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1 EXECUTIVE SUMMARY 
This report summarizes DNV GL’s analysis of potential spillover savings associated with LED lighting 
programs offered by Program Administrators (PAs) in Massachusetts. DNV GL conducted this analysis at the 
request of the PAs and Energy Efficiency Advisory Council (EEAC) in response to findings of high levels of 
commercial and industrial (C&I) customer adoption of LED products from the recently completed LED Market 
Effects Baseline Characterization study (Baseline study).1  

Building on the baseline study findings, our present analysis sought to: 

• Further investigate causes of the higher rate of LED adoption observed in Massachusetts C&I 
customers 

• Estimate spillover and free-ridership associated with PA programs that support C&I LED products  
• Research other key market elements, such as factors influencing the purchase of LED products, 

changes in supplier activities to promote LEDs, and customer lighting purchase decision-making 
processes 

The results of this analysis will be incorporated into the C&I net-to-gross (NTG) factor used in the 2016-18 
three-year plan, after accounting for any possible overlap with other NTG estimates. The findings from this 
study should also be taken into account in planning for subsequent market effects and net-to-gross studies 
of non-residential programs to promote LED lighting. We discuss the implications of the current study and 
present recommendations in regard to further work in the conclusions of this report. 

1.1 Study Approach 
The methodology used for this study followed the approach previously used for two Massachusetts studies: 
the 2011 and 2013 versions of the Commercial and Industrial Electric Programs Free-ridership and Spillover 
Study.2 This approach utilizes customer self-reported information on program influence to determine free-
ridership and participant spillover for specific measure categories. For this study, we also utilized this 
approach to estimate non-participant spillover.   

The DNV GL team conducted a survey of customers to estimate free-ridership and spillover associated with 
LED products supported by PA programs. The survey targeted lighting decision-makers at the 144 sites that 
had recently participated in the first wave of on-site visits for the Massachusetts C&I Customer On-Site 
Assessment and had verified LED installations. These sites included a mix of both program participants and 
non-participants. DNV GL worked with APPRISE to implement this survey. A total of 99 of the 144 customers 
in our sample completed the survey, yielding a response rate of 72.8%. 

The DNV GL team then used the standard spillover and free-ridership methodology from the aforementioned 
free-ridership and spillover studies to assess the impact of the PAs’ programs on LED purchases within 
Massachusetts. We developed C&I LED NTG factors under three scenarios in order to understand the impact 
of nine survey respondents that self-identified as LED program participants but could not be located in the 
2011-2014 tracking data. These scenarios were as follows: 

• Scenario 1: Unverified participants included in the calculation of participant spillover 

1 http://ma-eeac.org/wordpress/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-Draft.pdf 
2 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-PAs-Cross-Cutting-CI-Free-ridership-and-Spillover-Methodology-Study.pdf 
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• Scenario 2: Unverified participants included in the calculation of non-participant spillover 
• Scenario 3: Unverified participants not included in the NTG analysis 

Free-ridership is unchanged in the three scenarios; since we could not determine program savings for these 
nine respondents and the free-ridership rate is weighted by program savings, their information was not 
included in the analysis of the final free-ridership fraction. 

1.2 Summary of Key Findings 
Free-Ridership, Spillover, and Net-to-Gross Factors. As shown in Table 1, the customer surveys 
conducted for this project identified a high level of spillover, especially among participants. As discussed in 
Section  4, we believe that it is most appropriate to use Scenario 3, given uncertainty as to the status of 
customers who claimed to have participated in the program but for whom no tracking records could be 
found. We do not recommend consideration of Scenario 1 because it includes savings from all LED 
installations at the nine unverified participant sites in spillover, even though at least some should be 
included in tracked program savings. Consideration of Scenario 2 is consistent both with the conceptual 
definitions of spillover and with the actual research methods employed. It does, however, introduce 
uncertainty as to what portion of the program-attributed installations in the 9 non-verified sites should be 
allocated to tracked savings versus spillover. 

Table 1: Summary of Free-Rider and Spillover Results 

 

 

Other key findings on the current state of the LED market in Massachusetts include the following: 

Indicators of Strong LED Lamp Market Development. The recent LED Baseline study found that the 
development of the non-residential market for LED lamps in Massachusetts was significantly advanced 
beyond conditions in California and a comparison area with low program activity.3 Many of the findings from 
this study reinforce that conclusion and suggest that the Massachusetts market continues to develop rapidly. 
Table 2 presents the rates of LED adoption reported by commercial customers in California, Massachusetts, 
and the comparison area, applying both population and size weights. The population-weighted rates of 
adoption were nearly identical for California and the comparison area, but Massachusetts was significantly 
higher than the comparison area. This may reflect the relatively high level of participation in Massachusetts 

3 The comparison area includes Arizona, Georgia, Kansas, and Nebraska 
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programs – 10% of customers over two years. Similarly, the size-weighted rate of adoption is significantly 
higher in Massachusetts than both California and the comparison area. 

Table 2: Comparison of Rate of LED Adoption 

 

 Among the key findings in this regard are the following: 

• Participant characterization of market effects. The free-ridership survey sequence questions 
customers as to the effect of the program on the timing, quantity, and efficiency level of the 
purchases made through the program. The sample participants reported that the program primarily 
influenced the timing and quantity of their LED purchases. Eighty-two percent of participants 
reported that they would have purchased some LEDs for their replacement or retrofit needs in the 
absence of the program. This demonstrates that participants, at least, were very well aware of LED 
lamps and were disposed to purchase them, but the program encouraged them to purchase more 
LEDs and accelerate their purchases. 

• Level of vendor promotion. Both participants and non-participants reported that their lighting 
vendors vigorously promoted LEDs. 

o Seventy-five percent of sample non-participants reported that their vendors had 
recommended the purchase of LEDs for acquisitions outside the program. 

o Fifty percent of all sample customers reported that lighting vendors had increased their level 
of promotional effort for LEDs over the past two years. Among those customers, 76% 
reported that vendors had increased range of products in stock, and 70% reported reduced 
prices. Most also reported that vendors had sent out promotional literature and offered 
special training. 

Indicators of Strong Effects of Prior Program Participation. The customer surveys yielded a 
number of findings that suggest that participation in energy efficiency programs has a strong cumulative 
effect on customer response to current programs and to adoption of energy efficiency measures as a 
whole. Specifically: 

• Over 60% of sample program participants reported that prior experience in energy efficiency 
programs was a very important influence on their decision to purchase LEDs outside the program.4 

• All or virtually all sample participants reported that prior experience with energy efficiency programs 
made them more likely to consider energy-efficient equipment, to actually install such equipment in 
their facilities, and to have confidence in the financial and non-financial benefits of energy-efficient 
equipment. 

• Only 4% of the non-participants reported having ever participated in any energy efficiency programs. 

4 Scored 7 – 10 on a 0-10 scale. 
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Other influences on LED Lighting Purchases: Vendors and Codes. Large shares of sample 
customers identified their vendors and building codes as major influences on lighting selection. As 
mentioned above, 75% of non-participants who identified vendors as an important influence on their 
LED purchase decision, as did approximately 70% of participants. Nearly 78% of all sample customers 
reported that they referred to state building codes in making lighting equipment purchase decisions. By 
contrast, only 46% reported that recent increases in electricity rates influenced their purchase of LEDs. 

Concentration of LED purchases through the distributor/contractor channel. Over 70% of all 
sample customers reported that they purchase the majority of their LED lamps directly from distributors 
or contractors. By contrast, the sample customers reported that they purchase only 38% of all lamps, 
such as halogens, CFLs and LEDs, from distributors and contractors. Most of the remainder is purchased 
from large home improvement and electronics stores. This finding may have implications in regard to 
ensuring that smaller customers who tend not to purchase directly from distributors can participate in 
the PAs’ upstream incentive programs.  

1.3 Recommendations 
Program-related Implications of Key Findings. Clearly, the Massachusetts non-residential market for 
LED lamps is developing strongly, with a significant boost from the PAs’ program efforts. On-site inspections 
completed in late 2014 found that fully one-third of commercial customers had LED lamps installed in their 
facilities; at the time of the on-site visits roughly one quarter of installed screw-based lamps were LEDs and 
less than one percent of linear fixtures (0.1%) had been retrofitted to include LED technologies. Surveys of 
customers, contractors, and distributors all suggested that promotional support for LEDs was strong up and 
down the supply chain. Manufacturers are rapidly improving product performance, extending the range of 
product lines, and decreasing prices.  

LED lamp adoption is by no means universal. As of nine months ago, two-thirds of customers had not 
installed them in their facilities. However, as prices decrease and the range of available lamps increases, the 
percentage of commercial customers who purchase LED lamps (rate of adoption) should increase, along with 
total sales. 

In light of these findings, we recommend that: 

• The PAs take steps to ensure exposure of smaller customers to opportunities to purchase incented 
LED lamps through Direct Install programs and strong promotions via large home improvement 
stores and electronics retailers. 

• Focus program efforts on the promotion of LED linear fixtures, which account for a very high portion 
(roughly 80 percent) of total current commercial lighting energy consumption. Sales of LED linear 
equipment continue to be low, but significant reductions in price are forecasted over the next 5 
years. 

Implications for Evaluation Planning. This study was motivated by the observation that the 
Massachusetts non-residential market for LED lamps had begun to develop more rapidly than the 
comparison area prior to the 2014 Baseline study. This development created complications for the originally 
planned approach to quantify market effects. In consultation with the EEAC, DNV GL had proposed to 
quantify market effects by comparing changes in indicators of LED adoption in the two study areas from the 
baseline to a subsequent follow-on study, yet due to the more advanced state of the Massachusetts market, 
this approach was potentially compromised. The retrospective approach applied here in this study yielded 
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plausible estimates of participant and non-participant spillover, given the current state of the market, as 
well as additional evidence of market development among customers and firms in the supply chain. These 
findings are being brought into the planning process for the 2016 – 2018 programs. 

The results discussed above raise questions about the timing and perhaps even the value of a subsequent 
study to reproduce the comprehensive C&I market characterizations for Massachusetts and a comparison 
area for comparison to the Baseline study. At this point DNV GL does not have a specific recommendation 
for new research in this area. Certainly, some of the C&I evaluation and market characterization research 
currently being planned will yield information useful for assessing the development of the commercial 
market for LEDs. In particular, we believe it will be useful to assess the segmentation of the market and the 
growth of awareness, knowledge, and adoption of LED linear fixtures through this work. We will be able to 
provide more specific recommendations in this regard once other elements of the evaluation research 
agenda are put in place. 
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2  INTRODUCTION 

2.1 Study Objectives 
The following is a report of DNV GL’s analysis of potential spillover savings associated with LED lighting 
programs offered by PAs in Massachusetts. This analysis was conducted at the request of the PAs and EEAC 
in response to findings of high levels of commercial and industrial customer adoption of LED products from 
the recently completed LED Market Effects Baseline Characterization study (Baseline Study).5  

In light of the baseline study findings, we conducted a survey of customers to estimate free-ridership and 
spillover associated with LED products supported by PA programs using methods developed as part of the 
Massachusetts Cross-Cutting evaluation portfolio.6 As installed quantities of the efficient technology under 
review are often a source of uncertainty in these types of studies, we used the respondents from Wave I of 
the Massachusetts C&I Customer On-Site Assessments with verified LED installations as our sample. Our 
rationale for targeting those customers is that the on-site survey results would provide a relatively accurate 
inventory of their LED products, a key input in the spillover estimation process. These inventories are likely 
to be more accurate than the alternative source: customer self-reports from phone or online surveys.  

The principal objectives of this study were to: 

• Further investigate causes of the higher rate of LED adoption observed in Massachusetts C&I 
customers 

• Estimate spillover and free-ridership associated with PA programs which support C&I LED products. 
In consultation with the EEAC, we decided to estimate free ridership as well as spillover for use in 
this study. The rationale for this approach consisted of the following observations. 

o The PAs expressed an interest in updating the net-to-gross (NTG) factor for LED lighting for 
the 2016-2018 planning period 

o The NTG ratio used for program planning was developed based on the results of a 2011 
customer survey. The results of the recently completed baseline study identified significant 
growth in the commercial market for LED products between 2011 and 2014. This market 
development was likely to influence levels of free ridership 

o The current NTG ratio captures responses for all types of commercial lighting, not just LED 
products. In terms of the pace of product innovation, performance improvement, and price 
decrease has been much greater for LEDs than for other, more mature technologies. Thus, it 
makes sense to calculate a NTG factor specific to LED products 

• Research other key market elements such as: 
o Factors influencing the purchase of LED products 
o Changes in supplier activities to promote LEDs 
o Customer lighting purchase decision-making process 

The results of this analysis will be incorporated into the C&I NTG factor used in the 2016-18 three-year plan. 
The findings from this study should also be taken into account in planning for subsequent market effects and 
net-to-gross studies of non-residential programs to promote LED lighting. We discuss the implications of the 
current study and present recommendations in regard to further work in the conclusions of this report. 

5 http://ma-eeac.org/wordpress/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-Draft.pdf 
6 Tetra Tech. 2011. 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. 
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2.2 Massachusetts LED Market and Program Background 

2.2.1 Current Rate of LED Adoption 
The customer telephone surveys of  Massachusetts C&I customers conducted in the spring of 2014 for the 
LED Baseline Characterization Study found much higher  levels of reported installation for the kinds of LED 
lamps and fixtures supported by PA programs than did surveys of customers in California and in a composite 
comparison area with little program activity. The California survey was completed roughly eight months prior 
to the comparison area survey, at a time when utility programs to support LEDs were in place but operating 
at relatively low volume. Forty-two percent of sampled Massachusetts C&I customers reported having LED 
lamps and fixtures installed versus 13% in the comparison area and 12% in California.7 Moreover, program 
records from 2012-13 suggest that roughly 10% of C&I customers in Massachusetts had received support 
for purchases of LED equipment. These findings suggested that a large number of LED lamps and fixtures 
may have been sold without program support or “outside the program.” 

