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1

INTRODUCTION

1.1 Study purpose, objectives, and research questions
The primary goal of the 2019 Lighting Inventory and Market Model Update study was to produce adjusted
measure lives (AMLs) for major commercial and industrial (C&I) lighting applications using lighting market
data collected to improve the Lighting Market Model (the Model).1 The research conducted during this study
to support the Model and AML updates focused on three main C&I lighting applications: ambient linear, high
& low bay, and building exterior & outdoor lighting. This study also presents AMLs for traditional screwbased categories (a-line, downlight/track, and decorative lighting). DNV GL did not research this equipment
in this study and thus presents AMLs based on market share forecasts from the April 2019 version of the
Model.2
Gross lifetime savings for the Massachusetts Program Administrators (PAs) C&I lighting programs are
assessed as a product of the first-year annualized savings and the AML. Since early replacement (ER)
measures are subject to dual baseline savings methods, the AML is used to account for both replace-onfailure (ROF) and early replacement (ER). For ROF, the lifetime savings are equal to the effective useful life
(EUL), whereas the lifetime savings for ER are equal to the sum of the first- and second-period lifetime
savings. To estimate the second-period savings, we used the forecasted market share from the Model.
To support the AML updates, the DNV GL team also conducted multiple research efforts on C&I lighting
market indicators to refine the Model’s saturation and market share forecasts and the resulting AML
calculations. These included:
On-Site Lighting
Inventories

Distributor and
Manufacturer
Interviews

•Estimated the stock
of installed fixtures
by application and
equipment type in
2019

•Estimated market
share by application
and equipment type
in 2019, 2021, and
2023

•Compared current
saturation estimates
to 2015 and 2018
saturation estimates

•Created a
counterfactual for the
Model scenarios by
asking about sales
with continued
program support
versus program
support ending after
2018

ER/ROF Customer
CATI Surveys
•Asked a series of
questions to inform
an algorithm which
assigned lighting
projects and
replacements to New
Construction, ER,
and ROF event types
•Included updated
ROF fraction in AML
calculation

Additional Research
•Aggregated program
tracking sales data to
compare Model
results to gross and
net program sales
•Reviewed secondary
data sources to
validate or qualify
Model input
assumptions
•Compared Model
results to national
and regional
forecasts

While the AMLs are the primary output of this study, this report also includes the results from the
aforementioned research activities undertaken as part of this study to provide insights into the current state
of the C&I lighting market and how it is expected to evolve. These additional research insights are intended
to help program planners and evaluators assess how to shape C&I lighting programs in the future.

1 DNV GL had previously developed, and then subsequently revised, AMLs in 2018 and 2019 based on market research, including an initial

assessment of the share of projects considered ER vs. ROF. However, the PAs did not incorporate these AML values in the 2018 Annual Report.

2 http://ma-eeac.org/wordpress/wp-content/uploads/P78_MACI_Comprehensive_Lighting_Inventory_Memo_FINAL_2019.04.17.pdf
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1.2 Organization of the report
The remainder of this report is organized as follows:
Section 2. Study Methodology and Approach
Section 3. Analysis and Results
Section 4. Conclusions, Recommendations, and Considerations
Appendix A: ER vs. ROF Algorithm
Appendix B: Detailed Sampling Approach
Appendix C: CATI Survey Script
Appendix D: On-Site Data Collection Tool
Appendix E: Trade Ally Survey Guide
Appendix F: Model Equipment Assumptions

2

STUDY METHODOLOGY AND APPROACH

To support the update to the C&I lighting AMLs, the DNV GL team completed on-site lighting inventories,
interviews with manufacturers and distributors, updates to the Model, and calculation of AMLs with updated
market share data and ROF fraction; the following sections detail the methodologies and approach for each
of these research efforts. While these are presented separately, research activities were highly coordinated
and conducted in unison, providing opportunity for feedback between and across tasks.

2.1 On-site inventories
On-site data collection focused on inventorying installed lighting to estimate 2019 lighting saturation for
ambient linear, high/low bay, and building exterior/outdoor lighting applications. The DNV GL team did not
collect information on general screw-based categories like a-line, decorative, or downlight/track lighting. In
total, the team completed 107 of the planned 150 on-site surveys (104 small/medium and 3 large
establishments) in December 2019 and January 2020. This data was also supplemented with six large
establishment inventories conducted in late 2018.
CATI Survey and On-Site Inventory Sample Design. DNV GL used a computer assisted telephone
interview (CATI survey) to gather information about recent lighting projects and purchases at C&I
establishments in Massachusetts and recruit customers for the on-site lighting inventory. More information
about the CATI survey approach can be found below in section 2.4.1.
The team designed the on-site sample from the population of all 2018 active electric and gas billing accounts
rolled up to the establishment level.3 Customer establishments were grouped into small, medium, and large4
strata based on total energy consumption, in alignment with the Non-Lighting Baseline Study (MA19C09-B-

3 Establishments are defined as a determinable customer at a location. All the electric and gas billing accounts with similar names and address were

rolled into a single establishment.

4 An establishment was assigned to a size stratum based on the highest consumption bin of the fuel with the largest consumption. Electricity size bins

were defined as small 2-1,500MWh, medium 1,501-4,500 MWh, and large >4,500 MWh. Gas size bins were defined as small 0-4,000 MMBTU,
medium 4,001-25,000 MMBTU, and large >25,000 MMBTU.
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BSLNSAT), and sub-stratified by lighting program participation status and 2018 electric consumption to
remove any sites without PA-electric consumption.
We defined lighting program participation as having participated in a PA lighting program in the past 5 years
(2014-2018). An establishment that only participated in a lighting program prior to 2014 would have been
assigned to the non-participant grouping; however, since programs were dominated by screw-based lighting
at this time and LED adoption was in its infancy, the team did not feel this would bias the sample. We also
note that any establishment that participated for the first time in 2019 would also be assigned to the nonparticipant grouping as 2019 tracking data were not available in time to inform sample design.
While the DNV GL team made every attempt to link billing and tracking data amongst the population of C&I
establishments in preparing the sample, the tracking data does not always include account numbers or
consistent customer information, so it is likely some participants were initially miscategorized as nonparticipants. As a result, DNV GL also manually verified the participation status of all CATI respondents to
ensure the CATI and on-site results were correctly associated with participants and non-participants. To
manually verify, we compared each respondent’s business name, address, and phone number against
customer information in the tracking data. We reassigned any initial non-participant as a participant if we
located any lighting program purchases associated with that establishment in the tracking data search.
Small and medium establishments were recruited through the CATI survey which is discussed in section
2.4.1. In order to reduce customer burden, DNV GL’s sampling coordination team took care to ensure the
population of small and medium customers used for this study did not overlap with the sample used for the
Non-Lighting Baseline Study. The DNV GL team completed CATI surveys with 511 small and medium C&I
establishments and conducted on-site lighting inventories at 104 of those establishments.
Large establishments were contacted and inventoried as part of the Non-Lighting Baseline Study. Because
the population of large establishments is relatively small and there was a desire to avoid overburdening this
group with recruiting and site visit requests, DNV GL recruited customers for both studies through the same
recruitment and on-site inventory efforts. The DNV GL team completed inventories with three large
establishments in time to be included in this analysis. To supplement the large establishment sample, the
team also included saturation data from the six large establishments inventoried in late 2018; DNV GL
applied a time adjustment based on the change in 2018 and 2019 small and medium site adoption to
saturation estimates resulting from these establishments to better reflect 2019 saturation in large facilities.
Inventory results were weighted using a combination of the site weight (number of sites in the
population/number of sites in the sample) multiplied by a consumption adjustment within each stratum
(population consumption/site-weighted sample consumption). Because we completed inventories at fewer
sites than the original sample design targets, we wanted to ensure that the sites in the sample were, onaverage, representative of the stratum in which they were located. This consumption adjustment to the site
weight is designed to adjust the weights if the sampled sites were smaller or larger than the average site
within each stratum. Appendix B presents the population and sample summary along with the weights for
each stratum.
Improvements to Data Collection. DNV GL adapted the on-site lighting form used to collect lighting
information in 2018 to better categorize lighting equipment by the type of application (ambient linear,
high/low bay, or exterior/outdoor) it served. 5 The form was programmed onto a tablet and used by
5 The DNV GL team did not collect any information on A-line, downlight/track, or decorative lighting this year since it was determined that these

lighting applications are already highly saturated with LEDs.
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evaluation staff to conduct the on-site inventories at small, medium, and large establishments and collect
information on lighting equipment installed on-site or kept in storage. The details of this data collection form
are included in Appendix D.

2.2 Manufacturer and distributor interviews
The DNV GL team conducted in-depth interviews with lighting manufacturers and distributors that are
current participants in the Massachusetts C&I Upstream Lighting Initiative, with the goal of understanding
how the PAs programs have influenced all sales (including those beyond the Upstream Initiative).
Interviewers asked respondents to estimate the LED proportion of their sales for three different time periods
(2019, 2021, and 2023), three different lighting applications (ambient linear, high-bay/low-bay, and
exterior/outside), and two different program scenarios (if PA program support continued or if all program
support ended after 2018). For the ambient linear applications, interviewers asked respondents to estimate
market share for TLEDs and LED fixtures separately.
The DNV GL team calculated both sales-weighted and unweighted average market shares. Because the team
only had access to 2019 upstream tracking data, we chose to base the sales weights on these data. Trade
allies were asked to estimate what proportion of their total Massachusetts C&I market LED sales were
accounted for by the Upstream Initiative program for each of the three lighting applications; DNV GL used
this estimate and actual Upstream sales to back calculate a trade ally’s total LED sales which was then used
as their sales weight. The team did not observe significant differences between the sales-weighted and
unweighted averages, so we only present the sales-weighted results below.
The DNV GL team targeted 14 lighting manufacturers who together accounted for over 80% of the sales
through the C&I Upstream Initiative during 2018 and the first half of 2019. The DNV GL team was able to
obtain market share estimates from 8 of these 14 manufacturers, which represent about half of the 20182019 sales through the C&I Upstream Initiative.
The team also spoke with 22 of the 52 lighting distributors who participated in the Massachusetts C&I
Upstream Initiative during the 2018-2019 period; these lighting distributors accounted for about a third of
the 2018-2019 sales through the C&I Upstream Initiative.
DNV GL calculated LED market share estimates separately for lighting manufacturers and distributors as
results from each group have their strengths and limitations. Lighting manufacturers are likely more
knowledgeable than the distributors about future lighting production trends and the impact of the federal
regulatory environment on this market. However, because their companies operate in dozens of state and
provincial lighting markets and may not be intimately familiar with state-level programs and markets, they
are likely less able to particularize their market share predictions to the Massachusetts C&I lighting market.
Due to their smaller market “footprint,” the lighting distributors are likely better able than the manufacturers
to provide LED market share estimates that are specific to the Massachusetts market. Because they
participate with PA programs directly, they are also likely better able to forecast the market impacts of the
program-ending scenarios. However, they likely lack the manufacturer’s knowledge of future trends in
lighting production. In addition, it is possible that some distributors might exaggerate the impact of program
support in order to encourage the Massachusetts PAs to continue offering them incentives.
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2.3 Market model updates
The Model was originally developed in May 20186 and re-calibrated in April 20197 with 2018 saturation data.
As part of this study, the team re-calibrated the Model using 2019 market indicators and enhanced the
Model to be more efficient and reflective of the market. This section discusses the recent changes made to
the Model; however, the modeling approach remains the same as in previous iterations of the model.
As described in the original methodology memo,8 the model uses a stock adjustment modeling approach to
forecast the size and composition of the stock of C&I lighting each year and the energy consumption
associated with that stock. Each year, a portion of the total installed stock of fixtures is assumed to be
replaced because of equipment failure, equipment retrofits, or new construction. The replacement fixtures in
each year consist of a variety of technologies based on that year’s sales mix. The Model removes the
fixtures that are replaced, adds in the newly installed replacement fixtures, and calculates the consumption
and savings associated with the installed stock in that year. The model is driven by stock turnover, customer
economics, and customer awareness of efficient lighting technologies. For a fixture to be replaced in the
model, two conditions must be met:
•

The equipment must be available for replacement through burnout, retrofit, or new construction.

•

The customer must be aware of the more-efficient technology at the time of the replacement event
or new construction installation.

The portion of available and aware stock that is converted to an efficient technology is then determined by
an implementation rate. This portion of the analysis uses a diffusion curve approach, where the
implementation rate is a function of the customer’s perceived benefit-cost ratio (BCR) and the customer’s
ability to overcome market barriers before adopting an efficient measure.
The rest of the section explains the major changes to the Model:
Unit of analysis. To better incorporate differences in how TLEDs and LED integrated fixtures are adopted,
we changed the unit of analysis in the Model from lamps to fixtures. To do this, DNV GL updated the
assumptions and calculations within the market model from lamp-level data to fixture-level data, including
prices and wattages. Overall, this change allows the Model to better represent the diversity of products that
exist in the C&I market; however, it also forces a fixture to be replaced by another fixture rather than
replacing a tube within a fixture, which often happens in the market.
Lighting applications. We also adjusted the Model to incorporate additional lighting applications. The
previous version of the model included linear lamps, HID lamps, and screw-based lamps (a-line, decorative,
and other). To better capture the use of linear lamps and fixtures in C&I facilities, we revised the Model
applications to include ambient linear, high/low bay, building exterior/outdoor, and a-line, decorative, and
downlight/track lighting. This enhancement allows for the allocation of more appropriate stock turnover
options within each application and better aligns with the PAs’ program offerings. The team also revised the
2019 data collection efforts to match these lighting applications; however, previous lighting research was
not based on these lighting applications, so we aligned current and historical results as appropriate.
Model scenarios. Previously, the model included a program scenario and a no-program scenario. The
baseline for both scenarios was the same – 2015. To better represent the impacts of actual program
6 http://ma-eeac.org/wordpress/wp-content/uploads/P75-LED-Market-Model_Revised-Memo-051418_CLEAN.pdf
7 http://ma-eeac.org/wordpress/wp-content/uploads/P78_MACI_Comprehensive_Lighting_Inventory_Memo_FINAL_2019.04.17.pdf
8 http://ma-eeac.org/wordpress/wp-content/uploads/P75-LED-Market-Model_Revised-Memo-051418_CLEAN.pdf
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influence, we changed the previous no-program scenario into a program-ending scenario, which instead of
assuming no program influence, now includes program impacts through 2018 before discounting program
support in 2019. With this change, the program scenario and program-ending scenario are identical in 20162018. We also revised awareness in the program-ending scenario to be equal to awareness in the program
scenario in 2018.9 Although program support is discontinued after 2019, we assume market awareness
remains high as a result of previous program marketing efforts.
Model recalibration. Due to the change in unit of analysis (from lamps to fixtures) and addition of new or
revised lighting applications, the customer benefit-cost ratios changed between the 2019 Model and the
current Model. As a result, DNV GL recalibrated the Model’s diffusion curves so they continued to reflect
historic and forecasted adoption and market share trends. The actual saturation and market share estimates
collected as part of this research effort are not direct inputs into the Model. Rather, they are guiding values
used to help ensure the model forecasts are as accurate as possible. Beyond comparing Model results to
Massachusetts market research, DNV GL also used national-level forecasts as benchmarks for the results.
Because we did not collect saturation or market share data for screw-based technologies in 2019, we only
focused on calibrating the ambient linear, high/low bay, and building exterior/outdoor lighting applications.
The AML results presented for the screw-based categories are based on the market share results from the
previous version of the Model.
In addition to the changes outlined above, the Model calculations were moved from Excel into SAS10 to
better handle the amount of calculations required. The inputs to the Model are stored in Excel and included
in Appendix F.

2.4 AML calculation
This section presents the methodology for calculating the AML, which is almost identical to the AML approach
outlined in the July 2019 Lighting Outyear Factor and Equivalent Measure Life memo.11 Previously, the DNV
GL team weighted market share based on consumption, which took into account the building-specific hours
of use and the market share within each building type. Since we have little information to understand how
market share differs between building types, we used the forecasted market share for the entire C&I market
and removed the consumption adjustment. This made little to no difference in the values produced.
AMLs are used in place of the EULs when calculating lifetime program gross savings to account for both ER
and ROF measures since ER measures are subject to dual baseline savings methods. The lifetime savings for
ROF measures are based on savings over the EUL whereas lifetime savings for ER measures are equal to the
sum of the first- and second-period savings. The formulas presented below are intended to demonstrate how
AMLs are calculated. All assumptions and calculations are included in the associated Excel workbook.
As part of this study, the DNV GL team also updated the split between ROF and ER event types. While the
team collected data to inform this split from both participants and non-participants, only the participant
results were used to determine the factor used in the AML calculations. Previously, the team used 12.2% as
the ROF fraction,12 which was based on data collected from six different studies focused on different aspects
of the C&I lighting market in Massachusetts. We updated this value to 29% based on data collected during
9 Previously we assumed that the naturally occurring starting awareness was 27%, but we increased it to 63% to account for the cumulative impacts

of the program.

