates than customers who did not, possibly because companies 
who receive financing assistance may not have sufficient capital to fund projects. Consider targeting 
these customers in the future in order to raise NTG values. 

 Consider targeting customers with or expanding access to dedicated account 
representatives.  The survey re-analysis results suggest that customers with dedicated account 
representatives exhibit lower free-ridership than those without such representatives, even after 
controlling for customer size. Consider encouraging account representatives to play a more active 
role in informing their customers about energy savings opportunities. In addition, assigning account 
representatives to the next tier of customers, if cost effective, could help increase NTG.  

 

We offer the following suggestions to consider for future NTG research.  

 Consider collecting consistent project cost data. The survey re-analysis incorporated the 
incentive amount to control for the impact of project size and rebate amount on free-ridership 
and spillover. However, the incentive as a percentage of project cost would better reflect the 
factors considered by customers. In addition, future modeling could test the effect of a higher 
incentive-to-cost ratio on free-ridership rates, which may lead to recommendations regarding 
optimal incentive levels. Therefore, the evaluation team suggests that all programs collect 
consistent data on total costs (including capital and labor costs) so it is possible to include the 
rebate/cost ratio in future NTG studies. However, consistent and accurate project cost data may 
be difficult to collect from customers and vendors. Therefore, one alternative is to leverage the 
cost assumptions used for program planning; however, the per unit rebate and cost data would 
essentially be the same for each measure, which would not accurately reflect the cost 
considerations for each customer.  

                                               
21 Early replacement refers to replacement of operable inefficient equipment with new equipment that meets or exceeds 

energy efficiency requirements. 
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 Consider adding questions to the future Cross-cutting free-ridership and spillover 
surveys to help identify NTG drivers. While the survey re-analysis was able to address some 
of the drivers identified in the literature review, the use of previously collected survey data 
limited the breadth of variables included in the modeling effort. 22 Therefore, we suggest adding 
the following questions to future Cross-cutting free-ridership and spillover surveys: 

o Has the organization previously installed this measure in any facility? 
o Did the organization install the measure due to automation or another workplace benefit?  
o Has the organization faced any recent cutbacks to budgets or staffing? 
o Is the organization part of a regional or national chain? 

 

                                               
22 Past Massachusetts NTG surveys assessed nonparticipant spillover using vendor surveys, which the team could not match to individual customer 

surveys and therefore excluded from the survey re-analysis. Market effects were not addressed in past Massachusetts NTG surveys.  
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 LITERATURE REVIEW DETAILS APPENDIX A.

NTG information for additional states 

Colorado 
In this section, we summarize the NTG evaluations of two Xcel Energy programs from Colorado—Business 
Heating Efficiency and Process Efficiency. 

Business Heating Efficiency 
The 2011 Colorado Business Heating Efficiency program offered rebates aimed at encouraging customers to 
install energy-efficient gas-fired hot water boilers and furnaces and to conduct boiler tune-ups. A 
combination of 12 Xcel Energy staff interviews, 115 participant surveys, 53 nonparticipant surveys, 10 trade 
ally interviews, and three influential vendor surveys were conducted to estimate NTG. Interviews and 
surveys were conducted mainly through telephone and, on a few occasions, email. NTG was determined with 
free-ridership rates using the California self-report protocol combined with participant-like spillover rates 
using the Massachusetts analysis methodology. The evaluators recommended a NTG of 86% (refer to Table 
A-11 for a breakdown of NTG by measure); however, the report provided little insight on factors that impact 
NTG outside of the self-reported responses to NTG survey questions. 

Process Efficiency 
The Process Efficiency program aimed to improve the energy efficiency of large industrial customers. 
Evaluators used a self-report approach and conducted eight participant surveys, six nonparticipant surveys, 
and interviews with six vendors/trade allies for projects installed after January 2011. In addition, case study 
reviews were used to account for small sample sizes, individual customer characteristics, and skewed 
distribution of energy savings. The NTG calculation is based on the California framework while incorporating 
the Massachusetts standardized methodology, including participant-like and non-participant spillover. The 
final case study-adjusted NTG for the program was 93%.  

Factors that contributed to higher NTG include: 

 Vendor recommendations 
 Information provided by a study, technical assessment, or staff recommendation 

Factors that contributed to lower NTG include: 

 Customer learns of the program after the decision to install the measure 
 The program’s provision of comprehensive support resulted in small participant spillover 

Other program characteristics driving the high attribution include the administrative and technical support 
provided through the program. Trade allies stressed the importance of account managers who played a large 
role in informing participants about the program and often assisting throughout the implementation of the 
project. In particular, evaluators indicated that one reason why participants chose this program over others 
was the comprehensive engineering and technical support.  
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Texas 
The Annual Statewide Portfolio Report for Program Year 2013 provides information on gross and net energy 
and demand impacts, program cost-effectiveness, and portfolio performance feedback for ten utility 
programs in Texas. Participant survey and market actor interviews were conducted to estimate free-
ridership and spillover. NTG values for small business programs, A/C Distributor, CoolSaver, 
Retrocommissioning, and Commercial Lighting Programs are stipulated due to small sample sizes.  

Evaluators mainly compared NTG findings for C&I programs with other jurisdictions, with little insight on the 
drivers of NTG. The Commercial Standard Offer, Commercial Solutions, and Solar Program NTG values were 
within the bounds of other studies, whereas the SCORE (public/institutional) program NTGs were in the high 
range (refer to Table A-12). 

Illinois 
The Illinois Energy Efficiency Stakeholder Advisory Group posts program evaluation reports on its website 
for the major IOUs in the state. These reports estimate NTG as part of their impact and process evaluation 
for C&I energy efficiency programs. While the reports do not delve into detail about the drivers of NTG, they 
do provide NTG information for different programs in the Midwestern region and can be found in ILSAG 
Evaluation Documents. 
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Supplemental tables 

Table A-1: Free-ridership, Spillover, and Net-to-Gross Ratios for the Massachusetts 2010 and 
2013 C&I Electric Programs 

Measure/End Use Type 
2010 C&I Electric Programs 2013 C&I Electric Programs 

N FR PLS NPS NTG N FR PLS NPS NTG 

Building Envelope  3 74% 0% 0% 26% 1 25% 0% -- 75% 

Combined Heat and Power 5 7% 16% 0% 108% 2 1% 0% -- 99% 

Comprehensive  5 40% 0% 0% 60% 17 16% 0% 0% 84% 

Compressed Air  89 19% 2% 1% 84% 79 32% 3% 2% 73% 

Custom  -- -- -- -- -- 99 10% 11% 0% 101%

HVAC  320 17% 9% 0% 92% 134 19% 7% 0% 88% 

Lighting  977 15% 7% 0% 92% 649 12% 9% 0% 97% 

Motors and Drives  296 13% 5% 8% 99% 122 15% 3% 24% 113%

Non-lighting  -- -- -- -- -- 66 3% 7% -- 105%

Non-unitary HVAC  -- -- -- -- -- 7 2% 0% 0% 99% 

Process Equipment 76 19% 15% 0% 96% 32 7% 2% 0% 96% 

Refrigeration  247 7% 28% 0% 121% 115 12% 1% 0% 90% 

Unitary HVAC  -- -- -- -- -- 14 36% 1% 0% 64% 

VFD  -- -- -- -- -- 59 8% 0% 0% 92% 

Water Saving Measures  6 0% 98% 0% 198% 11 11% 0%   89% 

Total  2,018 15% 9% 1% 94% 1,407 12% 7% 1% 96% 
 

1 Cells with 10 or fewer completed survey responses are noted with an asterisk (*). Some measures were renamed for 
comparison purposes. 

