Massachusetts C&I Upstream
Lighting Net-to-Gross Study –
Final Report
Massachusetts Program Administrators and Energy Efficiency
Advisory Council

Date: October 18, 2018

Table of contents
1

EXECUTIVE SUMMARY .................................................................................... 4

1.1

Study approach

4

1.2

Summary of key findings

6

1.3

Recommendations and considerations

7

2

INTRODUCTION ............................................................................................10

2.1

Study objectives

10

2.2
2.2.1
2.2.2

Massachusetts LED market and program background
Upstream lighting initiative history
Current LED saturation

11
11
13

3

METHODOLOGY ............................................................................................17

3.1
3.1.1
3.1.2

Survey approach
Survey design
Sample design and implementation

17
17
18

3.2
3.2.1
3.2.2

Survey analysis methods
Survey weight development
Free-ridership and spillover analysis

19
19
19

3.3

Onsite adjustment factors

23

3.4

Consensus group for prospective results

25

4

2016 RETROSPECTIVE AND 2019-2021 PROSPECTIVE NTG RESULTS ..................26

4.1
4.1.1
4.1.2

Survey results
Free-ridership
Spillover

26
26
30

4.2

2016 Retrospective NTG results for scenarios 1-4

36

4.3

2019-2021 Prospective Results

37

5

OTHER LIGHTING MARKET FINDINGS ..............................................................38

5.1

Awareness of the Initiative

38

5.2

Lighting purchase decision-making

42

6

CONCLUSIONS AND RECOMMENDATIONS ........................................................47

6.1

Summary of key findings

47

6.2

Recommendations and considerations

48

APPENDIX A. MASSACHUSETTS COMMERCIAL AND INDUSTRIAL CUSTOMER LED SPILLOVER
SURVEY .......................................................................................................51
APPENDIX B: ONSITE LIGHTING INVENTORY FORM .......................................................75

DNV GL – www.dnvgl.com

October 18, 2018

Page 2

Table of figures
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

1. 2011-2016 summary of gross lighting savings...............................................................11
2. 2011-2016 summary of gross lighting savings by individual category ...............................12
3. 2015 Screw-based saturation for all sites - interior only .................................................14
4. 2018 Screw-based saturation for 2016 upstream initaitive participants only ......................15
5. 2015 linear saturation for all sites - interior only ...........................................................16
6. 2018 linear saturation for 2016 upstream program participants only ................................16
7: Survey question summary ..........................................................................................18
8. Free-ridership estimation flowchart ..............................................................................20
9. Participant spillover estimation flowchart ......................................................................22
10: Spillover analysis scenarios .......................................................................................24
11. Timing of LED installations in the absence of initiative support ......................................27
12. Quantity of LEDs installed in the absence of the initiative support ..................................27
13: Influence of rebate on decision to install LEDs .............................................................29
14. Party most responsible for Initiative participation (screw-based n=142) .........................30
15. Party most responsible for Initiative participation (linear n=149) ...................................30
16. Presence of out-of-program LEDs at 2016 Upstream participant sites .............................31
17: Influence of program efforts on participants’ additional LED installations ........................32
18: Impact of previous program experience on customer perceptions of energy efficiency ......33
19: Influence of PA assistance on decision to install out-of-program LEDs ............................34
20. 2015 study respondents aware of LED rebates from their supplier (n=99) ......................39
21. 2018 study respondents aware of LED rebated from their supplier (n=216) ....................39

Table of tables
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

1. Summary of free-rider, spillover and Retrospective 2016 NTG results ................................. 6
2. Summary of Prospective 2019-2021 NTG Results ............................................................ 6
3. 2013-2016 summary of upstream and non-upstream lighting totals ..................................13
4. Sample design............................................................................................................18
5: Efficiency of lighting products installed in the absence of the initiative support ...................28
6: Reasons customers did not install additional LEDs through the program ............................35
7: 2016 Retrospective NTG ratios under four scenarios .......................................................36
1. Summary of free-rider, spillover and Retrospective 2016 NTG results ................................37
2. Summary of Prospective 2019-2021 NTG Results ...........................................................38
8: Supplier-Referenced LED Rebate Source ........................................................................39
9: Customer-referenced LED rebate information source .......................................................40
10. Past participation of any energy-related program ..........................................................41
11. Reported lighting project type ....................................................................................42
12. Type of equipment replaced .......................................................................................43
13. Functionality of equipment replaced ............................................................................44
14. Age of equipment replaced .........................................................................................45
15: Lamp and fixture purchase location (n=143) ................................................................46
16. Summary of free-rider, spillover and Retrospective 2016 NTG results ..............................47
2. Summary of Prospective 2019-2021 NTG Results ...........................................................47

DNV GL – www.dnvgl.com

October 18, 2018

Page 3

1

EXECUTIVE SUMMARY

This report summarizes DNV GL’s analysis of the net-to-gross (NTG) ratios associated with the
Upstream Lighting Initiative for commercial and industrial (C&I) customers offered by the
Massachusetts Program Administrators (PAs). DNV GL conducted this analysis at the request of the
PAs and Energy Efficiency Advisory Council (EEAC) Consultants, to support a reanalysis of NTG for LED
products for the 2019-2021 three-year plan and in response to findings from the 2015 Final Report of
Massachusetts LED Spillover Analysis (2015 report)1 which found high levels of spillover associated
with the adoption of LED screw-based products.
This study’s overall goals were to:
•

Provide a retrospective 2016 NTG ratio associated with the Upstream Lighting Initiative,
for both screw-based and linear LEDs.

•

Estimate a prospective NTG for the 2019-2021 Three-Year Plan, through a consensus
process

•

Research other key market elements, such as factors influencing the purchase of LED
products, awareness of the Upstream Initiative, and customer lighting purchase decisionmaking processes

The prospective NTG results from this study will be incorporated into the 2019-21 Three-Year Plan.
The findings from this study should also be considered during planning for subsequent research into
the market for C&I lighting and studies of programs to promote LED lighting. We discuss the
implications of the current study and present recommendations for further work below.

1.1 Study approach
The methodology used for this study follows the NTG approach used in other Massachusetts studies
including the 2015 LED Spillover Analysis study (2015 Study) which developed LED NTG estimates
that informed the 2016-2018 three-year plan.2 This approach utilized customer self-report information
on program influence to determine free-ridership and participant spillover for screw-based and linear
LED technologies purchased through the Upstream Initiative in 2016. This study also conducted onsite lighting inventories and compared those results with program tracking data from 2013-2017 to
develop estimates of out-of-program savings. This approach results in less uncertainty than using
customer-reported out-of-program savings to estimate spillover. The recommended NTG ratio from
this study includes spillover estimates that have been adjusted using out-of-program savings data
from the on-site inventories.
To support this research effort, the DNV GL team conducted a computer assisted telephone interview
(CATI) survey of 216 end-users and contractors in December 2017 through February 2018. The CATI
survey targeted 200 lighting decision-makers sampled from the 2016 upstream lighting tracking
database and aimed to recruit 50 sites willing to participate in onsite lighting surveys. The sample was
stratified by 2016 savings and grouped by 2016 upstream participants that purchased only linear
lamps, only screw-based lamps, both linear and screw-based (linear dominant), and both linear and

1 http://ma-eeac.org/wordpress/wp-content/uploads/MA_LED_Spillover_FINAL-Report_092415.pdf
2 Ibid.
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screw-based (screw-based dominant). The final sample included 216 respondents; data from 11 of
these respondents’ responses were removed from the NTG analysis due to inadequate or missing
responses.3 The team conducted on-site lighting inventories with the target 50 sites in the first quarter
of 2018.
The DNV GL team used the classic free-ridership and spillover methodology from the previously
mentioned Massachusetts studies to calculate the NTG ratios for screw-based and linear LEDs. This
approach relies on buyer’s assessment of how the program influenced the timing, efficiency, and
quantity of their lighting purchases, and considers how the program may have influences the
efficiency of some, but not necessarily all, of the purchased units. We estimated spillover under four
scenarios that varied in their treatment of out-of-program savings:
•

Scenario 1: Used self-reported out-of-program quantities from CATI survey and applied
the average savings per lamp from the 2016 tracking data to calculate out-of-program
savings

•

Scenario 2: Calculated an on-site adjustment factor to determine the ratio of out-ofprogram lamps to program lamps and applied to known program savings to calculate outof-program savings. The adjustment factor is based on the total observed screw-based
and linear LEDs from the on-site inventories and the LEDs found in the tracking data. This
scenario included all surveyed lamps from the on-site surveys and tracking data.

•

Scenario 3: Calculated an on-site adjustment factor using the approach described in
Scenario 2. For scenario 3, we compared the total screw-based or linear LED lamps
observed on-site to the number of identified program lamps and restricted the number of
program lamps so that it did not exceed the total number of lamps installed or in storage
on the site.

•

Scenario 4: Calculated an on-site adjustment factor using the approach described for
Scenario 3 but with the application of an applying an in-service rate to program lamps
before restricting program lamps to not exceed the total number of lamps found on site. 4

Finally, a Consensus Group of PA representatives, EEAC consultants, and evaluators met to in June
and July 2018 to determine the appropriate 2016 retrospective and 2019-2021 prospective NTG
ratios. The results of the Consensus Group are discussed below.

3 The team surveyed additional customers to ensure we could recruit 50 customers for on-site visits. Contractors were not recruited for the

on-site.

4 http://ma-eeac.org/wordpress/wp-content/uploads/Upstream-Lighting-Initiative-Impact-Evaluation-PY2015.pdf
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1.2 Summary of key findings
The NTG Consensus Group met on June 18, 2018 and agreed to accept Scenario 4 screw-based and
linear NTG results as the 2016 retrospective NTG ratios. Table 1 presents these agreed-upon rates.
Using the results of Scenario 4, screw-based free-ridership is estimated to be 0.25 and spillover is
0.23, yielding a final NTG value of 0.97. For linear technologies, the free-ridership ratio is 0.23 and
spillover is 0.14, yielding a final NTG value of 0.91. Section 4 of this report includes the results of the
four spillover scenarios and additional findings related to free-ridership and spillover.
Table 1. Summary of free-rider, spillover and Retrospective 2016 NTG results
Scenario 4

Free-ridership

Spillover

Final NTG

Screw-based

0.25

0.23

0.97

Linear

0.23

0.14

0.91

The NTG Consensus Group reconvened on July 31, 2018 to finalize the prospective 2019-2021 NTG
results. The DNV GL team is currently conducting additional lighting market research and the
Consensus Group postponed developing their final recommendation for the prospective NTG ratios to
investigate whether this research could further inform the process. The Consensus Group agreed
upon the Prospective NTG ratios shown in Table 2, noting that as market adoption of these products
continues, the NTG should decrease, with the screw-based NTG ratios decreasing at a faster rate than
linear NTG ratios because there has been more adoption of screw-based LEDs to date.
Table 2. Summary of Prospective 2019-2021 NTG Results
Prospective NTG

2019

2020

2021

Screw-based

0.73

0.63

0.53

Linear

0.80

0.73

0.66

Other key findings on the current state of the LED market in Massachusetts include the following:
Participant Characterization of the Initiative’s Influence: Respondents reported that the
Initiative primarily influenced the timing and quantity of their LED purchases. The survey results
suggest that only a small share of participants would not have installed any LEDs without support from
the Initiative; 5% of 2016 upstream lighting participants would not have purchased any screw-based
LEDs and 18% would not have purchased any linear LEDs without the Initiative. This suggests that the
2016 participants were aware of LED lamps and inclined to purchase them, but the Initiative
encouraged them to purchase more LEDs and to accelerate those purchases.
Prior program participation also continues to have a cumulative effect on upstream lighting
participation. Forty-five percent of all 2016 participants have previously participated in programs or
offerings for energy-related equipment purchases. Furthermore, of those participants who purchased
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additional LEDs outside of a PA program, over two-thirds indicate that past program experience
influenced them to purchase more LEDs.
Market Development: 2016 participants have a high saturation of LED technologies. In 2018 on-site
staff observed that 71% of screw-based lamps and 58% of linear lamps at these sites were LEDs, with
a portion of these lamps purchased outside the 2016 Upstream Lighting Initiative. As expected, this is
significantly higher than the LED saturation of the total C&I population in 2015.5 Planned research on
the saturation of LEDs in the rest of the C&I population will allow us to determine current levels of LED
market saturation that can be compared to the 2015 saturation.
Lamp Replacement Decisions: The majority of 2016 participants purchased lamps through the
Initiative to use in simple replacements of existing lamps (61.4% of participants) rather than
renovations or new construction. Less than 3% of participants purchased lamps to install in newly
constructed buildings. Ninety-four percent of participants that purchased linear LED equipment to
replace existing equipment replaced equipment that was still functioning. On the other hand, only
70% of participants purchased A-lamps, downlights, and reflectors to replace functioning equipment.
Continued Importance of Market Actors: Distributors and contractors play a large role in
spreading program awareness. Roughly three-quarters of the 2016 participants reported that their
supplier informed them of discounted lighting and another 44% that did not report learning about the
rebate from their supplier indicated they learned about the discount from a contractor or distributor.
On the other hand, a smaller share of 2016 participants indicated that market actors influenced their
decision to purchase LEDs outside a PA program than those in the 2015 study.

1.3 Recommendations and considerations
Recommendations:

•

Ensure program records include account numbers going forward and assess
effectiveness of this requirement. Many of the 2016 upstream observations did not
include identification variables that would allow the team to easily link the data with
existing accounts in the tracking database as we assessed out-of-program purchases.
Changes to the Initiative in 2017 required buyers to give account numbers, however, the
PAs and C&I data management team should assess whether those program changes are
effective and that future upstream purchases can be linked to existing accounts.
The PAs should also monitor these changes with the program implementer to ensure that
these added requirements do not hinder participation in the Initiative. If the PAs find this
is hindering participation, they should also consider investigating whether this requirement
is disproportionately impacting contractors who may not have their customers’ account
numbers available.

5 http://ma-eeac.org/wordpress/wp-content/uploads/MA-CI-Market-Characterization-Study.pdf
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Considerations:

•

Understand areas where lighting programs could have the most benefit. Screwbased free-ridership has remained fairly constant between 2015 and 2016, but spillover
has decreased. As LED technologies continue to saturate the market and the Initiative
continues to incentivize more efficient technologies, it is likely that spillover could continue
to decline leading to a lower NTG. As the PAs continue to research the lighting market,
they should seek to identify specific market segments and applications where the
saturation of LEDs remains low to better focus the Initiative.

•

Work with market actors to ensure they continue promoting the benefits of
program-qualifying LEDs. Market actors continue to be a valuable source of information
for participants, however recent research shows that twenty percent of screw-based
participants who purchased LEDs outside the program did so because the equipment did
not qualify under a PA program. The PAs should ensure market actors are promoting the
benefits of program-qualifying lamps over non-qualifying equipment to encourage more
customers to participate in the Initiative. Similarly, some participants indicated that the
cost savings from purchasing LEDs through the Initiative did not outweigh the hassle of
participating; market actors should continue marketing the rebate and ease of
participating in response to this finding.
A larger share of linear participants indicated that suppliers were influential in their
decision to participate in the Initiative. As this market continues to evolve, the PAs should
ensure the Initiative’s support for linear LEDs is promoted by market actors. They should
also promote the non-energy benefits of LED technologies to customers as well; the
survey found that 20% of participants were not more confident in the non-financial
benefits of LEDs after participating in a PA program. Marketing these additional benefits,
such as reduced operations and maintenance and improved light quality and color, could
encourage additional participation.