10 SAS (previously "Statistical Analysis System") is a statistical software suite developed for data management, advanced analytics, multivariate

analysis, business intelligence, and predictive analytics.

11 http://ma-eeac.org/wordpress/wp-content/uploads/Lighting-Outyear-Factor-and-Equivalent-Measure-Life-Update_Final.pdf
12 http://ma-eeac.org/wordpress/wp-content/uploads/Lighting-Outyear-Factor-and-Equivalent-Measure-Life-Update_Final.pdf
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the customer CATI survey and a ROF vs. ER algorithm developed to assign event types to customer lighting
projects and replacement activities. This algorithm and the results are presented below as well as in
Appendix A. Because new construction (NC) event types were not part of this split, the AMLs presented in
this report only represent ER and ROF events.
Replace on Failure
ROF measures are those that replace equipment that has failed and requires replacement. As is discussed in
Appendix A, we considered ROF as the lighting that replaced failed or poorly functioning lighting equipment
during lighting projects or equipment replacement efforts, or other lighting projects that replaced equipment
that would have failed within a year. This includes projects where some, but not all, of the lighting has
failed. In those cases, all of the lighting that is replaced is considered ROF. The AML associated with ROF
measures is equal to ROF lifetime measure savings, which are calculated as follows:

•

𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = (𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑚𝑎𝑟𝑘𝑒𝑡 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑙𝑎𝑚𝑝𝑠 −
𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 ) × ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑢𝑠𝑒

•

𝑅𝑂𝐹 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 × 𝐸𝑈𝐿

Early Replacement
ER measures are subject to dual baseline savings methods, and the lifetime savings are equal to the sum of
the first- and second-period lifetime savings, calculated as follows:

•

𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = (𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 − 𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐸𝐸 ) × ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑢𝑠𝑒

•

𝐹𝑖𝑟𝑠𝑡 𝑝𝑒𝑟𝑖𝑜𝑑 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 × 𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑈𝑠𝑒𝑓𝑢𝑙 𝐿𝑖𝑓𝑒

•

𝑂𝑢𝑡𝑦𝑒𝑎𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 =

•

𝑆𝑒𝑐𝑜𝑛𝑑 𝑝𝑒𝑟𝑖𝑜𝑑 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = Outyear factor × 𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 × (𝐸𝑈𝐿 − 𝑅𝑈𝐿)

•

𝐸𝑅 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐹𝑖𝑟𝑠𝑡 𝑝𝑒𝑟𝑖𝑜𝑑 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 + 𝑆𝑒𝑐𝑜𝑛𝑑 𝑝𝑒𝑟𝑖𝑜𝑑 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠

(𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐸𝐸 −𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐹𝑢𝑡𝑢𝑟𝑒 𝑚𝑎𝑟𝑘𝑒𝑡 𝑎𝑣𝑒𝑟𝑎𝑔𝑒,𝑛𝑜 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 )
(𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 −𝐿𝑎𝑚𝑝 𝑤𝑎𝑡𝑡𝑠𝐸𝐸 )

Program Lifetime Gross Savings and AML
Program lifetime gross savings is the sum of the ER and ROF program lifetime gross savings divided by the
sum of the ER and ROF first year annual savings:

•

𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = (𝑅𝑂𝐹 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 ∗ ROF 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑎𝑣𝑖𝑛𝑔𝑠) +
((1 − 𝑅𝑂𝐹 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛) × ER lifetime savings)

•

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑙𝑖𝑓𝑒 (𝐴𝑀𝐿) =
Program lifetime gross savings
((𝑅𝑂𝐹 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛∗ROF 𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠))+((1−𝑅𝑂𝐹 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛)∗𝐸𝑅 𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠)

2.4.1 ER vs. ROF: computer-assisted telephone interviews
The primary purpose of the CATI survey was to recruit small and medium establishments for on-site
surveys. However, this survey also included a battery of questions that were used to develop an algorithm
for determining the shares of lighting installations that are NC, ER, and ROF. Since we were concerned about
burdening large establishments with calls from a CATI firm, we chose not to include the large establishments
in the CATI survey. Because of that, these results only reflect the responses from small and medium
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establishments; however, the resulting factor was applied to the entire market which includes large
establishments since it was the best estimate available. Large establishments tend to be participants13 and
therefore the early replacement fraction may be slightly higher than these results had the large
establishments been included in the survey leading to a slightly lower AML. The full algorithm methodology
and results are presented in detail in Appendix A.

3

ANALYSIS AND RESULTS

The following section presents results from each of the data collection and analysis tasks for each lighting
application evaluated for this 2019 study: ambient linear, high/low bay, and building exterior/outdoor. The
results include saturation estimates from the on-site inventories and Model forecasts, market share
estimates from the trade ally surveys and Model forecasts, and the resulting AML estimates. Each subsection
also includes a comparison of the results to other lighting research conducted in either Massachusetts or
other jurisdictions.
Figure 3-1 presents the breakdown of installed lighting fixtures in 2019 by lighting application type and
participant status.14 These breakdowns are based on the 2019 on-site surveys. We estimate that there are
approximately 13.7 million ambient linear fixtures, 4.6 million high/low bay, and 0.5 million exterior/outdoor
fixtures installed across the C&I market. The sample design did not stratify the population by building type,
so it is likely that inventorying a different mix of building types could yield a different share of fixtures
across lighting applications.
We note that the only building exterior/outdoor lighting observed in this study was outdoor equipment
associated with an account included in the establishment that we surveyed. It is likely that the estimated
stock of building exterior/outdoor fixtures would be higher if we specifically targeted establishments (like
parking garages or parking lots) with those types of lighting equipment. This is likely also true for the
high/low bay application. While we did visit manufacturing and warehousing establishments, we did not
intentionally design our sample to include sites more likely to have high/low bay lighting. We did not
observe many mogul-based LED lamps at these sites but expect there is likely more diversity in high/low
bay technologies installed across the Massachusetts C&I market than what we observed. To account for this,
we also used nation-level estimates15 to make sure that the Model includes these types of technologies. We
present the estimated volume of these lighting applications in Figure 3-1 based on the on-site surveys, but
note that the AML calculation only considers the mix of equipment types within an application and not the
volume.

13 http://ma-eeac.org/wordpress/wp-content/uploads/Final-2017-CCPS-report.pdf
14 The 2018 study focused on the lamp-level data and separated results in linear and non-linear results. It became clear that this binary division and

focus on lamps did not allow for an adequate understanding of the entire C&I market and the diversity in product offerings. However, to make
sure the size of the 2019 installed stock was similar to 2018, we calculated the total number of lamps in 2019 to compare to 2018. In 2019,
there were 42,606,759 total lamps installed across the three lighting applications shown above. By comparison, 2018 results showed that there
was a total of 40,862,947 total linear lamps installed in 2018. We assume that the differences between these numbers is because of both new
construction as well as the linear category not encompassing all the lamps that the 2019 applications include.

15 https://www.energy.gov/sites/prod/files/2020/02/f72/2019_ssl-energy-savings-forecast.pdf
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Figure 3-1. Total installed stock of lighting fixtures in 2019 - on-site surveys

As noted above in section 2.1, the team inventoried the 2019 lighting stock at three large establishments
and included saturation data from six large establishments inventoried in 2018 to augment the 2019
inventory results. To adjust the saturation in these six sites, the DNV GL team applied a time adjustment
factor to 2018 saturation based on the linear LED saturation growth rate observed for small and medium
sized establishments between 2018 and 2019. The results of this adjustment are shown in Figure 3-2. The
saturation data presented in the rest of this section do not include the time adjusted saturation as the team
felt there was too much uncertainty associated with comparing linear lamps to ambient linear applications in
small and medium establishment and applying that growth rate to the saturation of ambient linear, high/low
bay lighting, and exterior/outdoor applications in large establishments. Similarly, applying this time
adjustment did not dramatically change the overall saturation rates of LEDs. These figures instead use the
unadjusted saturation estimates presented in Figure 3-2.
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Figure 3-2. 2019 LED saturation with large establishment time adjustment

3.1 Ambient linear

Ambient linear fixtures consist of common recessed, suspended, or surface-mounted fixtures intended to
provide ambient lighting in settings such as office spaces, schools, retail stores, and other commercial
environments. Historically, this lighting application was dominated by fluorescent lighting (T12, T8, and T5),
and while the trend had been to replace inefficient T12s with higher efficiency T8s and T5s, the market is
now trending, with help from program-induced acceleration, towards replacing all fluorescents with TLEDs
and, most recently, LED integrated fixtures.
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3.1.1 Ambient linear saturation
In ambient linear applications, TLEDs and LED integrated fixtures continue to replace
fluorescent technologies at a rapid pace, with LED integrated fixtures growing at a faster rate
than TLEDs. It appears that most of the replacement is happening in the T8 market as we
continue to see T12s persist in both the installed market and customer equipment requests.
Figure 3-3 shows the overall market saturation of ambient linear lighting technologies, as well as saturation
by participant status. The overall market estimate is the fixture-weighted combination of participant and
non-participant saturation. The saturation of ambient linear LED technologies in 2019 was 48%, up from
26% in 2018.16 This is also very close to the 44% saturation that the previous version of the model had
forecasted for 2019. Fluorescent T8 saturation was 39%, down from 48% in 2018, no longer comprising the
largest share of ambient linear fixtures. While this represents substantial growth in LED saturation between
2018 and 2019, it is important to note that 2018 saturation represents all linear lamps and not just those in
ambient linear applications.
At participant establishments, total linear LED saturation accounts for 63%, nearly double that of nonparticipants. Table 3-1 summarizes 2019 LED saturation in ambient linear applications by participant status
with absolute and relative precision at the 90% confidence level.17

16 The 2018 analysis evaluated linear lighting as a whole and not disaggregated into application type.
17 Because the saturation estimates are generally less than 40%, we recommend focusing on the absolute precision rather than the relative precision;

however, this memo reports both absolute and relative.
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Figure 3-3. Saturation of ambient linear technologies – 2019
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Table 3-1. 2019 ambient linear LED saturation and relative precision

LED
Integrated
Fixture

TLEDs

Observed
LED
Fixtures18

Mean

Upper CL

Lower CL

Market

8,271

19.7%

25.7%

Non-Participant

1,117

15.6%

23.9%

Participant

7,154

26.1%

Market

9,697
493
9,204

Non-Participant
Participant

3.1.1.1

Absolute
Precision (at
90% Confidence)

Relative
Precision (at
90% Confidence)

13.7%

± 6%

± 30.6%

7.3%

± 8.3%

± 53.3%

33.0%

19.3%

± 6.8%

± 26.1%

27.6%

39.0%

16.1%

± 11.4%

± 41.5%

21.7%

40.0%

3.5%

± 18.3%

± 84.1%

36.6%

46.6%

26.5%

± 10.1%

± 27.5%

Modeled saturation

Figure 3-4 and

18 The observed LED fixtures represents the unweighted number of fixtures for that application and equipment type combination that were observed

by on-site surveyors during this research effort. Non-participant counts are less than participant counts for three reasons: we visited fewer nonparticipant sites, non-participants have a lower saturation of LEDs, and non-participants tend to be smaller and thus have fewer fixtures on
average compared to participants.
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Figure 3-5 show the saturation of ambient linear lighting equipment in the program and program-ending
scenarios. In the program scenario, we forecasted that LED saturation increases more rapidly than in the
program-ending scenario, especially LED integrated fixtures. In the program-ending scenario, adoption of
LED integrated fixtures is much slower after 2018 (when the program ends) compared to the program
scenario because the incremental cost of the fixtures is much harder for customers to overcome once
incentives are removed. In the program-ending scenario, TLEDs comprise a larger share of the forecasted
installed stock than integrated fixtures, likely due to their lower up-front cost absent an incentive. In the
program scenario, we estimated the total LED saturation to be about 32% in 2018 compared to the 26% in
2018 based on the on-site saturation of linear LEDs. While this is higher than the linear rate of LEDs, the
application is more specific than the generalized linear category from last year that likely included other
types of linear lamps that were installed outside the ambient linear application. For 2019, we modeled
saturation at 46% split between TLEDs (27%) and LED integrated fixtures (19%). This is slightly less than
the 48% calculated from the on-site surveys but well within the margin of error. This also represents a steep
increase in integrated fixtures. In both scenarios, we continue to see a presence of T12s and T5s just like
the on-site data from 2018 and 2019 indicating the high market barriers for these end-users to convert to
LEDs. T8s become mostly obsolete in the program scenario by 2023, while they continue to make up about
9% of fixtures through 2026 in the program-ending scenario.
Figure 3-4. Model forecasted saturation of ambient linear technologies - program
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Figure 3-5. Model forecasted saturation of ambient linear technologies - program-ending
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3.1.2 Ambient linear market share
3.1.2.1

Massachusetts reported market share

As shown in Figure 3-6, both manufacturers and distributors noted that the market share of ambient linear
LED technologies is currently, and would remain, at 95% or higher if the PAs continued their program
support for this equipment. Each respondent group also indicated that the market share of integrated LED
fixtures would increase through 2023, though the growth in this market is more pronounced with program
support than if the program ceased to support these technologies after 2019, largely due to the cost of
purchasing and installing this equipment compared to TLEDs. Distributors interviewed in 2013 to support the
Massachusetts LED Market Effects Baseline Study indicated that LED products accounted for 34% of their
linear equipment sales and 8% of contractors’ linear lighting installation projects 19, 20. Note that the market
share forecasts presented below do not include estimates of volume of sales. So, while both sets of trade
allies indicated that the market share for LED products would continue to increase in both a program and
program-ending scenario, it’s unclear how much the program would impact the overall volume of LED sales.
On the other hand, the trade allies diverged in their opinions on what the market share of LEDs would look
like in the absence of the program. On average, distributors felt that while the market share of LEDs would
increase over time absent program support, total LED market share would be roughly 15-20% lower without
the program. Manufacturers did not predict a noticeable difference in overall LED market share absent the
program. We note that the survey asked about LED sales and market share in general, and not programqualifying LEDs specifically. As noted below in comments gathered from survey respondents, some
respondents believe that LED sales would continue without the program but might shift to a higher
proportion of TLEDs compared to LED fixtures, or might lead to the proliferation of cheaper, lower quality
LEDs.

19 We note that distributor market share is based off the unweighted results of 10 distributor interviews and the contractor installation share is based

off the weighted results of 43 contractors.

20 http://ma-eeac.org/wordpress/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-Draft.pdf
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Figure 3-6. Market share of ambient linear technologies - 2019-2023

Feedback gathered from distributor and manufacturer on their LED market share predictions for the ambient
linear lighting market are detailed below:
Why Absent Program Support, Non-LEDs Might Persist in Ambient Linear Lighting Market: The
lighting distributors and manufacturers who forecasted that non-LEDs would still have a presence in the
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ambient linear market if the program discounts went away mostly explained that the program discounts
reduce price barriers that might otherwise discourage retrofits. Some representative comments included:
•

“Bottom line is this, when you tell somebody, for any lighting fixture, [that it’s going to be] for low
price it’s a no brainer. … Obviously, LED has caught on, but one of the things that makes it go is the
pricing.”

•

“Rebates don’t incorporate installation cost. Hiring an electrician curtails a lot of companies. … I
think sales will drop off significantly [without discounts], people won’t do anything.

•

“I’m not going to sell [LEDs] if there are no discounts. Even with rebates on bulbs, they’re still a lot
of money.”

•

“Incentives help people absorb the cost of changing the whole fixture.”

•

“Fixture incentives bring cost down enough where customers are willing to replace them.”

•

“They shouldn't cut [the discount], it is about as low as it can go. We would see market collapse if
there are no discounts.”

•

“In my experience, when there’re no discounts on any technology, end users go for least expensive,
which is replacing a fluorescent tube with either type A or B. Some would go to other ambient. For
office space, school, small business, where most ambient linears are used, we would see fixtures
used more if incentivized.”

•

“Many customers are still driven by least first cost. Without incentives [it would] drive them more to
least cost options.”

•

“Some people will retrofit strictly for energy savings. … Those folks would do nothing absent
incentives.”

•

“The marketplace knows about these Massachusetts programs … We get significant incentives with
these measures, and they’re really, really helpful.”

One distributor also mentioned that some customers are just reluctant to give up on their older lighting
technologies. “I think the mix will be pretty consistent because some people just don’t change things. I’m
still selling T12s. I have to buy them in DX, CWX models so they don’t meet criteria of banned substance
[they are EISA exempt], but they are expensive and hard to get.”