 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, 

NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact. Prepared by Tetra Tech. June 23, 
2011. 

2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, NSTAR, 
Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 2015. Prepared by Tetra Tech. 
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Table A-2: Free-ridership, Spillover, and Net-to-Gross Ratios by Program Type for the 
Massachusetts 2010 C&I Electric Program 

Program Type Measure/ End Use Type N FR PLS NPS NTG 

Large Retrofit 

Combined Heat and Power 5 7% 16% 0% 108%

Comprehensive 2 41% 0% 0% 59% 

Compressed Air 22 7% 0% 2% 95% 

HVAC 98 13% 6% 0% 93% 

Lighting 319 17% 8% 0% 92% 

Motors and Drives 128 10% 6% 8% 104%

Process Equipment 22 26% 11% 0% 85% 

Refrigeration 51 9% 36% 0% 127%

New Construction 

Building Envelope 2 75% 0% 0% 25% 

Comprehensive 3 11% 0% 0% 89% 

Compressed Air 66 34% 4% 2% 72% 

HVAC 162 22% 12% 0% 90% 

Lighting 125 20% 9% 0% 89% 

Motors and Drives 113 23% 1% 8% 87% 

Process Equipment 44 10% 19% 0% 110%

Refrigeration 11 13% 35% 0% 122%

Small Business 

Building Envelope 1 1% 0% -- 99% 

Compressed Air 1 10% 0% -- 90% 

HVAC 54 7% 14% -- 107%

Lighting 533 8% 3% -- 95% 

Motors and Drives 55 6% 1% -- 95% 

Process Equipment 10 17% 0% -- 83% 

Refrigeration 185 2% 9% -- 107%

Water Saving Measures 6 0% 98% -- 198%

 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, June 23, 
2011. Prepared by Tetra Tech. 
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Table A-3: Free-ridership, Spillover, and Net-to-Gross Ratios for Massachusetts 2011 and 2014-
2015 C&I Natural Gas Custom Programs 

Measure/End Use 
Type 

2011 C&I Natural Gas Programs 2014-2015 C&I Natural Gas 
Programs 

N FR PLS NPS NTG FR PLS NPS NTG 

Building Envelope  15 8% 48% 0% 140% 20% 1% 0% 81% 

Comprehensive  -- -- -- -- -- 26% 0% 0% 74% 

Controls  26 41% 3% 4% 66% 12% 0% 0% 88% 

Food Service  1 100% 0% 0% 0% 50%* -- 0% 50% 

HVAC  33 36% 7% 0% 71% 22% 6% 0% 84% 

Other  18 17% 14% 0% 97% 9% 2% 0% 93% 

Process Equipment -- -- -- -- -- 17% 0% 0% 84% 

Steam Traps  -- -- -- -- -- 8% 11% 0% 103% 

Water Heating  11 47% 11% 0% 65% 9% 0% 15% 107% 

Water Saving 
Measures  4 71% 0% 0% 29% 8% 37% 0% 129% 

Total  108 33% 9% <1% 77% 16% 3% <1% 88% 

 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. Prepared by Tetra 
Tech. 
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Table A-4: Free-ridership, Spillover, and Net-to-Gross Ratios for Massachusetts 2011 and 2014-
2015 C&I Natural Gas Prescriptive Programs 

Measure/End Use Type 
2011 C&I Natural Gas Programs 2014-2015 C&I Natural Gas Programs

N FR PLS NPS NTG FR PLS NPS NTG 

Building Envelope  -- -- -- -- -- 0%* 0% 1% 101% 

Controls  98 21% 16% 4% 99% 10% 18% 0% 108% 

Food Service  32 31% 1% 0% 70% 43% 0% 0% 57% 

HVAC  133 25% 8% 0% 83% 40% 8% 0% 68% 

Other  2 49% 0% 0% 51% -- -- -- -- 

Process Equipment -- -- -- -- -- 25% 1% 0% 76% 

Steam Traps  -- -- -- -- -- 3%* 50%* 0% 148% 

Thermostats  -- -- -- -- -- 30% 0% 70% 

Water Heating  77 25% 9% 0% 84% 51% 4% 11% 64% 

Water Saving Measures  126 20% 7% 0% 93% 9% 3% 0% 94% 

Total  576 20% 7% <1% 88% 32% 8% <1% 76% 

 
Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. Prepared by Tetra 
Tech. 
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Table A-5: Massachusetts Net-to-Gross Ratios for 2010 and 2013 C&I Electric Programs, 2011 
and 2014-2015 C&I Natural Gas Programs 

Measure/End 
Use Type 

2010 C&I 
Electric 

Programs 

2013 C&I 
Electric 

Programs 

2011 C&I Natural Gas 
Programs 

2014-2015 C&I Natural 
Gas Programs 

Custom Prescriptive Custom Prescriptive 

Building 
Envelope  

26%  
(3) 

75%  
(1) 

140%  
(15) -- 81% 101%* 

Combined Heat 
and Power 

108% 
(5) 

99%  
(2) -- -- -- -- 

Comprehensive  60%  
(5) 

84% 
(17) -- -- 74% -- 

Compressed Air  84% 
(89) 

73% 
(79) -- -- -- -- 

Controls  -- --- 66%  
(26) 

99%  
(98) 88% 108% 

Custom  -- 101% 
(99) -- -- -- -- 

Food Service  -- -- 0%  
(1) 

70%  
(32) 50%* 57% 

HVAC  92%  
(320) 

88%  
(134) 

71% 
(33) 

83%  
(133) 84% 68% 

Lighting  92% 
(977) 

97% 
(649) -- -- -- -- 

Motors and 
Drives  

99% 
(296) 113% (122) -- -- -- -- 

Non-lighting  -- 105% 
(66) -- -- -- -- 

Non-unitary 
HVAC  -- 99%  

(7) -- -- -- -- 

Other  -- -- 97%  
(18) 

51%  
(2) 93% -- 

Process 
Equipment 

96% 
(76) 

96% 
(32) -- -- 84% 76% 

Refrigeration  121% (247) 90% 
(115) -- -- -- -- 

Steam Traps  -- -- -- -- 103% 148%* 

Thermostats  -- -- -- -- -- 70% 

Unitary HVAC  -- 64% 
(14) -- -- -- -- 



 

DNV GL – www.dnvgl.com                                                                      April 07, 2017   Page A-8
 

Measure/End 
Use Type 

2010 C&I 
Electric 

Programs 

2013 C&I 
Electric 

Programs 

2011 C&I Natural Gas 
Programs 

2014-2015 C&I Natural 
Gas Programs 

Custom Prescriptive Custom Prescriptive 

VFD  -- 92%  
(59) -- -- -- -- 

Water Heating  -- -- 65%  
(11) 

84%  
(77) 107% 64% 

Water Saving 
Measures  

198% 
(6) 

89% 
(11) 

29%  
(4) 

88%  
(126) 129% 94% 

Total  94% 
(2,018) 

96% 
(1,407) 

77% 
(108) 

88%  
(468) 88% 76% 

 

1 Table reports all NTGs. Available sample sizes are provided in parenthesis. Sample sizes are unavailable for 2013-2014 
Natural Gas C&I programs, the asterisk (*) indicates sample size of less than 10. 

 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for  
 National Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, June 23, 2011. 