•

Continue to monitor LED price trends. The prices of LED technologies have decreased
significantly since 2015, making them more cost-effective and attractive to customers. The
PAs should closely monitor LED price trends to ensure they are properly incentivizing these
technologies to reduce free-ridership and program costs.

•

Continue to monitor the diversity of LED products in the marketplace and
incentivize properly. The LED market continues to diversify as the market quickly
advances forward, and the type and quality of LED technologies continues to evolve. The
PAs should consider researching this market evolution to ensure their programs are
incentivizing the right types of LED technologies to maximize savings and participant
satisfaction. Similarly, as the PAs continue to diversify the LED technologies they support,
they should also consider assessing NTG for more specific types of technologies than
screw-based and linear LEDs. This could include studying LED fixtures versus lamps
separately as the market for those products evolve.

Guidance for Future Research:
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•

Develop market saturation estimates to assist in future planning and research
efforts. Accurate estimates of market saturation can be a valuable input into
understanding remaining opportunities and forecasting future saturation and market share
expectations. The most recent, comprehensive energy efficiency inventory of C&I facilities
in Massachusetts was in 2014-2015. At that point, saturation of screw-based LED lamps
was 26% and saturation of linear LEDs was 3%.6 The onsite surveys conducted in Q1 of
2018 found that LED saturation at participant sites is much higher than the 2015 market
saturation estimates—71% for screw-based lamps and 54% for linear lamps. While total
market saturation is likely less than the observed participant saturation we cannot
currently discern market saturation with the results of this research.
Based on this, we recommend that the PAs continue to closely monitor the lighting market
and undertake another comprehensive lighting inventory of the C&I market. The
evaluation team is planning a lighting inventory of the population of C&I sites that were
not included in this study to better understand the saturation of the whole C&I market.
This information, combined with the 2016 participant saturation information, will provide
estimates of current market saturation. The PAs should consider repeating these efforts in
the future to continue monitoring the pace of the market’s transition to LEDs.

•

Continue refining NTG approaches to reduce uncertainty. This study found that selfreported out-of-program lighting quantities differed from what was observed during the
on-site inventories. To more accurately assess spillover for this Initiative going forward,
the PAs should continue to use on-site inventories to understand out-of-program
purchases. They should also continue working with evaluators to refine the free-rider and
spillover calculation methodologies to better understand purchasing behaviors and
program influence.

•

Utilize a panel survey to understand trends in lighting sales and replacement
activities. Based on the difference in saturation levels between the whole market in 2015
and the 2016 upstream participants in 2018, it is clear the lighting market is changing
rapidly. In addition to completing a comprehensive on-site lighting inventory, the PAs
should consider developing a panel survey to not only track saturation changes, but to
also track sales trends and inform market share forecasts. A panel survey will allow the
PAs to monitor annual changes in the market by revisiting sites.
While on-site, field staff should collect information about newly installed lamps including
what was replaced. While survey respondents to this study provided estimates of the age
of replaced equipment, collecting this information while on-site may yield more accurate
estimates. Understanding the age and remaining useful life of replaced equipment will
support future research into early replacement baselines and NTG.

6 Ibid.
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2

INTRODUCTION

2.1 Study objectives
The following is a report of DNV GL’s analysis of NTG ratios associated with the Massachusetts C&I
Upstream Lighting Initiative. This analysis was conducted at the request of the PAs and EEAC to
provide updated NTG ratios for screw-based and linear LEDs supported by the Upstream Initiative.
Previous research into this market in 2015 found high levels of spillover from C&I customer adoption
of LED screw-based products and the current research sought to update this finding to provide a 2016
retrospective NTG ratio that could be used to inform the development of 2019-2021 prospective NTG
ratios for LED products.7
The principal objectives of this study were to:

•

Estimate spillover and free-ridership associated with the screw-based and linear LEDs
supported by 2016 Upstream Lighting Initiative using customer-reported information and lighting inventories.

•

Provide a retrospective 2016 NTG ratio associated with the Upstream Lighting Initiative,
for both screw-based and linear LEDs.

•

Estimate a prospective NTG for the 2019-2021 Three-Year Plan, through a consensus
process
o The consensus group will discuss the retrospective results and agree on the
appropriate 2016 NTG value for each technology
o The consensus group will also determine the prospective NTG values for 20192021

•

Research other key market elements such as:
o Factors influencing the purchase of LED products
o Lamp replacement practices
o Customer lighting purchase decision-making processes

The prospective NTG results from this study will be incorporated into the 2019-21 Three-Year Plan.
The findings from this study should also be considered during planning for subsequent research into
the market for C&I lighting and studies of programs to promote LED lighting. We discuss the
implications of the current study and present recommendations for further work below.

7 DNV GL recommended the NTG ratio associated with Scenario 3 be used in the 2016-2018 plan for screw-based LEDs supported by the

Upstream Lighting Program. Scenarios 1 and 2 can be found in the aforementioned 2015 LED Spillover Analysis Study.
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2.2 Massachusetts LED market and program background
2.2.1 Upstream lighting initiative history
The Upstream Lighting Initiative accounts for a significant amount of total C&I electricity savings—
21% in both 2015 and in 2016.8,9 In September 2011, the Initiative began offering incentives for
linear fluorescent lighting technologies and in November 2011 began offering incentives for LED
lighting technologies.
Figure 1 illustrates the total gross annual GWh savings from all lighting technologies supported by the
Upstream Initiative and the PAs’ non-upstream lighting programs from 2011 through 2016. Overall,
lighting savings from all PA-sponsored programs has steadily increased since 2011. From 2011 to
2015, the Upstream Lighting Initiative was credited with increasing savings while non-upstream
savings remained steady. From 2013 to 2014, Upstream savings increased 73% and then held fairly
constant in 2015. Savings from the Upstream Initiative decreased slightly in 2016 while non-upstream
savings increased by 25%.
Figure 1. 2011-2016 summary of gross lighting savings

Total gross lighting savings (GWh)
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Total Upstream Savings (GWh)

8 http://ma-eeac.org/wordpress/wp-content/uploads/2015-Comprehensive-CI-Customer-Profile-Report-1.pdf
9 http://ma-eeac.org/wordpress/wp-content/uploads/Final-2016-Comprehensive-CI-Customer-Profile-1.pdf
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Figure 2 shows the total lighting savings from 2011-2016 by lighting category. Upstream savings are
displayed in various shades of green, and other program savings in various shades of blue. Screwbased savings make up the majority of upstream savings, but linear LED savings started to increase in
2014. By comparison, linear technologies comprise a larger share of the savings from other programs;
savings from linear fluorescent lamps decreased after 2012 and have largely been replaced by savings
from non-screw based LED products.
Figure 2. 2011-2016 summary of gross lighting savings by individual category
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Table 3 shows the comparison of upstream and non-upstream lighting from 2013 to 2016. This table
compares the number of projects, total savings and percentage of total lighting savings, incentives
paid, and cost per kWh saved. The Upstream Initiative is a high-volume program that brings about a
large number of projects with lower per-project costs and savings than other PA programs. While the
Upstream Initiative accounts for 30%-40% of total C&I lighting savings, the number of projects in this
initiative represent roughly two thirds of total C&I lighting projects.
Table 3. 2013-2016 summary of upstream and non-upstream lighting totals
Unit Type

End Use
Non-

Projects

Upstream
Upstream
Non-

Savings (GWh)

Upstream
Upstream

% of Total
Lighting
savings

2015

2016

15,666

16,926

14,836

17,364

19,846

35,902

25,698

24,990

226.81

252.13

263.91

327.66

105.70

182.45

189.69

167.81

68%

58%

58%

66%

32%

42%

42%

34%

$ 72,662,940

$ 80,982,631

$ 94,452,157

$ 114,111,867

$ 14,787,595

$ 24,220,136

$ 43,590,652

$ 21,832,722

$ 0.32

$ 0.32

$ 0.36

$ 0.35

$ 0.14

$ 0.13

$ 0.23

$ 0.13

Upstream
Upstream

Upstream
Upstream
Non-

$/kWh

2014

Non-

NonIncentives ($)

2013

Upstream
Upstream

2.2.2 Current LED saturation
Research into the C&I lighting market indicates that the market is has been rapidly evolving. The
results of this study suggest that saturation, the percentage of sockets containing a given lighting
technology or lighting type, has changed significantly since the 2015 LED NTG study. This section
highlights the 2015 levels of saturation from the MA C&I Market Characterization On-Site Assessments
and Market Share and Sales Trends Study,10 and the 2018 levels of saturation observed during the onsite lighting inventories conducted as part of this research effort. The varying levels of saturation
presented in this section are not a direct comparison as the study populations are different. The 2015
baseline study surveyed 800 sites that included participants and non-participants. The 2018 results

10 http://ma-eeac.org/wordpress/wp-content/uploads/MA-CI-Market-Characterization-Study.pdf
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are based only on 50 sites that participated in the 2016 Upstream Lighting Initiative. We would expect
saturation to be higher for participants than the general population, as the results below indicate.
Current market research into saturation and other participant and non-participant sites will inform how
general market saturation has changed since 2015. Actual 2018 market saturation is likely somewhere
between the two levels presented in this section. Planned research into the current level of C&I
saturation at non-2016 upstream participant sites will provide a more complete picture of the total
market saturation in 2018.

2.2.2.1

Screw-based lamp saturation

Figure 3 displays the 2015 C&I market saturation for screw-based lamps from the C&I Existing
Buildings Study. While LEDs had begun to penetrate the Massachusetts market by 2015, CFLs
comprised 44% of the C&I market while LEDs comprised only 26% of the market. Halogen and
incandescent lamps accounted for the remaining 30%.

Figure 3. 2015 Screw-based saturation for all sites - interior only
Halogen 6%

LED 26%

CFL 44%
Incandescent 24%
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Screw-based LED saturation at 2016 Upstream participant sites is significantly higher than 2015
market saturation. While only showing saturation at participant sites, the data in Figure 4 indicates
that 71% of sockets contain LEDs while CFLs are only used in 16% of sockets and less efficient lamps
comprise the remaining 13%. We note that in both sets of analyses a smaller share of sockets contain
halogens, this could indicate that consumers began to choose more efficient options as incandescent
lamps were phased out of the marketplace rather than switch to halogen lamps.11
Figure 4. 2018 Screw-based saturation for 2016 upstream initaitive participants only
Halogen 1%

CFL 16%
Incandescent
12%

LED 71%

2.2.2.2

Linear lamp saturation

Figure 5 displays the saturation of linear lamps in 2015. TLEDs only comprised 3% of linear lamps in
the C&I market while T8 lamps dominated the market, accounting for 78% of socket saturation. T12s,
T5s, and other linear lamps made up the remaining 19% of linear lamps.

11 We note that there are difficulties associated with differentiating halogen and incandescent lamps in the field. The saturation estimates for

these lamps should be considered together.
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Figure 5. 2015 linear saturation for all sites - interior only
Other 1%

TLED 3%
T5 6%

T12 12%

T8 78%

Figure 6 displays the saturation of linear lamp technologies observed amongst 2016 participants in
2018. TLEDs and other linear LED technologies accounted for 58% of socket saturation among these
participants. T8s filled only 31% of sockets, and T12s, T5s, and other linear lamps made up the
remaining 11%.
Figure 6. 2018 linear saturation for 2016 upstream program participants only
T12 0.3%

T8 31%

TLED 58%

T5 10%
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3

METHODOLOGY

The methodology used for this study follows the NTG analysis approach used in other Massachusetts
studies including the 2015 Study which developed LED NTG estimates that informed the 2016-2018
three-year plan.12,13,14 This approach utilized customer self-report information on program influence to
determine free-ridership and participant spillover for screw-based and linear LED technologies
purchased through the Upstream Initiative in 2016. This study also conducted on-site lighting
inventories and compared those results with program tracking data from 2013-2017 to develop
estimates of out-of-program savings. This approach results in less uncertainty than using customerreported out-of-program savings to estimate spillover. The recommended NTG ratio from this study
includes spillover estimates that have been adjusted using out-of-program savings data from the onsite inventories.
Because this study did not speak with program non-participants, it does not include any nonparticipant spillover; however, non-participant spillover was estimated at only 1.2% in the 2015
study.15
To support this research effort, the DNV GL team conducted a computer assisted telephone interview
(CATI) survey of 216 end-users and contractors in December 2017 through February 2018. The CATI
survey targeted 200 lighting decision-makers sampled from the 2016 upstream lighting tracking
database and aimed to recruit 50 sites willing to participate in onsite lighting surveys; 50 on-site
inventories were completed in the first quarter of 2018. Our approach is described in more detail in
the sections below.

3.1 Survey approach
3.1.1 Survey design
For this study, we used the NTG methodology developed as part of the Cross-Cutting evaluation
portfolio, and accordingly, designed this study’s survey to use the appropriate program awareness and
influence questions to inform that approach. The evaluation team updated the 2015 study’s customer
survey that collected information on participants’ lighting decision-making processes, program
awareness and influence, and other influences that impacted their lighting decision-making to fit the
needs of this study. We added additional questions to further our understanding of the effects of
historical programs on the LED market in Massachusetts and gather information on lamp replacement
practices. Figure 7 summarizes the main topics included in this survey. The final survey instrument is
also included in Appendix A.

12 http://ma-eeac.org/wordpress/wp-content/uploads/Massachusetts-PAs-Cross-Cutting-CI-Free-ridership-and-Spillover-Methodology-

Study.pdf

13 http://ma-eeac.org/wordpress/wp-content/uploads/MA_LED_Spillover_FINAL-Report_092415.pdf
14 http://ma-eeac.org/wordpress/wp-content/uploads/CI-Electric-Programs-Free-Ridership-and-Spillover-Study.pdf
15 http://ma-eeac.org/wordpress/wp-content/uploads/MA_LED_Spillover_FINAL-Report_092415.pdf
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Figure 7: Survey question summary

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

Other Influences on Lighting Decision Making
•Supplier influences, including whether the supplier discussed the Initiative
•Lighting purchase locations

Lighting Replacement Practices
•Type of lamps replaced
•Reason for replacement
•Age and condition of replaced lamps

3.1.2 Sample design and implementation
This study’s original research plan called for a CATI survey of 200 2016 Upstream Lighting
participants; we surveyed 216 participants and used data from 205 respondents to assess NTG. The
population of 14,002 projects from the 2016 Upstream Lighting tracking database formed the sample
frame for this study. DNV GL used this data to design the sample and stratified based on purchase
type: screw-based purchases, linear purchases, both types with more linear purchases, and both types
with more screw-based purchases. Each stratum had at least 5 substrata based on 2016 savings, with
stratum 1 representing the smallest amount of savings; stratum 2 representing the next smallest, and
so on. The surveyed participants included both contractors and end users, a distinction determined
during the survey and thus not considered as a stratification variable. Table 4 describes the sample
design and number of completes per stratum for the phone survey. The CATI survey was conducted
between December 2017 and February 2018 and achieved a 23.6% response rate.
Table 4. Sample design
# of
stratum

Population
accounts

Planned sample

Actual sample

Linear

6

2,565

60

63

Screw-based

5

9,539

45

52

Both-linear

6

575

60

51

Both-screw-based

5

1,323

35

39

Grouping

The team also used the CATI surveys to recruit 50 end-users for onsite lighting inventories but did not
set quotas or targets for on-site recruitment beyond excluding contractors from this sample. Field staff
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visited the first 50 participants that agreed to and schedule an on-site survey. These surveys were
conducted in January and February 2018.