Why LEDs Might Continue to Grow in the Ambient Linear Lighting Market Even without Program
Support: The lighting distributors and manufacturers who forecasted that LED market shares would
continue to grow in the ambient linear market, even if the program discounts went away, pointed to lower
LED prices, improved LED product quality and customer awareness, a new construction market which is
primarily LEDs, and the limited availability of non-LED product options. Some representative comments
included:
•

“[The market share proportions] would be almost the same [without the program]. The splits are
going to be the same because the price has come down and the LEDs are better. … Most sales I’m
going to categorize as new, not a one-for-one replacement --- 75% new, 25% retrofit. You can’t

DNV GL – www.dnvgl.com

March 16, 2020

Page 26

even get a fluorescent fixture anymore in Massachusetts… People are buying LEDs anyway. There
are no effects from the rebates on new construction.”
•

"Just the way [the LED market] is moving on its own. The programs help it to move faster, but over
time it will continue to move that way.”

•

“No change [in LED market shares] absent the discounts because the market wants them.”

•

“The market will be demanding more energy efficient systems, even without incentives. Overall
awareness is increasing.”

Some manufacturer representatives claimed that the Massachusetts program impacts were more limited
because they were not reaching the whole state lighting market. “People are unaware of the program, or
don't have time for it,” said one representative. “Customers don’t want to do the paperwork,” said another
representative. He clarified that this paperwork barrier was more significant for the custom or prescriptive
programs than for the upstream program. A third manufacturer representative thought the Massachusetts
upstream program was probably capturing all the distributor sales but there was a share of lamps being sold
online that the program was not capturing.
Other Program Effects on the Ambient Linear Market: Several distributors said that if the program
discounts went away, their proportion of TLED sales would increase compared to the LED fixtures. They
explained this was due to LED fixtures having higher installation costs than TLEDs. They hypothesized that
without program discounts, some customers would be unwilling to absorb these higher installation costs.
“TLEDs are the least expensive [LED option] without incentives,” one manufacturer representative observed.
One distributor said that the removal of the discounts would impact the smaller lighting retrofit projects
more than the larger retrofits. He explained that larger lighting retrofits are usually part of custom projects
where the project’s return on investment is based on multiple factors with the cost of lighting being only one
component. Some distributors and manufacturers observed that while the absence of discounts might cause
some customers to delay lighting upgrades a few years, eventually product failure would force them back
into the lighting market.
Some of the suppliers claimed that if the program discounts went away, the quality of the LED lamps would
decline. “Absent the program, people are going to put up the biggest piece of junk. You’re not going to drive
the technology,” said a manufacture representative. “[Without the program discounts] you’re going to see
lots of sales of non-DLC [lighting], a lot of garbage going out there. I guarantee you that,” said a distributor.

3.1.2.2

Summary of additional linear lighting sales data sources

The DNV GL team also reviewed the 2015-2018 program tracking data for all PA programs (both upstream
and downstream programs) supporting C&I lighting technologies and identified 2,960,484 TLED lamps and
1,138,647 LED integrated fixtures sold through the programs during this time; the annual program sales are
shown in Figure 3-7. We recommend the reader use caution when reviewing this data in comparison to other
Massachusetts data, however. The team used the “end use verbose” field in the tracking to categorize these
program records into TLED and integrated fixtures and determine if they should be included in the ambient
linear application category. Furthermore, the quantity values contained in the tracking data can sometimes
refer to a project in which there are multiple lamps and fixtures, a single lamp or fixture, or a package of
lamps.
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Despite the uncertainty associated with the data, the overall trends observed across time in Figure 3-7 are
similar to those observed by Massachusetts trade allies and national-level trends shown below in Figure 3-8;
sales of linear LED products are increasing over time and especially for LED integrated fixtures, which
comprise a growing share of the PA’s programs. In 2017, integrated fixtures represented 22% of linear LED
program sales; in 2018 they represented 39% while total sales of TLEDs decreased for the first time since
2015.
Figure 3-7. Linear volume in LED sales from the program tracking data - 2015-2018

Table 3-2 provides a comparison of the model’s forecasts to other lighting research conducted in
Massachusetts including the program tracking data21 and the 2018 Upstream LED NTG study.22 The NTG
study provides a 2019 prospective NTG value estimated using a consensus group approach. We first
assumed that the difference in the model scenarios (program and program-ending) for 2019 represents
2019 net sales.23 We then estimated actual net sales by applying the 2019 NTG rate to estimated gross
2019 program sales. As 2019 tracking data is not yet available, we applied a program growth rate24 to the
2018 tracking data to estimate what program sales might look like in 2019.
Table 3-2 shows that the difference between the net program sales from the model and estimated net sales
from the tracking data approach is only 7%. This table also shows that the total stock of ambient linear LEDs
is estimated to be about 6.5 million fixtures in 2019. Based on program sales between 2015-2018, we
estimate that the program accounted for 37% of the total installed stock. However, this does not include any
ambient linear tracking sales in 2019; including our estimated 1.5 million 2019 gross fixture sales estimate
would suggest 60% of installed fixtures went through a PA program.

21 Determining the lighting application and the quantity from the program tracking data can be difficult to determine since it is not always clear where

a fixture is being installed and whether the quantity variable applies to the number of lamps/fixtures or the number of packages associated that
that tracking observation. These numbers are based on best guesses associated with over 5 million tracking observations.

22 http://ma-eeac.org/wordpress/wp-content/uploads/P78_MACI_Upstream_LED_NTG_Report_FINAL_2018.10.18.pdf
23 We could not use the differences in the 2018 scenarios since the scenarios are identical in 2018.
24 This growth rate that we assumed was based on the growth rate between 2017 and 2018.
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Table 3-2. Comparison of Model ambient linear forecasts to other lighting research
Ambient Linear
(2018 Actual)
Gross Tracking Sales

Ambient Linear
(2019 Adjustment)

952,408

1,515,631

0.8

0.8

761,926

1,212,504

2019 Model LED Sales (Program Scenario)

n/a

2,560,932

2019 Model LED Sales (Program-Ending Scenario)

n/a

1,259,218

Model Net Sales

n/a

1,301,714

Difference

n/a

89,210

n/a

7%

LED Stock (2019)

n/a

6,481,258

Gross Program Sales (2015-2018)

n/a

2,372,182

Program Accounting %

n/a

37%

NTG
Net Program Sales
Model Scenarios

While we asked distributors and manufacturers to discuss their current and forecasted sales of LEDs with
and without program support, Figure 3-8 presents national level market-share and sales volume trends for
linear tubes. This data displays sales trends for linear tube equipment only and does not include information
on LED integrated fixture sales.25 This information suggests that amongst linear tubes, national sales of
TLEDs have been increasing steadily since mid-2014, though at a slower rate than what has been observed
in Massachusetts. According to the distributors that we talked to, TLEDs comprised roughly 90% of linear
lamp sales in 2019.26 These charts also show that, while declining, sales of T12s persist in the national
market, further supporting the notion made by the Massachusetts distributor who noted that there is still a
market for these products. This information also supports the observations DNV GL made in 2018 and 2019
that a sizable number of T12s persist in the installed stock27. While these lamps offer an opportunity for
savings, the PAs should work to understand what drives people towards these products and how and
whether programs can overcome those drivers.

25 Multiple attempts to contact NEMA for additional details were unsuccessful.
26 This is derived from the distributor data presented in Figure 3-1 above where 51% of ambient linear equipment sales are TLED and 6% are other

types of linear lamps. LED integrated fixtures were excluded in that calculation.

27 T-12 saturation was estimated to be 13% in 2018, based on 170 commercial and industrial on-site lighting inventories. http://ma-

eeac.org/wordpress/wp-content/uploads/P78_MACI_Comprehensive_Lighting_Inventory_Memo_FINAL_2019.04.17.pdf
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Figure 3-8. Linear fluorescent lamp and TLED market shares and indexes (2011-Q12019)28

Figure 3-9 shows how sales of linear lamp equipment amongst distributors in the Northwest (Idaho,
Montana, Oregon, and Washington) has changed between early 2015 and the middle of 2019. In these
states, the Northwest Energy Efficiency Alliance (NEEA) supports the adoption of energy efficiency lighting
through the reduced wattage lamp replacement program, so sales trends observed in this figure are
influenced by this and other program efforts. In the aggregate, across this time period, sales of TLEDs have
increased while the relative share and volume of standard 32W T8s have decreased.

28 https://www.nema.org/Intelligence/Indices/Pages/Linear-Fluorescent-Lamp-Indexes-Continue-Year-Over-Year-Decline-in-First-Quarter-2019-

while-T-LED-Market-Penetration-Increa.aspx
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Figure 3-9. NEEA distributor linear lamp sales (January 2015-July 2019)29

3.1.2.3

Modeled market share

In the ambient linear application, the program continues to play a role in influencing the
market. One of the largest impacts is associated with the split in TLEDs and LED integrated
fixtures. With program incentives, LED integrated fixtures become the dominant technology
in 2023, whereas TLEDs remain the dominant technology in the program-ending scenario.
While the primary point of calibration in the model is saturation, we also ensured the modeled market share
was similar to what was reported by manufacturers and distributors. Overall, trade allies reported a higher
level of LED market share in both the program and program-ending scenarios than what was forecasted in
the Model, shown in the market share figures below. While we believe the individual responses reflect their
situation, the model indicates that there are installed lamps that burn out30 and are replaced with existing
technology, based on customer economics. Because of this, we assume that end-users are purchasing nonLEDs (or taking them from storage) from elsewhere in the market. It is also likely that the trade ally results
do not reflect the entire sales stream. We first note that the trade ally samples were based on participants
from the Upstream Initiative and may sell more LEDs than the general population as a result. We also noted
that it is likely that customers are purchasing lamps from other sales channels; during the 2018 Upstream
LED NTG study, 44% of customers indicated that they purchased the majority of their lighting equipment
from distributors, while 16% purchased most of their equipment from large home improvement stores and
another 10% from electronic stores.31
Note that the market shares reflected below from 2016-2018 are identical in the program and programending scenarios. After program support is removed in 2019, the LED market share in the program-ending
scenario is less than the 2018 market share as the cost to the customer increases due to the suspension of
incentives.
Figure 3-10 and Figure 3-11 show the market share forecasts for ambient linear technologies in the program
and program-ending scenarios. In the program scenario, TLEDs and LED integrated fixtures show rapid
29 https://public.tableau.com/profile/neea#!/vizhome/CommercialLightingSalesandPricingDashboard/DashboardOverview
30 The model assumes that the burnout rate is equal to 1/EUL. The EUL is calculated in the model as the product of the building-specific lighting hours

of use over the lamp lifetime operating hours.

31 http://ma-eeac.org/wordpress/wp-content/uploads/P78_MACI_Upstream_LED_NTG_Report_FINAL_2018.10.18.pdf
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increases through 2020, whereas they take a step back in the program-ending scenario starting in 2019.
Without the program incentives, market share of LED integrated fixtures increases slowly but never
surpasses TLEDs. In the program scenario, non-LED technologies make up 34% of the market share in 2019
compared to the 6% and 2% that distributors and manufacturers reported. In the program-ending scenario,
we see a higher share of non-LED technologies (54%) with the smaller contribution of LED integrated
fixtures and TLEDs.
Figure 3-10. Model forecasted market share of ambient LED technologies – program

Figure 3-11. Model forecasted market share of ambient LED technologies - program-ending
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3.2 High/low bay

High and low bay lighting consists of pendent, recessed, or surface-mounted fixtures designed to provide
light in spaces with indoor high ceilings. High bay lighting is used in spaces greater than 25 feet, and low
bay lighting is used in spaces less than 25 feet. Nationally, the high/low bay submarket represents 16% of
all lighting energy use, providing a significant opportunity for energy savings.32 Historically, this submarket
was dominated by linear fluorescent fixtures, but LED products have quickly caught up, replacing both linear
fluorescent and high intensity discharge (HID) lamps like metal halides and high pressure sodium lamps.
In the high/low bay application, the dominant technology type is linear; an opportunity
exists for TLEDs and LED integrated fixtures to replace the T8s and T12s that continue to
persist in the market. However, current saturation estimates suggest the market has already
converted many of these sockets to LED technology. Both manufacturers and distributors
indicated that future LED market share would not change substantially if the program were
to end.

3.2.1 High/low bay saturation
In high/low bay applications, surveyors found that LEDs accounted for the majority of the installed stock in
both participant and non-participant facilities, though participants had a slightly higher saturation of LEDs
than non-participants. As shown in Figure 3-12, across the C&I market, 66% of high/low bay lighting
fixtures contain LEDs, 94% of which use TLEDs. The use of LED integrated fixtures in high/low bay
applications is higher in participant establishments than non-participants; 9% of high/low bay LEDs in
participant sites are integrated fixtures compared to 2% for non-participants. Given the operations and
maintenance savings associated with installing LEDs in high/low bay applications, it is not entirely surprising
that saturation is high amongst non-participants as well as participants. Feedback from distributors and
manufacturers discussed below in section 3.2.2.1 support this finding as well. Table 3-3 summarizes 2019
LED saturation in high/low bay applications by participant status with absolute and relative precision at the
90% confidence level.

32 https://www.energy.gov/sites/prod/files/2020/02/f72/2019_ssl-energy-savings-forecast.pdf
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Figure 3-12. Saturation of high/low bay technologies – 2019

Table 3-3. 2019 high/low bay LED saturation and relative precision

LED
Integrated
Fixture

Market
Non-Participant
Participant
Market

LED Lamp

Non-Participant
Participant

TLED

3.2.1.1

Observed
LED
Fixtures

Mean

Upper CL

Lower CL

Absolute
Precision (at
90% Confidence)

Relative
Precision (at
90% Confidence)

1,660

4.5%

7.8%

1.1%

± 3.4%

± 75.3%

153

2.2%

4.5%

0.0%

± 2.3%

± 102%

1,507

9.3%

17.3%

1.3%

± 8%

± 86%

42

0.1%

0.3%

0.0%

± 0.2%

± 124.7%

5

0.0%

0.1%

0.0%

± 0.0%

± 150.0%

37

0.3%

0.8%

-0.1%

± 0.5%

± 140.3%

Market

2,207

62.2%

83.7%

40.7%

± 21.5%

± 34.5%

Non-Participant

1,075

60.7%

91.3%

30.2%

± 30.6%

± 50.3%

Participant

1,080

65.5%

85.9%

45.1%

± 20.4%

± 31.1%

High/low bay modeled saturation

Figure 3-13 and Figure 3-14 show the forecasted saturation of high/low bay technologies in the program and
program-ending scenario. We saw a higher starting point for LED saturation and a higher prevalence of
TLEDs compared to LED integrated fixtures, mostly due to costs and availability in the market. Like the
ambient linear application, there is a consistent presence of T12s, indicating most of the LED saturation is
likely replacing T8s, metal halides and high-pressure sodium fixtures. A significant amount of this
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replacement occurs between 2016 and 2018 when the scenarios are in parallel, so the main difference
between the scenarios is the rate of replacement of T8s after 2018. While we did not observe many LED
lamps or HID lamps, we assumed that these lamps still exist in the market and thus were included in the
model. The program scenario includes a higher rate of adoption of LED lamps (large moguls) and LED
integrated fixtures compared to the program-ending scenario because of the significant program incentives
associated with these products. The program scenario forecasts an overall saturation rate of 57% LED
technology compared to the 66% observed during the 2019 on-site surveys because of the inclusion of HID
lamps in the early years that were not observed during the 2019 on-site surveys.
Figure 3-13. Model forecasted saturation of high/low bay technologies - program
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Figure 3-14. Model forecasted saturation of high/low bay technologies - program-ending

3.2.2 High/low bay market share
3.2.2.1

Massachusetts reported market share

Sales of LED products for high/low bay applications have had a noticeable impact for the last decade and, as
shown below in Figure 3-15, comprise the vast majority of the market today. Similar to the market share
trends discussed above for ambient linear technologies, distributors also anticipated that the PA programs
would have a larger impact on market growth for LED products in high/low bay applications than the
interviewed manufacturers. While both groups acknowledge that the current market share of LEDs in this
application category is extremely high (>95%), distributors again anticipate market share would be 15-20%
lower without PA support; manufacturers only anticipated a 5% reduction in market share under this
scenario.
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Figure 3-15. Market share of high/low bay technologies – 2019-2023

Feedback gathered from distributor and manufacturer on their LED market share predictions for the high/low
bay lighting market are detailed below:
Why Absent Program Support, Non-LEDs Might Persist in High/Low Bay Lighting Market:
Distributors and manufacturers who predicted that non-LEDs would still maintain market shares absent the
discounts mostly pointed to the favorable impacts of the large program discounts on project economics,
especially when the maintenance savings of the longer-lived LEDs were factored in. Some distributors also
mentioned that customers who recently retrofitted their HID fixtures to fluorescent T8s or T5s are reluctant
to upgrade again so soon. One smaller distributor said that the program discounts allowed him to compete
with the larger volume distributors. Some representative comments included:
•

“Rebates are so big you’re basically getting the fixture for close to nothing, and frequently they have
to maintain the others [the legacy lighting] so it makes much more sense to refit with an LED than
to service a fluorescent or HID installation.”
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•

“Obviously, LED has caught on, but one of the things that makes it go is the pricing … [with the
discounts] you can sell a $150 high bay for $20."