Prepared by Tetra Tech.  
2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for National Grid, NSTAR, 

Western Massachusetts Electric Company, Unitil, and Cape Light Compact, February 17, 2015. Prepared by Tetra Tech.  
2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National Grid, 

NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 
2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for National 

Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 2015. Prepared by Tetra 
Tech. 
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Table A-6: Massachusetts Total Free-ridership, Participant-like Spillover, Nonparticipant Spillover, 
and Net-to-Gross Ratios for 2010 and 2013 C&I Electric Programs, 2011 and 2014-2015 C&I 
Natural Gas Programs 

Measure/End Use Type FR PLS NPS NTG 

2010 C&I Electric Programs 15% 9% <1% 94% 

2013 C&I Electric Programs 12% 7% 1% 96% 

2011 C&I Natural Gas: Custom 33% 9% <1% 77% 

2011 C&I Natural Gas: Prescriptive 20% 7% <1% 88% 

2014-2015 C&I Natural Gas: Custom 16% 3% <1% 88% 

2014-2015 C&I Natural Gas: Prescriptive 32% 8% <1% 76% 
 

1 FR + PLS + NPS may not sum up to NTG due to rounding. 
 
Sources: 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared 

for  
 National Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, June 23, 

2011. Prepared by Tetra Tech.  
2013 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. Prepared for 

National Grid, NSTAR, Western Massachusetts Electric Company, Unitil, and Cape Light Compact, 
February 17, 2015. Prepared by Tetra Tech.  

2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 
National Grid, NSTAR, Unitil, Berkshire Gas, and New England Gas, June 2011. Prepare by Tetra Tech. 

2014–2015 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared 
for National Grid, Eversource, Unitil, Berkshire Gas, Columbia Gas of MA, and Liberty Utilities, August 10, 
2015. Prepared by Tetra Tech. 
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Table A-7: Free-ridership, Spillover, and Net-to-Gross Ratios for the Massachusetts Chain and 
Franchise Market Characterization Report for Lighting and HVAC 

Program 

2006 National Accounts Study 2007 National Accounts Study 

N Weighted 
FR 

Weighted 
SO 

kWh 
NTG N Weighted 

FR 
Weighted 

SO 
kWh 
NTG 

New 
Construction 
Lighting C&F 

16 16%* 11% 95% -- -- -- -- 

Lighting All 
Other 
Commercial  

59 43% 5% 62% -- -- -- -- 

New 
Construction 
HVAC C&F  

54 79%* 5% 26% 15 45% 2% 57% 

New 
Construction 
HVAC All Other 
Commercial  

117 38% 4% 66% -- -- -- -- 

Retrofit 
Lighting C&F 3 0% 7% 100% -- -- -- -- 

Retrofit 
Lighting All 
Other 
Commercial  

85 7% 1% 94% -- -- -- -- 

 

1 Statistically significant differences between national accounts and all other C&I participants are noted with an asterisk (*) 
at the 95% +/- 5% confidence level. Weighted estimates reported using kWh in order to take customers energy usage 
into account when estimating FR and SO. 

 
Sources: Final Report Project 1B Chain & Franchise Market Characterization. Prepared for Massachusetts Energy Efficiency 

Program Administrators, June 2011. Prepared by KEMA and NMR Group. 
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Table A-8: Free-ridership, Spillover, and Net-to-Gross Ratios for the Connecticut 2011 C&I 
Electric and Natural Gas Programs 

Measure Type 
C&I Electric Free-ridership and 

Spillover Study 
C&I Natural Gas Free-ridership and 

Spillover Study 

N FR PLS NPS NTG N FR PLS NPS NTG 

Building Envelope -- -- -- -- -- 1 13% 0% -- 88% 

Controls 1 0% 0% -- 100% 1 31% 0% -- 69% 

Cooling 99 22% 2% 4% 84% -- -- -- -- -- 

Custom 10 22% 8% 0% 86% -- -- -- -- -- 

Heating 28 16% 5% 0% 89% -- -- -- -- -- 

HVAC -- -- -- -- -- 33 25% 11% 0% 87% 

Lighting 338 8% 5% 0% 96% -- -- -- -- -- 

Other 24 2% <1% 0% 99% -- -- -- -- -- 

Process 61 13% 2% 0% 89% 3 13% 92% -- 179%

Refrigeration 80 3% 7% 0% 104% -- -- -- -- -- 

Water Heating -- -- -- -- -- 1 100% 0% 33% 33% 

Total 641 10% 4% <1% 94% 39 27% 14% 2% 89% 
 

Sources: 2011 Commercial and Industrial Natural Gas Programs Free-ridership and Spillover Study. Prepared for 
Connecticut Energy Efficiency Fund, October 2012. Prepared by Tetra Tech. 
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Table A-9: Free-ridership, Spillover, and Net-to-Gross Ratios for the Wisconsin Focus on Energy 
Evaluation from 2012, 2013, 2014, and 2015 reports 

Program 
2012 2013 2014 2015 

FR SO NT
G FR SO NTG FR SO NTG FR SO NTG 

Business 
Incentive Program 

21
% 7% 86

% 
46
% 18% 71% 42

% 
18
% 76% 36

% 0% 64% 

Chain Stores and 
Franchises 
Program 

19
% 

<1
% 

82
% 

49
% 

<1
% 52% 40

% 1% 61% 23
% 0% 77% 

Large Energy 
Users Program  6% 0% 94

% 
28
% 2% 74% 27

% 2% 75% 18
% 

<1
% 82% 

Small Business 
Program  0% 0% 79

% 
28
% 

0.3
% 72% 26

% 0% 74% 13
% 0% 88% 

Retrocommissioni
ng Program -- -- -- 2% 0% 98% 2%

* 
0%
* 98%* -- -- -- 

Design Assistance 
Program -- -- -- 44

% 0% 56% 43
% 0% 57% 32

% 0% 68% 

Renewable Energy 
Competitive 
Incentive Program 

-- -- -- 0% 4% 104
% 

0%
* 

4%
* 

104%
* 0% 0% 100

% 

Agriculture, 
Schools and 
Government 
Program 

-- -- -- -- -- -- -- -- -- 12
% 0% 88% 

 

1 Number of survey respondents are not consistently reported across years and programs. Results from 2013 are reported 
for 2014 Retrocommissioning and Renewable Energy Competitive Incentive Program are noted with an asterisk (*). 

 
Sources: Focus on Energy Calendar Year 2012 Evaluation Report Volume II. Prepared for Public Service Commission of 

Wisconsin, August 2013. Prepared by The Cadmus Group. 
Focus on Energy Calendar Year 2013 Evaluation Report Volume II. Prepared for Public Service Commission of Wisconsin, 

May 2014. Prepared by The Cadmus Group. 
Focus on Energy Calendar Year 2014 Evaluation Report Volume II. Prepared for Public Service Commission of Wisconsin, 

May 2015. Prepared by The Cadmus Group. 
Focus on Energy Calendar Year 2015 Evaluation Report Volume II. Prepared for Public Service Commission of Wisconsin, 

May 2016. Prepared by The Cadmus Group. 
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Table A-10: Oregon Net-to-Gross Ratios from 2011, 2012, and 2013 reports 

 Year 

ELECTRIC GAS 
Existing 

Buildings- 
Oregon 

Existing 
Multifamily 

Production 
Efficiency 

Existing 
Buildings- 

Oregon 

Existing 
Multifamily 

Production 
Efficiency 

2011 70% 
(199) 

73% 
(76) 

86% 
(184) 

73% 
(199) 

52% 
(76) 

80% 
(184) 

2012 84% 
(210) 

83% 
(85) 

84% 
(191) 

82% 
(210) 

63% 
(85) 

74% 
(191) 

2013 62% 
(185) 

82% 
(69) 

80% 
(180) 

72% 
(185) 

49%* 
(69) 

77%* 
(180) 

 

1 Asterisk (*) indicates NTGs were calculated using 2011, 2012, and 2013 data due to small sample size. 
 
Sources: Fast Feedback Results 2011 Report. Prepared for Energy Trust of Oregon, April 2012. Prepared by Sarah Castor.   
Fast Feedback Results 2012 Report. Prepared for Energy Trust of Oregon, April 2013. Prepared by Gilmore Research 

Group.   
Fast Feedback Results 2013 Report. Prepared for Energy Trust of Oregon, May 2014. Prepared by Bruins Consulting & 

Analysis.   
 