2.2.2 Comparison of LED Adoption Results8 
Given these important implications, the DNV GL team, PAs, and the EEAC consultants agreed that it would 
be worthwhile to validate the findings from the LED Baseline Characterization study by comparing them to 
results of the recently completed on-site surveys conducted in for the Massachusetts C&I Customer On-Site 
Assessment in order to understand whether the high-levels of LED adoption observed in Massachusetts were 
influenced by customer bias or confusion. This approach mitigates one significant area of uncertainty in the 
saturation estimate in that trained data collectors are more likely than facility personnel to identify installed 
lamps correctly. 

2.2.2.1 Adoption of LED Indoor Lighting – All Types 
Table 3 shows the site-weighted portion of customers who reported having LED lamps installed in their 
facilities (LED phone survey) or in whose facilities LED lamps and fixtures were observed (On-Site Survey). 
The proportion of facilities with LEDs installed was 39% according to the phone survey and 32% according 
to the on-site survey. The difference between the two estimates is not statistically significant. Moreover, the 
estimate from the on-site survey is sufficiently high and consistent with our hypothesis based on the phone 
survey that there were high levels of “outside the program” sales. As discussed earlier, these sales likely 
reflect some combination of spillover from the PA programs and differences between levels of market 
development between Massachusetts and the comparison areas at the time of the LED Baseline study. We 
note that the questionnaire for the telephone survey did not distinguish between LEDs used for interior 
lighting and exit signs when initially querying whether any LEDs were installed at the facility, whereas we 
were able to distinguish these categories in the on-site surveys. However, among respondents to the phone 
survey who reported having LEDs installed in their facilities, only 3% mentioned having LED exit signs later 
in the survey. This disparity in the questions could possibly lower the estimate of adoption of LED indoor 
lighting from the phone survey by 1% to 2%, but it does not affect findings in regard to high levels of LED 
lighting adoption outside the PA programs. 

7 These proportions were estimated applying a weighting scheme based on number of full time employees reported at the respondent site. 
8 The results presented in these tables will be different than those in the LED Market Effects Study. This is due to different weighting scheme. The LED 

Market Effects Report uses a “Full Time Worker Equivalent” weight for most LED results whereas this memo uses site weighting. This provides 
for the most straightforward comparison between the results of two forms of customer survey. Weightings using measures of size such as 
number of employees or kWh consumption are useful for facilitating comparisons of results between customer surveys on the one hand and 
market share assessments based on contractor or distributor studies on the other. 
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Table 3: Rates of Adoption for all Interior LED Technologies, Site-Weighted 

  

 

2.2.2.2 Adoption of LED Lighting Products Supported by the Program  
The PAs’ lighting programs, particularly the upstream incentive program, focused support on screw-in LED 
lamps designed to replace conventional incandescent and compact fluorescent bulbs, as well as downlight 
fixtures for interior lighting. We would therefore expect to see higher rates of adoption for these products 
than for other kinds of LED lighting products that received less promotional support or were not eligible for 
program incentives. Moreover, we would anticipate that the differences between the findings from the 
telephone survey and from the on-sites would not be statistically significant, but that the differences would 
be larger than those observed for the adoption rate of interior LED products of all types. This is because the 
sample sizes are smaller for each lamp type and because customers’ characterizations of lighting equipment 
are likely to vary from those of the field engineers. 

Table 4 summarizes rates of adoption by LED technology type from each survey method; approximately 25% 
of customers have installed at least one screw-based LED, while a much smaller share have installed LEDs 
for use in linear applications. Similar to the results presented below, on-site engineers also found that, by 
the end of 2014, roughly one quarter of installed screw-based lamps at C&I facilities in Massachusetts were 
LEDs while less than one percent of linear fixtures (0.1%) had been retrofitted to include LED technologies. 

Table 4: Rates of Adoption by LED Type, Site Weighted9  

  
 

 

LED Screw-in Lamps and LED Spotlight Fixtures 26.1% 
 

22.7% 

General Overhead and Linear Retrofit Kits 5.2%  0.5% 

LED Globe Lights 3.2%  2.2% 

9 The number of observations (n) in the CATI sample is fewer in this table to due to the survey logic. These results have been adjusted so that they 
are comparable to the full sample from the on-site analysis. 

Portion of facilities with 
LED lamps or 
fixtures reported or 
observed installed.  
(Population-Weighted) 

Massachusetts Phone Survey 
(n=617) 

 

Massachusetts On-site 
(n=344) 

 

39% 

32% 

Massachusetts 
Phone Survey 

(n=120) 

Massachusetts  
On-site 

(n=344) 

LED Lamp and Fixture Types 
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The comparison of phone survey results and on-site results corroborated the finding of high rates of 
adoption in general, and for products heavily promoted by PA programs in particular. The findings from both 
surveys suggest that the proportion of customers who have installed LED lamps and spotlight fixtures in 
their facilities is two to three times the proportion of those who purchased such equipment through the PAs’ 
programs through 2013.   

2.2.3 Potential Causes for Observed Differences in Rate of Adoption 
After examining the results of the baseline study, we determined that there are three sets of factors to 
which the observed differences between non-residential LED product adoption in Massachusetts and the 
comparison area can be attributed:  

• Underlying differences between Massachusetts and the comparison areas in factors that affect 
vendor motivations and capabilities to promote LEDs 

• Direct effects of the PA programs on purchases those programs supported,  
• Market effects and/or spillover from those program efforts 

Upon reviewing program lighting data, we concluded that roughly one-third of the observed difference 
between Massachusetts and the comparison area in reported levels of adoption of LED lamps, downlights, 
and outdoor fixtures can be attributed to program-induced purchases by program participants.  

Spillover from the Massachusetts programs, including market effects, is thus likely to be one explanation for 
the remaining difference in adoption rates. Based on previous market effects studies of programs to promote 
other efficient commercial lighting technologies, we believe that spillover likely accounts for a significant 
portion of the observed difference in adoption. The high bay lighting market effects studies DNV GL 
conducted in Massachusetts10 and California11 found levels of spillover in the range of 25% to 50% of net 
savings achieved by program participants. However, we note that in Massachusetts, the levels of “out-of-
program” adoption are significantly higher than they were in the high bay lighting studies.  

In reviewing these results we have concluded that a combination of program spillover and the effects of 
underlying market differences between Massachusetts and the comparison areas likely accounts for most of 
the observed differences between MA and the comparison area in level of LED lamp and downlight fixture 
adoption. Thus, spillover from PA efforts to promote LEDs may be contributing significantly to program net 
savings. Efforts to estimate the extent of spillover at this point are therefore justified. 

  

10 http://ma-eeac.org/wordpress/wp-content/uploads/High-Bay-LIghting-Market-Effects-Study-Final-Report.pdf 
 
11 http://www.calmac.org/publications/High-Bay_Lighting_Market_Effects_Study_-_FinalES.pdf 
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3 METHODOLOGY 
The methodology used for this study followed the approach previously used for two Massachusetts studies: 
the 2011 and 2013 versions of the Commercial and Industrial Electric Programs Free-ridership and Spillover 
Study12. This approach utilizes customer self-reported information on program influence to determine free-
ridership and participant spillover for specific measure categories. We also utilized this approach to estimate 
non-participant spillover. However, due to time constraints associated ensuring the NTG estimates could be 
finalized for the PAs three-year plans, we did not speak with trade allies. As such, we do not include 
estimates of additional spillover due to out-of-program trade ally recommendations in our analysis.   

Our study began with a survey of lighting decision-makers at sites that had recently participated in the first 
wave of on-site visits for the Massachusetts C&I Customer On-Site Assessment and had verified LED 
installations. The DNV GL team then used the standard spillover and free-ridership methodology from the 
aforementioned free-ridership and spillover studies to assess the impact of the PAs’ programs on LED 
purchases within Massachusetts. Our approach is described in more detail in the sections below.   

3.1 Survey Approach 

3.1.1 Survey Design 
DNV GL created a brief questionnaire that collected information on lighting decision-making processes, 
program awareness and influence, and other influences that impact lighting decision making. As previously 
noted, our survey was designed with the primary objective of obtaining information that could be used to 
estimate free-ridership and spillover. We intended to use the methodology developed as part of the Cross-
Cutting evaluation portfolio, and as such, we ensured that this survey used the appropriate program 
awareness and influence questions from the 2013 Commercial and Industrial Electric Programs Free-
ridership and Spillover Study.13 Additional questions were added to further inform our understanding of the 
effects of historical programs on the LED market in Massachusetts. Figure 1 provides a summary of the main 
topics included in the spillover survey. The final survey instrument is also included in Appendix C: Survey 
Instrument.  

 

12 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-PAs-Cross-Cutting-CI-Free-ridership-and-Spillover-Methodology-Study.pdf 
13 Ibid 
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Figure 1: Spillover Survey Question Summary 

 
 

3.1.2 Sample Design 
Based on a recommendation from the PAs and EEAC, DNV GL investigated whether we could leverage the 
data collected through the on-site surveys to inform the spillover analysis rather than conduct a general 
population non-participant survey. Having the ability to use on-site data would reduce the uncertainty 
associated with customer self-reported installed LED quantities.  

In order to understand whether the on-site respondents would be a viable sample for this analysis, DNV GL 
sought to understand the participation status of customers at the 144 facilities where field engineers verified 
LED installations.14 As further discussed in a May 8, 2015 memo (Appendix B: Initial On-Site Participation 
Status Memorandum), prior to implementing the spillover survey, DNV GL determined each on-site 
customer’s LED program participation status by linking account information from the on-site data to the 
2011-13 downstream tracking data and 2012-13 upstream data. We later updated these results to include 
the 2014 downstream and upstream data, as shown below in Figure 2.  

For this analysis, we compared account-level data from three distinct data sources: 

• On-site data collected in the fall of 2014. DNV GL engineers verified that 144 sites surveyed as 
part of the first wave of the Massachusetts Commercial and Industrial Customer On-Site Assessment 
Study contained interior LED lighting products.   

• 2011-14 Customer & Industrial Customer Tracking Data, including prescriptive, custom, 
and new construction program tracking data 

• 2012-14 Upstream Data 

14 Our original sample contained 146 sites with LEDs, but two were removed as they were soft recruits and not sites visited during the wave I on-sites.  
This brought our total sample to 144 sites. 

Lighting Decision Making Processes 
• Corporate policies and energy management 
• Influence of building codes 
• Lighting purchase locations 

Program Awareness and Influence 
• Past program participation 
• Free-ridership and spillover questions 
• Reasons for not purchasing LEDs through the program 

Other Influences of Lighting Decision Making 
• Supplier influences, including discussion of rebate sources 
• Electricity rates 
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After determining that 144 respondent sites had installed LEDs, we linked these customers to the tracking 
data contained in the Massachusetts Evaluation Database using account IDs. After identifying the 
respondents who had installed program lighting measures between 2011 and 2014, a manual search was 
conducted to identify any LED lighting products or any ambiguous lighting products that could manually be 
classified as LEDs. Using this method we found that 46 of the 144 sites had received program-supported 
LEDs. 

We know from our phone surveys and on-site data that the program has provided strong support for 
products typically supported by the upstream program, but this database does not include account numbers 
that could be compared against our on-site data. Instead, our team used ArcGIS mapping software15 to link 
addresses from the on-sites and 2012-14 upstream lighting program data and then conducted manual 
searches of addresses, customer names, and business names to identify additional sites not found through 
the initial screen. In order to confirm that the matches between the on-site records and upstream data were 
correct, we only selected accounts that matched at the building level address for the cross-reference. This 
analysis yielded an additional 40 accounts that received program LEDs. Eighteen other sites were included in 
both the evaluation database and upstream data. Overall, we identified 104 unique accounts between the 
two data sources. 

After linking the account information for each of these 144 sites, we then followed the process shown in 
Figure 2 to determine each customer’s participation status. We first classified customers that did not have 
any LED program data in either database as a “full non-participant.” Customers with records in the upstream 
or tracking data were classified as “like-program participants” as they potentially installed additional LEDs 
outside of the program due to the influence of their participation in a PA energy efficiency program. We 
compared the installed quantities verified through the on-site surveys to the quantities included in the 
program data for like-program participants to determine the share of program and outside of the program 
LEDs at each facility.   

15 ArcGIS is owned by Redlands, CA-based Esri. https://www.arcgis.com 

DNV GL  –  www.dnvgl.com                                                                 September 24, 2015     Page 12 
 

                                                



 

 

 

Figure 2: Process Used to Determine On-site Respondent Participation Status 

 
We found that 28% of the on-site respondents from Wave I with installed LEDs had not participated in the 
programs that support LED technologies through 2014. Furthermore, of those who had participated, the 
program supported slightly less than half of the LEDs found on-site. Figure 3 shows the participation status 
of customers from the Wave I on-sites.   

 

Figure 3: Overview of Customer Participation Status from Tracking Data Analysis 
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Account Found in 
Tracking/Upstream 

Data 

Determined 
Quantity of LEDs 

from Program 

Determined 
Quantity of LEDs 

outside of Program 

Account Not Found 
in Tracking/ 

Upstream Data 
Determined as Full 
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Program 

46% 
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54% 
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30 (28%) 
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3.1.3 Survey Implementation 
DNV GL worked with APPRISE to implement this survey. The APPRISE team attempted to survey all 146 on-
site respondents during a three-week survey implementation period. To get the most responses from our 
small sample, APPRISE contacted respondents in advance to let them know they planned to call them 
regarding their LED purchases and worked with all respondents to schedule a time that was convenient for 
them. Similarly, to increase participation and reduce the burden for respondents who were being asked to 
participate in another survey effort, all respondents were offered $100 for completing the survey. A total of 
99 of the 144 customers in our sample completed the survey, a response rate of 72.8%. Table 5 provides 
the full disposition report and other survey statistics for this survey effort. 