•

“High bays – I never sold them before, never. The high bay [sales] were going to the big guys, for
the big job quotes, the big guys had a better pricing. But when you’re dealing with rebates, they
can’t go down any lower and I can compete. It’s great for the little guys. With the rebates we’re
more on an even playing field with this product.”

•

“I get a decent rebate for those so that can make a difference.”

•

“I’m only offering LEDs in the high bay application [due to the discounts].” He claimed he would lose
money selling LEDs in other lighting applications besides high bay.

•

“They would go back to metal halide [without the discounts]. … I already took a hit [in sales] when
they dropped the incentive on LEDs.”

•

“There are a lot of fluorescent high bays … our customers are less likely to upgrade from an upgrade
they did a few a years ago. People would sit pat on T5 [lighting].”

•

“[Without discounts, customers] might look to repair T5s, T8s instead of replacing with LEDs.”

•

“Incentives are driving this market substantially right now.”

•

“Most of our stuff is retrofit … Retrofit would dry up absent incentives.”

Why LEDs Might Continue to Grow in the High/Low Bay Market, Even without Program Support:
The lighting distributors and manufacturers who forecasted that LED market shares would continue to grow
in the high/low bay market, even if the program discounts went away, pointed to the decreased availability
of non-LED high/low bay lighting. They also claimed that the maintenance savings from longer-lived LEDs
could improve high bay project ROIs without the discounts. Some representative comments included:
•

“While somebody might not retrofit if the cost is too high and may just wait, realistically, 95% would
still go forward. No one’s buying HID because of [shorter] life and wattage. The reason people
change is they are sick of changing light bulbs. Even if there are no rebates, they will still do it for
maintenance saving. They will change them for all the reasons they use LEDs—energy savings, long
life and low heat.”

•

“You can’t get non-LED high bays anymore, or high-pressure sodium wall packs. I tried, had a
customer who didn’t want to change and just you cannot get it. You cannot sell non-LEDs anymore
because they aren’t being made.”

•

“I can sell the project ROIs on these [high/low bay projects] easier, and can get them financed, as
opposed to general ambient lighting.”

•

“Customers who buy these are not impacted by discount.”

3.2.2.2

Summary of additional high/low bay sales data sources

The DNV GL team estimates that PA programs sold 239,977 LEDs for high/low bay applications in 20152018. The annual program sales of these products are shown in Figure 3-16. Based on the on-site surveys,
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we estimated that in 2019, the installed stock of high/low bay applications in facilities included roughly
3,086,462 fixtures. This information suggests that 8% of the LEDs installed in high/low bay applications
were sold through the program in 2015-2018. As the program’s efforts to promote this equipment increased
in 2018, we expect that the share of program supported high/low bay LEDs would be larger if 2019 program
sales were included. It is also possible that linear fixtures in the program tracking data were classified as
ambient linear but should be included in the high/low bay application, which would also increase the % of
program supported high/low bay LEDs.

Figure 3-16. High/low bay volume in LED sales from program tracking data - 2015-2018

Contractors interviewed in support of the 2011 Massachusetts High Bay Lighting Market Effects Study
indicated that 15% of recent high bay lighting installation projects included “other” technologies such as
LEDs, while their counterparts in a non-program comparison area noted only 2% of recent projects included
“other technologies”.33,34 Massachusetts contractors later reported that 15% of their 2013 high bay lighting
installation projects included LEDs; in a comparison area, the LED share increased to 4%.35 Likewise,
distributor reported market share in Massachusetts was less than 5% in 2011 and was 34% in 2013; in the
comparison area, distributor reported market share of LEDs for high bay lighting applications was 3% in
2012. While these responses are not statistically significant, these findings, compared in relation to the
market share forecasts and program sales presented above, also suggest that while the program previously
focused on promoting efficient fluorescent technologies for high and low bay applications, the market for
LEDs in high bay lighting has been increasing and the PAs programs are supporting that growth.
Table 3-4 provides a comparison of the Model forecasts to other lighting research conducted in MA including
the program tracking data36 and the Upstream LED NTG study. The difference between the Model results
and the other lighting research is only about 16%, about 36,000 fixtures. This table also shows that the
total LED stock in 2019 in the program scenario was about 3 million fixtures. If we sum the tracking data
available from 2015-2018, we estimate that the program accounted for 8% of the total installed stock. As
discussed above in the ambient linear section, DNV GL classified tracking data records into application types
33 http://ma-eeac.org/wordpress/wp-content/uploads/High-Bay-LIghting-Market-Effects-Study-Appendicies.pdf
34 These results are not statistically significant at the 90% confidence level.
35 http://ma-eeac.org/wordpress/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-Draft.pdf
36 Determining the lighting application and the quantity from the program tracking data can be difficult to determine since it is not always clear where

a fixture is being installed and whether the quantity variable applies to the number of lamps/fixtures or the number of packages associated that
that tracking observation. These numbers are based on best guesses associated with over 5 million tracking observations.
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based on the “end use verbose field” so it is possible that records classified as ambient linear lighting could
actually be installed in a high/low bay application. This data also does not include any tracking data from
2019.

Table 3-4. Comparison of Model high/low bay forecasts to other lighting research
High/Low Bay
(2018 Actual)
2018 Gross Tracking Sales

High/Low Bay (2019
Adjustment)

131,520

290,998

0.8

0.8

105,216

232,798

2019 Model LED Sales (Program Scenario)

n/a

714,771

2019 Model LED Sales (Program-Ending Scenario)

n/a

518,660

Model Net Sales

n/a

196,111

Difference

n/a

(36,687)

n/a

-16%

LED Stock (2019)

n/a

3,086,462

Gross Program Sales (2015-2018)

n/a

239,977

Program Accounting %

n/a

8%

NTG
2018 Net Program Sales
Model Scenarios

3.2.2.3

Modeled market share

Figure 3-17 and Figure 3-18 show the forecasted market share for high/low bay technologies in the program
and program-ending scenarios. Similar to the ambient linear application, we see a higher rate of non-LED
market share in the Model forecasts compared to the distributors and manufacturers estimates because we
assume a continuance of T12s in the installed stock. Since the saturation of T12s has remained stable over
the last few years, the model assumes that a certain portion of those lamps burn out every year and are
replaced with the same technology. Because the saturation of LEDs in this application is already high and
saturation of T12s is relatively constant, there are limited opportunities for continued growth in LED market
share. One of the main differences between the program and program-ending scenarios is the market share
of LED lamps, like large moguls which replace metal halides and high-pressure sodium lamps.
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Figure 3-17. Model forecasted market share of high/low bay technologies – program

Figure 3-18. Model forecasted market share of high/low bay technologies – program-ending
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3.3 Building exterior/outdoor

The building exterior/outdoor application category includes a diversity of products.
Opportunities to replace metal halide and high-pressure sodium lamps remain, particularly
amongst non-participants. Fewer non-LED options exist in the market, so as lamps and
fixtures burn out, we should expect more customers will replace non-LEDs with LEDs.

This lighting application consists of lamps or fixtures for use outdoors or in locations exposed to outdoor
weather conditions including building exteriors, parking garages, parking lots, or open spaces. As we defined
it for this study, this application does not include area and roadway lighting. The products within this
submarket are diverse and rely on different types of technologies and lumen output levels. The focus of our
research was on the larger or high lumen output lamps used in exterior and outdoor spaces.

3.3.1 Building exterior/outdoor saturation
Figure 3-19 depicts the saturation of exterior/outdoor lighting equipment and shows an overall market LED
saturation of 64% for building exterior/outdoor LEDs. In participant facilities, LEDs comprise 84% of
exterior/outdoor fixtures, twice the non-participant saturation of 42%. LED integrated fixtures are more
prevalent than TLEDs and LED lamps amongst both participant and non-participants, but the saturation of
this equipment is significantly higher at participant establishments. At non-participant sites, metal halides
and high-pressure sodium lamps comprise over half of the exterior/outdoor fixtures. Table 3-5 summarizes
2019 LED saturation in exterior/outdoor applications by participant status with absolute and relative
precision at the 90% confidence level.
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Figure 3-19. Saturation of building exterior/outdoor technologies – 2019

Table 3-5. 2019 building exterior/outdoor LED saturation and relative precision

LED
Integrated
Fixture

LED Lamp

TLEDs

Observed
LED
Fixtures

Mean

Upper CL

Lower CL

Absolute
Precision (at
90% Confidence)

Relative
Precision (at
90% Confidence)

768

59.0%

74.6%

43.3%

± 15.7%

± 26.5%

77

31.8%

55.5%

8.0%

± 23.8%

± 74.8%

Participant

691

77.6%

87.4%

67.7%

± 9.9%

± 12.7%

Market

Market
Non-Participant

112

5.4%

8.3%

2.4%

± 3.0%

± 55.3%

Non-Participant

37

5.2%

10.2%

0.1%

± 5.0%

± 97.1%

Participant

75

5.5%

9.1%

1.9%

± 3.6%

± 65.6%

Market

28

0.8%

1.5%

0.2%

± 0.7%

± 81.3%

0

0.0%

0.0%

0.0%

± 0.0%

± 0.0%

28

1.4%

2.6%

0.3%

± 1.2%

± 81.4%

Non-Participant
Participant

3.3.1.1

Building exterior/outdoor modeled saturation

Figure 3-20 and Figure 3-21 show the forecasted saturation of exterior/outdoor technologies in the program
and program-ending scenarios. There was a rapid adoption of LED technology in this application between
2016 and 2018 replacing a large amount of the installed T8s and metal halides. In the program-ending
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scenario, there is a longer sustained presence of metal halides, high-pressure sodium, and T8s because of
the slower adoption of LED integrated fixtures which make up the bulk of the installed technology. TLEDs
make up a relatively small percentage of this application because of the nature of exterior/outdoor lighting
needs. Similarly, T12s do not make up a major percentage of this lighting application. In 2019, we observed
that about 58% of fixtures were LED integrated fixtures compared to the 35% shown here in the Model. The
difference is mostly accounted for by the HID lamps that we did not observe on-site but likely exist in the
market. Similarly, we observed about 8% of fixtures were T8s compared to the 12% shown in the Model.
Figure 3-20. Model forecasted saturation of building exterior/outdoor technologies – program
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Figure 3-21. Model forecasted saturation of building exterior/outdoor technologies - programending

3.3.2 Building exterior/outdoor market share
3.3.2.1

Massachusetts reported market share

As shown in Figure 3-22, distributors and manufacturers differ in their opinions on how the market for
exterior/outdoor LEDs will develop with and without program support. Distributors identify opportunities for
growth in market share with the program and attribute a portion of current and projected sales to PAs’
efforts. On the other hand, all manufacturers indicated that 100% of their sales in this category moving
forward would be LEDs regardless of the level of program support provided. While manufacturers may
expect to only sell LED exterior products going forward, distributors felt that the up-front cost and diversity
of their stock would impact the market share of LEDs, especially if the program no longer provided
incentives to customers.
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Figure 3-22. Market share of building exterior/outdoor technologies – 2019-2023

For comparison, in 2013, Massachusetts lighting distributors noted that 64% of their outdoor area lights and
50% of their pedestrian outdoor lamp sales were LEDs. Distributors in a comparison area reported market
shares of 39% and 32% at this time, suggesting that program support for efficient lighting played a large
role in accelerating the adoption of LEDs.37
The lighting distributor and manufacturer explanations of their LED market share predictions for the exterior
lighting market resembled those for the other lighting markets. Some suppliers argued that incentives were
needed to spur customer action, and some pointed out that the exterior lighting projects were less likely
than high bay/low bay projects to benefit from maintenance savings.
37 http://ma-eeac.org/wordpress/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-Draft.pdf
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Those who thought LED market share would continue to increase in the exterior lighting market even
without program discounts pointed to the decreasing availability of non-LED options for exterior lighting,
which is supported by manufacturers’ claims that 100% of their exterior product sales are LED. Some
suppliers also thought the program did not impact the exterior lighting market as much other lighting
applications because the program discounts were lower and did not cover medium screw-based lamps. Four
of the manufacturer representatives thought that the exterior lighting market was becoming saturated with
LEDs.
The following are quotes from distributors and manufacturers that support each of these themes:
The importance of the incentives:
•

“Incentives really help overcome first cost barrier for a lot of our customers.”

•

“The cost of exterior fixtures – the ones we sell, we're still stocking the higher end, more quality
products – [is such that] without incentives it’s challenging to convince customer to replace fixtures,
instead of HID and ballast replacement. Even with a rebate it’s still too much of bite.”

•

“Exteriors don’t always have the ROI, only on shorter, motion-activated units.”

•

“This is a tough category to get people into without the incentives.”

•

“Everything is too expensive to just buy without getting anything back.”

The scarcity of non-LED alternatives:
•

“You can’t get them [non-LED options], aside from a two-head floodlight. Some of them will tell you
it’s 4 – 6 weeks [for delivery].”

•

“It’s harder and harder to find things that are not LED.”

Limited program impacts due to lower incentives and no rebates for medium screw-based lamps:
•

“[The program] discounts are not good enough. We could do a lot more exterior [lighting], but
there are not large enough incentives for our customers to make that decision.”

•

“Medium base LEDs are not in the program. Unless the program expands [to include these], no
change [in the exterior lighting market] without discounts.”

Saturation of exterior lighting market:
•

“Outdoor [lighting replacement] is getting to be a no-brainer in the Northeast, due to long burn
hours and existing HID technology … Exterior [market] may have the heaviest saturation.”

•

“The outdoor space is filled up, and we expect decreases in outdoor LED purchases in the next few
years. The indoor market, mainly office space, still has very large untapped potential and is the best
place to drop a dollar to get savings. High bays are the next target where you get savings.”

3.3.2.2

Summary of additional data on exterior/outdoor sales data sources

In reviewing the 2015-2018 program data, the DNV GL team identified 162,389 LEDs sold for use in
exterior/outdoor applications. The annual program sales of these products are shown in Figure 3-23.
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Program sales of exterior LED technologies remained steady at around 35,000 unit-sales per year between
2015 and 2017 but increased by 47% between 2017 and 2018.

Figure 3-23. Building exterior/outdoor volume in LED sales from program tracking data - 20152018

Table 3-6 provides a comparison of the model forecasts to other lighting research conducted in MA including
the program tracking data38 and the upstream NTG study. The difference between the Model results and the
other lighting research is only about 51% different, but only about 33,000 fixtures. This table also shows
that the total LED stock in 2019 in the program scenario was about 350,000 fixtures. If we sum the tracking
data available from 2015-2018, we estimate that the program accounted for 46% of the total installed
stock. Since we did not sample for exterior/outdoor spaces specifically, it’s likely that the installed stock is
actually higher than we estimated and the program accounts for a small portion. This also does not include
any tracking sales in 2019.