3.2 Survey analysis methods
3.2.1 Survey weight development
The final free-ridership and spillover estimates were weighted by site-level weights and site-level
upstream LED savings. DNV GL calculated site-level weights by dividing the number of 2016
participant accounts in each stratum by the sampled number of accounts in the stratum. To estimate
the savings weight, we calculated the total upstream LED savings at each site as the sum of the
screw-based or linear LED savings found in the 2016 upstream tracking data. Sites classified as “both”
had a screw-based savings weight and a linear savings weight.16

3.2.2 Free-ridership and spillover analysis
Our analysis included the estimation of two 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 the participants did not
receive technical or financial support for this equipment

3.2.2.1

Site-level free-ridership analysis

Surveyors asked each respondent a series of free-ridership questions separately for screw-based
purchases and linear purchases, as applicable. If a participant had purchased both linear and screwbased lamps in 2016, they were asked these questions for each technology. The survey asked
participants to assess the Initiative’s influence on the timing, quantity, and efficiency level of their
2016 lighting purchases, and how their decisions would have differed without the Upstream Lighting
Initiative.
The free-ridership section of the survey began with a series of questions regarding the timing of their
LED installations. Surveyors first asked whether the respondent would have purchased their LEDs at
the same time without the Initiative’s support, and if not, whether they would have been purchased
them at an earlier time, later time, or never. We assumed the initiative fully influenced a respondent’s
decision to purchase LED products if they indicated they would not have purchased LEDs without
support, or would have purchased them more than two years later. These respondents were assigned
an overall free-ridership rate of 0%. Otherwise, our team used the results of these questions to
estimate the timing portion of the free-ridership rate calculation and followed up with additional
questions on quantity and efficiency.
Surveyors next asked respondents to discuss how the quantity of purchased LEDs might have differed
without the Initiative’s support. Then, to end the free-ridership series, surveyors asked respondents to
discuss what portion of the lighting they would have purchased without the Initiative would have been
16 The screw-based and linear weights for “both” sites were applied to the relevant NTG analysis, meaning the analysis utilized only the

screw-based weight for these sites in the screw-based NTG analysis.
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1) LEDs, 2) lower efficiency lighting than LEDs, but still higher than code, or 3) standard efficiency
lighting if they had not received financial or technical support.17,18
The flowchart in Figure 8 shows the process used to estimate site-level free-ridership rates using
these survey results19. The initial free-ridership rate is a product of timing, quantity, and efficiency
free-ridership scores. After calculating a respondent’s initial free-ridership rate, the DNV GL team
reviewed each estimate where free-ridership was 100% or 0% to ensure its consistency with the
respondent’s response to the level of influence (on a scale of 0 to 10 where 0 is no influence and 10 is
complete influence) the Initiative had on their decision to purchase these LEDs and adjusts the freeridership score as necessary. For example, if the free-ridership score suggests high free-ridership
while the respondent noted the Initiative was very influential in their decision, we adjusted the freeridership score to be 50%.
Figure 8. Free-ridership estimation flowchart

Timing

No

Yes

Timing Free Ridership = 100%

Earlier or Less
than 6 months

Acceleration

Later
Timing Free Ridership = [1((Response-6)*0.024))
Free Ridership=
1-99%

Initial Free Ridership =
f(quantity, efficiency, timing)

Later (>48 months)
Or Never

If Initial FR=0%

If Initial FR=100%
Inconsistent

3.2.2.2

Inconsistent

Yes

No

Yes

No

Free Ridership=
50%

Free Ridership=
100%

Free Ridership=
50%

Free Ridership=
0%

Site-level participant spillover

After completing the free-ridership series for each technology, surveyors asked participants a series of
spillover questions for both screw-based and linear technologies. These questions focused on whether
a respondent’s participation in any PA-sponsored program or recommendations from market actors

17 Surveyors defined “lower efficiency lighting than LEDs, but still higher than code” as CFLs or high performance T8s or T5s.
18 Surveyors defined “standard efficiency lighting” as halogens or standard T8s.
19 During this process, the DNV GL team also explored analyzing the results using the 1-step approach for calculating free-ridership. Using

this methodology, there was little difference in efficiency free-ridership between the class and 1-step approaches; accordingly, this
report only includes results using the classic methodology.
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they interacted with through a program influenced their decision to purchase additional LED
equipment outside of a program.
If a respondent indicated they had purchased LEDs outside of a PA-sponsored program, surveyors first
inquired into how many out-of-program lamps they purchased. After assessing the quantity of out-ofprogram lamps, surveyors then asked respondents about the influence of three program-related
factors—recommendations from program market actors, past PA program participation, and LED
program participation—on their decision to purchase those additional LEDs. If they noted that a
recommendation from a vendor such as contractor, distributor, engineer, or designer influenced their
decision, they were assigned an initial spillover score of 50%. However, if general past program
participation or LED program participation impacted their decision, then the initial spillover rate was
100%.
Finally, the survey asked respondents why they did not request an incentive for the additional LEDs. If
the respondents indicated that the equipment did not qualify for an incentive, we reduced their
previously calculated spillover score by 50%. After calculating a respondent’s initial spillover rate, the
DNV GL team reviewed each estimate to ensure it was consistent with other survey responses, similar
to the process described above for free-ridership. The flowchart in Figure 9 shows how the results of
these questions were used to estimate participant spillover.
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Figure 9. Participant spillover estimation flowchart

Installed LEDs w/out Rebate from PA

No/DK

Spillover = 0%

Yes
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Perception/Behavior
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Equipment Did
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Other

Spillover * 50%

Spillover * 100%

Consistency
Inconsistent,
Less Impact

Inconsistent,
More Impact

Spillover * 200%

3.2.2.3

Spillover *100%

Spillover * 50%

Calculation of commercial and industrial LED NTG ratio

We calculated the LED NTG ratio using Equation 1.
Equation 1. NTG ratio formula
𝑁𝑇𝐺 = 1 − 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 + 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟
These component fractions—free-ridership and participant spillover—were calculated using in- and
out-of-program LED savings, site-level weights, and the free-ridership rates and spillover rates
discussed above. We calculated free-ridership and participant spillover as ratios of the sampled 2016
Upstream Initiative LED savings, characterized as free-ridership or spillover savings to total sampled
LED savings. The final free-ridership and spillover estimates were weighted using site-level weights
and site-level LED-savings. This calculation is shown in Equation 2 and Equation 3.
The initial reported out-of-program savings used in the spillover calculation came from the selfreported out-of-program quantities from the CATI survey, multiplied by the average savings for each
technology type. To determine the average savings to apply, we divided the total savings by the total
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quantity of screw-based and linear LEDs in the 2013-2016 tracking data. The average annual savings
associated with screw-based lamps was 120.23 kWh and the average for linear lamps was 70.57 kWh.
We also considered 3 additional scenarios that used an onsite adjustment factor to adjust the out-ofprogram savings. We explain these additional scenarios in the next section.
Equation 2. Free-ridership formula

𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 =

∑𝑁
𝑖=1(2016 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑖 ∙ 𝐹𝑟𝑒𝑒 𝑅𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 𝑅𝑎𝑡𝑒𝑖 ∙ 𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑖 )
∑𝑁
𝑖=1(2016 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑖 ∙ 𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑖 )

Equation 3. Spillover formula

𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 =

∑𝑁
𝑖=1(𝑂𝑢𝑡 𝑜𝑓 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑖 ∙ 𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 𝑅𝑎𝑡𝑒𝑖 ∙ 𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑖 )
∑𝑁
𝑖=1(2016 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑖 ∙ 𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑖 )

3.3 Onsite adjustment factors
It is often difficult for customers to quantify the number of lamps they purchased over the phone;
relying on self-reported out-of-program purchases therefore introduces additional uncertainty into the
NTG calculation. Due to the unreliability of self-reported out-of-program quantities, we conducted onsite lighting inventories of all installed and stored LED products and created an adjustment factor
based on the results of these inventories to adjust the out-of-program savings.
During each of the 50 onsite surveys, surveyors counted the total number of LED lamps installed and
in storage at the site. We then located each surveyed customer in the 2013-2017 tracking data to
determine the total quantity of linear and screw-based LEDs purchased through any PA program. We
began with the assumption that the difference between the total number of lamps surveyed onsite and
the number of tracked program lamps is the number of out-of-program lamps.
This analysis found that the number of calculated out-of-program lamps differed from the selfreported quantity. We also uncovered several sites where program linear or screw-based LEDs were
greater than the total number of observed lamps at the site. We also found that respondents who
indicated they had not purchased LEDs outside the program during the CATI survey had more LED
lamps on-site than purchased through a program. Based on these findings, we developed three
additional scenarios where we replaced the self-reported out-of-program savings with an onsite
adjustment factor to calculate the total out-of-program savings for the spillover calculation. The four
scenarios are summarized in Figure 10 and then described in detail below the figure.
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Figure 10: Spillover analysis scenarios

The four analysis scenarios, including the use of the self-reported quantities, are described below:
•

Scenario 1: Only self-reported results from CATI survey
This scenario uses the self-reported out-of-program savings to calculate spillover. In this
scenario, we removed 4 linear outliers (3 contractors and 1 end user) for which the reported
out-of-program savings were over 100 times greater than the 2016 Upstream Initiative
savings associated with that site.

•

Scenario 2: Spillover savings with onsite adjustment including all recorded program
purchases
In this scenario, we removed the self-reported out-of-program savings from the spillover
calculation and replaced it with a calculated out-of-program savings using an adjustment
factor from the onsite surveys. This factor is based on the ratio of out-of-program lamps to
program lamps observed on-site and applied to known 2016 program savings to calculate outof-program savings. To calculate this value, we took the total number of lamps observed
during all 50 on-site surveys and subtracted all 2013-2017 program lamps associated with
these sites to determine the total number of out-of-program lamps across the surveyed sites.
At some sites however, identified program lamps exceeded the number of lamps observed onsite. In this scenario, the screw-based adjustment factor was 8.8% and the linear adjustment
factor was 10.9%.20
We applied these ratios to the 2016 Upstream Initiative savings for each phone respondent to
calculate their screw-based and linear out-of-program savings. As the on-site visits found outof-program lamps at sites that had not reported out-of-program purchases during the CATI
survey, we also applied this adjustment factor to those sites without self-reported out-ofprogram lamps. As these sites did not answer spillover questions in the CATI survey however,
we used the average spillover rate from sites that answered the spillover series as the

20 This can be interpreted as, for every screw- based LED purchased through the program, 0.088 were purchased outside the program.
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spillover rate for these sites.21 The average screw-based spillover rate from the survey was
0.58 and the average linear spillover rate was 0.63.
•

Scenario 3: Spillover savings with onsite adjustment with maximum of 100%
program installations
Scenario 3 is similar to Scenario 2, with one modification. Surveyors found fewer lamps onsite
than in the tracking data at several sites, resulting in negative out-of-program quantities. To
adjust for this in Scenario 3, we capped the total number of program tracking data lamps at
each site to not exceed the total number of lamps observed during the on-site survey, and
then used the methodology from Scenario 2 to calculate an adjustment factor. In these cases,
where program lamps exceeded lamps on-site, spillover is essentially assumed to be 0
because there are no out-of-program lamps. In this scenario, the screw-based adjustment
factor was 35.3% and the linear adjustment factor was 13.7%. We used the average spillover
ratios for sites that had not reported out-of-program lamps in the phone survey, as described
above for Scenario 2.

•

Scenario 4: Spillover savings with onsite adjustment, with maximum of 100%
program installations after applying installation rate from impact evaluation
The impact evaluation of the 2015 Upstream Lighting Initiative found that many of the LED
purchases recorded in the tracking data had not been installed in the same sites.22 To account
for the actual in-service rate of the initiative during this time, we modified the approach used
in Scenario 3.
Scenario 4 uses the same approach as Scenario 3, but first applies an in-service rate from the
impact evaluation to the number of program lamps before restricting the number of program
lamps to not exceed the total number of lamps found on-site. For screw-based lamps, we used
the installation rate for category 3, 4, and 5 lamps, which was 59.54%. For linear lamps, we
used the TLED installation rate, which was 89.78%.23
After adjusting the number of program lamps, we recalculated the out-of-program adjustment
factor. For screw-based lamps, this factor was 37.2%; for linear lamps, this factor was
25.37%. We used the average spillover ratios described in scenario 2 for sites without a
reported spillover rate from the CATI survey. We recommend using the results from Scenario
4.

3.4 Consensus group for prospective results
The primary objective of this study is to develop prospective NTG ratios for C&I screw-based and
linear LED products for the 2019-2021 period. To do this, DNV GL provided retrospective NTG ratios
based on the 4 scenarios mentioned above to a consensus group consisting of PAs, EEAC Consultants,
and evaluators. The Consensus Group met on June 18 and 31, 2018 and agreed that the results from
scenario 4 should be used as the 2016 retrospective values. The group used these retrospective

21 Only sites that had self-reported out-of-program lamps were asked the spillover series as spillover is based on the program’s influence on

out-of-program purchases.

22 http://ma-eeac.org/wordpress/wp-content/uploads/Upstream-Lighting-Initiative-Impact-Evaluation-PY2015.pdf
23 These factors indicate that 60% of screw-based lamps sold through the Upstream Initiative in 2015 were actually installed at the site

associated with the purchase.
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numbers and additional market information during the final Consensus Group meeting on July 31,
2018 in order to determine prospective NTG ratios for 2019-2021.

4

2016 RETROSPECTIVE AND 2019-2021 PROSPECTIVE NTG
RESULTS

4.1

Survey results

The results presented in this section are based on information provided by 216 respondents, some of
which responded to both the screw-based and linear LED questions. However, 11 respondents did not
provide enough information to assess NTG; the results of the free-ridership and participant spillover
questions presented here include responses are therefore based on 205 respondents. In total, the
discussion of screw-based NTG for the 2016 Initiative includes 142 respondents and linear includes
149 respondents.