 

Table 5: MA LED Spillover Survey Disposition Report and Statistics 

 

 

The survey began by asking customers whether or not they had participated in a PA program that supported 
their LED purchases. Although we had identified their participation status based on the tracking data 
analysis, we wanted to verify their status to ensure they were asked questions that they could appropriately 
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respond to. Figure 4 and Figure 5 show the results of this questioning as well as a comparison to our 
tracking data analysis.   

Figure 4: Surveyed Self-Identified Participants 

 

 

85 respondents self-identified as 
participants 

• 76 were originally identified as 
participants from tracking data 
analysis 

• 9 were originally identified as 
non-participants from the 
tracking data analysis 

 

Figure 5: Surveyed Self-Identified Non-Participants 

 

 

14 respondents self-identified as non-
participants 

• All were originally identified as 
non-participants from the 
tracking data analysis 

 

 

3.2 Survey Analysis Methods 

3.2.1 Survey Weight Development 
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3.2.1.1 Site-level Weight Adjustments 
As discussed in sections  3.1.2 and 0, the study sample used 144 sites from the first wave of the 
Massachusetts Commercial and Industrial Customer On-Site Assessment Study with verified LED 
installations. APPRISE was able to complete phone surveys of 99 of these customers, a 72.8% response rate.  

Our team adjusted the site-level weights developed for first wave of on-site visits conducted as part of that 
study to account for the non-respondents to this survey. As the potential for biases increases with the 
number of non-respondents, it is important to minimize the bias of estimates due to non-response.16 Our 
method of adjusting the weights to account for non-respondents increases the weights assigned to survey 
respondents so that they represent non-responders as well as themselves using response propensity models.  

These adjusted site-level weights were applied to all portions of our analysis, including the free-ridership and 
spillover analyses and the analysis of other survey findings presented in this report.   

3.2.1.2 Site-level LED Savings Weights 
The final free-ridership and spillover estimates were weighted by site-level LED-savings and the site-level 
weights. We determined the total LED savings at each site by quantifying the savings associated with the 
LEDs found during the on-site visits. Our team reviewed the LED products found on-site and applied savings 
values developed as part of the 2014 Impact Evaluation of the Massachusetts Upstream Lighting Program.17  

We calculated free-ridership using in-program LED savings which we estimated using a similar methodology 
as total LED savings; the savings values from the impact study were applied to the LEDs identified in the 
program tracking data. The spillover analysis was weighted using out-of-program LED savings. For 
participants, this was calculated as the difference between total LED savings and program LED savings. In 
the case of non-participants, their out-of-program savings equaled total LED savings as they did not have 
program LED savings. 

3.2.2 Free Rider and Spillover Analysis 
Our analysis included the estimation of three program influence factors, defined as follows: 

• Free-Ridership Rate: The percentage of program participant savings that would have occurred in 
the absence of the program. 

• Participant Spillover Rate: The percentage of out-of-program LED savings from program 
participants that can be attributed to program influences even though they participants did not 
received technical or financial support for this equipment.  

• Non-Participant Spillover: The percentage of LED savings from non-participants that can be 
attributed to past program influences. 

3.2.2.1 Site-level Free-Ridership Analysis 
The analysis follows a method used in the 2011 Cross-Cutting Commercial and Industrial Free-ridership and 
Spillover Methodology Study Final Report18 conducted by Tetratech.  

16 Carlson, B. L. and S. Williams. A Comparison of Two Methods to Adjust Weights for Non-response; Propensity Modelling and Weight Class 
Adjustments. Proceedings of the Annual Meeting of the American Statistical Association. 2001. 
https://www.amstat.org/sections/srms/proceedings/y2001/Proceed/00111.pdf 

17 http://ma-eeac.org/wordpress/wp-content/uploads/Upstream-Lighting-Impact-Evaluation-Final-Report.pdf 
18 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-PAs-Cross-Cutting-CI-Free-ridership-and-Spillover-Methodology-Study.pdf 
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To inform the analysis of free-ridership, our survey asked participants questions about the program’s 
influence on the timing, quantity, and efficiency levels of their LED purchases and how their decisions would 
have differed without the program. The flowchart in Figure 6 shows the process used to estimate site-level 
free-ridership rates using these survey results. The specific question number from our survey questionnaire 
is included in the flowchart for reference. The questionnaire is included as  0Appendix C: Survey Instrument. 

The initial site-level free-ridership rate is based on the impact the program had on the timing, quantity, and 
efficiency of installed lighting. The survey first asked participants a series of questions regarding the timing 
of their LED installations. Specifically, respondents were asked whether they would have installed the LEDs 
at the same time without program support, and if not, whether they would have been installed at an earlier 
time, later time, or never. Respondents who indicated they never would have installed LEDs without the 
program support, or would have installed them more than two years later, were automatically assigned a 
free-rider rate of 0%, as it is assumed the program fully influenced their decision to purchase these products. 
Otherwise, the results of these questions were used to estimate the timing portion of the free-ridership rate 
calculation and respondents were also asked additional questions to inform the quantity and efficiency 
impact. 

Surveyors next asked respondents to discuss how the quantity of installed LEDs may have differed without 
program support followed. Then, to end the free-ridership series, respondents were asked to discuss what 
percentage of the lighting they expected to install without the program would have been (1) LEDs, (2) lower 
efficiency lighting than LEDs, but still higher than code, and (3) standard efficiency lighting if they had not 
received financial or technical support.  

After calculating a respondent’s free-ridership rate using the process shown in Figure 6, the DNV GL team 
reviewed each estimate to ensure it was consistent with other survey responses.  

 

Figure 6: Free-Ridership Estimation Flowchart 
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3.2.2.2  Site-level Participant Spillover 
Surveyors asked participants a series of spillover questions after completing the free-ridership series. These 
questions focused on whether a respondent’s participation in any PA program or recommendations from 
market actors they interacted with through a PA program influenced their decision to purchase additional 
LEDs outside of the program. The flowchart in Figure 7 shows how the results of these questions were used 
to estimate participant spillover.  

The survey first asked respondents whether they installed any LEDs without a rebate from their PA. If a 
respondent said no, they were given a spillover score of zero. Those answering yes were asked additional 
spillover questions.  

Participants who indicated they have installed LEDs outside the program were then asked about the 
influence of  three program related factors—recommendations from program market actors, past PA 
program participation, and LED program participation—in their decision to purchase additional LEDs outside 
of the program. If they noted that a recommendation from a program market actor such as contractor, 
distributor, engineer, or designer influenced their decision, they were assigned a spillover score of 50%. 
However, if past program participation or LED program participation impacted the respondents’ decision to 
install these additional LEDs then the participant spillover rate is 100%. 

Finally, the survey asked respondents why they did not request an incentive for their additional LEDs. If the 
respondents indicated that their equipment didn’t qualify for an incentive, we reduced their previously 
calculated spillover score by 50%.  
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Figure 7: Participant Spillover Estimation Flowchart 
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3.2.2.3 Site-level Non-Participant Spillover 
In addition to the participant spillover analysis, we also estimated a non-participant spillover score for 
respondents who did not receive program support for their LED purchases. Estimating non-participant 
spillover from customer surveys often involves a large amount of uncertainty as respondents may have 
difficulty providing an estimate of the type and quantity of efficient technologies installed and program 
records are not available to compare to their reported installations. However, for this study we were able to 
able to leverage the aforementioned on-site data to reduce this uncertainty and were also able to identify 
non-participants in our sample by reviewing 2011-14 program tracking data.  

Non-participants were asked spillover questions similar to those asked of participants. Respondents were 
first asked whether they were aware of any current PA energy efficiency programs and any programs 
involving LED products. Those who were aware of PA programs were then asked whether they had 
participated in a PA program prior to installing their LED products. Respondents who were unaware of PA 
programs or had not participated in a program prior to installing LEDs were assigned a spillover rate of 0%.  

Surveyors next read non-participants four statements about how their previous experience in a PA program 
may have influenced their perceptions of energy-efficient equipment. We adjusted a respondent’s spillover 
rate based on the number of statements they agreed with.  
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Finally, the survey also asked non-participants why they did not request an incentive for their additional 
LEDs. If the respondents indicated that their equipment didn’t qualify for an incentive, we reduced their 
previously calculated spillover score by 50%. The flowchart in Figure 8 shows how the results of the non-
participant spillover questions were used to estimate spillover. 

Figure 8: Non-Participant Spillover Estimation Flowchart 

 

3.2.2.4 Calculation of Commercial and Industrial LED NTG Ratio 
We calculated the NTG ratio thusly: 

  NTG = 1- Free Rider + Participant Spillover + Non-Participant Spillover   

We developed each of these component fractions – free-ridership, participant spillover, and non-participant 
spillover – using LED savings, site-level weights, free-ridership rates, and spillover rates discussed 
earlier. Each fraction was estimated to characterize the portion of total LED program savings attributed to 
free-ridership or spillover.  

For the purposes of estimating these three fractions, we treated participants and non-participants as 
separate populations. Free-ridership and participant spillover were calculated as ratios of the sampled LED 
savings characterized as free-rider or spillover savings to total sampled LED savings (Equation 1 and 
Equation 2). Non-participant spillover, on the other hand, was estimated in comparison to total program LED 
savings from the 2011-14 tracking data in order to represent non-participant savings from the total 
population of C&I customers (Equation 3). 
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 Equation 1: Free-Ridership Calculation 
∑(𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑭𝑭 𝑹𝑹 ∗ 𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 𝑾𝑾𝑭𝑭𝑹𝑹𝑾𝑾𝑾𝑾𝑹𝑹 𝑹𝑹 ∗ 𝑷𝑷𝑭𝑭𝑷𝑷𝑾𝑾𝑭𝑭𝑹𝑹𝑷𝑷 𝑳𝑳𝑳𝑳𝑳𝑳 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺 𝑹𝑹)

∑(𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 𝑾𝑾𝑭𝑭𝑹𝑹𝑾𝑾𝑾𝑾𝑹𝑹 𝑹𝑹 ∗ 𝑷𝑷𝑭𝑭𝑷𝑷𝑾𝑾𝑭𝑭𝑹𝑹𝑷𝑷 𝑳𝑳𝑳𝑳𝑳𝑳 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺 𝑹𝑹)  

 

Equation 2: Participant Spillover Calculation 
∑(𝑷𝑷𝑹𝑹𝑭𝑭𝑹𝑹𝑹𝑹𝑷𝑷𝑹𝑹𝑷𝑷𝑹𝑹𝑺𝑺𝑹𝑹 𝑺𝑺𝑷𝑷𝑹𝑹𝑺𝑺𝑺𝑺𝑷𝑷𝑺𝑺𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑭𝑭 𝑹𝑹 ∗ 𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 𝑾𝑾𝑭𝑭𝑹𝑹𝑾𝑾𝑾𝑾𝑹𝑹 𝑹𝑹 ∗ 𝑶𝑶𝑶𝑶𝑹𝑹 − 𝑷𝑷𝒐𝒐 − 𝑷𝑷𝑭𝑭𝑷𝑷𝑾𝑾𝑭𝑭𝑹𝑹𝑷𝑷 𝑳𝑳𝑳𝑳𝑳𝑳 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺 𝑹𝑹)

∑(𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 𝑾𝑾𝑭𝑭𝑹𝑹𝑾𝑾𝑾𝑾𝑹𝑹 𝑹𝑹 ∗ 𝑶𝑶𝑶𝑶𝑹𝑹 − 𝑷𝑷𝒐𝒐 − 𝑷𝑷𝑭𝑭𝑷𝑷𝑾𝑾𝑭𝑭𝑹𝑹𝑷𝑷 𝑳𝑳𝑳𝑳𝑳𝑳 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺 𝑹𝑹)  

 

Equation 3: Non-Participant Spillover Calculation 
∑(𝑵𝑵𝑷𝑷𝑺𝑺 − 𝑷𝑷𝑹𝑹𝑭𝑭𝑹𝑹𝑹𝑹𝑷𝑷𝑹𝑹𝑷𝑷𝑹𝑹𝑺𝑺𝑹𝑹 𝑺𝑺𝑷𝑷𝑹𝑹𝑺𝑺𝑺𝑺𝑷𝑷𝑺𝑺𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑭𝑭 𝑹𝑹 ∗ 𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 𝑾𝑾𝑭𝑭𝑹𝑹𝑾𝑾𝑾𝑾𝑹𝑹 𝑹𝑹 ∗ 𝑺𝑺𝑹𝑹𝑹𝑹𝑭𝑭 − 𝑺𝑺𝑭𝑭𝑺𝑺𝑭𝑭𝑺𝑺 𝑳𝑳𝑳𝑳𝑳𝑳 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺 𝑹𝑹)

𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑺𝑺 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 − 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 𝑳𝑳𝑳𝑳𝑳𝑳 𝑷𝑷𝑭𝑭𝑷𝑷𝑾𝑾𝑭𝑭𝑹𝑹𝑷𝑷 𝑺𝑺𝑹𝑹𝑺𝑺𝑹𝑹𝑺𝑺𝑾𝑾𝑺𝑺  

 

Table 6 - Table 8 provide an example of the values used to estimate each fraction. The numbers provided in 
this example are from the first NTG scenario we estimated in which unverified participants were considered 
participants. Free-ridership and spillover fractions are discussed in more detail in Section  4.2. 

Table 6: Example Free-Ridership Calculation 

LED Savings (MWh) 

Free-Rider LED 
Savings 

Total Sampled 
Program LED 

Savings 

Free-Rider 
Fraction 

Free-Ridership  82,494 385,606 21.4% 

 

Table 7: Example Participant Spillover Calculation 

LED Savings (MWh) 

Participant 
Spillover LED 

Savings 

Total Sampled 
Out-of-Program 

LED Savings 

Participant 
Spillover 
Fraction 

Participant Spillover  166,267 246,751 67.4% 

 

Table 8: Example Non-Participant Spillover Calculation 

LED Savings (MWh) 
Non-

Participant 
LED Savings 

Total 2011-
2014 Program 
LED Savings 

Non-
Participant 
Spillover 
Fraction 

Non-Participant Spillover  6,778 542,972 1.2% 

 

Using the NTG calculation discussed above, the final NTG ratio estimated for this scenario is 1.47. 
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4 INFLUENCE OF LED PROGRAMS  

4.1 Free-Ridership and Spillover Survey Results 
The results discussed in this section are based on survey respondents’ self-identified LED program 
participation status. As such, the results of the free-ridership and participant spillover questions presented 
here include responses from the 85 self-identified participants. The non-participant results are based on 
responses from 14 self-identified non-participants. Section  4.2 further discusses the implications the 
implications of including the nine unverified participants in the participant and non-participant spillover 
estimates.   