38 Determining the lighting application and the quantity from the program tracking data can be difficult to determine since it is not always clear where

a fixture is being installed and whether the quantity variable applies to the number of lamps/fixtures or the number of packages associated with
that tracking observation. These numbers are based on best guesses associated with over 5 million tracking observations.
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Table 3-6. Comparison of Model building exterior/outdoor forecasts to other lighting research
Exterior/Outdoor
2018 Gross Tracking Sales

Exterior/Outdoor
(2019 adjustment)

55,833

81,940

0.8

0.8

44,666

65,552

2019 Model LED Sales (Program Scenario)

n/a

80,696

2019 Model LED Sales (Program-Ending Scenario)

n/a

48,896

Model Net Sales

n/a

31,800

Difference

n/a

(33,752)

n/a

-51%

LED Stock (2019)

n/a

338,908

Gross Program Sales (2015-2018)

n/a

162,389

Program Accounting %

n/a

48%

NTG
2018 Net Program Sales
Model Scenarios

3.3.2.3

Modeled market share

Figure 3-24 and Figure 3-25 show the forecasted market share for exterior/outdoor technologies. Compared
to high/low bay lighting, TLEDs make up a relatively small amount of the fixtures whereas LED integrated
fixtures dominate market share. We see that in the 2016-2018 period, LED market share grew annually. In
the program-ending scenario, there is an initial drop in LED market share when program incentives are
removed. This leads to a larger market share percentage for T8s, high-pressure sodium lamps, and metal
halides compared to the program scenario.
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Figure 3-24. Model forecasted market share of building exterior/outdoor technologies – program

Figure 3-25. Model forecasted market share of building exterior/outdoor technologies –
program-ending

3.4 Adjusted measure lives
The adjustment measure lives calculated from the market share forecasts in the program-ending scenario
are presented in Table 3-7 below. The primary drivers of these AMLs are:
•

The forecasted market share

•

The starting EULs and RULs
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•

The delta watts between the baselines and the efficient technologies

•

The ROF fraction

Adjusting any of these inputs results in changes to the AMLs. For a detailed breakdown of the values and
calculations used, see the associated Excel workbook.
The ROF fraction is the same across all applications and equipment types – 29%. Within an application type,
each LED equipment type has the same baseline, so the AML differences within an application type are
driven by the efficient wattage and the resulting delta watts. If the delta watts between the baseline
technologies and the efficient technologies is smaller, then the AMLs will be smaller than the other
technologies within an application type category. Screw-based AMLs are also presented below, however
these results were based on the April 2019 Model and updated ROF (29%) since no new market information
for this application type was collected during this research effort.
Table 3-7. Recommended AMLs
Application

Equipment Type

2019

2020

2021

Ambient Linear

TLED

10.98

10.68

10.53

Ambient Linear

LED Fixture

11.39

11.13

10.99

High/Low Bay

TLED

13.22

12.96

12.81

High/Low Bay

LED Fixture

13.25

12.99

12.84

High/Low Bay

LED Lamp

13.02

12.73

12.56

Exterior/Outdoor

TLED

10.45

10.32

10.12

Exterior/Outdoor

LED Fixture

10.50

10.37

10.18

Exterior/Outdoor

LED Lamp

10.10

9.96

9.74

Screw-Based

A-Line

4.99

4.82

4.69

Screw-Based

Downlight/Track

5.89

5.88

5.86

Screw-Based

Decorative

4.07

3.99

3.78

4

CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS

4.1 Conclusions
Overall the LED C&I market is continuing to advance, and it will become increasingly difficult to find
opportunities for program savings. We organized the conclusions below into the three lighting applications
studied this year.
•

Ambient Linear: TLEDs and LED integrated fixtures continue to replace fluorescent technologies at a
rapid pace, with LED integrated fixtures growing at a faster rate than TLEDs as a result of PA
program support. It appears that many LEDs are replacing T8s.
o

We continue to see T12s persist in the market. Meanwhile, T5s make up a relatively small
proportion of the total installed stock.
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o

Based on the results of the Model, program incentives are increasing the saturation and
market share of LED integrated fixtures over TLEDs. Based on the Model forecasts, the
market share of LED fixtures overtake TLEDs as the dominant technology in 2023 in the
program scenario, whereas in the program ending scenario, TLEDs remain the dominant
technology through the forecast period.

o

While the market share for LED products will continue to increase through the forecasted
period, it is likely that sales of LED technologies will peak around 2020 or 2021 assuming the
program progresses in a similar fashion.

•

High/Low Bay: the dominant technology type in high/low bay lighting is linear, so the largest
opportunity in this market is for TLEDs and LED integrated fixtures to continue to replace the T8s
and T12s that continue to persist in the market.
o

The market is saturated with LED technologies (66%), so the number of remaining savings
opportunities is shrinking. The program should consider opportunities for more efficient LEDs
or controls.

o

Both manufacturers and distributors indicate that LEDs will comprise the majority of their
sales and there would not be a significant difference in market share if the program were to
end.

•

Building Exterior/Outdoor: there is a lot of diversity of products within this submarket but
opportunities to replace metal halide and high-pressure sodium lamps remain.
o

It’s becoming harder to find non-LED options in the market, so as lamps and fixtures burn
out, customers will be forced to replace non-LEDs with LEDs.

4.2 Recommendations
•

We recommend the PAs adopt the PY2019 retrospective AMLs for all ER and ROF measures reflected
in Table 3-7 for upstream, prescriptive, and custom lighting program installations. NC measures
should continue using the ROF values.

•

We recommend the PAs examine the assumptions applied to the ROF component of the AML
calculations. The current AML calculations for ambient linear, high/low bay, and building
exterior/outdoor lighting use EULs from the Massachusetts TRM which assign LEDs and fluorescent
systems the same lifetime. It has been suggested that the installed fluorescent lamps burn out
quicker than LEDs. Assuming that the time at which fluorescent lamps burn out is less than the EUL,
customers replacing burned out fluorescent technologies would be exposed to a future market
baseline in the year that their lamps burn out. This component of the calculation and how to account
for the different product lifetimes should be reviewed as part of the next round of AML calculations.

4.3 Considerations
The following are suggestions that the PAs should consider when thinking about the future of the C&I
lighting market. Most of these considerations are for additional research or adjustments to the existing
approaches.
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•

Additional Research
o

There continues to be a persistence of T12s across lighting applications. The 2019 saturation
of T12s in the linear category is similar to the 2018 saturation, suggesting that the program
is not reaching these participants. The PAs should consider further investigating what types
of customers are using T12s and why. This can aid the PAs in potentially targeting and
influencing customers who are reluctant to change out T12s.

o

The Model includes a number of inputs based on assumed fixture wattages and prices.
Additional research focused on these inputs would help reduce uncertainty in the Model.
Similarly, expanding this research to also focus on availability of products in the market
(either through web-scraping or manufacturer catalogs) will help provide the PAs with an
understanding of replacement options that are available in the broader market.

•

Methodology
o

The ER vs. ROF algorithm that was developed indicated a higher rate of ROF than was
previously assumed. The PAs should consider using this battery of questions for future
studies and applying it to large customers as well. This algorithm should also include
additional questions to understand the number of projects that are considered NC or major
renovation. Adding this element is necessary to produce AMLs specific to the NC program.

o

The precision associated the LED saturation estimates was relatively large; if the PAs want to
continue with annual saturation studies and want to improve precision, they should consider
expanding the sample size and extending the data collection period to allow for a larger
sample size. To make sure that all lighting applications are represented, the sample design
could include quotas for building types that have high/low bay and/or exterior/outdoor
lighting.

o

The distributor and manufacturer interviews indicated a similar trend in market share but
told different stories about the influence of the program. Since the sample frame was
developed from participants in the Upstream Initiative, it is likely that we did not capture the
entire sales stream. Future interviews should try to target additional manufacturers and
distributors as well as other market actors that participate in the sales process like
pharmacies, big box stores, and online retailers. Similarly, the interview guide primarily
focused on C&I markets. Adjusting the way we ask market share questions, like by asking
about online or retail sales, could yield more comprehensive results.
▪

As market actor surveys did not produce reliable and objective measures of what is
happening with LED sales nationally and in non-program areas, the PAs should also
consider approaching market share questions in an alternative approach to
interviews. This could include deriving program and non-program LED sales from
national-level market share estimates (NEMA, DOE, surveys) combined with statespecific program data.
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APPENDIX A: ER VS. ROF ALGORITHM
The ER vs. ROF algorithm was developed after reviewing the responses to the CATI survey. The goal of the
algorithm was to determine the appropriate split between what types of lighting replacements should be
considered ER and ROF. The ROF fraction (29%) that is used in the AML calculation is only based on
participant responses, however we collected information from both participants and non-participants to help
better understand what was happening across the market.
The questionnaire first assessed whether the facility being discussed qualified as new construction or major
renovation and thus any lighting projects should be considered an NC event. We removed all responses that
fit indicated the facility was NC or major renovation. Figure 0-1 shows the portion of projects that were NC
or major renovation compared to what was existing. This is broken down across the entire market as well as
between participants and non-participants. Overall, we considered two thirds of establishments as existing
construction.
When this survey was first designed, there was some concern that respondents would not know what
qualifies as major renovation. To simplify this question, we asked respondents if they had conducted a major
renovation in the last three years that encompassed more than 50% of the floorspace. For establishments
that also participated in an on-site survey, we had our field staff verify if those that said they conducted a
major renovation in fact did qualify as major renovation. There were 21 respondents that indicated they did
a major renovation and participated in an on-site survey. Of these 21, 17 of them did indeed qualify as a
major renovation while the other 4 were either inaccurate or were a minor renovation. We did not post-code
any of these responses in the results below.
Figure 0-1. Share of establishments considered new construction, major renovation, or existing –
weighted

All respondents from “existing construction” were then asked a series of questions about recent lighting
projects and replacements. Understanding what qualifies as ROF versus ER is challenging in a lighting
setting. It is unlikely that in any situation 100% of the lighting would indeed “fail.” So, to get at
understanding the motivation behind replacing lighting, we tried to understand why someone would replace
lighting and if that is can be categorized into either ROF or ER. For purposes of this survey effort, we viewed
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lighting replacements in two manners: through lighting projects that replace or upgrade a portion or the
entirety of a lighting system, and on an as-needed lamp or equipment replacement. This survey effort
intended to assess the prevalence of these practices and provide more background on what drives a
customer to conduct those projects/replacement. Since the decision-making process is likely different for
customers replacing entire lighting systems versus replacing individual lamps, we inquired about each type
of replacement category separately to further discern if the decision-making processes are different and rate
of ER/ROF differs. Finally, we also assessed the remaining useful life of the lighting system that was
replaced.
The DNV GL Team used the results of the CATI surveys to determine the proportion of the population that
replaced lighting equipment in the last three years and what motivated the replacement. Establishments
that completed a lighting project were placed in the ROF event type if at least one of the following conditions
was met:
•

Company policy to replace lighting on a defined cycle39

•

Motivation to replace lighting due to poorly performing or non-functioning lamps. Two bounds
were considered to account for varying levels of lamp performance:

•

o

Any (0-100%) replaced lighting equipment was poorly performing or non-functioning

o

All (100%) of replaced lighting equipment was poorly performing or non-functioning

Remaining useful life of lighting equipment was less than a year

Establishments that completed lamp replacement on an as needed basis were placed in the ROF event type
if at least one of the following conditions was met:
•

Company policy to replace lighting on a defined cycle

•

Motivation to replace lighting due to poorly performing or non-functioning lamps

Establishments that replaced lighting equipment but did not meet the above conditions were categorized in
the ER event type. A detailed breakdown of CATI survey questions used to define event types can be seen in
Figure 0-2.

39 Policy responses were postcoded to account for discrepancies between survey data and qualitative responses.
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Figure 0-2. Flow chart for ER vs. ROF algorithm
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After determining an establishment’s construction activity type, the survey asked existing construction
respondents a series of questions to determine ER v. ROF splits, the first being whether the respondent had
completed a lighting project or lighting equipment replacements in the last three years. Table 0-1 shows the
number of establishments that replaced lamps according to respondents that only completed a lighting
project, only completed replacements on an as needed basis, those that completed both types, and those
that did neither. A much higher share of participants engaged in lighting projects than non-participants.
Table 0-1. Number of establishments that completed a lighting project or conducted lamp
replacement – weighted

Lighting Project Only
Lamp Replacement Only
Both
Neither

n
42
52
69
46

Participant
Ratio
22%
23%
31%
24%

Non-Participant
n
Ratio
19
7%
32
19%
20
14%
56
60%

n
61
84
89
102

Overall
Ratio
10%
20%
18%
52%

The survey also asked establishments that reported they conducted a lighting project due to poorly
performing or non-functioning lighting equipment to quantify what percent of their equipment was poorly
performing or non-functional. The distribution of these responses is shown in Figure 0-3 and Figure 0-440.
Most respondents indicated that more than 70% of their equipment was poorly functioning at the time of
replacement.

Figure 0-3. Percent of replaced lighting equipment that was poorly performing by number of
responses

40 Four additional respondents were post coded as replacement due to non-functioning lamps, but were not asked what percentage were non-

functioning because of the CATI survey skip pattern.
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Figure 0-4. Percent of replaced lighting equipment that was non-functioning by number of
responses

DNV GL then determined the upper bound of the ROF ratio by considering all lighting project-respondents
motivated by poorly performing or non-functioning lamps, regardless of what percent they provided. The
team then calculated the lower bound by only including those establishments where 100% of equipment was
poorly performing or non-functioning as ROF. In each scenario, any project not considered ROF based on
motivation could still be classified as ROF if the remaining useful life of the equipment was less than one
year.
As the goal of the ER/ROF surveys was to understand the proportion of lighting installations that should be
considered ER/ROF, we wanted to weight the results to be representative of a project or replacement events
size. While the survey collected data on building square footage and percent of the establishment impacted
by the lighting project or replacement to be used to estimate equipment quantities 41, the DNV GL team
found these results to be unreliable. We also investigated using tax assessor data for the square footage but
found it difficult to discern the square footage of the actual establishment versus the building in which the
establishment was located. In both attempts, we found that the square footage data, either from reported
responses or from linking the tax assessor data, was unreliable at the establishment level. So instead of
using square footage, we used establishment-level electricity consumption from the 2018 billing data as a
measure of size to use when estimating ER and ROF ratios.
Table 0-2 shows the ER and ROF ratios by participant type for projects and replacements. We show results
using the upper and lower bounds (determined based on the poorly performing and non-functioning
thresholds) of ROF in these tables as well. Non-participants generally conducted a lighting project in
response to equipment failure more than participants who were more likely to implement an early
replacement project. Distributors surveyed for this study also provided information that suggests a similar
trend, noting that “while the absence of discounts might cause some customers to delay lighting upgrades a
few years, eventually product failure would force them back into the lighting market.”
Using the upper and lower bound of ROF approach discussed above, we estimate participant ROF is 23%29% and non-participant ROF is 30%-32% for projects and replacements. For projects alone, these ranges
are 10%-22% for participants and 18%-21% for non-participants. While these ROF values are higher than
the 12% derived from disparate lighting research efforts in 2019, the values estimates from this study are
close to the high bay lighting ROF ratio of 31% reported by Massachusetts lighting contractors in 2011. 42
41 DNV GL intended to convert square footage to lamps based on the number of lamps/fixtures per square foot derived from the on-site lighting

inventory data analysis.

42 http://ma-eeac.org/wordpress/wp-content/uploads/High-Bay-LIghting-Market-Effects-Study-Appendicies.pdf
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Table 0-2. Consumption and site-weighted ER v. ROF ratios
Lighting Project: 0-100% Poorly performing/Nonfunctioning
Lighting Participant

Non-Participant

Lighting Project: 100% Poorly performing/Nonfunctioning
Lighting Participant

Non-Participant

Count

Weighted Ratio

Count

Weighted Ratio

Count

Weighted Ratio

Count

Weighted Ratio

ROF

21

22%

10

21%

12

10%

8

18%

ER

90

78%

29

79%

99

90%

31

82%

Lamp Replacement
Lighting Participant

Non-Participant

Count

Weighted Ratio

Count

Weighted Ratio

ROF

39

37%

23

39%

ER

82

63%

29

61%

Lamp Replacement & 0-100% Lighting Project
Lighting Participant

Non-Participant

Count

Weighted Ratio

Count

Weighted Ratio

ROF

60

29%

33

ER

172

71%

58
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Lamp Replacement & 100% Lighting Project
Lighting Participant

Non-Participant

Count

Weighted Ratio

Count

Weighted Ratio

32%

51

23%

31

30%

68%

181

77%

60

70%
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APPENDIX B: DETAILED SAMPLING APPROACH
𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 = (𝑁𝑝𝑜𝑝 ⁄𝑛𝑠𝑎𝑚𝑝𝑙𝑒 ) ∗ 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡
𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 = 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 /(𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑠𝑎𝑚𝑝𝑙𝑒 ∗ (𝑁𝑝𝑜𝑝 ⁄𝑛𝑠𝑎𝑚𝑝𝑙𝑒 ) )
Table A-0-1. Sample design and number of CATI surveys completed
Stratum