4.1.1 Free-ridership
To assess free-ridership, surveyors first asked respondents to discuss how their participation in the
2016 Upstream Initiative influenced the timing of their LED purchases and whether they would have
purchased LEDs at the same time without support from the Initiative. For those respondents who
indicated they would not have purchased the same lamps at the same time, surveyors then inquired
into whether they would have purchased them at an earlier time, a later time, or never. The results,
as shown in Figure 11, suggest that 66% of participants would have purchased their screw-based
lamps at the same time, while only 23% would have purchased at a later time or never. Fewer linear
participants would have purchased these products at the same time; 42% indicate they would have
purchased these lamps at the same time, while 45% would have purchased them at a later time or
not at all.
Of the three free-ridership components, the influence of the Initiative on timing varied more between
linear and screw-based lamp purchasers than its influence on efficiency and quantity. Overall, the
Initiative influenced more linear purchasers to purchase lamps in advance of when they would have
purchased them without the Initiative; as noted above, the majority of screw-based lamp purchasers
indicated they would have purchased lamps at the same time without the Initiative. On average, those
who would have purchased their LEDs later would have done so 18 months later for screw-based LEDs
and 23 months later for linear LEDs. Overall, including those who indicated they would have
purchased their LEDs at the same time without the Initiative, sales of screw-based LEDs were
advanced 4 months and linear LEDs were advanced 9 months.
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Figure 11. Timing of LED installations in the absence of initiative support
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Following the timing series, we then asked respondents to discuss whether they would have purchased
the same quantity of lamps within the timeframe reported without the price discount provided by the
Initiative. As shown in Figure 12, 43% of participants would have purchased fewer screw-based LED
bulbs without the Initiative, while 47% would have purchased the same amount. Those who would
have purchased fewer screw-based lamps without the initiative would have purchased roughly 30% of
what they ultimately purchased. Meanwhile, 57% of participants would have purchased fewer linear
LED lamps, noting that, on average, they would have purchased about 20% of what they purchased
through the Initiative. Only 26% would have purchased the same amount in the absence of the
initiative support. These results indicate that the Initiative is influencing customers to purchase
additional LED products than they would have purchased absent the Initiative’s support.
Figure 12. Quantity of LEDs installed in the absence of the initiative support
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To end the free-ridership series, surveys asked respondents how to discuss how the Initiative
influenced the efficiency level of the lamps they would have purchased without the Initiative.
Respondents who previously stated they would have purchase at least some of the screw-based or
linear lamps on their own if price discount had not been available were asked how their expected
purchases would have been allocated between 1) LEDs, 2) lower efficiency, above code, and 3)
standard efficiency, at code. For screw-based purchases, surveyors noted these levels were equivalent
to LEDs, CFLs, and halogen lamps. For linear purchases, surveyors explained these levels were linear
LEDs, other equipment above code like T5 and high-performance T8 linear fluorescent lamps, and
standard T8 linear fluorescent lamps. As shown in Table 5, participants expected they would still
purchase a large share of LED technologies; LEDs represented at least 60% of purchases for both
screw-based and linear technologies. Participants indicated that roughly 20% of the lamps they would
have purchased without the Initiative’s support would have been standard efficiency.
Table 5: Efficiency of lighting products installed in the absence of the initiative support

Efficiency (n=62)

LEDs

Lower Efficiency,

Standard Efficiency,

Above Code

At Code

Screw-Based (n=100)

68.3%

14.7%

17.0%

Linear

60.6%

18.5%

21.0%

We also sought to understand participants’ general perception of the influence the Initiative had on
their decision to purchase LEDs and used this information to compare against each respondent’s freeridership rate calculated from the timing, quantity, and efficiency questions. Sixty-one percent of
participants believe that the Initiative had a large influence on their company’s decision to purchase
screw-based LEDs (≥8 on a scale of 0 to 10, where 0 is no influence and 10 is a great deal of
influence), and 54% for linear LEDs (Figure 13). Adjusting for the “Don’t Know/Refused” respondents
yields a result of 67% of screw-based participants and 66% of linear participants believing the
Initiative had influence greater than or equal to 8.
Overall, the average influence score for the Initiative was 7.5 for screw-based participants and 7.9 for
linear participants, suggesting the Initiative had a high-level of influence on 2016 participation. We
found that the majority of respondents’ influence responses were consistent with their free-ridership
responses, also suggesting that respondents understood how the Initiative influenced their decisionmaking process.
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Figure 13: Influence of rebate on decision to install LEDs

The survey also investigated whether market actors influenced a respondent’s decision to participate
in the 2016 Initiative. We asked respondents whom they considered the most responsible for
recommending and specifying the LEDs they purchased through the Initiative. Approximately half of
the 2016 participants participated in the Initiative without external recommendations and cited
themselves or someone else in their company as the party most responsible for their decision to
participate (Figure 14 and Figure 15). A quarter of participants felt distributors were most responsible.
This could indicate that C&I customers have become aware of the Initiative since its inception and
know of its benefits before interacting with vendors.
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Figure 14. Party most responsible for Initiative participation (screw-based n=142)

Figure 15. Party most responsible for Initiative participation (linear n=149)

4.1.2 Spillover
To understand whether the Initiative has also influenced participants to purchase additional LED
products outside of the Initiative, we asked respondents a series of questions about whether they
purchased LEDs without a rebate from the Initiative and what influenced them to do so. The survey
suggests that at least one-third of 2016 linear participants and 44% of screw-based participants also
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purchased LEDs outside the Initiative.24 This question was not asked of survey respondents who
previously indicated they were unaware of the Upstream Lighting Initiative and their participation in
the Initiative. Surveyors also asked those respondents who had purchased out-of-program LEDs to
quantify these purchases, however, as discussed above in Section 3.3, we found that the reported
quantities varied from what was found during the on-site inventories.
Figure 16. Presence of out-of-program LEDs at 2016 Upstream participant sites

Screw-Based (n=149)

44%

Linear (n=142)

35%

33%

0%

10%

20%
Yes

3%

46%

30%
No

40%
Don't Know

50%

60%

19%

5%

70%

80%

16%

90%

100%

Not Asked

Figure 17 shows the share of 2016 upstream lighting participants who purchased additional LEDs
outside of the Initiative that were influenced by various program-related factors. Past program
participation influenced a larger share of screw-based participants (84%) than linear participants
(66%). This result is not entirely surprising as the PAs have been successfully supporting screw-based
LEDs for several years while adoption of linear LEDs through the Upstream Initiative has increased
more recently.
While experience with program LEDs influenced half of the screw-based participants to purchase LEDs
outside the program, like past program participation, experience with program LEDs also influenced
roughly two thirds of linear participants to purchase LEDs outside the program. Market actors also
influenced about 23% of screw-based participants and 41% of linear participants. Overall, a lower
share of 2016 participants indicated they were influenced by market actors; in the 2015 study 69% of
participants acknowledged influence from market actors. While the 2015 surveyed participants from
any PA program rather than upstream only, the results from the current study suggest that while
program-related factors are still influencing customers to purchase additional LEDs, market actors are
becoming less influential. As the PAs begin to focus more of their efforts on linear LEDs, they should
continue to work with market actors to ensure they are reaching customers effectively.

24 The CATI survey results indicated that one-third of participants installed LEDs outside the program, however, the on-site lighting

inventories found out-of-program LEDs at sites that had indicated during the CATI survey that they had not installed out-of-program
LEDs.
DNV GL – www.dnvgl.com

October 18, 2018

Page 31

Figure 17: Influence of program efforts on participants’ additional LED installations
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Figure 18 compares results from 2015 and 2018 study regarding the impact of previous program
experience on customer perceptions. Of the firms that had participated in any energy-related program
in the past, most firms in both studies indicated that their experience increased the likelihood they
would consider and install energy efficient products and increased their confidence in the financial
benefits from said products. The 2018 study results indicate that a smaller share of participants are
confident in the non-financial benefits of energy efficient equipment as a result of participating in a PA
program. While still a large share of participants (80% versus 93% from the 2015 study), the PAs
should continue and consider expanding their marketing of non-energy impacts, especially as they
continue research in this area.
Figure 18: Impact of previous program experience on customer perceptions of energy
efficiency

Our previous experience implementing energy
efficiency projects through the <PA> offerings has

2015 Study
Respondents
Made our firm more likely to consider energy
efficient equipment

100.0%

2018 Study
Respondents
ents
96.9%

Made our firm more likely to install energy
efficient equipment

99.6%

96.9%

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

99.6%

91.9%

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

92.7%

79.7%

55

n
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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 purchase additional LED
lighting outside the program, almost two thirds of screw-based and linear participants that indicated
they had purchased out-of-program lamps reported that the program had a large amount of influence
(>7). Approximately 13% of screw-based participants and 6% of linear participants felt the program
had little influence on their decision (<3). These results are shown in Figure 19.
Figure 19: Influence of PA assistance on decision to install out-of-program LEDs
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Finally, to understand why customers did not purchase these additional LEDs through the Initiative,
we asked respondents to the spillover series of the survey to discuss what prevented them from
further participating. As shown in Table 5, a large share of screw-based and linear customers reported
“other” reasons for not participating, including lack of awareness and availability of the Initiative to
C&I customers, out-of-state purchases, and the time and convenience of the rebate and discount
process. Some respondents also stated that the cost savings was not worth the effort of participating
or they just did not think of utilizing the Initiative when making the purchase. In future
communication to C&I customers, distributors should emphasize the rebate and ease of participating
to encourage program participation.
Twenty percent of screw-based purchasers with reported out-of-program lamps claimed that the
additional equipment that they purchased did not meet program requirements. This is larger than the
3% of linear participants with reported out-of-program lamps that reported the same reason, but
similar to the 17% that indicated this issue in the 2015 study. While the ENERGY STAR program
addresses screw-based LEDs, many non-qualifying lamps remain in the market, often at a lower initial
cost than qualifying equipment. It is possible that these participants could be purchasing the nonqualifying lamps outside of PA programs after learning of the benefits of LED products through the
Initiative.
Table 6: Reasons customers did not install additional LEDs through the program
Screw-based

Linear

Cost savings not worth the effort

8.0%

3.2%

Takes too long for approval

1.5%

4.2%

19.9%

3.0%

Vendor does not participate in the program

0.1%

0.4%

Outside the PA’s service territory

3.4%

11.1%

No time, needed equipment immediately

4.8%

10.9%

Didn’t know the equipment qualified under
another program

1.4%

3.6%

Too much paperwork

0%

0%

Just didn’t think of it

13.1%

0%

3.6%

21.7%

Other

29.4%

41.8%

Don’t Know/Refused

14.8%

0%

71

38

Reason

The equipment would not qualify

Unable to get rebate-unsure why

N
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4.2 2016 Retrospective NTG results for scenarios 1-4
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 four
scenarios, in which we adjusted the out-of-program savings based on the results of the 50 onsite
surveys. This does not change the free-ridership values in any of the scenarios, but it does adjust the
spillover fractions. We recommend using the results in scenario 4, which uses the in-service rate
adjustment from the 2015 Upstream Lighting Initiative.25 Nevertheless, this section presents the
results of all four scenarios. Section 3.3 includes a detailed description of each scenario.
Table 7 presents the free-ridership, spillover, and NTG results for the four scenarios26. As noted
above, the free-ridership rate remains the same across all scenarios, as the scenarios do not modify
the approach to estimating this value. The spillover rate changes, however, as we use different
adjustment factors to determine out-of-program savings in each scenario. In scenarios 2-4, which use
an on-site adjustment factor rather than self-reported out-of-program quantities, NTG values range
from 0.78 to 0.97 for screw-based lamps, and 0.78 to 0.91 for linear lamps.
The consensus group unanimously accepted the results from scenario 4 as the 2016 retrospective NTG
values. In this scenario, the NTG value is 0.97 for screw-based lamps 0.91 for linear lamps. Because
this scenario includes the in-service rate adjustment the group determined that the out-of-program
lamp calculation results in a more accurate representation of the types of lamps installed by 2016
upstream lighting participants.
Table 7: 2016 Retrospective NTG ratios under four scenarios

Our team also examined whether there NTG differed for linear lamps versus fixtures as the Initiative
continues to evolve and promote a more diverse set of lighting technologies. While the research was
designed to survey linear participants on all types of linear LED purchases, we were able to separate
the final linear sample into three categories based on the respondent’s 2016 Initiative lighting
purchases: only linear lamps, only linear fixtures, and both linear lamps and fixtures. After
recalculating NTG for each of these three groups, we found no significant difference in the NTG values
between linear LEDs and LED fixtures. While we cannot definitively conclude that there is no difference
in the NTG ratios of lamps and fixtures, there is no evidence in this research to suggest that there is
significant difference.

25 http://ma-eeac.org/wordpress/wp-content/uploads/Upstream-Lighting-Initiative-Impact-Evaluation-PY2015.pdf
26 Free-Ridership, Spillover, and NTG values are rounded to the nearest hundredth in this report and thus may not equate to the

aforementioned formulas. Calculations done in order to obtain these numbers were not rounded.
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4.3 2019-2021 Prospective Results
The NTG Consensus Group met on June 18, 2018 to discuss the 2016 retrospective and 2019-2021
NTG ratios for screw-based and linear LEDs. The Consensus Group agreed to accept Scenario 4 screwbased and linear NTG results as the 2016 retrospective NTG ratios. Table 1 presents these agreedupon rates. Using the results of Scenario 4, screw-based free-ridership is estimated to be 0.25 and
spillover is 0.23, yielding a final NTG value of 0.97. For linear technologies, the free-ridership ratio is
0.23 and spillover is 0.14, yielding a final NTG value of 0.91.
Table 8. Summary of free-rider, spillover and Retrospective 2016 NTG results
Scenario 4

Free-ridership

Spillover

Final NTG

Screw-based

0.25

0.23

0.97

Linear

0.23

0.14

0.91

The DNV GL team was conducting additional lighting market research at the time, so the Consensus
Group postponed developing their final recommendation for the prospective NTG ratios to investigate
whether this research could further inform the process. The NTG Consensus Group reconvened on July
31, 2018 to review new information and finalize the prospective 2019-2021 NTG results. The
Consensus Group agreed upon the Prospective NTG ratios shown in
Table 9. These values were based on averages of estimates from the PAs, EEAC, and evaluation staff.
The Consensus Group agreed that NTG for both screw-based and linear lamps would decrease over
the 2019-2021 period and that the screw-based LED NTG would decline at a faster rate than the linear
LED NTG as the market for screw-based LEDs is further evolved than the market for linear LEDs.
Consensus Group members provided different rationale for their initial prospective NTG values
For screw-based LEDs, the PAs decreased the 2016 retrospective NTG by 0.15 to arrive at a 2019
NTG, believing the decrease to be consistent with a steady market adoption of LEDs observed during
this time period. They then decreased the NTG by 0.1 each year to estimate the 2020 and 2021 NTG
ratios. This decrease is meant to reflect accelerated, but steady, market adoptions of LED
technologies. The EEAC provided two separate estimates for screw-based NTG ratios. The first used
the LED market adoption model to calculate the portion of the market share that could be considered
attributable to the program; this value was then used in a regression analysis, along with the 2016
retrospective value to forecast future NTG estimates. The other EEAC representative decreased the
2016 NTG ratio by 0.1 each year to develop 2019-2021 prospective NTG ratios. Evaluators also
provided two estimates initially. The first referred to manufacturer estimates from the residential
market and the second used the LED market adoption model, applying the ratio of program and nonprogram market share to the 2016 NTG to develop prospective NTG ratios. The Consensus group
discussed each representatives approach to developing prospective estimates and agreed upon the
following values by taking the average of each groups estimate: 0.73 for 2019, 0.63 for 2020, and
0.53 for 2021.
Each Consensus Group member used a similar approach to estimating their linear LED prospective
NTG values as they used for screw-based LEDs. The PAs decreased the 2016 retrospective NTG by
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0.15 to arrive at the 2019 NTG ratio but only decreased the 2020 and 2021 values by 0.05, rather
than 0.10, assuming that the market for linear LEDs is less evolved than the screw-based market. The
two EEAC consultant representatives used the same approach they employed for screw-based lamps
with some modifications. The first decreased the NTG by 0.05 annually and the other used a
regression analysis based on forecasts from the LED market adoption model and the 2016
retrospective, adjusting for some accelerated adoption of TLEDs within the linear LED category. Both
evaluators utilized the LED market share forecasts from the LED market adoption model to inform
their prospective NTG estimates. The Consensus Group averaged the individual prospective NTG ratios
to derive the final estimates of 0.80 for 2019, 0.73 for 2020, and 0.66 for 2021.
Table 9. Summary of Prospective 2019-2021 NTG Results
Prospective NTG

2019

2020

2021

Screw-based

0.73

0.63

0.53

Linear

0.80

0.73

0.66

The Consensus Group also agreed to apply the linear NTG for three new measure categories: LED
linear lamps with controls, LED high bay/low bay lamps, and LED exterior lamps27. The 2016 Upstream
Lighting Initiative did not include these products and therefore we were unable to study the 2016
retrospective NTG for these technologies. As they are a similar to the linear LED products evaluated in
this study, and no discernable difference in the NTG for linear LED lamps and LED fixtures was found
in the analysis, the Group felt that the NTG for these news products was likely similar to linear LEDs.
Similarly, the market for these products is continuing to evolve and grow alongside the market for
linear LEDs. The Group also felt that the agreed upon decrease in NTG, due to continued market
growth, over the 2019-2021 period was also applicable to these new products.