4.1.1 Past Program Participation  
We began our survey efforts with the asusmption that self-identified participants must be aware of PA 
energy efficiency programs if they are familiar with their participation in such programs. We were, however, 
interested in understanding whether non-participants were aware of the PA program efforts, so surveyors 
asked each non-participant whether they were aware of any programs currently offered by their PA. Only a 
small portion of non-participants, 12%, were aware of their PA’s program efforts (Table 9). 

Table 9: Non-Participant Program Awareness 

Are you aware of any energy efficiency 
programs currently offered by your PA? Non-Participants 

Yes 11.6% 

No 88.4% 

n 14 

 

In order to assess whether past program participation may have influenced a customer’s decision to install 
LEDs, we asked each respondent whether they had participated in PA programs before installing LEDs in 
their facility. Overall, 44% of businesses that use LED lighting products had previously participated in PA 
programs. As shown in  

Table 10, LED participants are more likely to have worked with a PA program than non-participants; 62% of 
LED-participants are repeat participants whereas only 4% of non-participants received program support in 
the past.  
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Table 10: Program Participation Prior to LED Installations 

Yes

All
Respondents

Self-Identified 
Participants

Non-
Participants

No Yes Yes Yes

Don’t Know/Refused

n
 

 

4.1.2 Free-Ridership 
LED program participants were asked to discuss how their participation influenced the timing of their LED 
installations. Respondents were asked whether they would have installed the LEDs at the same time without 
program support, and if not, whether they would have been installed at an earlier time, later time, or never.  

As shown in Table 11, 20% of participants would have installed their LED products at the same time, even if 
program support was not available. On the contrary, another 21% of participants would not have installed 
LEDs without program support. The majority of customers, 54%, however, would have installed them at a 
later time. On average, these installations would have occurred more than two years later.   

Table 11: Timing of LED Installations in the Absence of Program Support 

Timing Self-Identified 
Participants 

Earlier 0.5% 

Same Time 20.5% 

Later 53.7% 

Never 21.2% 

Don’t Know 4.1% 

n 85 

 

The majority of program participants, 58%, installed the same amount of LEDs through the program as they 
would have without program support. Nearly 31% did install more LEDs than they would have absent the 
program, which indicates that the program is influencing customers to purchase additional LED products. On 
the other hand, participants are not limiting the number of LEDs they intended to purchase as a result of the 
program as none indicated they would have installed more LEDs if the program did not exist (Table 12). 

Had your business ever participated in <PA>s 
programs before you installed LEDs in your 
facility? 

44.3% 
53.8% 
1.8% 

99 

62.5% 
34.9% 
2.6% 

85 

4.0% 
96.0% 
0.1% 

14 
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Table 12: Quantity of LEDs Installed in the Absence of Program Support 

Quantity Self-Identified 
Participants 

Fewer LEDs 30.6% 

Same Quantity 58.1% 

More LEDs 0.0% 

Don’t Know 1.3% 

Don’t know how many more or 
less would have been installed 10.1% 

n 67 

 

After determining how the program impacted the quantity of LEDs participants installed, surveyors asked 
respondents to discuss the type of lighting products they would have installed on their own. As shown in 
Table 13, without the program, the vast majority, 82%, of their equipment still would have been LEDs. 
Another 11% of these installations would have used other high efficiency lighting products, such as CFLs or 
high performance T8s. Only 7% would have been composed of lighting products that met minimum code 
requirements. This finding suggests that participants had interest in LED products, but accelerated or 
increased their planned purchases due to the program. 

Table 13: Efficiency of Lighting Products Installed in the Absence of Program Support 

Efficiency (n=62) 
 

LEDs 

 

Lower Efficiency, 
Above Code 

 

Standard Efficiency, 
At Code 

Self-Identified Participants 81.5% 11.4% 7.1% 

 

We also sought to understand participants’ general perception of the influence the program had on their 
decision to install LEDs at their facilities. This information allowed us to compare the free-ridership results 
with a customer’s opinion on the program’s overall influence on their decision-making process. When asked 
on a scale of 0 to 10 how much influence the program rebate had on their decision to install these LEDs 
(where 0 is no influence and 10 is a great deal of influence), 60% of participants indicated that the program 
had a large amount of influence (>7). On average, participants rated program influence a 6.98 (Figure 9). 
This result corroborates the results discussed above which suggest the program had a great deal of influence 
on participants decision to install LEDs. Because of the program, many participants installed more LEDs than 
planned, and installed them sooner.   
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Figure 9: Influence of Rebate on Decision to Install LEDs 

 
The survey also investigated the influence various market actors had on a customers’ decision to install LEDs 
through the program. Respondents were asked who they considered most responsible for recommending 
and specifying the LEDs installed through the program. As shown in Figure 10, the majority of customers 
believe they were most responsible for their decision to install program supported LEDs. While this number 
may initially seem high, it may also imply that customers have become more aware of the types of products 
supported by PA programs, particularly lighting, due to the long history of efficiency programs in 
Massachusetts. Roughly 24% of customers were most strongly influenced by PA account managers and 
contractors, however.  
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Figure 10: Party Most Responsible for LED Program Participation (n=85) 

 

4.1.3 Spillover 
Our survey found that approximately one-third of program participants also installed LEDs outside of the 
program (Table 14).  

Table 14: Out-of-program LEDs at Participating Sites 

Has your company installed any LEDs for this 
facility in Massachusetts on your own, that is, 
without a rebate from <PA>? 

Self-Identified 
Participants 

Yes 32.6% 

No 67.4% 

n 85 

 

As shown in Table 15, two-thirds of these participants have installed out-of-program screw or pin-based 
LEDs. Surprisingly, given the low rate of LED fixture adoption recently observed in Massachusetts, almost 
half of these participants also installed this technology without program support. 

Table 15: Type of Leds Installed Outside of the Program 

What type of equipment was it? 
Self-Identified 

Participants 

Screw or pin-based lamps 66.9% 

New fixtures designed to use only LED 
lamps or light sources 

46.0% 

n 44 

62% 14% 

10% 

3% 
1% 

5% 
4% 

Respondent

PA Account Manager

Contractor

Someone else in the
company
Third party engineer or
design professional
Other

Don’t Know/Refused 
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Figure 11 shows the portion of customers who indicated various program-related factors influenced their 
decision to install additional LEDs outside of the program. Past program participation influenced many 
customers to purchase additional LEDs without program support; 75% of participants who installed LEDs 
outside the program were influenced, at least in part, by their experience participating in other PA programs. 
A smaller portion of participants felt that their experience installing LEDs through the program influenced 
their decision to install additional LEDs at their facility, however. Half of the program participants who 
installed out-of-program LEDs did so as a result of their experience working with the program to install other 
LED products.  

Market actors such as vendors and contractors whom participants interacted with through the program also 
influenced their decision to purchase additional LEDs on their own. The majority, 69% of participants, 
purchased out-of-program LEDs as a result of recommendations made by these suppliers. Similarly, 75% of 
non-participants also cited market actor recommendations as a reason they purchased LEDs without 
program support. 

Figure 11: Influence of Program Efforts on Participants’ Additional LED Installations 

 

When asked on a scale of 0 to 10, where 0 is no influence and 10 is a great deal of influence, how much 
influence their participation in the PA program had on their decision to install additional LED lighting, 60% of 
participants indicated that the program had a large amount of influence (>7). On average, participants rated 
past program influence a 7.02 (Figure 12). This result further supports the findings that PA programs have 
influenced customers to adopt LEDs outside the current programs. 
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Figure 12: Influence of Past Programs on Decision to Install Out-of-Program LEDs 

 

All past program participants were asked whether their perceptions of energy-efficient equipment have 
changed based on their experience previously implementing energy efficiency through a PA program. After 
participating in a PA program, all customers have become more likely to consider energy-efficient equipment, 
and almost all are also more likely to install this equipment (Figure 13). Similarly, the majority of customers 
developed more confidence in the financial and non-financial benefits associated with energy efficiency after 
interacting with the program. 
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Figure 13: Impact of Previous Program Experience on Customer Perceptions of Energy Efficiency 

 
Finally, to further understand what motivated customer’s to purchase LEDs outside of the program, we 
asked customers with non-program LEDs why they did not utilize program support for this equipment. Thirty 
percent of participants did not interact with the PAs when installing their out-of-program LEDs because, for 
various reasons, they did not feel the benefits of the program outweighed the time required to work with the 
program (Figure 14). Other participants, 17%, installed LEDs that did not qualify for program support at the 
time of their installation. Roughly one-fourth of these customers provided an “other” reason. Common 
responses included installing them as part of a renovation that was a separate project from the one that 
received program LEDs, being interested in using LEDs anyways, and only installing a small number of 
additional lamps outside the program.  

Had your business ever participated in 
<PA>’s programs before you installed 
LEDs in your facility? 

All 
Respondents 

Made our firm more likely to consider energy 
efficient equipment 
 
 Made our firm more likely to install energy 
efficient equipment 
 
 Given us more confidence in the financial 
benefits of energy efficient equipment 
 
 Given us more confidence in the nonfinancial 
benefits of energy efficient equipment 
 
 n 

 

100.0% 
 
 

99.6% 
 
 

99.6% 
 
 

92.7% 
 
 

55 
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Figure 14: Reasons Customers did not Install Additional LEDs through the Program 

 

4.2 Free-Ridership and Spillover Results 
This section discusses the free-ridership and spillover fractions, as well as the final LED NTG ratios, 
developed based on the survey results discussed above. We developed NTG factors under three scenarios in 
order to understand the impact of the nine unverified participants. These scenarios were as follows: 

• Scenario 1: Unverified participants included in the calculation of participant spillover. This 
scenario treats the unverified participants as participants because they self-identified as LED 
program participants and were asked the participant spillover question series during the survey. 
Since the DNV GL team could not verify their program savings, we assumed their out-of-program 
LED savings was equal to the total verified site savings.   

• Scenario 2: Unverified participants included in the calculation of non-participant spillover. 
This scenario treats the unverified participants as non-participants since we cannot verify their 
participation in a program and therefore do not have program savings to compare to. Similarly, 
since the series of questions used to estimate non-participant spillover is similar in structure and 
wording to questions also asked in the participant spillover series, we recalculated the spillover rate 
for these nine respondents using the non-participant spillover methodology. We again assumed their 
out-of-program LED savings was equal to the total verified site savings.   

• Scenario 3: Unverified participants not included in the NTG analysis. This scenario removes 
the nine unverified participants from the analysis of free-ridership and spillover since their program 
status could not be verified through the tracking data or the survey. 
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Free-ridership is unchanged in the three scenarios; since we could not determine program savings for these 
nine respondents and the free-ridership rate is weighted by program savings, their information was not 
included in the analysis of the final free-ridership fraction. 

Table 16, Table 17, and Table 18 show the free-ridership, participant spillover, and non-participant spillover 
rates calculated for each scenario as well as the 90% error margin. In each scenario, we calculated the free-
ridership rate to be 21.4% of total program savings. When the unverified participants are treated as 
participants, the participant spillover rate is estimated to be 67.4% and the non-participant spillover rate is 
1.2% (Scenario 1). On the other hand, when these respondents are included as non-participants, we see a 
slight decrease in the participant spillover rate (62.6%) and an increase in the non-participant spillover rate 
(13.7%) (Scenario 2).  

The results of each scenario are similar and all suggest that the PA’s program efforts have had substantial 
influence on customer’s decisions to purchase LEDs outside of the program. As we saw in Figure 14, many 
customers are purchasing LEDs outside of the program because they believed their products did not qualify 
for the program or they did not want to go through the rebate process. Yet despite these barriers, many 
customers note that they still purchased these LEDs because of their previous experiences implementing 
energy efficiency through a PA program.  

Table 16: Free-Ridership and Spillover under Scenario 1 

 
 

Table 17: Free-Ridership and Spillover under Scenario 2 
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Table 18: Free-Ridership and Spillover under Scenario 3 

 

The final NTG ratios estimated from each scenario range between 1.42 and 1.55 (Table 19). At this time, 
DNV GL recommends the results of the third scenario be used in the PA three-year plan. We consider the 
participant spillover in this scenario a more accurate representation of the population participant spillover as 
it is not influenced by the out-of-program savings that cannot be verified at these nine sites. Furthermore, 
including them in the calculation of participant spillover (Scenario 1) seems methodologically inconsistent 
with our definition of participant spillover, since we cannot verify that they actually installed LEDs through 
the program.  

Consideration of Scenario 2 is consistent both with the conceptual definitions of spillover and with the actual 
research methods employed. Respondents’ total LED savings were verified through the on-site surveys, so 
there is minimal uncertainty around that value (when compared to other sources of this information). 
However, it is unclear whether they may have experienced more program influence than the verified non-
participants, because they believe they did participate in the program. Similarly, allocated the unverified 
participants to non-participant spillover also introduces uncertainty as to what portion of the program-
attributed installations should have possibly been allocated to tracked savings versus spillover. Thus, DNV 
GL believes Scenario 3 is a more conservative estimate of the LED NTG ratio. However, since the difference 
in the three NTG ratios is less than 10%, this potential uncertainty associated with scenario 2 does not 
appear to have a large impact on the overall NTG ratio. 