Population
Establishments

Population
Electricity
Consumption

Average Consumption /
Establishment

CATI
Completes

N/n

Weighted
Consumption

Consumption
Adjustment

CATI
Weight

LARGE - Lighting Participant

1

674

7,981,335,823

11,841,745

0

-

-

-

-

LARGE - Not a Lighting Participant

1

289

2,076,213,518

7,184,130

0

-

-

-

-

MEDIUM - Lighting Participant

1

649

587,684,118

905,523

33

19.67

485,491,884

1.21

23.81

MEDIUM - Lighting Participant

2

331

632,475,610

1,910,802

20

16.55

622,858,009

1.02

16.81

MEDIUM - Lighting Participant

3

276

651,800,652

2,361,597

16

17.25

647,372,024

1.01

17.37

MEDIUM - Lighting Participant

4

456

1,548,613,398

3,396,082

30

15.20

812,637,068

1.91

28.97

MEDIUM - Not a Lighting Participant

1

861

376,667,131

437,476

28

30.75

349,583,220

1.08

33.13

MEDIUM - Not a Lighting Participant

2

263

445,831,872

1,695,178

11

23.91

436,774,596

1.02

24.40

MEDIUM - Not a Lighting Participant

3

240

520,391,330

2,168,297

15

16.00

507,024,672

1.03

16.42

MEDIUM - Not a Lighting Participant

4

336

1,094,938,206

3,258,745

12

28.00

634,309,956

1.73

48.33

SMALL - Lighting Participant

1

17399

482,947,029

27,757

37

470.24

542,139,673

0.89

418.90

SMALL - Lighting Participant

2

5487

640,879,686

116,800

27

203.22

689,694,968

0.93

188.84

SMALL - Lighting Participant

3

3050

803,217,452

263,350

14

217.86

805,414,807

1.00

217.26

SMALL - Lighting Participant

4

1828

971,871,699

531,658

30

60.93

1,037,916,098

0.94

57.06

SMALL - Lighting Participant

5

1133

1,198,246,012

1,057,587

47

24.11

1,129,030,667

1.06

25.58

SMALL - Not a Lighting Participant

1

112295

950,494,388

8,464

17

6605.59

998,619,618

0.95

6287.25

SMALL - Not a Lighting Participant

2

33265

1,276,887,198

38,385

47

707.77

1,359,450,664

0.94

664.78

SMALL - Not a Lighting Participant

3

16643

1,549,267,580

93,088

44

378.25

1,513,169,078

1.02

387.27

SMALL - Not a Lighting Participant

4

12565

4,558,791,736

362,817

82

153.23

1,440,510,441

3.16

484.93

Grouping
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Table A-0-2. Sample design and number of on-site surveys completed
Stratum

Population
Establishments

Population
Electricity
Consumption

Average
Consumption /
Establishment

On-site
Completes

N/n

LARGE - Lighting Participant

1

674

7,981,335,823

11,841,745

6

112.33

LARGE - Not a Lighting Participant

1

289

2,076,213,518

7,184,130

3

96.33

MEDIUM - Lighting Participant

1

649

587,684,118

905,523

11

59.00

MEDIUM - Lighting Participant

2

331

632,475,610

1,910,802

3

110.33

MEDIUM - Lighting Participant

3

276

651,800,652

2,361,597

2

138.00

MEDIUM - Lighting Participant

4

456

1,548,613,398

3,396,082

4

114.00

MEDIUM - Not a Lighting Participant

1

861

376,667,131

437,476

6

143.50

MEDIUM - Not a Lighting Participant

2

263

445,831,872

1,695,178

2

131.50

MEDIUM - Not a Lighting Participant

3

240

520,391,330

2,168,297

4

60.00

MEDIUM - Not a Lighting Participant

4

336

1,094,938,206

3,258,745

4

84.00

SMALL - Lighting Participant

1

17399

482,947,029

27,757

13

1338.38

SMALL - Lighting Participant

2

5487

640,879,686

116,800

10

548.70

SMALL - Lighting Participant

3

3050

803,217,452

263,350

4

762.50

SMALL - Lighting Participant

4

1828

971,871,699

531,658

5

365.60

SMALL - Lighting Participant

5

1133

1,198,246,012

1,057,587

7

161.86

SMALL - Not a Lighting Participant

1

112295

950,494,388

8,464

3

37431.67

SMALL - Not a Lighting Participant

2

33265

1,276,887,198

38,385

6

5544.17

SMALL - Not a Lighting Participant

3

16643

1,549,267,580

93,088

11

1513.00

SMALL - Not a Lighting Participant

4

12565

4,558,791,736

362,817

8

1570.63

Grouping
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Weighted
Consumption

6,488,491,508
1,143,527,723
281,058,536
659,543,097
663,540,156
1,007,198,322
407,126,003
476,928,540
517,466,400
692,273,652
546,078,322
715,487,790
751,157,050
976,789,972
1,206,439,765
1,426,932,565
1,368,117,376
1,429,036,065
2,067,149,823
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Consumpt
Adjustme

1.23
1.82
2.09
0.96
0.98
1.54
0.93
0.93
1.01
1.58
0.88
0.90
1.07
0.99
0.99
0.67
0.93
1.08
2.21

APPENDIX C: CATI SURVEY SCRIPT
INTRODUCTION AND SCREENING
Intro1. Hello, my name is __________, and I’m calling on behalf of <PA>, and Mass Save. <PA>
and Mass Save are conducting research on how companies and organizations replace and
update their lighting equipment. Who is the person most familiar with your organization’s
purchases of lighting equipment?
[IF HELPFUL: SAY: “IT IS USUALLY THE PERSON RESPONSIBLE FOR BUILDING MAINTENANCE.”]
[IF NECESSARY: YOU CAN VERIFY THE LEGITIMACY OF THIS RESEARCH BY CALLING Erik Mellen
OF EVERSOURCE AT (781) 441-8554.]
Person answering phone is key contact
[RECORD FIRST and LAST NAME OF
01
LIGHTING PURCHASER]
Intro5
Person answering phone is not key
contact but provides name of key
contact [RECORD FIRST and LAST NAME
02
OF LIGHTING PURCHASER]
Intro2
Record phone # of
building
management/maintena
[Don’t Know]
nce office and after
calling this office,
97
repeat Intro1
98
[Refused]
Terminate
Intro2. What would be a good time to reach <Lighting Purchaser>?
[RECORD DAY and TIME]
97
[Don’t know]
Intro3
98
[Refused]
Intro3. What is a good phone number for <Lighting Purchaser>? [IF RESPONDENT WON’T/CAN’T
PROVIDE PHONE #, TRY TO OBTAIN EMAIL ADDRESS]
[RECORD FIRST and LAST NAME OF
01
LIGHTING PURCHASER]
97
[Don’t Know]
Intro4
98
[Refused]

Intro4. Can I get your name?
[RECORD FIRST and LAST
NAME]
97
[Don’t know]

98

[Refused]

If respondent did not know
phone # of lighting
installer, obtain phone # of
building
management/maintenance
office and after calling this
office, repeat Intro1

Intro5. Hello, my name is _____, and I’m calling on behalf <PA> and Mass Save. It is my
understanding that you are familiar with your company’s/organization’s typical practices for
replacing lighting equipment.
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01
02
97
98

[Yes]
[No]
[Don’t know]
[Refused]

F1
Intro6

Intro6. Is there someone else there who might be better to speak with?
01

[Yes]

02
97
98

[No]
[Don’t know]
[Refused]

RECORD NAME, CONTACT ALTERNATE
LIGHTING PURCHASER AND GO TO Intro5
TERMINATE – REFUSED
CALL BACK LATER
TERMINATE – REFUSED

*
FIRMOGRAPHICS
F1. Let’s start with a little information about your organization. I want to emphasize that all of
your responses will remain completely confidential. What is the principal activity of your
organization at this location? [DO NOT READ. IF RESPONDENT SAYS MULTIPLE, ASK THEM WHICH ONE
BEST DESCRIBES THE MAIN ACTIVITY AT THE LOCATION.]
01
02

Office
Retail (non-food)

03
04
05
06
07
08
09
10
11
12
13
14

College/university
School
Grocery store
Convenience store
Restaurant
Health care/hospital
Hotel or motel
Warehouse
Church/Temple
Industrial Process/Manufacturing/Assembly
Agriculture/Farm
Government/Municipality

15
16
17
77
97
98

Community Service
Multifamily housing
Builder
Other, Specify _______
[Don’t know]
[Refused]

F2

F2. Approximately what is the size of your facility (in square feet)?
01 RECORD NUMBER __________
02 [Don’t know]
03 [Refused]
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F2A. Would you consider your facility to be a small, medium, or large facility?
01
02
03
04
05

Small
Medium
Large
[Don’t know]
[Refused]

F3

F3. Was the building you occupy constructed in the last three years?
01 Yes
02 No
97 Don’t know
98 Refused

LC1
F4
F4
F4

F4. Has your facility undergone a major renovation in the past three years? By major renovation I
mean a renovation that either has impacted more than half of the square footage in your building
or has triggered a building permit?
01 Yes
LC1
02 No
L1
97 Don’t know
L1
98 Refused
L1
Lighting Projects in Existing Buildings
I’m going to ask you some questions about your lighting and whether or not any of your lighting
equipment has been modified or improved. However, we are trying to distinguish between
lighting projects completed by someone at your facility or a contractor from just individual lamp
replacements that you may have done on an as-needed basis. We will start by asking about any
lighting projects, as needed, and then move on to asking about individual lamp replacements.
L1. Has any of the lighting equipment at your facility been modified or improved upon in the last
three years (since 2016)? [IF NECESSARY: THIS COULD INCLUDE, BUT IS NOT LIMITED TO,
REPLACING LAMPS AND/OR BALLASTS WITH THE SAME EQUIPMENT OR A SIMILAR, MOREEFFICIENT TECHNOLOGY, REPLACING EXISTING FIXTURES AND/OR BALLASTS WITH NEW
FIXTURES, OR EVEN REVAMPING THE LIGHTING ARRANGEMENT ALL TOGETHER WITH A NEW
LAYOUT OF FIXTURES.]
01 Yes
L2
02 No
R1
97 Don’t know
R1
98 Refused
R1
L2. Did these modifications or improvements involve the replacement or rewiring of a
substantial proportion of lights or lighting fixtures?
01 Yes
L3
02 No
L2A
97 Don’t know
L2A
98 Refused
L2A
L2A. Did these modifications or improvements involve a group lamp replacement where a
substantial proportion of your lamps were replaced all at once?
01 Yes
L3
02 No
R1
97 Don’t know
R1
98 Refused
R1
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L3. Did these replacements or rewiring of existing lighting or lighting fixtures occur in a single
lighting project or in multiple lighting projects? By a lighting project I mean one that involved a
lighting contractor or internal staff modifying, improving, or replacing a substantial proportion of
your lighting equipment over a discrete time period. I am not talking about routine replacement
of burned-out lamps.
01 A single project
L4A
02 Multiple projects
L4A
97 Don’t know
L4A
98 Refused
L4A
L4A. Roughly, in about what percent of the total square footage of your building was your
lighting equipment modified, improved, or replaced?
___% of total facility sq. footage (1-100)
97 Don’t know
98 Refused

L4B
L4B
L4B

L4B. [IF NOT MULTIPLE PROJECTS, SKIP TO L5 (L3≠02)] You mentioned that you have had
multiple lighting projects in the last three years where your modified, improved, or replaced
lighting equipment. For the largest of these projects, roughly, in about what percent of the total
square footage of your facility was your lighting equipment modified, improved, or replaced?
___% of total facility sq. footage (1-100)
97 Don’t know
98 Refused

L4C
L4C
L4C

L5. What types of lighting equipment did you add, modify, improve, or replace? [ALLOW
MULTIPLE RESPONSES]
01 Entire lighting fixtures
L5A
02 Lamps within a fixture
L5A
03 Lighting controls
L5A
04 Ballasts
L5A
97 Don’t know
L5A
98 Refused
L5A

L5A. For this lighting project [IF MULTIPLE PROJECTS (L3=02) SAY “For this largest of your
recent lighting projects”], about what percent of the lights or fixtures were replaced with LED
lighting technology?
___% of fixtures replaced with LED lighting technology (1-100)
97 Don’t know
98 Refused

L6

L6. For this lighting project [IF MULTIPLE PROJECTS (L3=02) SAY “For this largest of your recent
lighting projects”], did you replace the lighting equipment specifically because your company has
a policy to replace lighting equipment on a defined cycle?
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01
02
97
98

Yes
No
Don’t know
Refused

L6A
L7
L7
L7

L6A. Can you please explain this policy?
01
97
98

_________
[Don’t know]
[Refused]

L10
L7
L7

L7. What motivated your company or organization to replace the existing lighting equipment?
[ALLOW MULTIPLE RESPONSES]
01
02
03
04
05
06
07
08
09
97
98

New installation (adding new lighting to existing space)
New lighting layout/redesign due to renovation or tenant fit-out
The business needs in that space changed
Replacing poorly-performing lighting
Replacing non-functioning lighting
To improve equipment energy efficiency
To save money on utility/energy bills
To take advantage of a [PA] or MassSave rebate
Other (Please describe)
Don’t know
Refused

L8

L8. [IF L7=04 ELSE SKIP TO L9] You said that you replaced your existing lighting equipment
because it was performing poorly. What aspects of their performance were you unhappy with?
Please describe ___________________________________
97 Don’t know
L8A
98 Refused
L8A Approximately what percent of the lighting equipment that you replaced was performing
poorly?
01

01 _________% (1-100)

L9

97

97 [Don’t know]

L9

98

98 [Refused]

L9

L9. [IF L7=05 ELSE SKIP TO L10] You said that you replaced your existing lighting equipment
because it was non-functioning. Can you describe what you mean by non-functioning?
Please describe ___________________________________
97 Don’t know
L9A
98 Refused
L9A. Approximately what percent of the lighting equipment that you replaced was no longer
functional?
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01
97
98

_____% (1-100)
[Don’t know]
[Refused]

L10
L10
L10

L10. Before you did this lighting project we have been discussing, were you making routine
repairs on your previous lighting equipment such as replacing faulty or burned-out bulbs,
ballasts, fixtures, or wires?
01
02
03
97

Yes
No
Other [PLEASE EXPLAIN]
Don’t Know

L10A
L11
L11
L11

98

[Refused]

L11

L10A. [IF L10=01] On approximately what % of your previous lighting equipment were you
making routine repairs?
01
97
98

_________% (1-100)
[Don’t know]
[Refused]

L11
L11
L11

L11. If you did not replace your previous lighting equipment when you did, about how many
years do you think your previous equipment would have lasted without any significant repairs
such as replacing faulty or burned-out bulbs, ballasts, fixtures, or wires? [SELECT ONE, DO NOT
READ]
01

Less than a year

L12

02
97
98

_______ years
[Don’t know]
[Refused]

L12
L12
L12

L12. For this lighting project we have been discussing, which of the following types of lighting
accounted for the largest share of the project, based on the quantity of lamps or fixtures
installed?
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01

02

03
04
05
97
98

General screw-based, decorative or downlight lamps [If needed:
such as those found used for task lighting and found in applications
such as table lamps, ceiling fans, and recessed can fixtures]
Ambient linear lamps or fixtures [If needed: such as common
recessed, suspended, or surface-mounted fixtures intended to
provide ambient lighting in settings such as office spaces, schools,
retail stores, and other commercial environments]
High bay lighting [If needed: such as pendent, recessed, or surfacemounted fixtures specific for indoor high ceiling spaces greater than
25']
Low bay lighting [If needed: such as pendent, recessed, or surfacemounted fixtures specific for indoor ceiling spaces less than 25']
Outdoor or exterior lighting [If needed: such as lights or fixtures for
use outdoors or in locations open to elements like building exteriors,
parking garages, or wide-open spaces]
[Don’t know]
[Refused]

R1

R1

R1
R1
R1
R1
R1

Routine Lighting Replacements in Existing Buildings
R1. Over the past three years, has your company, outside of a specific lighting project, replaced
individual lamps or fixtures on an as-needed basis rather than as part of a major lighting project?
01
02
97
98

Yes
No
[Don’t know]
[Refused]

R2
LC1
LC1
LC1

R2. Approximately what percent of the lamps in your facility did you replace with new lamps in
the past three years? Once again, I’m only talking about routine lighting replacements, not
replacements you might have made as part of a lighting project.
01
97
98

_________% (1-100)
[Don’t know]
[Refused]

R3
R3
R3

R3. Of the lamps you replaced through these routine replacements, about what percent of them
were replaced with a LED lighting technology?
___% of lamps replaced with new lighting technology (1-100)
R4
97 Don’t know
98 Refused

R4. [IF R3 = 0%, “Don’t Know,” or “Refused,” SKIP TO LC1] For the lamps that you replaced with
LEDs as part of these routine replacements, which of the following types of lighting accounted for
the largest share of the replacements, based on the quantity of lamps or fixtures installed?
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01

02

03
04
05
97
98

General screw-based, decorative or downlight lamps [If needed:
such as those found used for task lighting and found in applications
such as table lamps, ceiling fans, and recessed can fixtures]
Ambient linear lamps or fixtures [If needed: such as common
recessed, suspended, or surface-mounted fixtures intended to
provide ambient lighting in settings such as office spaces, schools,
retail stores, and other commercial environments]
High bay lighting [If needed: such as pendent, recessed, or surfacemounted fixtures specific for indoor high ceiling spaces greater than
25']
Low bay lighting [If needed: such as pendent, recessed, or surfacemounted fixtures specific for indoor ceiling spaces less than 25']
Outdoor or exterior lighting [If needed: such as lights or fixtures for
use outdoors or in locations open to elements like building exteriors,
parking garages, or wide-open spaces]
[Don’t know]
[Refused]