5

OTHER LIGHTING MARKET FINDINGS

The survey also included questions about their awareness of the Initiative and general lighting
decision-making processes. All survey respondents were asked these additional questions and the
results presented are weighted. Comparisons to information from the 2015 are also provided,
however, we note that the 2015 Study surveyed participants from all PA programs and was not limited
to the Upstream Initiative. These comparisons are provided to show general trends in customer
awareness and behavior but should be viewed qualitatively due to the difference in populations.

5.1 Awareness of the Initiative
As discussed in Section 2.2.1 and shown in Figure 20 and Figure 21, 75% of respondents in the 2018
study indicated their supplier noted they were receiving a discount on their LED purchases, compared
to 46% in the 2015 study.

27 NTG ratios were unattainable 2016 program was used in this study and these new measures were not part of the program in 2016. Linear

was chosen to represent these measures as they are (1) a similar technology and (2) are a newer product similar to linear.
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Figure 20. 2015 study respondents aware of LED rebates from their supplier (n=99)
Don't Know/Refused 4%

Yes 46%
No 51%

Figure 21. 2018 study respondents aware of LED rebated from their supplier (n=216)
Don't Know/Refused 11%

No 14%

Yes 75%

Surveyors then asked respondents who indicated their supplier informed them of the rebate who the
supplier indicated provided the rebate. Table 10 displays the source of LED rebates or discounts cited
by these respondents. Interestingly, 94% of Initiative-aware participants in the 2015 study cited the
PAs as the source of their LED rebates or discounts; in the 2018 study this decreased to 33%, while
47% indicated the Mass Save program provided the incentive. While the 2015 study included
participants from programs other than the Upstream Initiative, this change in cited responsible party
could indicate market actors and customers have become more familiar with the MassSave program in
general and thus attribute their participation to the program rather than the PAs themselves.
Table 10: Supplier-Referenced LED Rebate Source
What source did supplier mention for

2015 Study

2018 Study

LED rebates/discounts?
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PA

94.2%

32.9%

Manufacturer

2.4%

0%

Mass Save Program

1.2%

46.6%

Themselves

1.0%

6.6%

State of Massachusetts

0.1%

0.7%

Massachusetts Upstream Lighting Program

-

2.1%

Someone Else/Don’t Know

-

11.3%

37

150

n

Surveyors asked respondents who were not made aware of the discount from their supplier whether
they knew about a discount, and if so, the origin of that information. As shown in Table 11, 87% of
2015 participants who were not made aware of the program through their supplier cited the PAs as
the source of information, however, this decreased to 11% in the 2018 study. In the 2018 study, 44%
of participants reported that their contractor or distributor provided this information, compared to 4%
in the 2015 study. The increase in information spread by market actors may indicate that suppliers
are promoting the Initiative more actively than they were in 2015 or customers have become more
familiar with PA programs and recall their participation more easily than in 2015.

Table 11: Customer-referenced LED rebate information source
2015 Study

2018 Study

86.9%

11.1%

Other

8.9%

23.8%

Contractor or distributor

3.8%

44.4%

Colleague within organization

0.4%

4.7%

Colleague outside organization

-

1.6%

Mass Save Website

-

3.2%

Don’t Know

-

11.1%

Where did you learn about the price
discount?
PA
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n

43

63

As shown in Table 12, 45% of all 2016 participants had participated in a program that supported some
type of energy-related equipment prior to purchasing the LEDs through the upstream program. It is
important to recognize that these equipment purchases may not be related to lighting (e.g., HVAC).
Table 12. Past participation of any energy-related program
Prior to purchasing LED equipment through
the Initiative in 2016, had your business ever

Participants

participated in programs or offerings for any

(n=216)

energy-related equipment purchases?
Yes

44.9%

No

32.7%

Don’t Know/Refused

22.5%
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5.2 Lighting purchase decision-making
The 2018 study also investigated why participants purchased LEDs in 2016 and what, if anything, was
replaced by the new equipment. We first asked respondents to characterize the type of project where
they intended to use the purchased lamps. As shown in Table 13, the majority of end users (61%) and
contractors (53%) indicated the purchased lamps were used in existing buildings for simple lamp
replacements. Twenty-three percent of participants installed the purchased lamps as part of a major
renovation, where greater than 75% of a facility was renovated. New construction accounts for less
than 3% of reported projects.
Table 13. Reported lighting project type
Which of the following best describes the
building in which the equipment was

End user (n=163)

Contractor (n=33)

0.6%

0.3%

-

2.1%

22.8%

22.5%

10.9%

22.0%

61.4%

52.7%

Existing building with the addition of equipment

4.2%

0.4%

Don’t know

0.2%

0.1%

installed?
Newly constructed building
New construction to expand existing floor space
Renovation - of 75% or more of an existing
facility
Renovation - of less than 75% of an existing
facility
Existing building with simple replacement of
equipment
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To further understand why participants purchased lamps in 2016, we asked a series of questions
regarding the type and functionality of replaced equipment. Following the inquiry into the type of
project pursued, surveyors then asked respondents who engaged in lamp replacement or renovation
projects whether the two largest equipment purchases they made through the 2016 Upstream
Initiative (based on savings) replaced existing lamps as opposed to being installed in new
applications.28 Over 90% of participants who purchased lamps for renovation or retrofit projects
replaced existing lighting. A slightly smaller share (85%) of participants purchased reflectors to
replace existing lighting equipment. These results, by lamp type, are shown in Table 12.
Table 14. Type of equipment replaced
Did the equipment you
received replace any

Don’t
Yes

No

existing lighting?

Know/
Refused

A-Lamps (n=56)

95.2%

3.0%

Downlights (n=32)

80.0%

20.0%

Globes (n=13)

93.8%

6.2%

Retrofit kits (n=17)

100%

0%

Troffers (n=18)

100%

0%

Tubes (n=89)

94.6%

3.5%

Other/specialty (n=7)

93.2%

6.8%

Pin base (n=4)

100%

0%

Reflectors (n=60)

84.9%

14.5%

1.8%

1.9%

0.6%

28 Respondents who purchased lighting for new construction or building additions were not asked about what was replaced.
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Surveyors then asked respondents who replaced existing lamps to then discuss the state of the
replaced equipment. As shown in Table 15, most participants replaced functional equipment. 29
Downlights had the highest reported rate of non-functioning screw-based lamps at the time of
replacement at 25%. Linear lamps were all functioning at 90% or higher at the time of replacement
except for retrofit kits where the functionality was primarily unknown.
Table 15. Functionality of equipment replaced

At the time you replaced the old
lighting equipment with through
the Initiative, was the old lighting
equipment still working?

Yes

No

Don’t
know/
refused

A-Lamps (n=52)

68.8%

3.0%

28.2%

Downlights (n=27)

69.5%

24.9%

Globes (n=12)

98.6%

1.3%

Retrofit kits (n=17)

37.9%

5.7%

Troffers (n=19)

98.3%

1.7%

Tubes (n=87)

94.2%

3.4%

100.0%

0%

Pin base (n=4)

96.4%

3.6%

Reflectors (n=54)

67.0%

1.2%

Other/specialty (n=6)

56.4%

2.3%

31.7%

29 Only weighted responses are reported in Table 15. Respondents with a large site-weight and responded “don’t know” result in large don’t

know results for retrofit A-lamps and retrofit kits. Unweighted responses revealed that (1) a-lamps responses are Yes=90%, No=6%,
and Don’t know/refused=4% and (2) retrofit kits responses are Yes=88%, No=6%, and Don’t know/refused=6%.
DNV GL – www.dnvgl.com

October 18, 2018

Page 44

Table 16 shows the reported age of the equipment replaced by the 2016 purchases. These ages vary
by lamp type; however, the vast majority of participants replaced lamps more than 6 years old, apart
from the lamps replaced by globe LEDs. As expected, the replaced screw-based lamps tended to be
slightly newer than linear lamps, with many screw-based lamps being replaced after 6-10 years of
operation. More than half of the linear lamps replaced by LED fixtures and retrofit kits tended to be
10+ years old; a smaller share of linear LED lamps replaced equipment of this age.
Table 16. Age of equipment replaced

How old was the old
lighting equipment
when it was replaced?

<2

2-5

6-10

10+

1.0%

27.8%

47.2%

24.0%

0%

31.7%

22.9%

45.4%

Globes (n=11)

0.8%

80.4%

Retrofit kits (n=15)

3.9%

17.5%

19.1%

59.5%

2.6%

40.0%

57.5%

14.0%

42.5%

39.1%

4.6%

80.6%

14.8%

94.9%

1.4%

49.4%

41.9%

A-Lamps (n=39)
Downlights (n=24)

Troffers (n=10)
Tubes (=74)

4.4%

Other/specialty (n=4)
Pin base (n=3)

3.8%

Reflectors (n=41)

3.6%
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Surveyors asked respondents to discuss the location of where they purchased the majority of 1)
lamps, 2) screw-based LED lamps, and 3) LED fixtures or tubular LED lamps. Distributors were the
highest reported purchase location for all three categories, with responses for each technology slightly
above 40%, as shown in Table 17. This was followed by large hardware stores and by some “other”
locations. In the 2015 study, roughly three quarters of C&I customers purchased LED products directly
from their distributor or contractor and only 10% purchased LEDs from large home improvement
stores.
Table 17: Lamp and fixture purchase location (n=143)

Location

Distributor

All lamps

Screw-based

LED fixtures or

LED lamps

lamps

tubular LED

44.3%

42.3%

41.0%

16.2%

15.7%

15.9%

0.8%

0.5%

0.5%

10.6%

10.6%

10.5%

Online

2.6%

0.9%

1.4%

Lighting stores

1.9%

1.9%

1.9%

Energy services company

0.4%

0.4%

2.9%

-

-

0.3%

17.6%

20.1%

18.0%

-

1.7%

-

Don’t know

3.7%

3.8%

5.3%

Refused

1.9%

2.1%

2.4%

Large home improvement
stores
Small hardware stores
Electronic stores

Contractor
Other
None installed
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6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary of key findings
The NTG Consensus Group met on June 18, 2018 and agreed to accept Scenario 4 screw-based and
linear NTG results as the 2016 retrospective NTG ratios; Table 18 presents these agreed-upon rates.
Using the results of Scenario 4, screw-based free-ridership is estimated to be 0.25 and spillover is
0.23, yielding a final NTG value of 0.97. For linear technologies, the free-ridership ratio is 0.23 and
spillover is 0.14, yielding a final NTG value of 0.97. Section 4 of this report includes the results of the
four spillover scenarios and additional findings related to free-ridership and spillover.
Table 18. Summary of free-rider, spillover and Retrospective 2016 NTG results
Scenario 4

Free-ridership

Spillover

Final NTG

Screw-based

0.25

0.23

0.97

Linear

0.23

0.14

0.91

The NTG Consensus Group reconvened on July 31, 2018 to finalize the prospective 2019-2021 NTG
results. The DNV GL team is currently conducting additional lighting market research and the
Consensus Group postponed developing their final recommendation for the prospective NTG ratios to
investigate whether this research could further inform the process. The Consensus Group agreed
upon the Prospective NTG ratios shown in Table 2.
Table 19. Summary of Prospective 2019-2021 NTG Results
Prospective NTG

2019

2020

2021

Screw-based

0.73

0.63

0.53

Linear

0.80

0.73

0.66

Other key findings on the current state of the LED market in Massachusetts include the following:
Participant Characterization of the Initiative’s Influence: Respondents reported that the
Initiative primarily influenced the timing and quantity of their LED purchases. The survey results
suggest that only a small share of participants would not have installed any LEDs without support from
the Initiative; 5% of 2016 upstream lighting participants would not have purchased any screw-based
LEDs and 18% would not have purchased any linear LEDs without the Initiative. This suggests that the
2016 participants were aware of LED lamps and inclined to purchase them, but the Initiative
encouraged them to purchase more LEDs and to accelerate those purchases.
Prior program participation also continues to have a cumulative effect on upstream lighting
participation. Forty-five percent of all 2016 participants have previously participated in programs or
offerings for energy-related equipment purchases. Furthermore, of those participants who purchased
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additional LEDs outside of a PA program, over two-thirds indicate that past program experience
influenced them to purchase more LEDs.
Market Development: 2016 participants have a high saturation of LED technologies. In 2018 for onsite visits staff observed that 71% of screw-based lamps and 58% of linear lamps at these sites were
LEDs, with a portion of these lamps purchased outside the 2016 Upstream Lighting Initiative. As
expected, this is significantly higher than the LED saturation of the total C&I population in 2015. 30
Planned research on the saturation of LEDs in the rest of the C&I population will allow us to determine
current levels of LED market saturation that can be compared to the 2015 saturation.
Lamp Replacement Decisions: The majority of 2016 participants purchased lamps through the
Initiative to use in simple replacements of existing lamps (61.4% of participants) rather than
renovations or new construction. Less than 3% of participants purchased lamps to install in newly
constructed buildings. Ninety-four percent of participants that purchased linear LED equipment to
replace existing equipment replaced equipment that was still functioning. On the other hand, only
70% of participants purchased A-lamps, downlights, and reflectors to replace functioning equipment.
Continued Importance of Market Actors: Distributors and contractors play a large role in
spreading program awareness. Roughly three-quarters of the 2016 participants reported that their
supplier informed them of discounted lighting and another 11%31 indicated they learned about the
discount from a contractor or distributor. On the other hand, a smaller share of 2016 participants
indicated that market actors influenced their decision to purchase LEDs outside a PA program than
those in the 2015 study.

6.2 Recommendations and considerations
Recommendations:

•

Ensure program records include account numbers going forward and assess
effectiveness of this requirement. Many of the 2016 upstream observations did not
include identification variables that would allow the team to easily link the data with
existing accounts in the tracking database as we assessed out-of-program purchases.
Changes to the Initiative in 2017 required buyers to give account numbers, however, the
PAs and C&I data management team should assess whether those program changes are
effective and that future upstream purchases can be linked to existing accounts.
The PAs should also monitor these changes with the program implementer to ensure that
these added requirements do not hinder participation in the Initiative. If the PAs find this
is hindering participation, they should also consider investigating whether this requirement
is disproportionately impacting contractors who may not have their customers’ account
numbers available.

30 http://ma-eeac.org/wordpress/wp-content/uploads/MA-CI-Market-Characterization-Study.pdf
31 This is 44% of the 25% that reported that the supplier did not inform them of the rebate.
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Considerations:

•

Understand areas where lighting programs could have the most benefit. Screwbased free-ridership has remained fairly constant between 2015 and 2016, but spillover
has decreased. As LED technologies continue to saturate the market and the Initiative
continues to incentivize more efficient technologies, it is likely that spillover could continue
to decline leading to a lower NTG. As the PAs continue to research the lighting market,
they should seek to identify specific market segments and applications where the
saturation of LEDs remains low to better focus the Initiative.