Table 19: Summary of LED NTG Ratios 
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4.3 Incorporation into Commercial Lighting NTG Factor 
 DNV GL was unable to update the previous C&I Lighting NTG estimate as NTG results by lighting type were 
not available. However, we do note that because LEDs are expected to play a large role in the PAs C&I 
portfolio in the coming years, the PAs have broken them out from other lighting types and now include 
upstream screw-based and non-screw based LEDs as separate categories for planning purposes.   

5 OTHER LIGHTING MARKET FINDINGS  

To further understand the current state of the LED market in Massachusetts, the customer survey also 
included questions about general lighting decision-making processes and other market factors that may 
influence their decisions to install LEDs. All survey respondents were asked these additional questions and 
the presented results are site-weighted.  

5.1 Lighting Decision Making Processes 
The survey asked respondents whether their company has a corporate policy that involves the consideration 
of energy efficiency standards when purchasing new equipment. As shown in Table 20, roughly 36% of C&I 
organizations within Massachusetts have corporate policies which guide equipment purchasing decisions; 90% 
of these policies explicitly cover lighting purchases.  

Table 20: Corporate Policies related to Energy Efficiency 

Does your company have any corporate 
policies related to energy efficiency standards 
while purchasing new equipment? All Respondents 

Yes-Includes Lighting 32.2% 

Yes-Does not include lighting 3.7% 

No 63.9% 

Don’t Know/Refused 0.2% 

n 99 

 

Similar to understanding how corporate policies guide purchasing decisions, we also wanted to understand 
how energy usage and costs are monitored and managed. We found that 82% of businesses have 
individuals responsible for overseeing energy matters (Table 21). The majority of these companies, 81%, 
have assigned internal staff members to this role.   
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Table 21: Dedicated Personnel Assigned to Energy Cost and Usage Management 

Does your organization assign responsibility 
for controlling energy usage and costs? All Respondents 

Yes 82.0% 

No 17.9% 

Don’t Know/Refused 0.1% 

n 99 

 

Surveyors also asked series of questions regarding lighting purchasing practices to gain additional insight 
into how customer’s purchase lighting products. We found that the vast majority of customers wait to 
replace lamps once they burnout (Table 22). 

Table 22: Lamp Purchase Practices 

Which of the following best describes your 
organization’s light bulb or lamp purchase 
practice? All Respondents 
Replaced as they burnout 88.3% 

Replaced in bulk 7.6% 

Replaced in bulk on a regular schedule 4.1% 

n 99 

 

Table 23, a smaller portion of customers, 37%, replace lighting fixtures on an as needed basis. Instead, 
most customers frequently replace them as part of a renovation.  

Table 23: Lighting Fixture Purchase Practices 

Which of the following best describes your 
organization’s lighting fixtures purchase practice? All Respondents 

Replaced individually as they burn out 37.0% 

Replaced in groups as they approach burn out  3.5% 

Replaced most frequently as a part of a renovation 59.5% 

Don’t Know/Refused 0.1% 

n 99 
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The data presented in Table 24 reveals interesting insights into the source of customers’ general lamp 
purchases and LED products. The types of suppliers customers frequent to purchase the majority of their 
light bulbs vary; 38% of customers report purchasing the majority of their light bulbs directly from 
distributors and contractors, while smaller, but similar shares (23% and 22%) go to hardware and 
electronics stores.   

In contrast, approximately three-quarters of C&I customers buy their LED lamps and fixtures directly from 
distributors and contractors. Large hardware stores also represent a sizable portion of LED purchase 
locations; roughly 10% of organizations purchase LED lamps and fixtures at these stores. These findings 
suggest that any potential sales tracking initiatives for LED lamps in the commercial sector would need to 
include electronics supply store and large home improvement stores, as well as distributors. 

Table 24: Lamp and Fixture Purchase Location (n=99) 

 

 

We also wanted to understand whether building codes affected customers’ overall lighting purchasing 
decisions. The survey found that 78% of organizations in Massachusetts refer to building codes when 
considering new lighting equipment (Table 25). Our investigation into current and upcoming building codes 
during the LED Baseline study found that building codes in Massachusetts do not explicitly require the use of 
LEDs at this time, but the designers interviewed for that study noted that they have been using LEDs to help 
them meet code. 

Table 25: Influence of Building Codes on Lighting Decisions 

Does your organization refer to state building codes 
while making lighting equipment purchasing decisions? All Respondents 

Yes 77.9% 

No 18.8% 

Don’t Know/Refused 3.3% 

n 99 
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5.2 Other Influences Affecting LED Purchases 

5.2.1 Supplier Influences 
The survey also explored other market influences, beyond program efforts, that may impact a customers’ 
decision to purchase LEDs. We were particularly interested in the role suppliers play in a customer’s decision 
to install LEDs. Although the majority of customers believe they, and not external market actors, were most 
responsible for their decision to purchase program LEDs (Figure 10), recommendations from suppliers 
influenced many customers to purchase additional LEDs outside of the program (Figure 11). We also asked 
respondents to discuss observed changes in suppliers’ efforts to promote LEDs.   

As shown in Table 26, 50% of customers have perceived an increase in suppliers’ efforts to promote LED 
products over the last two years; another 44% have not observed a change in promotional activity.  

Table 26: Change in Suppliers’ Efforts in Promoting LED Equipment  

How have the efforts of lighting suppliers in 
promoting LED equipment changed over 
the last two years? All Respondents 

Increased 49.9% 

Held about the same 43.8% 

Decreased 0.5% 

Do not work with lighting suppliers 0.04% 

Don’t Know 5.8% 

n 99 

 

Commonly observed promotional efforts include reduced prices, an increase in the diversity of stocked and 
specified equipment, and the distribution of product literature. As shown in Figure 15, over 40% of 
customers have observed suppliers employing these promotional strategies. Slightly fewer, 31%, have 
received technical information and education from their suppliers. On the other hand, the majority of 
customers who have observed an increase in suppliers’ promotional efforts saw a positive change in the 
number of models offered and reduced prices.   
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Figure 15: Customer-Observed Promotional Efforts for LED Lighting 

 
 

As the vast majority of installed LEDs are screw-based lamps, we supposed that many had been installed 
through the upstream program. As such, we were interested in further exploring customers’ awareness of 
the program. We asked all customers whether their LED supplier mentioned a discount or rebate when they 
purchased their equipment; 46% were made aware of a rebate (Table 27).   

Table 27: Customers Aware of LED Rebates from their Supplier 

Did your supplier mention LED 
discounts or rebates? 

All Respondents 

Yes 45.5% 

No 50.8% 

Don’t Know/Refused 3.7% 

n 99 

 

Seventy-three percent of informed customers were also told the source of the rebate. As shown in Table 28, 
suppliers most often attributed the rebate to a PA. A small number of customers were told the rebate came 
from manufacturers (2.4%) or the supplier (1%). 
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Table 28: Supplier-Referenced LED Rebate Source 

What source did supplier mention for 
LED rebates/discounts? All Respondents 

PA 94.2% 

Manufacturer 2.4% 

Mass Save Program 1.2% 

Themselves 1.0% 

State of Massachusetts 0.1% 

n 37 

 

On the other hand, if a respondent indicated that their supplier did not mention any rebates, we asked them 
whether they were aware of receiving a price discount from a PA or the MassSave program; 16% were 
aware of receiving such a discount. The majority of these customers, 87%, learned about the rebate through 
their PA (Table 29). Interestingly, respondents did not specifically mention the MassSave or Bright 
Opportunities program.  

Table 29: Customer-referenced LED Rebate Source 

Where did you learn about the price 
discount? All Respondents 

PA 86.9% 

Other 8.9% 

Contractor or Distributor 3.8% 

Colleague within organization 0.4% 

n 43 
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5.2.2 Electricity Rate Impacts 
Finally, to further our understanding of how other factors may be steering customers towards LED products, 
we asked customers’ how recent increases in electricity prices influenced their decision to purchased LEDs. 
As shown in Table 30, 46% of customers attribute some influence to electricity prices.  

Table 30: Influence of Electricity Rate Increases on LED Purchases 

Did recent increase in electricity rates 
influence your decision to purchase LED? All Respondents 

Yes 45.5% 

No 50.8% 

Don’t Know/Refused 3.7% 

n 99 

 

When asked on a scale of 0 to 10 how much influence recent increases in electricity prices had on their 
energy-related decisions (where 0 is not at all influential and 10 is very influential), a vast majority of 
customers feel electricity prices are very influential. Ninety-two percent rate the level of influence as 7 or 
greater. On average, customers rate the influence of electricity rates a 7.74 (Figure 16). 

Figure 16: Level of Influence Electricity Rates have on Energy-Related Decisions (n=54) 
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6 CONCLUSTIONS AND RECOMMENDATIONS 

6.1 Summary of Key Findings 
Free-Ridership, Spillover, and Net-to-Gross Factors. As shown in Table 31, the customer surveys 
conducted for this project identified a high level of spillover, especially among participants. As discussed in 
Section  4, we believe that it is most appropriate to use Scenario 3, given uncertainty as to the status of 
customers who claimed to have participated in the program but for whom no tracking records could be 
found. We do not recommend consideration of Scenario 1 because it includes savings from all LED 
installations at the nine unverified participant sites in spillover, even though at least some should be 
included in tracked program savings. Consideration of Scenario 2 is consistent both with the conceptual 
definitions of spillover and with the actual research methods employed. It does, however, introduce 
uncertainty as to what portion of the program-attributed installations in the 9 non-verified sites should be 
allocated to tracked savings versus spillover. 

Table 31. Free-Ridership, Spillover, and NTG Rates 

 

 

Indicators of Strong LED Lamp Market Development. The recent LED Baseline study found that the 
development of the non-residential market for LED lamps in Massachusetts was significantly advanced 
beyond conditions in California and a comparison area with low program activity. Many of the findings from 
this study reinforce that conclusion and suggest that the Massachusetts market continues to develop rapidly. 
Among the key findings in this regard are the following. 

• Participant characterization of market effects. The free-ridership survey sequence questions 
customers as to the effect of the program on the timing, quantity, and efficiency level of the 
purchases made through the program. The sample participants reported that the program primarily 
influenced the timing and quantity of their LED purchases. Eighty-two percent of participants 
reported that they would have purchased some LEDs for their replacement or retrofit needs in the 
absence of the program. This demonstrates that participants, at least, were very well aware of LED 
lamps and were disposed to purchase them, but the program encouraged them to purchase more 
LEDs and accelerate their purchases. 

• Level of vendor promotion. Both participants and non-participants reported that their lighting 
vendors vigorously promoted LEDs. 

o Seventy-five percent of sample non-participants reported that their vendors had 
recommended the purchase of LEDs for acquisitions outside the program. 

DNV GL  –  www.dnvgl.com                                                                 September 24, 2015     Page 40 
 



 

 

o Fifty percent of all sample customers reported that lighting vendors had increased their level 
of promotional effort for LEDs over the past two years. Among those customers, 76% 
reported that vendors had increased range of products in stock, and 70% reported reduced 
prices. Most also reported that vendors had sent out promotional literature and offered 
special training. 

Indicators of Strong Effects of Prior Program Participation. The customer surveys yielded a 
number of findings that suggest that participation in energy efficiency programs has a strong cumulative 
effect on customer response to current programs and to adoption of energy efficiency measures as a 
whole. Specifically: 

• Over 60% of sample program participants reported that prior experience in energy efficiency 
programs was a very important influence on their decision to purchase LEDs outside the program.19 

• All or virtually all sample participants reported that prior experience with energy efficiency programs 
made them more likely to consider energy-efficient equipment, to actually install such equipment in 
their facilities, and to have confidence in the financial and non-financial benefits of energy-efficient 
equipment. 

• Only 4% of the non-participants reported having ever participated in any energy efficiency programs. 

Other influences on LED Lighting Purchases: Vendors and Codes. Large shares of sample 
customers identified their vendors and building codes as major influences on lighting selection. As 
mentioned above, 75% of non-participants who identified vendors as an important influence on their 
LED purchase decision, as did approximately 70% of participants. Nearly 78% of all sample customers 
reported that they referred to state building codes in making lighting equipment purchase decisions. By 
contrast, only 46% reported that recent increases in electricity rates influenced their purchase of LEDs. 

Concentration of LED purchases through the distributor/contractor channel. Over 70% of all 
sample customers reported that they purchase the majority of their LED lamps directly from distributors 
or contractors. By contrast, the sample customers reported that they purchase only 38% of all lamps, 
such as halogens, CFLs and LEDs, from distributors and contractors. Most of the remainder is purchased 
from large home improvement and electronics stores. This finding may have implications in regard to 
ensuring that smaller customers who tend not to purchase directly from distributors can participate in 
the PAs’ upstream incentive programs. 

6.2 Recommendations 
Program-related Implications of Key Findings. Clearly, the Massachusetts non-residential market for 
LED lamps is developing strongly, with a significant boost from the PAs’ program efforts. On-site inspections 
completed in late 2014 found that fully one-third of commercial customers had LED lamps installed in their 
facilities; at the time of the on-site visits roughly one quarter of installed screw-based lamps were LEDs and 
less than one percent of linear fixtures (0.1%) had been retrofitted to include LED technologies. Surveys of 
customers, contractors, and distributors all suggested that promotional support for LEDs was strong up and 
down the supply chain. Manufacturers are rapidly improving product performance, extending the range of 
product lines, and decreasing prices.  

19 Scored 7 – 10 on a 10 point scale. 
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LED lamp adoption is by no means universal. As of nine months ago, two-thirds of customers had not 
installed them in their facilities. However, as prices decrease and the range of available lamps increases, the 
percentage of commercial customers who purchase LED lamps (rate of adoption) should increase, along with 
total sales. 

In light of these findings, we recommend that: 

• The PAs take steps to ensure exposure of smaller customers to opportunities to purchase incented 
LED lamps through Direct Install programs and strong promotions via large home improvement 
stores and electronics retailers. 