R5

R5

R5
R5
R5
R5
R5

R5. For these routine light or fixture replacements, did you replace the lamps specifically because
your company has a policy to replace lighting systems on a defined cycle?
01
02
97
98

Yes
No
Don’t know
Refused

R5A
R6
R6
R6

R5A. Can you please explain this policy?
01
97
98

_________
[Don’t know]
[Refused]

L10
R6
R6

R6. What motivated your company or organization to replace the existing lamps? [ALLOW
MULTIPLE RESPONSES]
01
02
03
04
05
06
07
08
09
97
98

New installation (adding new lighting to existing space)
New lighting layout/redesign due to renovation or tenant fit-out
The business needs in that space changed
Replacing poorly-performing lighting
Replacing non-functioning lighting
To improve equipment energy efficiency
To save money on utility/energy bills
To take advantage of a [PA] or MassSave rebate
Other (Please describe)
Don’t know
Refused

R7

R7. [IF R6=04 ELSE SKIP TO R8] You said that you replaced your existing lamps because they
were performing poorly. What aspects of their performance were you unhappy with?
Please describe ___________________________________
97 Don’t know
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98 Refused
R8. [IF R6=05 ELSE SKIP TO LC1] You said that you replaced your existing lamps because they
were non-functioning. Can you describe what you mean by non-functioning?
Please describe ___________________________________
97 Don’t know
LC1
98 Refused

LIGHTING CONTROLS
LC1A. Are you aware of technologies that can MANUALLY dim lighting?
01
02
97
98

[Yes]
[No]
[Don’t know]
[Refused]

LC2
OR1

LC1B. Are you aware of technologies that can AUTOMATICALLY turn off or dim lighting when it is
not being used?
01
02

[Yes]
[No]

LC2

97
98

[Don’t know]
[Refused]

OR1

LC2. What sorts of automatic lighting controls are you aware of? [ALLOW MULTIPLE RESPONSES]
01
02
03
04
05
97
98

LC3. Does
01
02
97
98

Advanced lighting controls connected
through networks/wireless systems/hubs
Daylight dimming controls
Occupancy controls/motion sensors
Lighting controlled by timers
[Other controls] SPECIFY ______________
[Don’t know]
[Refused]

LC3
LC3
LC3
LC3
LC3
LC3
LC3

your facility have any manual or automatic lighting controls?
[Yes]
LC3
[No]
OR1
[Don’t know]
OR1
[Refused]
OR1

LC3. What sorts of lighting controls do you have installed in your facility? [ALLOW MULTIPLE
RESPONSES]

DNV GL – www.dnvgl.com

March 16, 2020

Page 70

02
03
04
05
06

Advanced lighting controls connected
through networks/wireless systems/hubs
Daylight dimming controls
Occupancy controls/motion sensors
Lighting controlled by timers
Manual dimmers
[Other controls] SPECIFY ______________

97
98

[Don’t know]
[Refused]

01

OR1
OR1
OR1
OR1
OR1
OR1
OR1
OR1

RECRUITING
OR1. 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 $200 gift card.
Would you be willing to allow our team to visit your facility?
1.
2.
3.
4.

Yes [GO TO OR3]
No [GO TO OR4]
Don’t Know [GO TO OR2]
Refused [THANK AND TERMINATE]

OR2. You do not have to decide now. Would it be okay if someone calls you when visits are being scheduled
to talk more about what would be involved?
1. Yes [GO TO OR3]
2. No [GO TO OR4]

OR3. I just need to confirm your contact information so we can call to discuss the visit:
1.
2.
3.
4.
5.

<contact>:
<Address>:
Phone number:
Email:
Best time to reach you:
a. Morning
b. Afternoon
c. Evening
d. Anytime
e. Other

OR4. [ASK IF OR1=2, 3, OR 4 OR IF OR2=2] Why are you not interested in the visit? [DO NOT READ.
PROBE. MULTIPLE RESPONSE]
1. Too busy / inconvenient
2. The visit will take too long
3. $200 is not enough money
4. I do not want anyone at our business
5. Other - specify
6. Don't Know / Refused
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OR5. 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.

DNV GL – www.dnvgl.com

March 16, 2020

Page 72

APPENDIX D: ON-SITE DATA COLLECTION TOOL
General Hierarchy:
Customer->
Buildings->
Spaces->
Fixtures->
Lamps
Note: Value List Choice fields will all include “Other” option for manual entry.
Customers
Field Name
NMRID
ContactName
BusinessAddress
BusinessCity
BusinessState
BusinessZip
ContactPhone1
ContactPhone2
ContactEmail
BusinessName
FacilitySize
BusinessType
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Description

Estimated size of
entire facility
General activity of
facility

Value List Choices

Questions/Comments

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,

March 16, 2020

Page 73

Transportation,
Warehouse,
Workshop
AccountNumber
Stratum
Buildings
Field Name
Area
Name
Floors_AG
Floors_BG
Spaces
Field Name
Type
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Description
Estimated building
area
Technician choice
of name
Floors above
ground
Floors below
ground

Description
Field to
characterize
defined spaces
within each
building

[TBD]

Should also get photo of the bill
Not known yet

Value List Choices

Questions/Comments

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
Parking lot
Recreation room
Refrigerated storage
Retail
Server room
Sports arena
Stairway
Storage room
Theater
Warehouse
Workshop
Lamps in storage
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For each building, tech
creates only one “Lamps in
storage” space to tally stored
lamps.
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Floor

Floor of building

PctObservedFixtures

% of fixtures
actually observed
by technician in
this space
Approximate area
of space

Area
Fixtures
Field Name
Application

Description
Fixture application

Type

Fixture type

ControlLocation

Is the control
integrated into the
fixture or lamp, or
separate?
Control type,
multiple selection

ControlType

ControlInstall

For LED fixtures
with separate
controls other than
Always On or
Manual Switch

BallastType
Quantity

Lamps
Field Name
Type

DNV GL – www.dnvgl.com

Negative values for below
ground spaces

Value List Choices
Ambient
High/low bay
Outdoor
Area/roadway
Canopy
Linear – troffer
Linear – high bay
Linear – low bay
Linear – wall mount
Linear – flush mount
Wall pack
Cobra head
Lamps in storage
Separate
Fixture integrated
Lamp integrated

Questions/Comments
Outdoor includes parking
garage/lot and building exterior

Always on
Daylight control
Manual dimming
Manual switch
Networked
Occupancy on/off
Occupancy dimming
Timer
Pre-existing control
Installed with LED

Electronic
Hybrid
Magnetic

Only applies to linear fixtures

Count of this
fixture in this
space

Description

Value List Choices
Fluorescent
Halogen/Incandescent
High Pressure Sodium
LED Lamp
LED Integrated Fixture
Mercury Vapor
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Metal Halide
LED Integrated Fixture
Linear tube
Linear other
Reflector/spot
U-shape
Screw base
Pin base
LED Integrated Fixture

Shape

BaseType
Wattage
Manufacturer

To be recorded where it is
easy to do so for installed
LEDs, and always for stored
linear LEDs
To be recorded where it is
easy to do so for installed
LEDs, and always for stored
linear LEDs

ModelNumber

TubeSize

Linear lamp tube
size

TubeLength

Linear lamp tube
length

Quantity

Count of this lamp
in each fixture
Reason for storing
a lamp

ReasonForStorage

T4
T5
T8
T12
12
18
24
48
72

For future use
Will not use/to dispose
Don't know

Only asked for non-LED lamps
in storage

Customer Exit Survey
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APPENDIX E: TRADE ALLY SURVEY GUIDE
Interview Information
Interviewer
Completion Date

Survey Length (min)

Contact Information
Phone
Email

Call Tracking
Date/Time

Notes

Introduction
[NOTE: THE QUESTIONS IN THIS INTERVIEW GUIDE WILL NOT NECESSARILY BE READ VERBATIM BUT MAY
BE MODIFIED TO SUIT THE INTERVIEW]

1. Hi, my name is _______, and I am calling from DNV GL on behalf of the Massachusetts Program
Administrators and Mass Save® regarding their programs which support the sale and adoption of efficient
lighting products in commercial and industrial facilities across the state. According to our records, your
company has recently sold lighting products for use in C&I facilities as part of those programs. [IF
NECESSARY, NAME SOME RECENT PROJECTS THAT USED THE PROGRAM DISCOUNTS]. I would like to ask
you some questions about your participation and about trends in the C&I lighting market in general.
[IF RESPONDENT IS NOT PROGRAM-FAMILIAR CONTACT, GET IN TOUCH WITH PROGRAM-FAMILIAR
CONTACT AND REPEAT]
[IF ASKED] We anticipate this interview will last about 30 minutes. Any information you provide will be
treated as confidential.
[IF ASKED] DNV GL is an independent contractor hired to do this research. You can verify the legitimacy of
this research by calling Erik Mellen from Eversource at 781-441-8554.
VERIFICATION OF PROGRAM SALES

First, I would like to review some information about the nature of your participation in the 2018
Massachusetts C&I Upstream Lighting Initiative. We will use this information to set the stage for
the larger C&I lighting market.
V1. I emailed you information on your sales of energy-efficient lamps through the 2018
Massachusetts C&I Upstream Lighting Initiative. Does that information appear generally correct?
[IF SOME OF THE INFORMATION IS INCORRECT, MAKE ANY CORRECTIONS IN THE SECOND
ROW].
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V2. My records indicate that in 2018 your company did not receive discounts from the
Massachusetts C&I Upstream Lighting Initiative for the following lighting applications: [NAME ALL
LIGHTING APPLICATION PRODUCTS IN SECOND ROW OF TABLE 1 WHERE QUANTITY IS = 0] Is
this information correct? [IF SOME OF THE INFORMATION IS INCORRECT, MAKE ANY
CORRECTIONS IN THE THIRD ROW OF THE TABLE.]
Table 0-1: High-level verification of program tracking data

Response
Category
Upstream Program
Sales from
Tracking Data*
1-1. Program sales
data looks
reasonably correct
for PY 2018?
1-2 Did you sell
these product
types to C&I
customers in
Massachusetts in
2019

# of PY 2018
Ambient Linear
Technology, with
program TLEDs

Yes
No
DK
Refused
Yes
No
DK
Refused

# of PY 2018
Ambient
Linear
Technology,
with program
LED Fixtures

# of PY 2018
High/Low
Bay with
program LEDs

Yes
No
DK
Refused
Yes
No
DK
Refused

Yes
No
DK
Refused
Yes
No
DK
Refused

# of PY 2018
Exterior/Outdoor
with program LEDs

Yes
No
DK
Refused
Yes
No
DK
Refused

* Interviewers will pre-populate this row with PY 2018 tracking data
V3. [IF NH TRACKING DATA DOES NOT BECOME AVAILABLE IN TIME FOR INTERVIEW] Does your
business also serve C&I customers in NH?
[IF RESPONDENT DOES NOT DO BUSINESS IN NH, SKIP TO NEXT SECTION]
V4. [IF NH TRACKING DATA DOES NOT BECOME AVAILABLE IN TIME FOR INTERVIEW] Which of
the following lighting applications do you sell in New Hampshire in 2019?

Ambient Linear
Technology, with
program TLEDs
Yes __
No __
Don’t know __

Ambient
Linear
Technology,
with program
LED Fixtures
Yes __
No __
Don’t know __

High/Low
Bay with
program LEDs
Yes __
No __
Don’t know __

Exterior/Outdoor
with program LEDs
Yes __
No __
Don’t know __

MARKET SHARE ESTIMATES
Now I’m going to ask you to estimate the share of your C&I sales in Massachusetts that were LEDs for the
following lighting applications. While we just discussed your lighting sales through the Massachusetts C&I
Upstream Lighting Initiative, please consider all C&I program sales made in Massachusetts going forward,
including those in the C&I upstream lighting initiative and other PA supported C&I programs.
Ambient Linear Market Share Estimates (Ask Only if They Sold This Technology in 2018)
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If They Emailed Back the Market Share Matrices

[IMPORTANT INSTRUCTIONS: IF THEY EMAILED BACK THE MATRIX YOU SENT BY
EMAIL, THEN YOU CAN WALK THEM THROUGH IT, USING THE QUESTIONS BELOW AS A
GUIDE. YOU DON’T NEED TO READ THE QUESTIONS VERBATIM AS LONG AS YOU THINK
THEY UNDERSTAND THE SCENARIOS. BUT IF SOME OF THE MARKET SHARE ESTIMATES
THEY PROVIDED SEEM COUNTERINTUITIVE (E.G., SALES VOLUME INCREASING
WITHOUT THE DISCOUNT), PROBE FOR THEIR EXPLANATION/ JUSTIFICATION.
HOWEVER, BECAUSE THE “PROG” QUESTIONS (WHAT % OF THEIR 2019 SALES WERE
THROUGH THE PROGRAM) AND THE NEW HAMPSHIRE QUESTIONS WERE NOT IN THE
MATRIX, YOU WILL HAVE TO ASK THESE, EVEN IF THEY TOTALLY FILLED OUT THE
MATRIX.]

Ambient Linear Type
LED linear lamps (TLED)
Integrated LED fixtures
Other ambient linear lighting
(e.g., T8s, T5s, etc)
Total

Ambient Linear Type
LED linear lamps (TLED)
Integrated LED fixtures
Other ambient linear lighting
(e.g., T8s, T5s, etc)
Total

In years when discounts were
not available, do you think the
volume of ambient linear
lamps and fixtures you would
sell in the MA C&I sector (both
LED and non-LED) would be
different than when the
discounts were available?

with
2019
__%
__%
__%

Your Sales of
Massachusetts C&I
Ambient Linear Lighting
Program Discounts Continuing
2021
2023
__%
__%
__%
__%
__%
__%

100%

100%

100%

2019
__%
__%
__%

Your Sales of
Massachusetts C&I
Ambient Linear Lighting
with No Program Discounts
2021
__%
__%
__%

2023
__%
__%
__%

100%

100%

100%

Yes, volume of
sales would be
lower without
discounts
[ESTIMATE %]

Yes, volume of
sales would be
higher without
discounts
[ESTIMATE %]
___% higher

No, volume of
sales would be
same with no
discounts
_____

___% lower

IF THEY DIDN’T EMAIL BACK THEIR MARKET SHARE ESTIMATES
[IMPORTANT INSTRUCTIONS FOR INTERVIEWERS: YOU DON’T HAVE TO USE THE EXACT
LANGUAGE IN THIS BATTERY. IT’S HERE MAINLY AS A GUIDE. YOUR OBJECTIVE IS TO COMPLETE
THE TABLES IN THIS SECTION AND SO YOU CAN USE ALTERNATE PHRASING AS LONG AS YOU’RE
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CLEAR ABOUT THE LIGHTING APPLICATION, YEAR, AND SCENARIO (E.G., PROGRAM DISCOUNTS
OR NO DISCOUNTS).]