Table A-11: Free-ridership, Spillover, and Net-to-Gross Ratios for the Colorado Business Heating 
Efficiency Program report 

Measure/ End Use Type N FR SO NTG 

Boiler  40 80% 10% 90% 

Tune-up 59 60% 9% 69% 

Furnace 7 47% 10% 48% 

Hot water heater  2 56% 8% 64% 

Heating system improvement 7 67% 19% 86% 

Total  115 74% 11% 85% 
 

Sources: Comprehensive Process and Impact Evaluation of the Business Heating 
Efficiency Program – Colorado. Prepared for Xcel Energy, December 14, 2011. 
Prepared by Tetra tech. 
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Table A-12: Free-ridership, Spillover, and Net-to-Gross Ratios for the Texas Annual Statewide 
Portfolio Report 

Program FR SO NTG 

Commercial standard offer 
program 

30% 
(136) 17% 78% 

SCORE/CitySmart/Education
al Facilities/Government 
Facilities 

22% 
(136) 

13% 
(11) 93% 

Commercial Solutions 28% 
(51) 

14% 
(13) 85% 

Solar PV 10% 
(11) 12% 101% 

Small Business -- -- 95%* 

AC Distributor -- -- 80%* 

CoolSaver -- -- 80%* 

Retro-commissioning -- -- 90%* 

Commercial Lighting -- -- 90%* 

 
1 SCORE/CitySmart/Education Facilities/Government Facilities and Commercial Solutions are part of the 

Commercial Market Transformation Program. Available sample sizes are provided in parentheses. 
Number of survey respondents are not consistently reported for all programs. Stipulated NTG due to 
small sample size are noted with an asterisk (*). 

 
Sources: Annual Statewide Portfolio Report for Program Year 2013- Volume I. Prepared for Public Utility 

Commission of Texas, October 6, 2014. Prepared by Tetra Tech. 
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 SURVEY RE-ANALYSIS DETAILS APPENDIX B.

Model Specification 

Free-ridership 
The team considered various modeling approaches. First, the team considered the ordinary least squares 
model to be used with the standardized regression approach. The OLS model provides a straightforward 
interpretation and comparison of standardized independent variables. The main dependent variable in these 
models is the free-ridership rate, which is bounded between 0 and 1. Figure B-1 below shows the 
distribution of the free-ridership for electricity and natural gas bounded between 0 and 1. We can see a 
majority of the distribution is clustered around 0 and under 2. One concern with bounded dependent 
variables is that predicted values from linear models may fall below 0 or above 1, exceeding the limits of the 
free-ridership rate. In such cases, a linear model may be inappropriate and would estimate predicted values 
outside the limits of 0 and 1. The main benefit of OLS is its ease of interpretation, which allows for the 
explanatory variables to be directly compared to determine their relative effectiveness.  

Figure B-1: Distribution of free-ridership rates 

 
(a) Electricity 

 
(b) Natural Gas 

 

Our main model is a generalized linear model (GLM) using the logit link function, which is a two-part model 
that will not generate predicted values outside the limits. A logit link and binomial family are specified for 
the GLM estimation to produce a logistic regression. The flexible nature of GLM allows us to circumvent the 
required OLS assumptions such as normally distributed errors and constant variance. The GLM model 
reports findings in log odds ratios, meaning the coefficients give the change in the log odds of being a free-
rider in response to a one-unit increase in a predictor. Alternatively, marginal effects can be estimated from 
the GLM results. Unlike linear models where variable effects can be directly compared with a single value, 
the marginal effect for each predictor must be calculated at specific values due to the nonlinear nature of the 
model. The average marginal effect of each covariate can also be presented. 
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The team applied a two-limit Tobit model censoring at 0 and 1. This approach would work best for mid-
ranged values or when there is not an excessive amount of values clustered at the limits.23 However, this is 
unlikely the case since over 72% of the dependent variable values in the sample fall below 0.2 and over 7% 
fall above 0.8 (see Figure B-1). The Tobit model is used to censor the lower bound of the data at 0 and the 
upper bound at 1, meaning values at or below the lower threshold take on the value of 0 and values at or 
above the upper threshold take on the value of 1. The results can be interpreted in the same manner as OLS, 
but the impact is on the uncensored latent variable rather than the dependent variable.24 The disadvantage 
of the Tobit model is that the censoring assumption is not entirely applicable here because the free-ridership 
rate will never take on a negative value or exceed 1.25 See APPENDIX B,   

                                               
23 Long, J.S. (1997). Regression Models for Categorical and Limited Dependent Variables. Sage Publishing. 
24 The latent variable refers to the predicted values that can go beyond 0 and 1. See McDonald, J. F. and Moffitt, R. A. 

1980. The Uses of Tobit Analysis. The Review of Economics and Statistics Vol 62(2): 318-321. 
25 Like OLS, the Tobit model relies on the fact that normality and homoscedasticity assumptions are met for estimates to 

be valid. The team also applied a semi-parametric Tobit model, which does not have a normality assumption. The model 
failed to converge, which can occur when a local minimum does not exist or there are negative predicted values.  
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Alternative Model Results in Survey Re-analysis Details, for a comparison of model results. Overall, the OLS 
estimates are consistent in sign with Tobit model results.  

The team also considered the logit model because our free-ridership dependent variable has a significant 
number of zeroes. However, with logit models, our continuous dependent variable must be converted to a 
binary variable with values of either 0 or 1. This works primarily when the proportion measures discrete 
events, which is not the case with NTG. Additionally, converting continuous dependent variables to binary 
variables would introduce error into the model. The continuous dependent variable with values above 0 
would be converted to 1. The error is introduced when a participant with a free-ridership score of 0.1 is 
treated the same as a participant with a free-ridership score equal to 0.9. Alternatively, introducing a higher 
cutoff point (e.g., setting the cutoff at 0.5 would mean all scores above 0.5 would be a 1 and all scores 
below would be 0) would be arbitrary. And like GLM, the logit model identifies variables that impact the 
likelihood a company will be a free-rider. 

Spillover 
For spillover, the team preferred the zero-inflated Poisson model. Unlike free-ridership, the spillover rate has 
a lower bound at 0 but not a higher bound at 1. However, over 93% of the spillover rates are zero and the 
remaining 6% range from 0.125 to 10.0 (see Figure B-2). With such a large proportion of zeros in the data 
set, the results may be unreliable and biased. The zero-inflated Poisson model is most commonly used when 
the response variable is discrete counts but has been used with continuous response variables and for 
instances with excess zero counts. In our analysis, the model treats participants who indicated that they 
implemented projects on their own since participating in the program without an incentive (spillover can be 
0 or positive) independent from those who did not (participant is a “certain zero,” their spillover will always 
be 0). This two-part approach models the binary aspect to address the excess zeros and the Poisson aspect 
to model the number of positive occurrences. The Poisson model also imposes strong assumptions that has 
led to debate about the use of a Poisson with a continuous response variable.  