• Focus program efforts on the promotion of LED linear fixtures, which account for a very high portion 
(roughly 80 percent) of total current commercial lighting energy consumption. Sales of LED linear 
equipment continue to be low, but significant reductions in price are forecasted over the next 5 
years. 

Implications for Evaluation Planning. This study was motivated by the observation that the 
Massachusetts non-residential market for LED lamps had begun to develop more rapidly than the 
comparison area prior to the 2014 Baseline study. This development created complications for the originally 
planned approach to quantify market effects. In consultation with the EEAC, DNV GL had proposed to 
quantify market effects by comparing changes in indicators of LED adoption in the two study areas from the 
baseline to a subsequent follow-on study, yet due to the more advanced state of the Massachusetts market, 
this approach was potentially compromised. The retrospective approach applied here in this study yielded 
plausible estimates of participant and non-participant spillover, given the current state of the market, as 
well as additional evidence of market development among customers and firms in the supply chain. These 
findings are being brought into the planning process for the 2016-18 programs. 

The results discussed above raise questions about the timing and perhaps even the value of a subsequent 
study to reproduce the comprehensive C&I market characterizations for Massachusetts and a comparison 
area for comparison to the Baseline study. At this point DNV GL does not have a specific recommendation 
for new research in this area. Certainly, some of the C&I evaluation and market characterization research 
currently being planned will yield information useful for assessing the development of the commercial 
market for LEDs. In particular, we believe it will be useful to assess the segmentation of the market and the 
growth of awareness, knowledge, and adoption of LED linear fixtures through this work. We will be able to 
provide more specific recommendations in this regard once other elements of the evaluation research 
agenda are put in place. 
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Appendix A: LED Adoption Rate Comparison Memorandum 
 
Memo to:  Massachusetts Program Administrators and 
EEAC Consultants 

  

 From: Kristina Kelly, DNV GL 
Date: 5/7/2015 

Copied to:  Ryan Barry, Mitch Rosenberg, DNV GL 
 

Prep. by: Anthony Davis and Kristina Kelly, 
DNV GL 

Subject:  LED ADOPTION RATE (PHONE AND ON-SITE SURVEY) COMPARISON  
 

 

1 Introduction and Overview 

1.1 Motivation for this Analysis 
This memorandum presents a comparison of findings on the adoption of LED lighting from the 
Massachusetts LED Market Effects Baseline Characterization and the recently concluded wave I on-site visits 
for the Massachusetts Commercial and Industrial Customer On-Site Assessments study. The PAs and their 
consultants requested this comparison as part of their review of the Final Report of the LED Market Effects 
Baseline Characterization. The primary reason for this request was that the customer telephone surveys 
conducted among Massachusetts C&I customers found much higher levels of reported installation of the 
kinds of LED lamps and fixtures supported by PA programs than did similar surveys conducted of customers 
in a composite comparison area with little program activity and roughly 8 months earlier in California. 
Specifically, 42% of C&I customers reported having such lamps and fixtures installed versus 13% in the 
comparison area and 12% in California.20 Moreover, program records from 2012-2013 suggest that roughly 
10% of C&I customers in Massachusetts received support for purchases of LED equipment. Therefore, if this 
estimated portion of customers with LEDs installed was more or less accurate, a large number of LED lamps 
and fixtures were sold without program support or “outside the program”. 

The PAs and EEAC consultants pointed out, and we agreed, that these findings carried important implications 
for future research on the market effects of PA programs to promote LED lighting. The original study plan 
was to assess program effects by comparing changes in measures of LED adoption (among other market 
indicators) over time in Massachusetts and in the non-program comparison area by applying a “difference of 
differences” approach to isolate effects of the program. The high level of adoption found in the 
Massachusetts LED Study’s non-residential customer survey suggested that the market may already have 
achieved a high level of development at the point the baseline study occurred. The EEAC consultants 
believed that this finding would compromise the value of a difference of differences approach to quantifying 
market effects. Moreover, the high level of “outside the program” purchases observed in the LED Baseline 
Characterization suggested that the PA programs could already be generating significant spillover savings. If 
that were the case, then it would be useful to undertake research to estimate spillover in the short term.  

Given these important implications, we agreed with the PAs and the EEAC consultants that it would be 
worthwhile to validate the findings from the LED Baseline Characterization by comparing them to results of 

20 These proportions were estimated applying a weighting scheme based on number of full time employees reported at the respondent site. 
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the on-site surveys. This approach mitigates one significant area of uncertainty in the saturation estimate in 
that trained data collectors are more likely than facility personnel to identify installed lamps correctly. 

1.2 Summary of Findings and Recommendations 
We found that there were no statistically significant differences between the findings of the telephone and 
on-site surveys with regard to the level of adoption of LED products supported by the PAs’ programs. These 
findings are discussed in detail below.  

In light of these findings we recommend undertaking a survey of customers who participated in the on-site 
survey to estimate free-ridership (among participants) and spillover for LED products supported by the 
program, using methods developed as part of the C&I evaluation portfolio.21 This recommendation is 
contingent on the assessment of program records to determine whether the customers in the on-site sample 
whose facilities contained LED bulbs include a sufficient number of non-participants to make estimation of 
spillover feasible. If implemented in a timely manner, this survey could be completed in time to provide 
updated NTG estimates for the PA’s three-year plan.  

2 Detailed Findings  

2.1 Data Collection Methods 
The data used for comparing overall LED installation rates and technology specific installation rates in 
Massachusetts come from two discrete data collection efforts. The first dataset, from the LED Market Effects 
study, was collected via a computer assisted telephone interview (CATI) survey in March of 2014. This 
survey was administered to C&I customers who reported having installed LED lighting since the year 2009 
during the 2013 Massachusetts Existing Buildings Market Characterization- C&I Customer Survey. The 
second dataset was collected in the third quarter of 2014 via on-site visits by DNV GL engineers as part of 
the Massachusetts Commercial and Industrial Customer On-Site Assessments study. Engineers focused on 
collecting data on existing installations and therefore, this data contains little information about program 
participation. The results of the above studies are comparable with the following caveats: 

Timing – The data collection efforts occurred roughly six months apart. The Massachusetts Program 
Administrators (PAs) have been providing extensive support for LEDs since 2012 so it is likely that more 
LEDs were installed between these studies. Six months is not a long time however, so we do not expect that 
the timing difference would contribute substantially to any differences in findings on saturation from the two 
surveys. 

Collection Methods – Given the different modes and objectives of the phone survey and on-site 
assessments, the specific questions and protocols used to generate data on LED holdings were not exactly 
the same. In particular, the lamp and fixture types queried differed between the two efforts. However, we 
were able to map results from one study to the other for purposes of comparing results. 

  

21 Tetra Tech. 2011. 2010 Commercial and Industrial Electric Programs Free-ridership and Spillover Study. 
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2.2 Comparison of LED Adoption Results22 
All LED Indoor Lighting. Table 32 shows the site-weighted portion of customers who reported having LED 
lamps installed in their facilities (LED phone survey) or in whose facilities LED lamps and fixtures were 
observed (On-Site Survey). The percent of facilities with LEDs installed was 39% according to the phone 
survey and 32% according to the on-site survey. The difference between the two estimates is not 
statistically significant. Moreover, the estimate from the on-site survey is sufficiently high and consistent 
with our hypothesis based on the phone survey that there were high levels of “outside the program” sales. 
As discussed earlier, these sales likely reflect some combination of spillover from the PA programs and 
differences between levels of market development between Massachusetts and the comparison areas at the 
time of the LED Baseline Characterization study. We note that the questionnaire for the telephone survey did 
not distinguish between LEDs used for interior lighting and exit signs when initially querying whether any 
LEDs were installed at the facility, whereas we were able to distinguish these categories in the on-site 
surveys. However, among respondents to the phone survey who reported having LEDs installed in their 
facilities, only 3% mentioned having LED exit signs later in the survey. This disparity in the questions could 
possibly lower the estimate of adoption of LED indoor lighting from the phone survey by 1% to 2%, but it 
does not affect the findings and conclusions discussed above. 

 

Table 32: Rates of Adoption, all Interior LED Technologies, Site Weighted 
 

  

Phone- 
Survey On-site Statistically 

Significant  
Difference at 90% n=474 n=344 

Portion of facilities with LED lamps or 
fixtures reported or observed 
installed. 
Phone survey results include facilities 
with LED Exit Signs; on-site results 
do not. 

39% 32% No 

 

LED lighting supported by the program. The PAs’ lighting programs, particularly the upstream incentive 
program, focused support on screw-in LED lamps designed to replace conventional incandescent and 
compact fluorescent bulbs, as well as downlight fixtures for interior lighting. We would therefore expect to 
see higher rates of adoption for these products than for other kinds of LED lighting products which received 
less promotional support or were not eligible for program incentives. Moreover, we would anticipate that the 
differences between the findings from the telephone survey and from the on-sites would not be statistically 
significant, but that the observed differences would be larger than those observed for the adoption rate of 
interior LED products of all types. This is because the sample sizes are smaller for each lamp type and 
because customers’ characterization of lighting equipment is likely to vary from those of the field engineers. 

22 The results presented in these tables will be different than those in the LED Market Effects Study. This is due to different weighting scheme. The 
LED Market Effects Report uses a “Full Time Worker Equivalent” weight for most LED results whereas this memo uses site weighting. This 
provides for the most straightforward comparison between the results of two forms of customer survey. Weightings using measures of size such 
as number of employees or kWh consumption are useful for facilitating comparisons of results between customer surveys on the one hand and 
market share assessments based on contractor or distributor studies on the other. 
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Finally, we note that the categories of lamps used in the two surveys do not match exactly. However, we are 
able to map the responses from one to another for purposes of comparison. 

Table 33 summarizes rates of adoption by technology type. The first division of the table displays the 
comparison between the phone and on-site surveys in regard to the products most heavily supported by the 
program: screw-in LED lamps and spotlight fixtures. The portion of customers who had installed either or 
both of these products was nearly equal in the two studies: 26.1% for the phone survey and 22.7% for the 
on-sites. This finding is consistent with our expectations. The next two lines of the table show that 
customers and field engineers characterized the products in this group quite differently. Nearly all of the 
customers who reported having screw-in or spotlight fixtures reported that they had the former, and roughly 
20% of those customers reported that they had spot lights installed. The pattern was just the opposite for 
the on-sites. We believe this discrepancy stems largely from differences in the question wording and 
differences in the level of product knowledge between the customers and the field engineers. In any case, it 
does not affect the key findings. 

Table 33: Rates of Adoption by LED Type, Site Weighted23 
 

LED Bulb Types 
Phone-
Survey On-site Statistically Significant 

Difference at 90% n=120 n=344 

Screw-in lamps, Spotlights, and Downlights 

LED Screw-in Lamps and LED 
Spotlight Fixtures 26.1% 22.7% No 

LED Lamps that Replace 
Screw-in Bulbs 25.1% 2.7% Yes 

Spotlight LEDs 5.0% 22.3% No 

Overhead Interior Lighting 

General Overhead and Linear 
Retrofit Kits 5.2% 0.5% No 

Overhead General Lighting 5.0% 0.5% No 

LED Light Sources that 
Replace Linear Fluorescent 3.1% NA NA 

Other LED Technologies 

LED Globe Lights 3.2% 2.2% No 

 

Linear LED lighting. Given fluorescent technology’s large share of lighting energy in commercial facilities 
(80%) we were interested to determine the level of adoption for LED linear lighting. Roughly 5% of 
respondents to the phone survey reported that they had installed LED linear fixtures in their facilities. By 
contrast, our field engineers identified linear LEDs in only 0.5% of the facilities they visited. As in the case of 
the screw-in lamps, this discrepancy likely results from lack of understanding of the term “LED linear lighting” 

23 The number of observations (n) in the CATI sample is fewer in this table to due to the survey logic. These results have been adjusted so that they 
are comparable to the full sample from the on-site analysis. 
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among customers. In any case, the results of both studies show that the rate of adoption for LED Linear 
lighting was very low as of the third quarter of 2014. 

3 Conclusions and Recommendations 
The key conclusions from the analysis presented above are: 

1. On-site observations of a large sample of non-residential facilities in Massachusetts corroborate the 
finding of high rates of adoption for LEDs in general, and for products heavily promoted by the PA 
programs in particular. 

2. The findings from both surveys suggest that the portion of customers who have installed LED lamps 
and spotlight fixtures in their facilities is two to three times the portion who purchased such 
equipment through the PAs’ programs through 2013. 

3. Findings 1 and 2 suggest that Massachusetts customers have purchased a large volume of LED 
lamps and spotlight fixtures outside the program. 

Based on these findings, we believe that our earlier recommendation to estimate spillover savings already 
achieved by the PAs’ programs using a customer survey is sound. The team is currently comparing the LED 
information found through the on-site visits to the 2011-2013 tracking data to understand how much 
unincentivized product is in the market. The results of this effort will be used to recommend an approach for 
determining spillover for the 2016-2018 three-year plan. The upcoming spillover analysis can also be used 
to determine whether a second phase of the market effects study should be conducted for the non-
residential market in Massachusetts. If we find conclusive evidence of spillover through this study it may not 
be necessary to do the second phase of the market effects study. The results of the spillover analysis and 
our final recommendation regarding the second phase of the market effects study will be completed in Q3 of 
2015.   
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Appendix B: Initial On-Site Participation Status Memorandum 
Memo to:     
Massachusetts PAs and EEAC Consultants From: Kristina Kelly, DNV GL 

Date: May 8, 2015 
Copied to: 
Ryan Barry and Mitch Rosenberg, DNV GL 

Prep. By: Kristina Kelly and Mitch 
Rosenberg, DNV GL 

 

 

Assessment of On-Site Respondents LED Program Participation 

 

1 Introduction 
This memorandum presents the results of our investigation into the LED program participation status of 
customers we recently surveyed as part of the Massachusetts Commercial and Industrial Customer On-Site 
Assessment study. We undertook this research to further inform the approach we will use to analyze 
spillover associated with LEDs in the non-residential market. As presented in the May 7, 2015 memorandum, 
LED Adoption Rate (Phone and On-Site Survey) Comparison, we verified the high levels of LED adoption 
from customer phone surveys by comparing those results to the findings from the recent on-site surveys. As 
shown in Table 34, there was no significant difference between the results of each data collection effort.  