•

Work with market actors to ensure they continue promoting the benefits of
program-qualifying LEDs. Market actors continue to be a valuable source of information
for participants, however recent research shows that twenty percent of screw-based
participants who purchased LEDs outside the program did so because the equipment did
not qualify under a PA program. The PAs should ensure market actors are promoting the
benefits of program-qualifying lamps over non-qualifying equipment to encourage more
customers to participate in the Initiative. Similarly, some participants indicated that the
cost savings from purchasing LEDs through the Initiative did not outweigh the hassle of
participating; market actors should continue marketing the rebate and ease of
participating in response to this finding.
A larger share of linear participants indicated that suppliers were influential in their
decision to participate in the Initiative. As this market continues to evolve, the PAs should
ensure the Initiative’s support for linear LEDs is promoted by market actors. They should
also promote the non-energy benefits of LED technologies to customers as well; the
survey found that 20% of participants were not more confident in the non-financial
benefits of LEDs after participating in a PA program. Marketing these additional benefits,
such as reduced operations and maintenance and improved light quality and color, could
encourage additional participation.

•

Continue to monitor LED price trends. The prices of LED technologies have decreased
significantly since 2015, making them more cost-effective and attractive to customers. The
PAs should closely monitor LED price trends to ensure they are properly incentivizing these
technologies to reduce free-ridership and program costs.

•

Continue to monitor the diversity of LED products in the marketplace and
incentivize properly. The LED market continues to diversify as the market quickly
advances forward, and the type and quality of LED technologies continues to evolve. The
PAs should consider researching this market evolution to ensure their programs are
incentivizing the right types of LED technologies to maximize savings and participant
satisfaction. Similarly, as the PAs continue to diversify the LED technologies they support,
they should also consider assessing NTG for more specific types of technologies than
screw-based and linear LEDs. This could include studying LED fixtures versus lamps
separately as the market for those products evolve.
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Guidance for Future Research:

•

Develop market saturation estimates to assist in future planning and research
efforts. Accurate estimates of market saturation can be a valuable input into
understanding remaining opportunities and forecasting future saturation and market share
expectations. The most recent, comprehensive energy efficiency inventory of C&I facilities
in Massachusetts was in 2014-2015. At that point, saturation of screw-based LED lamps
was 26% and saturation of linear LEDs was 3%.32 The onsite surveys conducted in Q1 of
2018 found that LED saturation at participant sites is much higher than the 2015 market
saturation estimates—71% for screw-based lamps and 54% for linear lamps. While total
market saturation is likely less than the observed participant saturation we cannot
currently discern market saturation with the results of this research.
Based on this, we recommend that the PAs continue to closely monitor the lighting market
and undertake another comprehensive lighting inventory of the C&I market. The
evaluation team is planning a lighting inventory of the population of C&I sites that were
not included in this study to better understand the saturation of the whole C&I market.
This information, combined with the 2016 participant saturation information, will provide
estimates of current market saturation. The PAs should consider repeating these efforts in
the future to continue monitoring the pace of the market’s transition to LEDs.

•

Continue refining NTG approaches to reduce uncertainty. This study found that selfreported out-of-program lighting quantities differed from what was observed during the
on-site inventories. To more accurately assess spillover for this Initiative going forward,
the PAs should continue to use on-site inventories to understand out-of-program
purchases. They should also continue working with evaluators to refine the free-rider and
spillover calculation methodologies to better understand purchasing behaviors and
program influence.

•

Utilize a panel survey to understand trends in lighting sales and replacement
activities. Based on the difference in saturation levels between the whole market in 2015
and the 2016 upstream participants in 2018, it is clear the lighting market is changing
rapidly. In addition to completing a comprehensive on-site lighting inventory, the PAs
should consider developing a panel survey to not only track saturation changes, but to
also track sales trends and inform market share forecasts. A panel survey will allow the
PAs to monitor annual changes in the market by revisiting sites.
While on-site, field staff should collect information about newly installed lamps including
what was replaced. While survey respondents to this study provided estimates of the age
of replaced equipment, collecting this information while on-site may yield more accurate
estimates. Understanding the age and remaining useful life of replaced equipment will
support future research into early replacement baselines and NTG.

32 Ibid.
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APPENDIX A. MASSACHUSETTS COMMERCIAL AND INDUSTRIAL
CUSTOMER LED SPILLOVER SURVEY
VARIABLE LIST
<Firm Name>

CATI firm name

<contact>

Customer contact name

<Interviewer Name>

CATI Interviewer name

<Address>

Customer site address

<LED Type 1>

Type of LED equipment with most savings from tracking data

<LED Type 2>

Type of LED equipment with second most savings from tracking
data, will default to linear or screw-based measure (opposite type
for LED Type 1) with highest savings if respondent purchased
measures in both categories.

<LED Type 3>

Type of LED equipment with third most savings from tracking
data. Only used to help customer recall purchases, not
investigated further.

<distributor1>

Vendor that the customer purchased lamps through

<distributor2>

Vendor that the customer purchased lamps through

<Total Quantity1>

Quantity of LED Type 1 found in tracking data

<Total Quantity2>

Quantity of LED Type 2 found in tracking data

<PA>

Customer’s electricity program administrator

<Screw-based>

Flag noting if they purchased screw-based LEDs through the
program in 2016

<Linear>

Flag noticing if they purchased linear LEDs through the program
in 2016

<Total Screw-based Incentive>

Total incentive provided to customer for screw-based LEDs in
2016

<Total Linear Incentive>

Total incentive provided to customer for linear LEDs in 2016

<Multi>

Flag noting if customer also purchased lamps for other accounts

<Sum_of_all_accounts>

Number of accounts associated with a contact phone number
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INTRODUCTION
Intro1.

Hello, my name is <INTERVIEWER NAME> from <FIRM NAME>, calling on behalf of
the Mass Save® program sponsored by 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>?

1

[IF NEEDED] We’re not selling anything, we are interested in your opinions and the
factors that were important in your decision to purchase lighting equipment. This
survey is authorized by the Mass Save® program sponsored by the Massachusetts
Electric Utilities and program provider Cape Light Compact.
Yes
PERSON1

2

Make Appointment=APPT

APPT

3

No longer works here

Intro1a.

4

Refused

Thank &
Terminate

Intro1a.
77
88
99
APPT
77

Ask if Intro1=3
Could you give me the name and telephone number of someone else at your facility
who is knowledgeable about your lighting equipment?
Record name and telephone number
Call contact
and repeat
intro process
Refused
Thank &
Terminate
Don’t know
Thank &
Terminate

Record day of the week, time of day and date to call back. Record
phone number and contact name if needed.

88

Refused

99

Don’t know

PERSON1

Call contact
and repeat
intro process
at designated
time
Thank &
Terminate
Thank &
Terminate

1

According to our records, you recently purchased LED lighting equipment through a
program supported by the Mass Save® program sponsored by the Massachusetts
Electric Utilities and program provider Cape Light Compact. We would like to speak
with you regarding the LEDs installed at your facility. We need to speak with someone
who is knowledgeable about the purchase of LEDs at this facility. Would that be you?
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
77

Who would be the person most familiar with your organization's lighting equipment?
[Enter New Contact Name and move on.]
Record Name, as &CONTACT
MAY_I

88

Refused

Thank &
Terminate

99

Don’t know

Thank &
Terminate

MAY_I
1

May I speak with him/her?
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 Mass Save® program
sponsored by 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?
[IF NEEDED] We’re not selling anything, we are interested in your opinions and the factors that were
important in your decision to purchase lighting equipment. This survey is authorized by the Mass
Save® program sponsored by the Massachusetts Electric Utilities and program provider Cape Light
Compact.
1

Yes

INTRO3

2

No, there is someone else

99

No and I don't know who to refer you to

Repeat
Person2 until
correct person
is found or
call must be
terminated
Thank &
Terminate

INTRO3. Today we’re conducting an 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 at no time will we try to
sell you anything.
Your input will allow the Massachusetts electric utilities who sponsor the Mass Save® program and
Cape Light Compact to build and maintain better energy savings offerings for customers like you.

Mass Save® is a collaborative of Massachusetts' natural gas and electric utilities and energy
efficiency service providers including Berkshire Gas, Blackstone Gas, Cape Light Compact JPE,
Columbia Gas of Massachusetts, Eversource, Liberty Utilities, National Grid, and Unitil. We
empower residents, businesses, and communities to make energy efficient upgrades by
offering a wide range of services, rebates, incentives, trainings, and information.
Finally, we would like to remind you that your responses will be kept confidential.
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SCREENER
SCRN_Part1 Our records show that you purchased <LED type 1>, <LED type 2>, <LED type 3>
lighting equipment from <distributor1> [if applicable] and <distributor2>; in 2016. Is this correct?
1. Yes
2. No
3. No LEDs installed on site
4. Don’t Know
5. Refused
SCRN_Part1a. [If Scrn_Part1=2, 3, 4, 5] Is there someone at your company who would be more
familiar with these purchases?
1. Yes (Obtain Contact Information and contact this person and repeat INTRO2 and SCRN_Part1)
2. No (Thank and Terminate)
3. Don’t Know (Thank and Terminate)
4. Refused (Thank and Terminate)
SCRN_Part2. Did you purchase these LEDs for use at your facility or for a customer at an outside
organization you were supplying lighting equipment to?
1. Respondent’s Facility
2. Facility owned by respondent’s organization
3. For a customer at an outside organization
4. Don’t Know (Thank and Terminate)
5. Refused (Thank and Terminate)
[If Scrn_Part2=1,2 then Actor=Buyer, If scrn_part2=3 then Actor=Contractor]
SCRN_Part2. If Scrn_part2=3 Which of the following best describes how the LED equipment
mentioned above was used by your organization?
1.
2.
3.
4.
5.

Equipment was installed at a single facility
Equipment was installed at multiple facilities
Equipment was kept in storage for later use
Don’t know
Refused

[If Scrn_Part3=2,3,4,5 then Contractor_type=Multi]
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PROGRAM REVIEW
[Skip note if actor= contractor] The questions in this survey will refer to your “FACILITY,”
which means ALL of the buildings and tenants serviced by <PA> under the following billing
address: <Address>. [INTERVIEWERS SHOULD RE-READ THIS STATEMENT AS NEEDED
THROUGHOUT THE SURVEY TO REMIND THE RESPONDENTS]
PR1. [Skip if contractor_type = multi] Which of the following best describes the building at
<ADDRESS> in which the <LED Type 1>, <LED Type 2> and <LED Type 3> equipment was installed.
[READ LIST]
[SELECT ONE]
1.
2.
3.
4.
5.
6.
7.
8.

A newly constructed building
New construction to expand floor space on an existing building
Renovation - of 75% or more of an existing facility
Renovation - of less than 75% of an existing facility
Existing building with simple replacement of equipment (didn’t build anything)
Existing building with the addition of equipment (didn’t build anything)
Don’t know
Refused

PR2. My records show that you purchased <total quantity1> <LED type 1> through <distributor1> [if
applicable] and <distributor2>; in 2016. Does that sound correct?
1. Yes [skip to PR2_b]
2. No
[If PR2 = No] PR2_a. What is your best estimate of the number of <LED type 1> you purchased
through <distributor1> [if applicable] and <distributor2>; in 2016?
1. Enter number________
2. Don’t know
3. Refused
PR2_b. [If PR1 = 3,4,5,7,8, else skip to PR2_g] Did the <LED Type 1> equipment you received
replace any existing lighting?
1. Yes
2. No [Skip to PR2_g]
3. Don’t Know [PR2_g]
4. Refused [PR2_g]
PR2_c.
1.
2.
3.

What did <LED Type 1> replace?
Record_____
Don’t Know
Refused

PR2_d. At the time you replaced the old lighting equipment with <LED Type 1> through the <PA>
program, was the old lighting equipment still working?
1. Yes
2. No
3. Don’t Know
4. Refused
PR2_e. How old was the old lighting equipment?
1. Enter number of years________
2. Don’t know
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3. Refused
PR2_f. [If PR2_e = 2, 3] What would you estimate the approximate age of the old lighting equipment
to be? [Prompt as needed to obtain response]
1. Less than 2 years
2. Between 2 and 5 years
3. Between 5 and 10 years
4. More than 10 years
5. Don’t know
6. Refused
PR2_g. Now thinking about all of the <LED Type 1> at this facility, what is your best estimate of the
number of <LED Type 1> installed at your facility, regardless of where and when these units were
purchased?
1. Enter number_______
2. Don’t know
3. Refused
PR3. My records show that you purchased <total quantity2> <LED type 2> through <distributor1> [if
applicable] and <distributor2>; in 2016. Does that sound correct?
1. Yes [skip to PR3_b]
2. No
[If PR3 = No] PR3_a. What is your best estimate of the number of <LED type 2> you purchased
through <distributor1> [if applicable] and <distributor2>; in 2016?
1. Enter number________
2. Don’t know
3. Refused
PR3_b. [If SCRN_PR1 = 3,4,5,7,8, else skip to PR3_g] Did the <LED Type 2> equipment you received
replace any existing lighting?
1. Yes
2. No [Skip to PR3_g]
3. Don’t Know [PR3_g]
4. Refused [PR3_g]
PR3_c.
1.
2.
3.

What did <LED Type 2> replace?
Record_____
Don’t Know
Refused

PR3_d. At the time you replaced the old lighting equipment with <LED Type 2> through the <PA>
program, was the old lighting equipment still working?
1. Yes
2. No
3. Don’t Know
4. Refused
PR3_e.
1.
2.
3.

How old was the old lighting equipment?
Enter number of years________
Don’t know
Refused

PR3_f. [If PR3_e = 2, 3] What would you estimate the approximate age of the old lighting equipment
to be? [Prompt as needed to obtain response]
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1.
2.
3.
4.
5.
6.

Less than 2 years
Between 2 and 5 years
Between 5 and 10 years
More than 10 years
Don’t know
Refused

PR3_g. Now thinking about all of the <LED Type 2> at this facility, what is your best estimate of the
number of <LED Type 2> installed at your facility, regardless of where and when these units were
purchased?
1. Enter number_______
2. Don’t know
3. Refused
PR4. For the types of LED equipment we are discussing, did your [if actor=buyer] contractor or
equipment supplier; [if actor=contractor] equipment supplier mention any discounts or rebates?
1.
2.
3.
4.

Yes ([if actor=buyer] Specify whether it was distributor or contractor) __________
No [Skip to PR7]
Don’t Know [Skip to PR7]
Refused [Skip to PR7]

PR5. [If PR4 = Yes] Did they say where the discount or rebate came from?
1.
2.
3.
4.

Yes
No [Skip to PR7]
Don’t Know [Skip to PR7]
Refused [Skip to PR7]

PR6. [If PR5 = Yes] What sources did they say provided the discount or rebate? [DO NOT READ,
SELECT ALL THAT APPLY]
1. Themselves (contractor or equipment supplier/distributor)
2. Manufacturer
3. <PA> [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
4. State of Massachusetts
5. Mass Save® Program [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
6. Bright Opportunities [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
7. Massachusetts Upstream Lighting Program [If <screw-based = 1> skip to SBFR1, else skip to
LFFR1]
8. Someone else-Specify [If Cape Light Compact, Unitil, Eversource, or National Grid recode as
LD3=3]
9. Don’t Know
10. Refused

PR7. Were you aware that any of the equipment you purchased from <distributor1> and [if
applicable] <distributor2> received a price discount sponsored by your electricity service provider,
<PA> and/or the Mass Save® program?
1.
2.
3.
4.