In addition to zero-inflated results, we considered the OLS, logit, and Tobit models. As discussed above, OLS 
would be inappropriate for modeling data with such a large number of zeroes and only a few cases of 
positive spillover values. This is also problematic for logit models, which suffer from small sample bias if 
there are not enough events occurring in the sample. The disadvantage of the Tobit model is that the 
censoring assumption is not entirely applicable here because the spillover ratios will never be negative, 
which may produce results below the lower bound. It also assumes a normal distribution which is not the 
case. 
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Figure B-2: Distribution of Electric Spillover Rates 

 
 

Bivariate Correlations 
Table B-1 presents Spearman rank correlations for the free-ridership scores. The full sample columns 
indicate the bivariate correlation for the full sample, whereas the regression sample is a correlation of only 
those observations used in the regression. The correlation measures the relationship of the free-rider score 
with the three continuous variables in the models: incentive, per-unit measure savings, and the employment 
rate. A positive sign indicates a positive relationship between the variable and the free-ridership score, 
whereas a negative sign indicates a negative relationship. The correlations for both samples show fairly 
consistent signs and significance.  

Table B-1: Bivariate Correlations for Free-ridership Score 

Variable 
Full Sample Regression sample 

Electric Natural Gas Electric Natural Gas

Incentive 0.05* 0.13*** -0.17** 0.10* 

Per-unit measure savings (kWh) -0.01 -0.10*** -0.02 0.03 

Percent employed in 2013 0.03 -0.07** 2.00E-4 -0.15*** 
 

1 Full sample denotes full sample size from NTG survey. Regression sample consists of the 420 electric observations used 
in the all program regression in Table 4-1 and 324 gas observations used in the all program regression in Table 4-5. * 
p<0.10, **p<0.05, *** p<0.01. 
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Table B-2 shows the bivariate correlations for electric spillover. The first column includes the correlation for 
the full sample, and the second column drops the observations that were not included in the spillover 
regression. The correlation measures the relationship of the spillover score with the three continuous 
variables in the model: incentive, per-unit measure savings, and the employment rate. The correlations for 
both samples show fairly consistent signs and significance. A positive sign for the incentive variable suggests 
a positive relationship between the incentive size and spillover score.  
 

Table B-2: Bivariate Correlations for Electric Spillover Score 

Variable Full 
sample

Regression 
sample 

Incentive 0.05* 0.05 

Per-unit measure savings (kWh) 0.04 -0.05 

Percent employed in 2013 0.01 0.05 
 

1 * p<0.10, **p<0.05, *** p<0.01 
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Alternative Model Results 
 

Table B-3: Alternative Electric Free-rider Model Results 

Variable Model B1: 
GLM 

Model B2: 
OLS 

Model B3: 
Tobit 

Model B4: 
Poisson 

Model B5: 
Logit 

Incentive -0.011 
(0.01) 

-0.009 
(0.01) 

-0.031 
(0.02) 

-0.012 
(0.01) 

-0.019 
(0.01) 

Per-unit measure 
savings (MWh) 

-1.91E-6 
(0.00) 

-1.20E-6 
(0.00) 

-7.00E-6 
(0.00) 

-2.69E-6 
(0.00) 

-1.04E-5 
(0.00) 

Percent employed 
in 2013 

0.002 
(0.00) 

1.93e-4 
(0.01) 

3.81e-4 
(0.01) 

0.003 
(0.00) 

0.002 
(0.01) 

Program interest-
free financing 

-0.055* 
(0.03) 

-0.041* 
(0.02) 

-0.112 
(0.07) 

-0.069* 
(0.04) 

-0.049 
(0.04) 

Presence of 
corporate energy 
efficiency policy 

-0.013 
(0.02) 

-0.015 
(0.03) 

-0.028 
(0.06) 

-0.014 
(0.02) 

-0.045 
(0.04) 

Non-program 
technical or 
financial 
assistance 

-0.019 
(0.02) 

-0.026 
(0.03) 

-0.027 
(0.06) 

-0.012 
(0.02) 

0.043 
(0.04) 

Dedicated 
account 
representative 

-0.069** 
(0.03) 

-0.075** 
(0.03) 

-0.116 
(0.08) 

-0.074** 
(0.03) 

-0.001 
(0.05) 

Dedicated 
account 
representative 
missing 

0.013 
(0.04) 

0.017 
(0.05) 

0.038 
(0.11) 

0.009 
(0.03) 

-0.022 
(0.07) 

Company funds 
allocated before 
program 
information was 
received  

0.111*** 
(0.02) 

0.141*** 
(0.03) 

0.361*** 
(0.06) 

0.113*** 
(0.02) 

0.307*** 
(0.04) 

Motivation: old 
equipment failure 

0.101** 
(0.04) 

0.202*** 
(0.07) 

0.361** 
(0.15) 

0.070** 
(0.03) 

0.196 
(0.12) 

Motivation: old 
equipment 
worked poorly 

0.023 
(0.03) 

0.038 
(0.05) 

0.066 
(0.10) 

0.025 
(0.03) 

0.058 
(0.07) 

Motivation: 
scheduled 
replacement 

0.043 
(0.03) 

0.037 
(0.04) 

0.096 
(0.09) 

0.047 
(0.03) 

0.047 
(0.06) 

Motivation: 
reducing 
maintenance cost 

-0.062** 
(0.03) 

-0.056** 
(0.04) 

-0.086 
(0.06) 

-0.072** 
(0.03) 

-0.003 
(0.05) 

Motivation: 
efficiency 

-
0.134*** 

(0.04) 

-0.116*** 
(0.04) 

-0.181* 
(0.10) 

-0.147*** 
(0.05) 

-0.010 
(0.09) 

New Construction 
Program 

0.180*** 
(0.04) 

0.240*** 
(0.04) 

0.502*** 
(0.10) 

0.195*** 
(0.06) 

0.293*** 
(0.08) 

Retrofit Program 0.092*** 
(0.03) 

0.101*** 
(0.04) 

0.265*** 
(0.09) 

0.108** 
(0.04) 

0.176*** 
(0.07) 

Annual usage 
100,000-999,999 
kWh 

0.007 
(0.03) 

0.003 
(0.03) 

0.037 
(0.07) 

0.010 
(0.03) 

0.048 
(0.05) 
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Variable Model B1: 
GLM 

Model B2: 
OLS 

Model B3: 
Tobit 

Model B4: 
Poisson 

Model B5: 
Logit 

Annual usage 
1,000,000 kWh 
and above 

-0.047 
(0.03) 

-0.065 
(0.04) 

-0.081 
(0.09) 

-0.048* 
(0.03) 

-0.007 
(0.06) 

Constant -- 0.152 
(0.49) 

-0.232 
(1.80) -- -- 

NAICS dummies Yes Yes Yes Yes Yes 
Number of 
Observations 648 648 648 648 636 

R-squared -- 0.310 -- -- -- 
Adjusted R-
squared -- 0.264 -- -- -- 

Pseudo R-squared -- -- 0.243 0.143 0.240 
 

1 Standard errors are in parentheses. OLS and Tobit models are estimated with bootstrapped standard errors. GLM, 
Poisson, and logit models are estimated using robust standard errors. Marginal effects are presented for GLM, Poisson, 
and logit models. * p<0.10, **p<0.05, *** p<0.01 
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Table B-4: Alternative Electric Spillover Model Results 