 

Table 34: Rates of Adoption, all Interior LED Technologies, Site-Weighted 

  

Phone- 
Survey 

On-site 
(Wave I) Statistically 

Significant  
Difference at 90% n=474 n=344 

Portion of facilities with LED lamps or 
fixtures reported or observed 
installed. 
Phone survey results include facilities 
with LED Exit Signs; on-site results 
do not. 

39% 32% No 

 

The 2012-2013 program data, however, suggests that only 10% of non-residential customers received 
program support for their LED purchases. This disparity between the program results and the customer 
surveys suggests that there is a quantifiable amount of LEDs being sold outside of the program and that 
there is a high likelihood of program spillover associated with these sales. The PAs and EEAC consultants 
thus requested that we further investigate the level of spillover associated with this market in order to 
provide updated NTG estimates for the upcoming three-year plan.   

DNV GL originally proposed to conduct a non-participant customer survey to collect information on the 
current level of spillover. The PAs and EEAC consultants requested that we investigate whether we could 
leverage the data collected through the on-site surveys to inform the spillover analysis instead. Using this 
data source would certainly reduce the uncertainty associated with installed LED quantities.  
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In order to understand whether the on-site respondents would be a viable sample for this analysis, DNV GL 
sought to understand the participation status of customers at facilities where field engineers verified LED 
installations. This memo contains the findings of this investigation as well as our recommendations for 
moving forward with the spillover analysis. 

2 Methods used to Determine Participation Status 
For this analysis, we compared account-level data from three distinct data sources. 

• On-site data collected by April 28, 2015. DNV GL engineers verified that 183 sites surveyed as 
part of the Massachusetts Commercial and Industrial Customer On-Site Assessment study contained 
interior LED lighting products. This subset of visited facilities includes 147 sites from the first wave 
of data collection in the fall of 2014 and 36 sites from the second wave commenced in January 2015. 

• 2011-2013 Tracking Data 
• 2012-2013 Upstream Data 

After determining that 183 respondent sites had installed LEDs, we linked these customers to the tracking 
data contained in the Massachusetts Evaluation Database using account IDs. After identifying the 
respondents that had installed program lighting measures between 2011-13, a manual search was 
conducted to identify any LED lighting products or any ambiguous lighting products that could manually be 
classified as LEDs. Using this method we found that 76 of the 183 sites had received program-supported 
LEDs. 

We know from our phone surveys and on-sites that the program has provided strong support for screw-in 
bulbs and downlights through the upstream program. We used ARC GIS to link addresses from the on-sites 
and 2012-2013 upstream lighting program data. In order to confirm that the matches between the on-site 
records and upstream data were correct, only accounts that matched at the building level address were used 
for the cross-reference. This analysis yielded an additional 22 accounts that received program LEDs. 
Seventeen other sites were included in both the evaluation database and upstream data. Overall, program 
participation for 98 unique accounts was identified between the two data sources. 

After linking the account information for each of these 183 sites, we then followed the process shown in 
Figure 17 to determine each customer’s participation status. We first classified customers that did not have 
any LED program data in either database as a “full non-participant.” For customers with records in the 
upstream or tracking data, we compared the installed quantities verified through the on-site surveys to the 
quantities included in the program data to determine the share of program and outside of the program LEDs 
at each facility.   
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Figure 17: Process Used to Determine On-site Respondent Participation Status  

 

3 Findings and Implications for Spillover Analysis 
The results provided in this section are presented with the following caveats: 

• Absence of 2014 tracking and upstream data. DNV GL has requested the 2014 tracking data 
from the PAs and at this time has received the majority of the information needed to update the 
Massachusetts Evaluation Database. However, this information was not included at the time we 
undertook this analysis, so our estimation of participation status is only based upon program data 
from 2011-2013.  

The DNV GL team expects that this information will be included in the database by the end of June. We can 
therefore reanalyze customer participation status using the 2014 tracking data as part of our final spillover 
analysis. This will provide us with a more accurate understanding of what is in and out of the program at 
these sites. 

• Uncertainty around quantity data. DNV GL expects there to be a level of uncertainty associated 
with the quantity data collected from the on-site surveys as installed quantities are often 
extrapolated for large sites that field engineers cannot feasibly cover within the time allotted at each 
facility. Similarly, quantity data included in the tracking data is often incomplete or conflicts with the 
project description. Our team validated the quantity data to the extent possible by manually 
reviewing each record associated with these 98 customers and adjusting any data that did not match 
project descriptors.  

While there is a level of uncertainty inherent in the quantity data we used for this analysis, we expect that 
the uncertainty associated with quantity data attained from customer self-reports would be much higher. 

We found that roughly half of the on-site respondents with installed LEDs had not participated in the 
programs through 2013. Furthermore, of those who had participated, only one-third of the LEDs found on-
site were supported by the program. Figure 18 provides an overview of these findings. Similarly, Figure 19 
shows the portion of LEDs identified as in and out of program for participants, non-participants, and overall 
amongst the 183 sites. 

 

Sites with Verified 
LEDs 

Account found in 
tracking/upstream 

data 

Determined 
Quantity of LEDs 

from Program 

Determined 
Quantity of LEDs 

outside of Program 

Account not found 
in tracking/ 

upstream data 
Determined as Full 

Non-Participant 
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Figure 18: Overview of Customer Participation Status 

 

Figure 19: Portion of LEDs In and Out of Program, by Participation Status 

 

 

4 Implications for Spillover Analysis  
Based on these findings, and the verification of high levels of LED adoption discussed in the aforementioned 
LED Adoption Rate (Phone and On-Site Survey) Comparison memo, DNV GL recommends moving forward 
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with the proposed spillover analysis. We believe, based on this analysis of customer participation status, that 
this subset of on-site respondents would be a viable sample to use for an additional survey regarding 
spillover as there are a large number of non-participants and additionally, out-of-program LEDs at sites that 
had participated. As 2014 participation is unknown at this point, we will develop our survey to address non-
participant and like spillover and will true-up the program data as it becomes available.    

We note that these customers have generously provided us with their time in support of the on-site 
assessment study. As such, we recognize the need to be sensitive to respondent fatigue in the development 
of our approach to survey these customers. We propose the following ideas, which will be discussed further 
in the upcoming work plan for this study:  

• Offer respondents a large (~$100) incentive to participate in our survey 

• Minimize survey length to 5-10 minutes 

• Offer the survey via CATI and/or use project 41 recruiters as they already have a relationship with 
these customers 

The team welcomes additional ideas on addressing respondent fatigue the PAs or EEAC consultants may 
have and will incorporate them with the ideas presented above in a study work plan.   
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Appendix C: Survey Instrument 
 

1 Introduction 
Intro1. Hello, my name is [interviewer name] from <FIRM NAME>, calling on behalf of the 

Massachusetts Electric Utilities and program provider Cape Light Compact regarding your 
recent lighting purchases. THIS IS NOT A SALES CALL NOR A SERVICE CALL. May I please 
speak with <contact>? 

 
[IF NEEDED] This is a fact-finding survey only, authorized by the Massachusetts Electric 
Utilities and program provider Cape Light Compact. 

1 Yes PERSON1 
2 Make Appointment=APPT APPT 
3 No longer works here Intro1a. 
4 Refused Thank & 

Terminate 
 

Ask if Intro1=3 
Intro1a. Could you give me the name and telephone number of someone else at your facility who is 

knowledgeable about your lighting equipment? 
77 Record name and telephone number Call contact 

and repeat 
intro process 

88 Refused Thank & 
Terminate 

99 Don’t know Thank & 
Terminate 

 
APPT  
77 Record day of the week, time of day and date to call back.  Record 

phone number and contact name if needed. 
Call contact 
and repeat 
intro process 
at designated 
time 

88 Refused Thank & 
Terminate 

99 Don’t know Thank & 
Terminate 

 
 
 
PERSON1 You recently participated in the on-site surveys conducted on behalf of the Massachusetts 

Electric utilities and program provider Cape Light Compact. We appreciate the time you have 
provided us so far and would like to speak with you regarding the LEDs installed at your 
facility.  This is strictly a fact finding study. We need to speak with someone who is 
knowledgeable about the purchase of LEDs at this facility.  Would that be you? 

1 Yes INTRO3 
2 Yes, need to make an appointment APPT 
3 No, but I will give you the name Person2 
4 No one knows about the lighting equipment Thank and 

Terminate 
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Person2 Who would be the person most familiar with your organization's lighting equipment? [Enter 

New Contact Name and move on.] 
77 Record Name, as &CONTACT May_I 
88 Refused Thank & 

Terminate 

99 Don’t know Ext 
 
MAY_I  May I speak with him/her? 
1 Yes INTRO2 
2 Yes, need to make an appointment APPT 

3 No one willing to do survey Thank & 
Terminate 

 
INTRO2. Hello, my name is <INTERVIEWER NAME> calling on behalf of the Massachusetts Electric Utilities 
and program provider Cape Light Compact. This is not a sales call.  We are interested in speaking with the 
person most knowledgeable about this facility's lighting equipment. I was told that would be you. Is this 
correct? 
1 Yes INTRO3 
2 No, there is someone else Repeat 

Person2 until 
correct person 
is found or 
call must be 
terminated 

99 No and I don't know who to refer you to Thank & 
Terminate 

 
 
INTRO3. Today we’re conducting a very important study on the energy needs and perceptions of 
organizations like yours.  We are interested in how organizations like yours think about and manage their 
energy consumption. The survey should take less than 15 minutes and upon completion of the survey, we 
will provide you with a $100 gift card to thank you for your time.   At no time will we try to sell you anything. 
 
Your input will allow the Massachusetts electric utilities and Cape Light Compact to build and maintain better 
energy savings programs for customers like you. And we would like to remind you that your responses will 
not be connected with your organization in any way. 
 
 

2 Screener 
 

SCRN_Part1 [If PART = Yes] First, I'd like to ask you a few questions about your participation in <PA> 
programs that support the purchase of energy efficiency equipment. Our records show that you received 
program support for recent purchases of LED lighting equipment or “LEDs”.  Is this correct? 

1. Yes 
2. No 
3. No LEDs installed on site 
4. Don’t Know 
5. Refused 

 
 
SCRN_Part1a. [If Part1=2, 3, 4, 5] Is there someone at your company who would be more familiar with 
your participation in <PA>'s programs when installing the LEDs at your facility? 
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1. Yes (Obtain Contact Information and contact this person and repeat Scrn_Part1) 
2. No 
3. Don’t Know 
4. Refused 

 
 
SCRN_Part2. [If Part=No] First, I'd like to ask you a few questions about your participation in <PA> 
programs that support the purchase of energy efficiency equipment. Did you receive an incentive from <PA> 
for the LEDs you have installed in this facility? 

1. Yes 
2. No 
3. No LEDs installed on site 
4. Don’t Know 
5. Refused 

 
 
SCRN_Part2a. [If Part2= 3, 4, 5] Is there someone at your company who would be more familiar with 
your participation in <PA>'s programs when installing the LEDs at your facility? 

1. Yes (Obtain Contact Information and contact this person and repeat Scrn_Part1) 
2. No 
3. Don’t Know 
4. Refused 

 
Part_Logic. If Part1 = Yes or Part 2 = Yes, respondent is Participant.  If Part 1=No or Part 2 = No then 
respondent is Non-Participant.  If participation status cannot be obtained from respondent or other contacts, 
then PART= Yes = Participant, PART= No = Non-Participant 
SCRN_Part3. [If Part = Yes] Which of the following kinds of LED lighting equipment did your organization 
purchase with the help of the <PA> program? [SELECT ALL THAT APPLY.] 

1. Screw or pin-based lamps to be used in existing fixtures 
2. New fixtures designed to use only LED lamps or light sources 
3. Don’t Know 
4. Refused 

 
The questions in this survey will refer to your “FACILITY,” which means ALL of the buildings and 
tenants serviced by &UTILITY under the following billing address: &SERV_ADDR.  [INTERVIEWERS 
SHOULD RE-READ THIS STATEMENT AS NEEDED THROUGHOUT THE SURVEY TO REMIND THE 
RESPONDENTS] 
 

3 Lighting Decision Making Processes 
Now I'd like to ask you about the decision making process your company has with regards to lighting 
equipment 
LD1. Does your company have any corporate policies related to energy efficiency standards that you need to 
consider when purchasing new equipment or making improvements to this facility? (EXAMPLES:  
REQUIREMENT THAT ALL NEW FLUORESCENT LIGHTING SYSTEMS USE ELECTRONIC BALLASTS, OR THAT 
ALL NEW MOTORS BE PREMIUM EFFICIENCY.) 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

LD1a. [If LD1=yes] Does this policy specifically cover lighting? 
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1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

LD2. Has your organization assigned responsibility for controlling energy usage and costs to any of the 
following?  