Yes
No [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
Don’t Know [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
Refused [If <screw-based = 1> skip to SBFR1, else skip to LFFR1]
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PR7a. [If PR7 = 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. Massachusetts Upstream Lighting program materials or website
6. Internet other than <PA> website
7. Colleagues within organization
8. Colleagues outside of organization
9. Other-Specify
10. Don’t Know
11. Refused
[If PR6 = 3,5,6,7 or PR7 = 1 Aware=Yes, else Aware=No]

NET TO GROSS
Screw-Based LEDs
[If <screw-based = 1>, else skip to LFFR1]

Free Ridership
Now I’d like to ask you about your decision to purchase screw-based LEDs from <distributor1> [if
applicable] and <distributor2>; with <PA’s> assistance. Screw-based lamps are those that can be
screwed into a standard lighting socket and include A-lamps, downlights, reflectors, and globe lamps.
SBFR1. Who was most responsible for recommending or specifying the screw-based LEDs we are
discussing? [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. Distributor
6. Contractor
7. Energy Services Company (record name_______)
8. Manufacturer’s representative
9. <PA> account manager
10. Someone else- specify _____________
11. Don’t Know
12. Refused
SBFR2. [If SBFR1= 3,4,5,6,7,8,9] On a scale of 0 to 10, with 0 being no influence and 10 being a
great deal of influence, how much influence did <SBFR1 response> have on your company’s decision
to purchase the screw-based LEDs?
1.
2.
3.

Enter Answer (0-10) ___
Don’t Know
Refused
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Free Ridership (Aware of discount from PA)
[If Aware=Yes, else skip to SBFR10]
SBFR3. On a scale of 0 to 10, with 0 being ‘not at all likely’ and 10 being ‘very likely’, how likely is it
that your business would have purchased the same quantity of screw-based LED equipment at that
same time if <PA> had not provided this program assistance?
1. Record answer 0 to 10_____
2. Don’t Know
3. Refused
SBFR4. If <PA> had not provided a price discount, would your business have purchased any type of
screw-based lamps at the same time?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

SBFR5. [If SBFR4 = 2,3,4] Would you have purchased the screw-based lamps earlier than you did, at
a later date, or never?
1.
2.
3.
4.
5.
6.

Earlier
Same Time [recode SBFR4 = Yes]
Later
Never
Don’t Know
Refused

SBFR6. [If SBFR5 = 1,3] How much <earlier/later> would you have purchased the screw-based
lamps?
1. _______ years
2. _______ months
3. Don’t know
4. Refused
SBFR7. Without the price discount provided by <PA> would your business have purchased the exact
same quantity of screw-based lamps [if SBFR4=Yes] at that same time [If SBFR4=No] within <SBFR6
timeframe>?
1. Yes
2. No
3. Don’t Know
4. Refused
SBFR8. [If SBFR7= No] Compared to the amount of screw-based lamps that you purchased through
the <PA> program, what percent do you think your business would have purchased [if SBFR4=Yes] at

that same time [If SBFR4=No] within <SBFR6 timeframe>?
1.
2.
3.

Enter Answer (0-100) ___
Don’t Know
Refused

SBFR9. You said your business would have purchased [If SBFR7= Yes] all; [IF SBFR7= No]
<SBFR8 %>; [IF SBFR7= Don’t Know, Refused] some; of the screw-based lamps on its own if the
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<PA> price discount had not been available. Thinking about the lighting you would have purchased
on your own, what percent of this equipment would have been….?
SBFR9a. Screw-based LEDs
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
SBFR9b. CFLs
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
SBFR9c. Halogen or incandescent lamps
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
[SBFR9a + SBFR9b + SBFR9c must equal 100%, when sum to 100% [Skip to SBFR10]]
SBFR10. 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 price discount you received from <PA> have on your company’s decision to
purchase the screw-based LEDs?
1.
Enter Answer (0-10) ___
2.
Don’t Know
3.
Refused
[Skip to SBPA1]

Free Rider (Not aware of discount from PA)
[If Aware=No]
Now I’d like to ask you about your decision to purchase screw-based LEDs from <distributor1> [if
applicable] and <distributor2>; in 2016. Screw-based lamps are those that can be screwed into a
standard lighting socket and include A-lamps, downlights, reflectors, and globe lamps.
SBFR11. According to our records, you received a discount of <total screw-based incentive> from
<PA> and Mass Save® for your screw-based LED lamp purchases through <distributor1> [if
applicable] and <distributor2>; in 2016. Would your organization have purchased the same quantity
of screw-based LEDs at the same time if they had cost <total screw-based incentive> more?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

SBFR12. If <PA> had not discounted the cost of these lamps, would your business have purchased
any type of screw-based lamps at the same time?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused
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SBFR13. [If SBFR12 = 2,3,4] Would you have purchased the screw-based lamps earlier than you did,
at a later date, or never?
1. Earlier
2. Same Time [recode SBFR12 = Yes]
3. Later
4. Never
5. Don’t Know
6. Refused
SBFR14. [If SBFR13 = 1,3] How much <earlier/later> would you have purchased the screw-based
lamps?
1. _______ years
2. _______ months
3. Don’t know
4. Refused
SBFR15. Without the price discount provided by <PA> would your business have purchased the exact
same quantity of screw-based lamps [if SBFR12=Yes] at that same time [If SBFR12=No] within
<SBFR14 timeframe>?
1. Yes
2. No
3. Don’t Know
4. Refused
SBFR16. [If SBFR15= No] Compared to the amount of screw-based lamps that you purchased from
<distributor1> [if applicable] and <distributor2>; with the price discount provided by <PA> what
percent do you think your business would have purchased [if SBFR12=Yes] at that same time [If

SBFR12=No] within <SBFR13 timeframe>?
1.
2.
3.

Enter Answer (0-100) ___
Don’t Know
Refused

SBFR17. You said your business would have purchased [If SBFR15= Yes] all; [IF SBFR15= No]
<SBFR16 %>; [IF SBFR15= Don’t Know, Refused] some; of the screw-based lamps on its own if the
<PA> price discount had not been available. Thinking about the lighting you would have purchased
on your own, what percent of this equipment would have been….?
SBFR17a. Screw-based LEDs
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
SBFR17b. CFLs
1.
Enter Answer (0-100)___
2.
Don’t Know
3.
Refused
SBFR17c. Halogen or incandescent lamps
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
[SBFR17a + SBFR17b + SBFR17c must equal 100%, when all sum to 100% move to SBFR18]
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SBFR18. On a scale of 0 to 10, with 0 being no influence and 10 being a great deal of influence, how
much influence did reduction in cost from <PA> have on your company’s decision to purchase the
screw-based LEDs?
1.
2.
3.

Enter Answer (0-10) ___
Don’t Know
Refused

Program Awareness
SBPA1. Prior to purchasing LED equipment through <distributor1> [if applicable] and <distributor2>;
in 2016, had your business ever participated in <PA>'s programs or offerings for any energy-related
equipment purchases?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

SBPA2. [If SBPA1= No, Don’t Know, Refused] Before this conversation today, were you aware of
<PA> programs or offerings that support energy efficient lighting?
1. Yes
2. No
3. Don’t Know
4. Refused

SBPA3. [If SBPA1= 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 projects through the <PA> offerings has…
SBPA3a. Made our firm more likely to consider energy efficient equipment
a.
b.

Agree
Disagree

SBPA3b. Made our firm more likely to install energy efficient equipment
a.
b.

Agree
Disagree

SBPA3c. Given us more confidence in the financial benefits of energy efficient equipment
a.
b.

Agree
Disagree

SBPA3d. Given us more confidence in the nonfinancial benefits of energy efficient equipment
[If needed: Lower maintenance costs, increased productivity, reduced heat output]
a.
b.

Agree
Disagree
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Like Spillover
[If SBPA2 = No, Don’t Know, Refused and Linear=Yes skip to LFR1, else if SBPA2 = No, Don’t Know,
Refused skip to OR1]
SBSO1. Other than the transaction we’ve been discussing today, has your company purchased any
screw-based LEDs [if actor = buyer] for this facility in Massachusetts; [if actor = buyer or contractor]
on your own, that is, without a rebate or discount from <PA>?
1. Yes
2. No [If Linear=Yes skip to LFR1, else skip to LP1]
3. Don’t Know [If Linear=Yes skip to LFR1, else skip to LP1]
4. Refused [If Linear=Yes skip to LFR1, else skip to LP1]
SBSO2. How many screw-based LEDs would you say you purchased on your own without support from
a <PA> program.
1. Record number_____
2. Don’t Know
3. Refused
SBSO3. [If SBSO2 = 2] Would you say this was more, less, or the same amount of screw-based LEDs
as what you purchased with <PA>’s assistance?
1. More (How much more? Enter percentage 0-1000%)
2. Less (How much less? Enter percentage (0-99%)
3. Same amount
4. Don’t Know
5. Refused

SBSO4. Did a recommendation from a [if actor = buyer] contractor; [if actor = buyer or contractor]
distributor, engineer, or designer who you worked with in the <PA> Program influence your decision
to purchase some or all of the additional screw-based LEDs on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
SBSO5. [If SBPA1 = Yes] Did your participation in any past <PA> offerings influence you to purchase
some or all of this equipment on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
SBSO6. Did your experience with the screw-based LEDs received with <PA>’s assistance influence
your decision to purchase some or all of the additional LEDs on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
SBSO7. 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 the [if aware=yes] <PA> assistance; [if aware=no] reduction in purchase cost
due to <PA> assistance; have on your decision to purchase the additional screw-based LEDs without
an incentive?
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1. Enter Answer (0-10) ___
2. Don’t Know
3. Refused
SBSO8. Why didn't you purchase these additional screw-based LEDs through <PA>? [ DO NOT READ.
SELECT ALL THAT APPLY]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Too much paperwork
Cost savings not worth the effort of applying
Takes too long for approval
The equipment would not qualify
Vendor does not participate in program
Outside the <PA>’s service territory
No time, needed equipment immediately
Thought the program ended
Didn’t know the equipment qualified under another program
Just didn’t think of it
Unable to get rebate- unsure why
Other- Specify [If “Equipment would not qualify, code as SBSO8 = 4]
Don’t Know
Refused

SBSO8a. [If SBSO8=4] Why didn’t the equipment qualify?
1. Record Answer________
2. Don’t Know
3. Refused

LEDs for Linear Applications
[If <linear = 1>, else skip to OR1]

Free Ridership
Now I’d like to ask you about your decision to purchase LED fixtures or tubular LED lamps from
<distributor1> [if applicable] and <distributor2>; in 2016. This equipment is typically used to replace
linear lighting applications that may have previously included linear fluorescent tube lighting. In this
section, we will refer to this equipment as “linear LED equipment”.
LFFR1. Who was most responsible for actually recommending or specifying the linear LED equipment
we are discussing? [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. Distributor
6. Contractor
7. Energy Services Company (record name_______)
8. Manufacturer’s representative
9. <PA> account manager
10. Someone else- specify _____________
11. Don’t Know
12. Refused
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LFFR2. [If LFFR1= 3,4,5,6,7,8,9] On a scale of 0 to 10, with 0 being no influence and 10 being a great
deal of influence, how much influence did <LFFR1response> have on your company’s decision to
purchase the linear LED equipment?
1.
2.
3.

Enter Answer (0-10) ___
Don’t Know
Refused

Free Ridership (Aware of discount from PA)
[If Aware=Yes, else skip to LFFR11]
LFFR3. On a scale of 0 to 10, with 0 being ‘not at all likely’ and 10 being ‘very likely’, how likely is it
that your business would have purchased the same quantity of linear LED equipment at that same
time if <PA> had not provided this program assistance?
1. Record answer 0 to 10_____
2. Don’t Know
3. Refused
LFFR4. If <PA> had not paid a portion of the purchase cost would your business have purchased any
type of linear equipment or fixtures at the same time?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

LFFR5. [If LFFR4 = 2,3,4] Would you have purchased the linear equipment or fixtures earlier than you
did, at a later date, or never?
1.
2.
3.
4.
5.
6.

Earlier
Same Time [recode LFFR4 = Yes]
Later
Never
Don’t Know
Refused

LFFR6. [If LFFR5 = 1,3] How much <earlier/later> would you have purchased the linear equipment or
fixtures?
1._______ years
2._______ months
3. Don’t know
4. Refused
LFFR7. Without the price discount provided by <PA> would your business have purchased the exact
same quantity of linear equipment or fixtures [if LFFR4=Yes] at that same time [If LFFR4=No] within
<LFFR6 timeframe>?
1. Yes
2. No
3. Don’t Know
4. Refused
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LFFR8. [If LFFR7= No] Compared to the amount of linear equipment or fixtures that you purchased
through the <PA> program, what percent do you think your business would have purchased [if
LFFR4=Yes] at that same time [If LFFR4=No] within <LFFR6 timeframe>?
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
LFFR9. You said your business would have purchased [If LFFR7= Yes] all; [IF LFFR7= No]
<LFFR8 %>; [IF LFFR7= Don’t Know, Refused] some; of the linear equipment or fixtures on its own if
the <PA> price discount had not been available. Thinking about the lighting you would have
purchased on your own, what percent of this equipment would have been….?
LFFR9a. Linear LED equipment
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
LFFR9b. Equipment between code and the linear LED equipment you purchased. This
includes equipment such as T5 or High performance T8 linear fluorescent lamps.
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
LFFR9c. Equipment that meets minimum code such as Standard T8s or T12 linear fluorescent
lamps
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
[LFFR9a + LFFR9b + LFFR9c must equal 100%, when all sum to 100% [Move to LFFR10]]
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LFFR10. 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 price discount you received from <PA> have on your company’s decision to
install the linear LED equipment?
1.
2.
3.

Enter Answer (0-10) ___
Don’t Know
Refused

[Move to LFPA1]

Free Rider (Not aware of discount from PA)
[If Aware=No]
LFFR11. According to our records you received a discount of <total linear incentive> from <PA> and
Mass Save® for your linear LED equipment purchases through <distributor1> [if applicable] and
<distributor2>; in 2016. Would your organization have purchased the same quantity of linear LED
equipment at the same time if they had cost <total linear incentive> more?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

LFFR12. If <PA> had not discounted the cost of these lamps, would your business have purchased
any type of linear equipment or fixtures at the same time?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

LFFR13. [If LFFR12 = 2,3,4] Would you have purchased the linear equipment or fixtures earlier than
you did, at a later date, or never?
1. Earlier
2. Same Time [recode LFFR12 = Yes]
3. Later
4. Never
5. Don’t Know
6. Refused
LFFR14. [If LFFR13 = 1,3] How much <earlier/later> would you have purchased the linear equipment
or fixtures?
1. _______ years
2. _______ months
3. Don’t know
4. Refused
LFFR15. Without the price discount provided by <PA> would your business have purchased the exact
same quantity of linear equipment or fixtures [if LFFR12=Yes] at that same time [If LFFR12=No]
within <LFFR14 timeframe>?
5. Yes
6. No
7. Don’t Know
8. Refused

DNV GL – www.dnvgl.com

October 18, 2018

Page 68

LFFR16. [If LFFR15= No] Compared to the amount of linear equipment or fixtures that you purchased
from <distributor1> [if applicable] and <distributor2>; with the price discount provided by <PA>
what percent do you think your business would have purchased [if LFFR12=Yes] at that same time [If

LFFR12=No] within <LFFR14 timeframe>?
1.
2.
3.