Variable Model B6:
ZI Poisson

Model 
B7:  
OLS 

Model B8: 
Tobit 

Model 
B9: 

Logit 

Incentive -0.002 
(0.01) 

-0.009 
(0.02) 

0.144 
(0.18) 

0.009 
(0.01) 

Per-unit measure savings (MWh) 6.05E-6* 
(0.00) 

1.08E-5 
(0.00) 

1.02E-4 
(0.00) 

3.70E-6 
(0.00) 

Program interest-free financing 0.033 
(0.04) 

0.009 
(0.02) 

0.186 
(0.62) 

0.004 
(0.03) 

Non-program technical or financial 
assistance 

0.032 
(0.03) 

0.024 
(0.04) 

0.987 
(0.61) 

0.040* 
(0.02) 

Company funds allocated before program 
information was received  

-0.006 
(0.02) 

0.056 
(0.05) 

0.551 
(0.62) 

0.018 
(0.03) 

Motivation: old equipment in poor working 
condition 

0.132*** 
(0.03) 

0.326 
(0.22) 

2.442* 
(1.26) 

0.074** 
(0.03) 

Motivation: efficiency 0.033 
(0.07) 

-0.053 
(0.12) 

0.293 
(1.07) 

0.019 
(0.04) 

New Construction Program -0.08 
(0.05) 

-0.075 
(0.07) 

-0.0008 
(1.05) 

0.010 
(0.04) 

Retrofit Program -0.039 
(0.04) 

-0.096 
(0.06) 

-0.439 
(0.98) 

-0.016 
(0.04) 

Annual usage 100,000-999,999 kWh 0.001 
(0.04) 

0.029 
(0.05) 

0.445 
(0.74) 

0.015 
(0.03) 

Annual usage 1,000,000 kWh and above 0.089* 
(0.05) 

0073 
(0.05) 

0.777 
(0.90) 

0.022 
(0.03) 

Constant -- 0.074 
(0.16) 

-8.715*** 
(1.87) -- 

Inflation variable 
9.83E-
10** 

(0.00) 
-- -- -- 

NAICS dummies Yes Yes Yes Yes 

Number of Observations 643 661 661 620 

R-squared -- 0.073 -- -- 

Adjusted R-squared -- 0.031 -- -- 

Pseudo R-squared -- -- 0.084 0.080 
 

1 Standard errors are in parentheses. OLS and Tobit models are estimated with bootstrapped standard errors. Marginal 
effects are presented for Poisson and logit models. * p<0.10, **p<0.05, *** p<0.01 
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Table B-5: Alternative Gas Free-rider Model Results 

Variable 
Model 
B10: 
GLM 

Model 
B11:  
OLS 

Model 
B12: 
Tobit 

Model B13: 
Poisson 

Model 
B14:  
Logit 

Incentive -0.003 
(0.01) 

-0.005 
(0.01) 

-0.025 
(0.02) 

-0.012 
(0.01) 

-0.034** 
(0.02) 

Per-unit measure savings 
(MWh) 

0.018 
(0.01) 

0.029** 
(0.01) 

0.059** 
(0.03) 

0.025** 
(0.01) 

0.031* 
(0.02) 

Percent employed in 2013 -0.021** 
(0.01) 

-0.022* 
(0.01) 

-0.041* 
(0.02) 

-0.021** 
(0.01) 

-0.018 
(0.01) 

Program interest-free financing 
-

0.285*** 
(0.06) 

-
0.216*** 

(0.04) 

-0.530** 
(0.21) 

-0.408*** 
(0.10) 

-
0.274*** 

(0.09) 
Presence of corporate energy 
efficiency policy 

-0.005 
(0.03) 

-0.011 
(0.03) 

-0.051 
(0.07) 

-0.042 
(0.03) 

-0.091* 
(0.05) 

Non-program technical or 
financial assistance 

0.043 
(0.03) 

0.041 
(0.04) 

0.144* 
(0.08) 

0.03 
(0.03) 

0.180*** 
(0.06) 

Dedicated account 
representative 

-0.064 
(0.05) 

-0.067 
(0.04) 

-0.106 
(0.09) 

-0.051 
(0.05) 

0.019 
(0.06) 

Dedicated account 
representative missing 

0.108*** 
(0.05) 

0.132** 
(0.07) 

0.282** 
(0.13) 

0.119*** 
(0.04) 

0.154* 
(0.08) 

Company funds allocated 
before program information 
was received  

0.199*** 
(0.03) 

0.229*** 
(0.04) 

0.464*** 
(0.07) 

0.210*** 
(0.03) 

0.320*** 
(0.05) 

Motivation: old equipment 
failure 

0.157 
(0.15) 

0.237 
(0.21) 

0.39 
(0.57) 

0.156 
(0.12) -- 

Motivation: reducing 
maintenance cost 

0.067 
(0.04) 

0.104* 
(0.06) 

0.17 
(0.12) 

0.046 
(0.04) 

0.008 
(0.08) 

Motivation: incentive offering 
-

0.122*** 
(0.04) 

-
0.115*** 

(0.04) 

-
0.274*** 

(0.09) 

-0.102*** 
(0.04) 

-
0.150*** 

(0.05) 

Motivation: energy savings -0.081** 
(0.03) 

-
0.089*** 

(0.03) 

-0.092 
(0.07) 

-0.062 
(0.04) 

0.040 
(0.05) 

Motivation: efficiency -0.105* 
(0.06) 

-0.126** 
(0.06) 

-0.191 
(0.16) 

-0.113 
(0.07) 

-0.045 
(0.09) 

Custom program 
-

0.100*** 
(0.04) 

-
0.158*** 

(0.05) 

-0.232** 
(0.09) 

-0.135** 
(0.05) 

0.024 
(0.06) 

Annual usage 8,000-40,000 
therms 

-
0.078*** 

(0.05) 

-0.089** 
(0.04) 

-0.142 
(0.09) 

-0.109*** 
(0.04) 

-0.016 
(0.06) 

Annual usage more than 40,000 
therms 

-0.056 
(0.04) 

-0.052 
(0.05) 

-0.015 
(0.10) 

-0.082* 
(0.05) 

0.055 
(0.07) 

Constant -- 2.313** 
(1.05) 

3.929* 
(2.15) -- -- 

NAICS dummies Yes Yes Yes Yes Yes 
Number of Observations 386 406 406 406 396 

R-squared -- 0.396 -- -- -- 

Adjusted R-squared -- 0.333 -- -- -- 

Pseudo R-squared -- -- 0.256 0.163 0.229 
 

1 Standard errors are in parentheses. OLS and Tobit models are estimated with bootstrapped standard errors. GLM, 
Poisson, and logit models are estimated using robust standard errors. Marginal effects are reported for GLM, Poisson, 
and logit models. * p<0.10, **p<0.05, *** p<0.01 
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Free-ridership Model Results by Program Type and Energy Use 

Electricity 
 

In Table B-6, Model B15 shows the results for participants in a New Construction program. Company funds 
allocation has the largest impact on the free-ridership rate; participants who had funds allocated towards a 
measure prior to learning about the program and still received an incentive have a free-ridership rate that is 
+0.23 higher. The next most important driving factor of free-ridership is non-program technical assistance 
(+0.10). Another influential factor is incentive level. Increasing the incentive size by 100% decreases free-
ridership by -0.04. 