1. A staff person employed by your organization 
2. Group of staff 
3. Outside contractor 
4. No one 
5. Don’t Know 
6. Refused 

 

LD3. Does your organization refer to state building codes that apply to energy using equipment when you 
make lighting equipment purchase decisions? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
 

LD4. Which of the following best describes your organization’s light bulb or lamp purchase practice?  
1. Bulbs are replaced as they burnout 
2. Bulbs are replaced in bulk 
3. Bulbs are replaced in bulk on a regular schedule 
4. Don’t Know 
5. Refused 

 

LD5. Where does your firm make the MAJORITY of your light bulb purchases? [Do not read list, select only 
one] 

1. Drug Stores 
2. Grocery Stores 
3. Convenience Stores 
4. Small Hardware Stores 
5. Large Hardware Stores (Home Depot, Lowes) 
6. Club Stores (Costco, Sam's Club) 
7. Online 
8. Directly from distributor or contractor 
9. Mass merchandise stores (Target/Walmart/Staples) 
10. Lighting stores 
11. Electronic stores (Best buy) 
12. Discount stores (Dollar General, 99 Cents store) 
13. OPEN\Other-record 
14. Don’t Know 
15. Refused 

LD6. Where did your firm purchase the MAJORITY of the LED bulbs installed at this facility? [Do not read list, 
select only one] 

1. Drug Stores 
2. Grocery Stores 
3. Convenience Stores 
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4. Small Hardware Stores 
5. Large Hardware Stores (Home Depot, Lowes) 
6. Club Stores (Costco, Sam's Club) 
7. Online 
8. Directly from distributor or contractor 
9. Mass merchandise stores (Target/Walmart/Staples) 
10. Lighting stores 
11. Electronic stores (Best buy) 
12. Discount stores (Dollar General, 99 Cents store) 
13. OPEN\Other-record 
14. No LED bulbs installed at this facility 
15. Don’t Know 
16. Refused 

 
 
LD7. Which of the following best describes your organization’s practices for purchasing lighting fixtures?  

1. Fixtures are replaced individually as they burn out 
2. Fixtures are replaced in groups as they approach burn out 
3. Fixtures are most frequently replaced in groups as part of renovations 
4. Don’t Know 
5. Refused 

 

LD8. Where did your firm purchase the MAJORITY of the LED fixtures installed at this facility? [Do not read 
list, select only one] 

1. Drug Stores 
2. Grocery Stores 
3. Convenience Stores 
4. Small Hardware Stores 
5. Large Hardware Stores (Home Depot, Lowes) 
6. Club Stores (Costco, Sam's Club) 
7. Online 
8. Directly from distributor or contractor 
9. Mass merchandise stores (Target/Walmart/Staples) 
10. Lighting stores 
11. Electronic stores (Best buy) 
12. Discount stores (Dollar General, 99 Cents store) 
13. OPEN\Other-record 
14. No LED fixtures installed at this facility 
15. Don’t Know 
16. Refused 

 

4 Program Awareness and Influence 

4.1 Past Program Participation 
PAI1. [If Part_Logic = Non-Participant] Are you aware of any energy efficiency programs that are currently 
offered by <PA>? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

PAI2. [If Part_Logic = Non-Participant]  Are you aware of any energy efficiency programs involving LED 
lighting products that are currently offered by <PA>? 
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1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

PAI3. Had your business ever participated in <PA>'s programs before you installed LEDs in your facility? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

PAI4. [If PAI3= Yes] I'm going to read you several statements. For each statement, please tell me whether 
you agree or disagree that this statement applies to your business.  There are no right or wrong answers, 
we just want your honest opinion.   

Our previous experience implementing energy efficiency through the <PA> program has… 

PAI4a. Made our firm more likely to consider energy efficient equipment 

a. Agree 
b. Disagree 

PAI4b.  Made our firm more likely to install energy efficient equipment 

a. Agree 
b. Disagree 

PAI4c.  Given us more confidence in the financial benefits of energy efficient equipment 

a. Agree 
b. Disagree 

PAI4d.  Given us more confidence in the nonfinancial benefits of energy efficient equipment 

a. Agree 
b. Disagree 

4.2 Free-Ridership 
If Part_Logic = Participant 

PAI5. Who was most responsible for actually recommending or specifying the LEDs installed through the  <PA> 
program? [Do not read list.  Only select one] 

1. Respondent 
2. Someone else in the company 
3. Third-party design professional 
4. Third-party engineer 
5. Contractor 
6. Manufacturer’s representative 
7. <PA> account manager 
8. Someone else- specify _____________ 
9. Don’t Know 
10. Refused 
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PAI5a. [If PAI5= 3,4,5,6,7] On a scale of 0 to 10, with 0 being no influence and 10 being a great deal of 
influence, how much influence did <PAI9 response> have on your company’s decision to install the LEDs so 
that they would qualify for the program? 
 
1. Enter Answer (0-10)___ 
2. Don’t Know 
3. Refused 
 
PAI6.  If <PA> had not paid a portion of the installation cost or provided technical assistance or education, 
would your business have installed any type of LED at the same time? 
 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI7. [If PAI6 = 2,3,4] Would you have installed the LEDs earlier than you did, at a later date, or never? 

1. Earlier 
2. Same Time  
3. Later 
4. Never 
5. Don’t Know  
6. Refused 

 
PAI8. [If PAI7 = 1,3] How much <earlier/later> would you have installed the LEDs? 
 _______ years 
_______ months 
3. Don’t know 
4. Refused 
 
PAI9. Without the program incentive, technical assistance, or financing, would your business have installed the 
exact same quantity of LEDs [if PAI6=Yes] at that same time [If PA6=No] Within <PAI8 timeframe>? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI10. [If PAI9= No] Compared to the amount of LEDs that you installed through the <PA> program, what 
percent do you think your business would have purchased during that timeframe? 
 
1. Enter Answer (0-100)___ 
2. Don’t Know 
3. Refused 
 
 
PAI11. You said your business would have installed [If pAi9= Yes] all; [IF PAi9= No] <PA10 %>; [IF PA10= Don’t 
Know, Refused] some of the LEDs on its own if the <PA> program had not been available.  Thinking about the 
lighting you would have installed on your own, what percent of this equipment would have been….? 

DNV GL  –  www.dnvgl.com                                                                 September 24, 2015     Page 59 
 



 

 
  

PAI11a.  LEDs 
1. Enter Answer (0-100)___ 
2. Don’t Know 
3. Refused 

 
PAI11b.  Lower efficiency than what was purchased but higher than code, such as CFLs or high 
efficiency T8s? 
1. Enter Answer (0-100)___ 
2. Don’t Know 
3. Refused 

 
PAI11c.  Standard efficiency or code, such as halogen bulbs or standard T8s? 
1. Enter Answer (0-100)___ 
2. Don’t Know 
3. Refused 

 
PAI12.  On a scale of 0 to 10, with 0 being no influence and 10 being a great deal of influence, how much 
influence did the rebate you received from <PA> have on your company’s decision to install the LEDs? 
 
1. Enter Answer (0-10)___ 
2. Don’t Know 
3. Refused 
 

4.3 Like Spillover 
If Part_Logic = Participant 

PAI13.  Has your company installed any LEDs for this facility in Massachusetts on your own, that is, without a 
rebate from <PA>?  

1. Yes 
2. No [skip to OI1] 
3. Don’t Know [skip to OI1] 
4. Refused [skip to OI1] 

 
PAI13a. What type of equipment was it? [Please choose all that apply] 

1. Screw or pin-based lamps to be used in existing fixtures 
2. New fixtures designed to use only LED lamps or light sources 
3. Don’t Know 
4. Refused 

 
 
PAI4. How does the quantity compare to what you installed through the program? Did you install more, less, 
or the same amount of LEDs? 

1. More (How much more? Enter percentage 0-1000%)_____ 
2. Less (How much more? Enter percentage 0-99%)_____ 
3. Same 
4. Don’t Know 
5. Refused 
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PAI15a.  [If PA14 = 1, 2, 3] So the additional LEDs you bought on your own were <percentage from PAI4> as 
much as you got from the program? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI16.  Did a recommendation from a contractor, distributor, engineer, or designer who you worked with in 
the <PA> Program influence your decision to install some or all of the additional LEDs on your own? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI17. [If PAI3 = Yes] Did your participation in any past program influence you to implement some or all of this 
equipment on your own? 

1. Yes  
2. No 
3. Don’t Know 
4. Refused 

 
PAI18.  Did your experience with the LEDs installed through the program influence your decision to install 
some or all of the additional LEDs on your own? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
 
PAI18a. [If at least 2 of PA16, PA17, PA18 = Yes]Of the influences you mentioned, [vendors and designers], 
[experience with past programs], [experience with LEDs in the current program], which most strongly 
influenced your decision to purchase additional LED lighting products? 

1. Vendors and designers 
2. Past Programs 
3. Experience with LEDs in current program. 
4. Don’t Know 
5. Refused 

 
 
PAI19. On a scale of 0 to 10, where 0 is "no influence at all" and 10 is "a great deal of influence", how much 
influence did your participation in the <PA> program have on your decision to install the additional LEDs 
without an incentive? 

1. Enter Answer (0-10)___ 
2. Don’t Know 
3. Refused 

4.4 Non-Participant Spillover 
If Part_Logic = Non-Participant 

Now I'd like you to think about why your company decided to install these LEDs in your facility 
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PAI20. Did a recommendation from a contractor, engineer, or designer influence your decision to install these 
LEDs on your own,  that is without program support from <PA>? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI21. [If PAI3 = Yes] Did your experience with other <PA> programs influence your decision to install LEDs on 
your own? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 
PAI22a. [If PA20 AND PAI3 = Yes]Of the influences you mentioned: [vendors and designers], [experience with 
past programs], which most strongly influenced your decision to purchase additional LED lighting products? 

1. Vendors and engineers 
2. Past Programs 
3. Don’t Know 
4. Refused 

 
PAI23. [If PAI3 = Yes] On a scale of 0 to 10, where 0 is "no influence at all" and 10 is "a great deal of influence", 
how much influence did your previous participation in the <PA> program have on your decision to install these 
LEDs without an incentive? 

1. Enter Answer (0-10)___ 
2. Don’t Know 
3. Refused 

 

4.5 Reason for Out-of-Program Purchases 
OOP1. [If Part_Logic=Participant and PAI13 = Yes] Why didn't you install these additional LEDs through a 
<PA> program? [ DO NOT READ.  SELECT ALL THAT APPLY] 

1. Too much paperwork 
2. Cost savings not worth the effort of applying 
3. Takes too long for approval 
4. The equipment would not qualify 
5. Vendor does not participate in program 
6. Outside the <PA>’s service territory 
7. No time, needed equipment immediately 
8. Thought the program ended 
9. Didn’t know the equipment qualified under another program 
10. Just didn’t think of it 
11. Unable to get rebate- unsure why 
12. Other- Specify 
13. Don’t Know 
14. Refused 

 

OOP1a. [If OOP1=4] Why didn’t the equipment qualify? 

1. Record Answer________ 
2. Don’t Know 
3. Refused 
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OOP2. [If Part_Logic=Non-Participant and PAI1 =1] Why didn't you install these LEDs through a <PA> 
program? [ DO NOT READ, SELECT ALL THAT APPLY] 

1. Not aware of program 
2. Too much paperwork 
3. Cost savings not worth the effort of applying 
4. Takes too long for approval 
5. The equipment would not qualify 
6. Vendor does not participate in program 
7. Outside the <PA>’s service territory 
8. No time needed equipment immediately 
9. Thought the program ended 
10. Didn’t know the equipment qualified under another program 
11. Just didn’t think of it 
12. Unable to get rebate- unsure why 
13. Other- Specify 
14. Don’t Know 
15. Refused 

 

OOP2a. [If OOP2=5] Why didn’t the equipment qualify? 

1. Record Answer________ 
2. Don’t Know 
3. Refused 

4.6 Other Influences 
Now I'd like to ask you about other factors that may have influenced your decision to purchase the LEDs 
installed in your facility 

4.7 Suppliers 
OI1. For the LED bulbs we are discussing, did your retailer, contractor, or equipment supplier mention any 
discounts or rebates? 

1. Yes (Specify whether it was a retailer, distributor, or contractor)__________ 
2. No 
3. Don’t Know 
4. Refused 

 

OI2. [If OI1 = Yes] Did they say where the discount or rebate came from? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

OI3. [If OI2 = Yes]  Which of the following sources did they say provided the discount or rebate? [DO NOT READ, 
SELECT ALL THAT APPLY] 

1. Themselves 
2. Manufacturer 
3. <PA> 
4. State of Massachusetts 
5. Mass Save Program 
6. Bright Opportunities 
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7. Someone else-Specify 
8. Don’t Know 
9. Refused 

 

SKIP TO OI5 

OI4. [If OI1 = No]  Do you know whether the equipment you purchased received a price discount sponsored 
by your electricity service provider, <PA> and/or the MASS Save program? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 

 

OI4a. [If OI4 = Yes]  Where did you learn about the price discount? [DO NOT READ, SELECT ALL THAT APPLY] 
1. Contractor or Distributor 
2. <PA> 
3. Mass Save Program materials or website 
4. Bright Opportunities material or website 
5. Internet other than <PA> website 
6. Colleagues within organization 
7. Colleagues outside of organization 
8. Other-Specify 
9. Don’t Know 
10. Refused 

 

OI5. Over the past two years, would you say that the firms that supply or specify lighting for your facility have 
increased their efforts to promote LED equipment, decreased those efforts, or held them about the same? 

1. Increased 
2. Decreased 
3. Held about the same 
4. Do not work with lighting suppliers or specifiers 
5. Don’t Know 
6. Refused 

 
OI6. [If OI5= 1,3]Which of the following approaches have they used to promote LED lighting? [SELECT ALL THAT 
APPLY. IF RESPONDENT IS UNSURE, DO NOT SELECT.] 

1. Reduced prices 
2. Expanded the range of models 
3. Provided product literature and specifications 
4. Offered other kinds of technical information and training 
5. Don’t Know 
6. Refused 

 

4.8 Electricity Rate Impacts 
ERI1. Did recent increases in electricity rates influence your decision to purchase LEDs? 

1. Yes 
2. No 
3. Don’t Know 
4. Refused 
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ERI1a. [If ERI1 = Yes]  On a scale of 0 to 10 where 0 means not at all influential and 10 means very 
influential, how much influence do electricity rates have on your energy-related decisions? 

1. Enter Answer (0-10)___ 
2. Don’t Know 
3. Refused 

 

4.9 Gift Card Contact 
GC1. Those are all the questions I have for you today and I'd like to thank you for your time.  Before we end, 
can you please provide me with the address you would like the gift card sent to? 

1. Record Answer________ 
2. Don’t Know 
3. Refused 
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ABOUT DNV GL 
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. 
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