Enter Answer (0-100) ___
Don’t Know
Refused

LFFR17. You said your business would have purchased [If LFFR15= Yes] all; [IF LFFR15= No]
<LFFR16 %>; [IF LFFR15= Don’t Know, Refused] some; of the linear equipment or fixtures on its own
if the <PA> price discount had not been available. Thinking about the lighting you would have
purchased on your own, what percent of this equipment would have been….?
LFFR17a. Linear LED equipment
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
LFFR17b. Equipment between code and the linear LED equipment you purchased. This
includes equipment such as T5 or High performance T8 linear fluorescent lamps.
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
LFFR17c. Equipment that meets minimum code such as Standard T8s or T12 linear
fluorescent lamps
1.
Enter Answer (0-100) ___
2.
Don’t Know
3.
Refused
[LFFR17a + LFFR17b + LFFR17c must equal 100%, when all sum to 100% move to LFFR18]
LFFR18. On a scale of 0 to 10, with 0 being no influence and 10 being a great deal of influence, how
much influence did reduction in cost from <PA> have on your company’s decision to purchase the
linear LED equipment?
1.
2.
3.

Enter Answer (0-10) ___
Don’t Know
Refused

Program Awareness
[If Screw-Based = 1, skip to LFSO1]
LFPA1. Prior to purchasing LED equipment through <distributor1> [if applicable] and <distributor2>;
in 2016, had your business ever participated in <PA>'s programs or offerings for any energy-related
equipment purchases?
1.
2.
3.
4.

Yes
No
Don’t Know
Refused

LFPA2. [If LFPA1= No, Don’t Know, Refused] Before this conversation today, were you aware of <PA>
programs or offerings that support energy efficient lighting?
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1.
2.
3.
4.

Yes
No
Don’t Know
Refused

LFPA3. [If LFPA1= 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 projects through the <PA> offerings has…
LFPA3a. Made our firm more likely to consider energy efficient equipment
a.
b.

Agree
Disagree

LFPA3b. Made our firm more likely to install energy efficient equipment
c.
d.

Agree
Disagree

LFPA3c. Given us more confidence in the financial benefits of energy efficient equipment
c.
d.

Agree
Disagree

LFPA3d. Given us more confidence in the nonfinancial benefits of energy efficient equipment
[If needed: Lower maintenance costs, increased productivity, reduced heat output]
c.
d.

Agree
Disagree

Like Spillover
[If SBPA2 OR LFPA2 = No, Don’t Know, Refused skip to LP1]
LFSO1. Other than the transaction we’ve been discussing today, has your company purchased any
linear LED equipment [if actor = buyer] for this facility in Massachusetts; [if actor = buyer or
contractor] on your own, that is, without a rebate or discount from <PA>?
1. Yes
2. No [skip to OR1]
3. Don’t Know [skip to OR1]
4. Refused [skip to OR1]
LFSO2. How many linear LEDs would you say you installed on your own without support from a <PA>
program.
1. Record number_____
2. Don’t Know
3. Refused
LFSO3. [If LFSO2 = 2] Would you say this was more, less, or the same amount of LEDs as what you
purchased with <PA>’s assistance?
1. More (How much more? Enter percentage 0-1000%)
2. Less (How much less? Enter percentage (0-99%)
3. Same amount
4. Don’t Know
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5. Refused
LFSO4. Did a recommendation from a [if actor = buyer] contractor; [if actor = buyer or contractor]
distributor, engineer, or designer who you worked with in the <PA> Program influence your decision
to purchase some or all of the additional linear LED equipment on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
LFSO5. [If SBPA1 OR LFPA1 = Yes] Did your participation in any past <PA>offerings influence you to
purchase some or all of this equipment on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
LFSO6. Did your experience with the linear LED equipment received with <PA>’s assistance influence
your decision to purchase some or all of the additional LEDs on your own?
1. Yes
2. No
3. Don’t Know
4. Refused
LFSO7. 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 the [if aware=yes] <PA> assistance; [if aware=no] reduction in purchase cost due
to <PA> assistance; have on your decision to purchase the additional linear LED equipment without an
incentive?
1. Enter Answer (0-10) ___
2. Don’t Know
3. Refused
LFSO8. Why didn't you purchase this additional linear LED equipment through <PA>? [ DO NOT READ.
SELECT ALL THAT APPLY]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Too much paperwork
Cost savings not worth the effort of applying
Takes too long for approval
The equipment would not qualify
Vendor does not participate in program
Outside the <PA>’s service territory
No time, needed equipment immediately
Thought the program ended
Didn’t know the equipment qualified under another program
Just didn’t think of it
Unable to get rebate- unsure why
Other- Specify [If “Equipment would not qualify, code as LFSO8 = 4]
Don’t Know
Refused

LFSO8a. [If LFSO8=4] Why didn’t the equipment qualify?
1. Record Answer________
2. Don’t Know
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3. Refused
[If Actor = Contractor, skip to Multi1]

LIGHTING PURCHASING PRACTICES
[If Actor = Contractor, skip to Multi1]

LP1. Where does your firm make the MAJORITY of your light bulb purchases? [Do not read list, select
only one]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Drug Stores (CVS, Rite Aid, Walgreens) [Skip to LP2]
Grocery Stores (Star Market, Market Basket, Whole Foods) [Skip to LP2]
Convenience Stores (Seven-Eleven, Tedeschis) [Skip to LP2]
Small Hardware Stores (Ace or True Value) [Skip to LP2]
Large Hardware Stores (Home Depot, Lowes) [Skip to LP2]
Club Stores (Costco, Sam's Club) [Skip to LP2]
Online [Skip to LP2]
Distributor
Contractor
Energy Services Company
Mass merchandise stores (Target/Walmart/Staples) [Skip to LP2]
Lighting stores [Skip to LP2]
Electronic stores (Best buy) [Skip to LP2]
Discount stores (Dollar General, 99 Cents store) [Skip to LP2]
OPEN\Other-record [Skip to LP2]
Don’t Know [Skip to LP2]
Refused [Skip to LP2]

LP1a. Do you recall the name of this <Response from LP1>?
1. Yes: Record name _________
2. No
3. Refused
LP2. Now I’d like you to think specifically about the LED bulbs and fixtures you purchased for use at
this facility. Where did your firm purchase the MAJORITY of the screw-based LED bulbs installed at this
facility? [Do not read list, select only one]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Drug Stores (CVS, Rite Aid, Walgreens) [Skip to LP3]
Grocery Stores (Star Market, Market Basket, Whole Foods) [Skip to LP3]
Convenience Stores (Seven-Eleven, Tedeschis) [Skip to LP3]
Small Hardware Stores (Ace or True Value) [Skip to LP3]
Large Hardware Stores (Home Depot, Lowes) [Skip to LP3]
Club Stores (Costco, Sam's Club) [Skip to LP3]
Online [Skip to LP3]
Distributor
Contractor
Energy Services Company
Mass merchandise stores (Target/Walmart/Staples) [Skip to LP3]
Lighting stores [Skip to LP3]
Electronic stores (Best buy) [Skip to LP3]
Discount stores (Dollar General, 99 Cents store) [Skip to LP3]
No screw-based LEDs at facility
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16. OPEN\Other-record [Skip to LP3]
17. Don’t Know [Skip to LP3]
18. Refused [Skip to LP3]
LP2a. Do you recall the name of this <Response from LP2>?
1. Yes, also <Response from LP1a>
2. Yes, Other: Record name _________
3. No
4. Refused
LP3. Where did your firm purchase the MAJORITY of the LED fixtures or tubular LED lamps installed at
this facility? [Do not read list, select only one]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Drug Stores (CVS, Rite Aid, Walgreens) [Skip to OR1]
Grocery Stores (Star Market, Market Basket, Whole Foods) [Skip to OR1]
Convenience Stores (Seven-Eleven, Tedeschis) [Skip to OR1]
Small Hardware Stores (Ace or True Value) [Skip to OR1]
Large Hardware Stores (Home Depot, Lowes) [Skip to OR1]
Club Stores (Costco, Sam's Club) [Skip to OR1]
Online [Skip to OR1]
Distributor
Contractor
Energy Services Company
Mass merchandise stores (Target/Walmart/Staples) [Skip to OR1]
Lighting stores [Skip to OR1]
Electronic stores (Best buy) [Skip to OR1]
Discount stores (Dollar General, 99 Cents store) [Skip to OR1]
No LED fixtures or linear lamps at facility
OPEN\Other-record [Skip to OR1]
Don’t Know [Skip to OR1]
Refused [Skip to OR1]

LP3a. Do you recall the name of this <Response from LP3>?
1. Yes, also <Response from LP1a>
2. Yes, also <Response from LP2a>
3. Yes, Other: Record name _________
4. No
5. Refused

MULTI SITE
[If Multi= 1, else skip to OR1]
Multi1. Our records indicate you also purchased LED lamps from <PA> and the MassSave program for
<sum of all accounts> sites in Massachusetts. Is this correct?
1. Yes
2. No, purchased for a different number of sites
3. No, did not purchase any LEDs for any other sites [skip to OR1]
4. Don’t Know [skip to OR1]
5. Refused [skip to OR1]
Multi2. Was your decision-making process for these LEDs the same as the decision-making process for
the LEDs purchased for <site_Address>? [If needed] This is the site we’ve been discussing today.
1. Yes
2. No [skip to OR1]
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3. Don’t Know [skip to OR1]
4. Refused [skip to OR1]
Multi3. How was your decision different for these sites?

ON-SITE RECRUITMENT
[If actor = buyer, else skip to OR2] OR1. Before we end, I would like to know if you would be
interested in allowing one of our trained team members to visit your facility and conduct an inventory
of your lighting equipment. The visit would be scheduled at a time convenient for you and to thank
you for your participation in that visit, we would offer you a $150 gift card. Would you be willing to
allow our team to visit your facility?
1.
2.
3.
4.

Yes. (Record name of contact and phone number to be used for scheduling visit_________)
No
Don’t Know
Refused

OR2. Those are all the questions I have for you today. I'd like to thank you for your time and
assistance with our research efforts. Have a good day.
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APPENDIX B: ONSITE LIGHTING INVENTORY FORM
This document describes the data points to be collected/verified during the on-site visits with
participants in the C&I upstream lighting program and stored in a database for analysis/export. Screen
shots from the tablet field data collection tool appear at the end of the document.
The general hierarchy of the database is as follows. The customer/account is the root record. Each
customer can have an arbitrary number of building/space/fixture/lamp records associated.
Customer->
Buildings->
Spaces->
Fixtures->
Lamps
Note: Value List Choice fields will all include “Other” option for manual entry. All records are assigned
an automatically generated unique identifier code. Child records (buildings, spaces, fixtures, lamps,
photos) have fields to store the identifier of the parent record. For example, a lamp record has fields
to store the ID of the parent fixture, space, building, and customer.
Customers

Field Name
NMRID
Account
Number
Sample ID
Stratum

Contact
Name
Account
Address
Account City
Account State
Account Zip
Contact
Phone 1
Contact
Phone 2
Contact Email
Business
Name
Install
Address
Install City
Install State
Install Zip
Facility Size

Description
NMR-generated ID
Account number as verified during on-site
visit
Unique identifier provided by DNVGL. May
be account number or generated ID if
account number was not available.
Site classification for sampling targets

Value List Choices

Linear only
Screw-based only
Linear majority
Screw-based majority

May be same as account info

Estimated size of entire facility
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Business
Type

General activity of facility

Signature

Field to store digital signature of contact
certifying receipt of incentive
Photo of incentive provided to site contact

Gift card
photo
Utility bill
photo

Automotive Facility,
Convention Center,
Court House,
Dining: Bar
Lounge/Leisure,
Dining: Cafeteria/Fast
Food,
Dining: Family,
Dormitory,
Exercise Center,
Gymnasium,
Healthcare-Clinic,
Hospital,
Hotel,
Library,
Local Government,
Manufacturing Facility,
Motel,
Motion Picture
Theatre,
Multi-Family,
Museum,
Office,
Parking Garage,
Penitentiary,
Performing Arts
Theatre,
Police/Fire Station,
Post Office,
Religious Building,
Retail,
School/University,
Sports Arena,
Transportation,
Warehouse,
Workshop

Photo of electric bill to verify account
number

Buildings

Field Name
Area
Name
Floors_AG
Floors_BG
Photos

Description
Estimated building area
Technician’s choice of building name
Floors above ground
Floors below ground
Photos of the building (optional)
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Spaces

Field Name
Type

Description
Field to characterize defined spaces
within each building. All lamps in
storage in a given building are entered
in a single “Lamps in storage” space.

Floor
% Observed
Fixtures
Area
Photos

Floor of building
% of fixtures actually observed by
technician in this space
Approximate area of space
Photos of space (optional)

Value List Choices
Automotive repair
Bathroom
Cellroom
Classroom
Closet
Conference room
Convention
hall/ballroom
Copy/print room
Courtroom
Dining area
Exterior
Food preparation
Gym/exercise room
Hallway
Hotel/dorm room
Laboratory
Library
Locker room
Lobby
Machine shop
Manufacturing floor
Mechanical room
Museum
Office
Parking garage
Recreation room
Refrigerated storage
Retail
Server room
Sports arena
Stairway
Storage room
Theater
Warehouse
Workshop
Lamps in storage

Fixtures

Field Name
Type

Description
Fixture type. Data collection tool includes a
library of example fixture photos by type.
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Technicians can add to this library with
photos they take in the field. All lamps in
storage are assigned to a single “Lamps in
storage” fixture.

Control Type

Multiple selection to cover complicated
control schemes.

Ballast Type

Applies to linear fixture types only

Quantity
Photos

count of this fixture in this space
Photos of this fixture (optional)

Exit sign
Linear - troffer
Linear - high bay
Linear - low bay
Linear - wall mount
Strip
Wall pack
Wall mount
Flush mount
Plug load
Track
HID
Lamps in storage
Always on
Daylight control
Integrated control
Separate control
Manual dimming
Manual switch
Occupancy on/off
Occupancy dimming
Timer
Electronic
Hybrid
Magnetic
Don’t know

Lamps

Field Name
Type

Description

Shape

General shape category, mainly useful to
identify linear lamps to record size/length.
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CFL
Fluorescent
Halogen
High Pressure Sodium
Incandescent
LED Lamp
LED Integrated
Fixture
Mercury Vapor
Metal Halide –
ceramic
Metal Halide – nonceramic
Circline
Decorative
General service
Globe
LED Integrated
Fixture
Page 78

Linear tube
Linear other
Reflector/spot
U-shape
Don't know
Screw Base
Pin Base
LED Integrated
Fixture
Don't know

Base Type

Wattage

Tube Size

Individual lamp wattage, or fixture wattage
for LED Integrated Fixture.
To be recorded for all LEDs and for lamps
where technicians were unsure about details
on-site, to facilitate lookup after the visit.
To be recorded for all LEDs and for lamps
where technicians were unsure about details
on-site, to facilitate lookup after the visit.
Linear lamp tube size

Tube Length

Linear lamp tube length in inches

Special
Feature

A place to record 3-way, smart bulb, colored
bulb, etc.

Quantity
Photos

Count of this lamp in each fixture
Photos of this lamp (optional)

Manufacturer
Model
Number
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October 18, 2018

T4
T5
T8
T12
Don’t know
12
24
48
72
Don’t know
Smart bulb
3-way
Colored bulb
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Schedule

Site Info

Visit Info
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June 28, 2018
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Buildings

Edit Building
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June 28, 2018
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Edit Space

Spaces
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Fixtures/Lamps

Edit Fixture
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June 28, 2018
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Completion Check
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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 & gas and energy
industries. We also provide certification services to customers across a wide range of industries. Operating in
more than 100 countries, our professionals are dedicated to helping our customers make the world safer,
smarter and greener.
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