Model B16 shows the results for participants in a Retrofit program. A dedicated account representative has 
the largest impact on the free-ridership rate; participants with an account representative have a free-
ridership rate that is lower by -0.16. Motivational factors also play a significant role in determining free-
ridership for Retrofit programs starting with efficiency (-0.13), followed by scheduled replacement (+0.11), 
and reducing maintenance cost (-0.09). Other influential factors include companies with prior fund allocation 
(increases by +0.08) and the presence of a corporate energy efficiency policy (decreases by -0.07). 

Model B17 shows the results for customers who participated in a Small Business program. Non-program 
assistance has the largest impact of +0.66 on the free-ridership rate. Old equipment failure increases the 
free-ridership by +0.46. Presence of a corporate energy efficiency policy decreases free-ridership by -0.10. 
In addition, the largest electricity users have a -0.75 lower free-ridership ratio compared to the lowest 
electricity users. Other factors are not statistically significant at a 90%s confidence level. 
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Table B-6: Electric Free-rider GLM Results by Program Type 

Variable 
Model B15: 

New 
Construction 

Model 
B16: 

Retrofit 

Model B17: 
Small 

Business 

Incentive -0.041* 
(0.02) 

0.012 
(0.01) 

-0.012 
(0.01) 

Per-unit measure savings (MWh) -3.15E06 
(0.00) 

-3.14E-6 
(0.00) 

-8.52E-6 
(0.00) 

Percent employed in 2013 0.011 
(0.02) 

0.010 
(0.01) 

-0.003 
(0.01) 

Program interest-free financing -0.067 
(0.18) 

-0.054 
(0.04) 

-0.042 
(0.03) 

Presence of corporate energy efficiency policy -0.058 
(0.06) 

-0.073** 
(0.03) 

0.085** 
(0.04) 

Non-program technical or financial assistance -0.096* 
(0.06) 

-0.020 
(0.03) 

0.083* 
(0.04) 

Dedicated account representative -0.012 
(0.07) 

-0.161*** 
(0.04) 

0.008 
(0.04) 

Dedicated account representative missing 
indicator 

0.146* 
(0.08) 

-0.08 
(0.06) 

-0.011 
(0.06) 

Company funds allocated before program 
information was received  

0.228*** 
(0.06) 

0.075*** 
(0.03) 

0.079** 
(0.04) 

Motivation: old equipment failure 0.153 
(0.06) 

-0.041 
(0.07) 

1.165*** 
(0.16) 

Motivation: poorly working equipment -0.03 
(0.08) 

-0.068 
(0.05) 

0.017 
(0.05) 

Motivation: scheduled replacement -0.078 
(0.09) 

0.105** 
(0.04) 

0.029 
(0.04) 

Motivation: reducing maintenance cost -0.074 
(0.08) 

-0.094*** 
(0.04) 

0.028 
(0.04) 

Motivation: efficiency -0.058 
(0.09) 

-0.134* 
(0.07) 

-0.119 
(0.11) 

Annual usage: 100,000-999,999 kWh 0.029 
(0.09) 

-0.003 
(0.03) 

0.041 
(0.03) 

Annual usage: 1,000,000 kWh and above -0.082 
(0.09) 

-0.011 
(0.04) 

-0.206* 
(0.11) 

NAICS dummies Yes Yes Yes 

Number of Observations 137 276 235 
 

1 In all the models, the dependent variable is the free-ridership ratio. Average marginal effects are presented. Robust 
standard errors are in parentheses. *p<0.10, **p<0.05, *** p<0.01 

 

Table B-7 reports the results for the drivers of free-ridership for electricity by customer annual electricity 
usage. Model B18 shows the results for only those low-energy users whose annual usage is below 100,000 
kWh. The participant’s motivation for efficiency appears to be the main factor in determining free-ridership, 
decreasing it by -0.44. The motivation of equipment in poor working condition increases the rate by +0.22. 
Other factors are not statistically significant at the 90% confidence level.  

Model B19 shows the results for participants who are medium-energy users with an annual usage between 
100,000 and 999,999 kWh. The greatest driver of free-ridership is whether a company has allocated funds 
prior to being aware of the program, which increases free-ridership by +0.15. Next is the motivation to 
reduce maintenance costs, which lowers free-ridership by -0.11. Other influential factors include having a 
dedicated account representative (decreases by -0.07).  
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Model B20 shows the results for large energy users with annual usage of 1,000,000 kWh and above. The 
greatest drivers of free-ridership are equipment scheduled for replacement (+0.10) and whether equipment 
was in poor working condition (-0.10). In addition, the New Construction participants have a +0.24 higher 
free-ridership ratio compared to Small Business program participants. Employment rate is a significant 
factor in determining the free-ridership rate, as an increase in the employment rate by one unit increases 
free-ridership by +0.02. Other factors are not statistically significant at a 90% confidence level. 

While program interest-free financing was significant in the overall model, the variable is not significant 
when the sample is divided up by energy usage. It is important to note that these models are different from 
the models presented in the main results in that they are separate regressions for group comparison and will 
result in different coefficients and p-values.  
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Table B-7: Electric Free-rider GLM Results by Annual Electricity Use 

Variable Model B18:
Low 

Model B19: 
Medium 

Model B20:
High 

Incentive -3.43E-4 
(0.01) 

-0.024* 
(0.01) 

-0.014 
(0.01) 

Per-unit measure savings (MWh) -1.02E-5 
 (0.00) 

-2.26E-6 
(0.00) 

2.34E-6 
(0.00) 

Percent employed in 2013 0.002 
(0.01) 

-0.007 
(0.01) 

0.020** 
(0.01) 

Program interest-free financing -0.062 
(0.06) 

-0.059 
(0.05) 

-0.039 
(0.07) 

Presence of corporate energy 
efficiency policy 

0.048 
(0.07) 

-0.010 
(0.03) 

-0.029 
(0.04) 

Non-program technical or financial 
assistance 

0.005 
(0.06) 

-0.045 
(0.04) 

-0.032 
(0.04) 

Dedicated account representative -0.113 
(0.08) 

-0.073** 
(0.04) 

0.033 
(0.05) 

Dedicated account representative 
missing indicator 

-0.065 
(0.10) 

0.022 
(0.05) 

0.117 
(0.07) 

Company funds allocated before 
program information was received  

0.061 
(0.06) 

0.148*** 
(0.03) 

0.108*** 
(0.03) 

Motivation: old equipment failure 0.090 
(0.07) 

0.052 
(0.06) 

0.131 
(0.09) 

Motivation: poorly working 
equipment 

0.218** 
(0.09) 

0.010 
(0.05) 

-0.104** 
(0.04) 

Motivation: scheduled replacement -0.049 
(0.08) 

0.054 
(0.04) 

0.100** 
(0.05) 

Motivation: reducing maintenance 
cost 

-0.056 
(0.09) 

-0.106** 
(0.04) 

-0.030 
(0.04) 

Motivation: efficiency -0.436*** 
(0.19) 

-0.083 
(0.05) 

-0.084 
(0.05) 

Program: New Construction 0.182** 
(0.09) 

0.208*** 
(0.07) 

0.239* 
(0.13) 

Program: Retrofit 0.128 
(0.10) 

0.085 
(0.05) 

0.146 
(0.13) 

NAICS dummies Yes Yes Yes 

Number of Observations 191 267 190 
 

1 In all the models, the dependent variable is the free-ridership ratio. Model B18 models users with the lowest annual 
energy consumption (below 100,000 kWh), Model B19 models medium energy users (100,000-999,999 kWh), and 
Model B20 models the largest users (1,000,000+ kWh). Average marginal effects are presented.  

 
2 Robust standard errors are in parentheses. *p<0.10, **p<0.05, *** p<0.01 

 

Natural Gas 
Model B21 in Table B-8 shows the results for only those customers who participated in a custom program. A 
dedicated account representative provides the largest statistically significant impact on the free-ridership 
rate (-0.14 decrease), followed by company fund pre-allocation (+0.10). Medium and large energy users 
also have smaller free-ridership rates (-0.13) than the lowest energy users.  

Model B22 shows the results for the prescriptive program participants. The prescriptive program has more 
significant factors influencing free-ridership than the Custom program. Interest-free financing has the 
largest impact on free-ridership (-0.30). Company pre-allocation of funds was also statistically significant; a 
participant who allocated these funds before they had received information about the program had a +0.28 
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higher free-ridership rate. Non-program assistance results in a statistically significant free-ridership rate 
increase of +0.11. Other influential factors include customers who mentioned that their motivations for 
program implementation were efficiency (-0.17), the incentive offer (-0.15), and saving energy (-0.12). 
 

Table B-8: Gas Free-rider GLM Results by Program Type 

Variable Model B21: 
Custom 

Model B22: 
Prescriptive 

Incentive -0.006 
(0.01) 

-0.011 
(0.01) 

Per-unit measure 
savings (Therms) 

-0.01 
(0.02) 

0.027* 
(0.02) 

Percent employed in 
2013 

0.003 
(0.01) 

-0.023* 
(0.01) 

Program interest-free 
financing 

-0.253 
(0.18) 

-0.301*** 
(0.07) 

Presence of corporate 
energy efficiency 
policy 

0.003 
(0.04) 

-0.017 
(0.05) 

Non-program technical 
or financial assistance 

-0.033 
(0.03) 

0.106** 
(0.05) 

Dedicated account 
representative 

-0.135*** 
(0.04) 

0.014 
(0.07) 

Dedicated account 
representative missing 
indicator 

0.008 
(0.12) 

0.137** 
(0.06) 

Company funds 
allocated before 
program information 
was received  

0.102*** 
(0.04) 

0.278*** 
(0.04) 

Motivation: Old 
equipment failure -- 0.083 

(0.12) 
Motivation: Reduce 
maintenance costs 

0.090* 
(0.05) 

-0.01 
(0.07) 

Motivation: Incentive 
from the program 

-0.035 
(0.04) 

-0.154*** 
(0.05) 

Motivation: Save 
energy 

0.016 
(0.03) 

-0.118** 
(0.05) 

Motivation: Efficiency 0.025 
(0.08) 

-0.174** 
(0.08) 

Annual usage 8,000-
40,000 therms 

0.125** 
(0.06) 

0.033 
(0.08) 

Annual usage more 
than 40,000 therms 

0.003 
(0.04) 

-0.122 
(0.08) 

NAICS dummies Yes Yes 
Number of 
Observations 162 224 

 

1 In all the models, the dependent variable is the free-ridership ratio. Average marginal effects are 
presented. Robust standard errors are in parentheses. *p<0.10, **p<0.05, *** p<0.01 

 

Table B-9 reports the results for the drivers of free-ridership for natural gas by low, medium, and high 
annual gas usage. Model B23 shows the results for customers whose annual usage is below 8,000 therms. A 
company with fund allocation prior to receiving program information provides the largest statistically 
significant impact on the free-ridership rate (+0.33 increase), followed by program interest-free financing (-
0.26) and non-technical or financial assistance (+0.11). Custom program participants have lower free-
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ridership rates by -0.18 than prescriptive program participants. Participants motivated by saving energy (-
0.16) and the incentive (-0.14) reduce the free-ridership rate. 

Model B24 shows the results for the participants with medium annual usage between 8,000 and 40,000 
therms. Program interest-free financing has the largest impact on free-ridership, decreasing the rate by -
0.67. Efficiency being the motivation for implementation was also statistically significant; a participant 
motivated by efficiency has a -0.53 lower free-ridership rate. Similarly, participants who mention the 
incentive as their motive have a -0.19 lower free-ridership rate. Other influential factors include company 
fund allocation (+0.16). 

Model B25 reports the results for the participants with high annual usage of 40,000 therms and above. 
Having a dedicated account representative has the largest impact on free-ridership for large users, 
decreasing free-ridership by -0.14. This is followed by companies with pre-allocated funds (+0.12). 
Participants who mention the incentive as their motive have a -0.11 lower free-ridership rate. Maintenance 
cost being the motivation was also statistically significant, increasing the free-ridership rate by +0.08. Other 
influential factors include total incentive and measure unit savings, though their effects are miniscule. 
Increasing the incentive by 100% increases free-ridership by +0.03, while increasing the per-unit savings by 
100% decreases free-ridership by -0.05. 
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Table B-9: Gas Free-rider GLM Results by Annual Gas Use 

Variable 
Model 
B23: 
Low 

Model 
B24: 

Medium 

Model 
B25: 
High 

Incentive -0.012 
(0.02) 

0.014 
(0.01) 

0.027* 
(0.02) 

Per-unit measure savings (therms) 0.047** 
(0.02) 

-0.029* 
(0.02) 

-0.052*** 
(0.01) 

Percent employed in 2013 -0.049*** 
(0.02) 

-0.054** 
(0.02) 

0.021 
(0.01) 

Program interest-free financing -0.255*** 
(0.09) 

-0.666*** 
(0.17) 

-0.113 
(0.10) 

Presence of corporate energy efficiency policy -0.016 
(0.05) 

-0.021 
(0.06) 

0.059 
(0.04) 

Non-program technical or financial assistance 0.111* 
(0.06) 

0.082 
(0.05) 

-0.042 
(0.04) 

Dedicated account representative 0.032 
(0.08) 

0.069 
(0.07) 

-0.138*** 
(0.05) 

Dedicated account representative missing indicator 0.145 
(0.10) 

0.063 
(0.06) 

0.098 
(0.07) 

Company funds allocated before program information was 
received  

0.325*** 
(0.05) 

0.164*** 
(0.05) 

0.124*** 
(0.04) 

Motivation: Old equipment failure -0.107 
(0.22) 

0.009 
(0.11) -- 

Motivation: Reduce maintenance costs 0.064 
(0.11) 

0.099 
(0.08) 

0.076* 
(0.04) 

Motivation: Incentive from the program -0.113* 
(0.06) 

-0.187** 
(0.09) 

-0.105** 
(0.05) 

Motivation: Save energy -0.156*** 
(0.05) 

0.008 
(0.06) 

-0.008 
(0.04) 

Motivation: Efficiency -0.122 
(0.10) 

-0.527*** 
(0.19) 

-0.032 
(0.06) 

Program: Custom -0.179* 
(0.10) 

-0.007 
(0.06) 

-0.024 
(0.05) 

NAICS dummies Yes Yes Yes 
Number of Observations 162 117 107 
 

1 In all the models, the dependent variable is the free-ridership ratio. Model B23 models users with the lowest annual 
energy consumption (below 8,000 therms), Model B24 models medium energy users (8,000-40,000 therms), and Model 
B25 models the largest users (40,000+ therms).  

 
2 Average marginal effects are presented. Robust standard errors are in parentheses. *p<0.10, **p<0.05, *** p<0.01 
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Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to 
advance the safety and sustainability of their business. We provide classification and technical assurance 
along with software and independent expert advisory services to the maritime, oil and gas, and energy 
industries. We also provide certification services to customers across a wide range of industries. Operating in 
more than 100 countries, our 16,000 professionals are dedicated to helping our customers make the world 
safer, smarter, and greener. 