A1A. Let’s now talk about your 2019 sales to the Massachusetts C&I sector of ambient linear
lighting. These include linear lamps and integrated fixtures used in common recessed, suspended,
or surface-mounted fixtures for providing ambient lighting in office spaces, schools, retail stores,
and other commercial environments. [IF NEEDED, INTEGRATED FIXTURES INCLUDE LED
TROFFERS, RETROFIT KITS, AND LED PANELS.]
A1Aa. In 2019, about what percent of your sales of these ambient lighting products to the
Massachusetts C&I sector were LED linear lamps (TLEDs)? __%
A1Ab. About what percent of these products were Integrated LED Fixtures? __%
A1Ac. So that would mean all your other ambient lighting sales, such as T8s or T5s would
have a (100% - A1Aa% - A1Ab%) share of your 2019 sales, correct? [IF NO, CLARIFY
RESPONSES UNTIL TOTAL = 100%)

Ambient Linear Lamp Type
A1Aa. LED linear lamps
(TLED)
A1Ab. Integrated LED fixtures
A1Ac. Other ambient linear
lighting (e.g., T8s, T5s, etc)
Total

Your Sales of
2019 MA C&I
Ambient Linear Lighting
__%
__%
__%
100%

A1A-PROG. In 2019, about what percentage of your total sales of ambient linear LED lighting
to the Massachusetts C&I sector were sold through the Massachusetts C&I Upstream program?
[NOTE TO INTERVIEWERS: THIS QUESTION IS ASKING ONLY FOR SHARES OF THEIR
AMBIENT LINEAR LEDs IN PARTICULAR, NOT THEIR AMBIENT LINEAR SALES IN
GENERAL (E.G., INCLUDING NON-LEDS)]
2019 Ambient Linear Lamp
Delivery Channel for C&I
Sector
AIA-PROG. Through MA C&I
Upstream Program
Outside MA C&I Upstream
Program
Total

Your Sales of
2019 MA C&I
Ambient Linear LEDs
__%
__%
100%

A1A-NH. [IF RESPONDENT DOES BUSINESS IN NH AND THEY INDICATED THEY SOLD AMBIENT
LINEARS IN NH (QUESTION V4)] I noticed you also sold ambient linear lamps in New Hampshire
in 2019. Would the proportions you just gave me for Massachusetts [FROM QUESTION A1A] –
e.g., X% TLEDs, Y% integrated LED fixtures, Z% other ambient linear lighting be significantly
different for your 2019 New Hampshire ambient linear lighting sales?
[IF NO] (Massachusetts and New Hampshire proportions would not be significantly
different) [SKIP TO A1B]
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[IF YES] (Massachusetts and New Hampshire proportions would be significantly different)
[FILL OUT TABLE BELOW BY ASKING INTERVIEWEE TO PROVIDE NH-SPECIFIC
PROPORTIONS (ASK QUESTION M1A SUBSITUTING “NEW HAMPSHIRE” FOR
“MASSACHUSETTS”)

Ambient Linear Lamp Type
A1A-NHa. LED linear lamps
(TLED)
A1A-NHb. Integrated LED
fixtures
A1A-NHc. Other ambient
linear lighting (e.g. T8s, T5s,
etc)
Total

Your Sales of
2019 NH C&I
Ambient Linear Lighting
__%
__%
__%

100%

A1B. (Scenario: Ambient Lighting – 2021 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on ambient linear lighting products for C&I
customers through 2021. In this scenario:
A1Ba. What percent of your 2021 ambient linear sales to the Massachusetts C&I sector
would be LED linear lamps (TLEDs) if the program continued? As a reminder, you said this share
was [% FROM A1Aa] in 2019. __%
A1Bb. What percent of your 2021 ambient linear sales to the Massachusetts C&I sector
would be Integrated LED Fixtures if the program continued? As a reminder, you said this share
would be [% FROM A1Ab] in 2019. __%
A1Bc. So that would mean all your other ambient lighting sales, such a T8s or T5s would
have a (100% - A1Ba% - A1Bb%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%]

Ambient Linear Lamp Type
A1Ba. LED linear lamps (TLED)
A1Bb. Integrated LED fixtures
A1Bc.Other ambient linear
lighting (e.g., T8s, T5s, etc)
Total

Your Sales of
2021 MA C&I
Ambient Linear Lighting
with Program Continuing
__%
__%
__%
100%

A1C. (Scenario: Ambient Lighting – 2023 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on ambient linear lighting products for C&I
customers through 2023. In this scenario:
A1Ca. What percent of your 2023 ambient linear sales to the Massachusetts C&I sector would be
LED linear lamps (TLEDs) if the program continued? As a reminder, you said this share was [%
FROM AIB] in 2021. __%
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A1Cb. What percent of your 2023 ambient linear sales to the Massachusetts C&I sector
would be Integrated LED Fixtures if the program continued? As a reminder, you said this share
would be [% FROM AIB] in 2021. __%
A1Cc. So that would mean all your other ambient lighting sales, such a T8s or T5s would
have a (100% - A1Ca% - A1Cb%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%]

Ambient Linear Lamp Type
A1Ca. LED linear lamps
(TLED)
A1Cb. Integrated LED fixtures
A1Cc. Other ambient linear
lighting (e.g. T8s, T5s, etc)
Total

Your Sales of
2023 MA C&I
Ambient Linear Lighting
with Program Continuing
__%
__%
__%
100%

A1D. (Scenario: Ambient Lighting – 2019 – No Program) Imagine now a scenario where the
Massachusetts PAs had discontinued offering discounts on ambient linear lamps and
fixtures at the end of 2018. In this “no program” scenario:
A1Da. What percent of your 2019 ambient linear sales to the Massachusetts C&I sector
would have been LED linear lamps (TLEDs) with no program discounts? As a reminder, you said
this share when the program was in operation in 2019 was [% FROM A1Aa]. __%
A1Db. What percent of your 2019 ambient linear sales to the Massachusetts C&I sector
would have been Integrated LED Fixtures with no program discounts? As a reminder, you said
this share when the program was in operation in 2019 was [% FROM A1Ab]. __%
A1Dc. So that would mean all your other ambient lighting sales, such a T8s or T5s would
have had a (100% - A1Da% - A1Db%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%)

Ambient Linear Lamp Type
A1Da. LED linear lamps
(TLED)
A1Db. Integrated LED fixtures
A1Dc Other ambient linear
lighting (e.g., T8s, T5s, etc)
Total

Your Sales of
2019 MA C&I
Ambient Linear Lighting
with No Program Discounts
__%
__%
__%
100%

A1Dd. In this scenario where the Massachusetts PA did not offer discounts in 2019, do
you think your total sales of ambient lamps and fixtures would have been about the same as it
actually was in 2019? Just to be clear I’m talking about your total sales of ambient lamps and
fixtures in 2019, regardless of whether they were LEDs or not.
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A1Dd1. [IF NOT THE SAME] By about what % would your sales be higher/lower in
2019 with no program discounts?
___% lower
___% higher
A1E. (Scenario: Ambient Lighting – 2021 – No Program) Let’s assume the Massachusetts
discounts for ambient linear lighting products for C&I customers continue to be unavailable
through 2021. In this scenario:
A1Ea. What percent of your 2021 ambient linear sales to the Massachusetts C&I sector
would be LED linear lamps (TLEDs) with no program discounts? As a reminder, you said this
share was [% FROM A1D] in 2019 when the discounts were available. __%
A1Eb. What percent of your 2021 ambient linear sales to the Massachusetts C&I sector
would be Integrated LED Fixtures with no program discounts? As a reminder, you said this share
would be [% FROM A1D] in 2019 when the discounts were available. __%
A1Ec. So that would mean all your other ambient lighting sales, such a T8s or T5s would
have a (100% - A1Ea% - A1Eb%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%]

Ambient Linear Lamp Type
A1Ea. LED linear lamps
(TLED)
A1Eb. Integrated LED fixtures
A1Ec. Other ambient linear
lighting (e.g., T8s, T5s, etc)
Total

Your Sales of
2021 MA C&I
Ambient Linear Lighting
with No Program Discounts
__%
__%
__%
100%

A1F. (Scenario: Ambient Lighting – 2023 – No Program) Let’s assume the Massachusetts
discounts for ambient linear lighting products for C&I customers continue to be unavailable
through 2023. In this scenario:
A1Fa. What percent of your 2023 ambient linear sales to the Massachusetts C&I sector
would be LED linear lamps (TLEDs) with no program discounts? As a reminder, you said this
share was [% FROM A1E] in 2021 when the discounts were available. __%
A1Fb. What percent of your 2023 ambient linear sales to the Massachusetts C&I sector
would be Integrated LED Fixtures with no program discounts? As a reminder, you said this share
would be [% FROM A1E] in 2021 when the discounts were available. __%
A1Fc. So that would mean all your other ambient lighting sales, such a T8s or T5s would
have a (100% - A1Fa% - M1Fb%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%] __%

Ambient Linear Lamp Type
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A1Fa. LED linear lamps
(TLED)
A1Fb. Integrated LED fixtures
A1Fc. Other ambient linear
lighting (e.g. T8s, T5s, etc)
Total

__%
__%
__%
100%

High Bay/Low Bay Market Share Estimates (Ask Only if They Sold This Technology in 2018)
If They Emailed Back the Market Share Matrices

[IMPORTANT INSTRUCTIONS: IF THEY EMAILED BACK THE MATRIX YOU SENT BY
EMAIL, THEN YOU CAN WALK THEM THROUGH IT, USING THE QUESTIONS BELOW AS A
GUIDE. YOU DON’T NEED TO READ THE QUESTIONS VERBATIM AS LONG AS YOU THINK
THEY UNDERSTAND THE SCENARIOS. BUT IF SOME OF THE MARKET SHARE ESTIMATES
THEY PROVIDED SEEM COUNTERINTUITIVE (E.G., SALES VOLUME INCREASING
WITHOUT THE DISCOUNT), PROBE FOR THEIR EXPLANATION/ JUSTIFICATION.
HOWEVER, BECAUSE THE “PROG” QUESTION (WHAT % OF THEIR 2019 SALES WERE
THROUGH THE PROGRAM) AND THE NEW HAMPSHIRE QUESTIONS WERE NOT IN THE
MATRIX, YOU WILL HAVE TO ASK THESE.]

High Bay/Low Bay
Technology
LED
Non-LED (e.g. T8s, T5s, etc)
Total

High Bay/Low Bay
Technology
LED
Non-LED (e.g., T8s, T5s, etc)
Total

In years when discounts were
not available, do you think the
volume of high bay/low bay
lighting products you would
sell in the MA C&I sector (both
LED and non-LED) would be
different than when the
discounts were available?

Your Sales of
Massachusetts C&I
High Bay/Low Bay Lighting
with Program Discounts Continuing
2019
2021
2023
__%
__%
__%
__%
__%
__%
100%
100%
100%
Your Sales of
Massachusetts C&I
High Bay/Low Bay Lighting
with No Program Discounts
2019
2021
2023
__%
__%
__%
__%
__%
__%
100%
100%
100%
No, volume of
sales would be
same with no
discounts

Yes, volume of
sales would be
lower without
discounts
[ESTIMATE %]

_____

Yes, volume of
sales would be
higher without
discounts
[ESTIMATE %]
___% higher

___% lower

IF THEY DIDN’T EMAIL BACK THEIR MARKET SHARE ESTIMATES
[IMPORTANT INSTRUCTIONS FOR INTERVIEWERS: YOU DON’T HAVE TO USE THE EXACT
LANGUAGE IN THIS BATTERY. IT’S HERE MAINLY AS A GUIDE. YOUR OBJECTIVE IS TO COMPLETE
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THE TABLES IN THIS SECTION AND SO YOU CAN USE ALTERNATE PHRASING AS LONG AS YOU’RE
CLEAR ABOUT THE LIGHTING APPLICATION, YEAR, AND SCENARIO (E.G., PROGRAM DISCOUNTS
OR NO DISCOUNTS).]

H1A. Let’s talk about the high bay/low bay lighting applications. These include pendent,
recessed, or surface-mounted fixtures specific for indoor high ceiling spaces, with the high bays
for installations higher than 25 feet and the low bays for installations 25 feet or lower.
H1Aa. In 2019, about what percentage of the high bay/low bay products that your
company sold in the Massachusetts C&I sector were LEDs?
H1Ab. So that would mean all your non-LED high bay/low bay sales, such a T8s or T5s
would have a (100% - H1Aa%) share of your 2019 sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%)
Your Sales of
High Bay/Low Bay
2019 MA C&I
Technology
High Bay/Low Bay Lighting
H1Aa. LED technology
__%
H1Ab. Non-LED technology
__%
(e.g., T8s, T5s, etc)
Total
100%
H1A-PROG. In 2019, about what percentage of your total sales of high bay/low bay LED
lighting to the Massachusetts C&I sector were sold through the Massachusetts C&I Upstream
program?
High Bay/Low Bay
Delivery Channel
H1A-PROG. Through MA C&I
Upstream Program
Outside MA C&I Upstream
Program
Total

Your Sales of
2019 MA C&I
High Bay/Low Bay LEDs
__%
__%
100%

H1A-NH. [IF RESPONDENT DOES BUSINESS IN NH] I noticed you also sold high bay/low bay
lighting in New Hampshire in 2019. Would the proportions you just gave me for Massachusetts
[FROM QUESTION H1A] – e.g., X% LEDs, Y% non-LED, be significantly different for your 2019
New Hampshire high-bay/ low-bay lighting sales?
[IF NO] (Massachusetts and New Hampshire proportions would not be significantly
different) [SKIP TO H1B]
[IF YES] (Massachusetts and New Hampshire proportions would be significantly different)
[FILL OUT TABLE BELOW BY ASKING INTERVIEWEE TO PROVIDE NH-SPECIFIC
PROPORTIONS (ASK QUESTI0N H1A SUBSITUTING “NEW HAMPSHIRE” FOR
“MASSACHUSETTS”)
High Bay/Low Bay
Technology
H1Aa-NH. LED technology
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H1Ab-NH. Non-LED
technology (e.g., T8s, T5s,
etc)
Total

__%
100%

H1B. (Scenario: High Bay/Low Bay – 2021 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on high bay/low bay products for C&I customers
through 2021. In this scenario:
H1Ba. About what percent of your 2021 high bay/low bay sales do you estimate would be
LED technologies? As a reminder, you said this share would be [% FROM H1A] in 2019.
H1Bb. So that would mean all your non-LED high bay/low bay sales in 2021, such a T8s
or T5s, would have a (100% - H1Ba) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%)

High Bay/Low Bay
Technology
H1Ba. LED technology
H1Bb. Non-LED technology
(e.g., T8s, T5s, etc)
Total

Your Sales of
2021 MA C&I
High Bay/Low Bay Lighting
with Program Continuing
__%
__%
100%

H1C. (Scenario: High Bay/Low Bay – 2023 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on high bay/low bay lighting products for C&I
customers through 2023. In this scenario:
H1Ca. What percent of your 2023 high bay/low bay sales do you estimate would be LED
technologies? As a reminder, you said this share would be [% FROM H1B] in 2021.
H1Cb. So that would mean all your non-LED high bay/low bay sales in 2023, such a T8s
or T5s would have a (100% - H1Ca) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%)
Your Sales of
2023 MA C&I
High Bay/Low Bay
High Bay/Low Bay Lighting
Technology
with Program Continuing
H1Ca. LED technology
__%
H1Cb. Non-LED technology
__%
(e.g., T8s, T5s, etc)
Total
100%
H1D. (Scenario: High Bay/Low Bay – 2019 – No Program) Imagine now a scenario where
the Massachusetts PAs had discontinued offering discounts on high bay/low bay lighting
at the end of 2018. In this “no program” scenario:
H1Da. What percent of your 2019 high bay/low bay sales do you estimate would have
been LED technologies with no program discounts? As a reminder, you said this share when the
program was in operation in 2019 was [% FROM H1A].
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H1Db. So that would mean all your non-LED high bay/low bay sales in 2019, such as T8s
or T5s, would have a (100% - H1Da) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%)
Your Sales of
2019 MA C&I
High Bay/Low Bay
High Bay/Low Bay Lighting
Technology
with no Program Discounts
H1Da. LED technology
__%
H1Db. Non-LED technology
__%
(e.g., T8s, T5s, etc)
Total
100%
H1Dd. In this scenario where the Massachusetts PA did not offer discounts in 2019, do
you think your total sales of high bay/low bay lighting would have been about the same as it
actually was in 2019? Just to be clear I’m talking about your total sales of high bay/low bay
lighting in 2019, regardless of whether they were LEDs or not.
H1Dd1. [IF NOT THE SAME] By about what % would your sales be higher/lower in 2019 if
the program discounts had not been available?
___ % lower
___ % higher
H1E. (Scenario: High Bay/Low Bay – 2021 – No Program) Let’s assume the Massachusetts
discounts for high bay/low bay lighting products for C&I customers continue to be unavailable
through 2021. In this scenario:
H1Ea. What percent of your 2021 high bay/low bay sales to the Massachusetts C&I sector
do you estimate would be LED technologies if the discounts were not available? As a reminder,
you said this share was [% FROM HID] in 2019 when the discounts were unavailable.
H1Eb. So that would mean all your other high bay/low bay lighting sales, such as T8s or
T5s, would have a (100% - H1Ea%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%]

High Bay/Low Bay
Technology
H1Ea. LED technology
H1Eb. Non-LED technology
(e.g., T8s, T5s, etc)
Total

Your Sales of
2021 MA C&I
High Bay/Low Bay Lighting
with No Program Discounts
__%
__%
100%

H1F. (Scenario: High Bay/Low Bay – 2023 – No Program) Let’s assume the Massachusetts
discounts for high bay/low bay lighting products for C&I customers continue to be unavailable
through 2023. In this scenario:
H1Fa. What percent of your 2023 high bay/low bay sales to the Massachusetts C&I sector
do you estimate would be LED technologies if the discounts were not available? As a reminder,
you said this share was [% FROM HIE] in 2019 when the discounts were unavailable.
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H1Fb. So that would mean all your other high bay/low bay lighting sales, such as T8s or
T5s, would have a (100% - H1Fa%) share of your sales, correct? [IF NO, CLARIFY RESPONSES
UNTIL TOTAL = 100%]

High Bay/Low Bay
Technology
H1Fa. LED technology
H1Fb. Non-LED technology
(e.g., T8s, T5s, etc)
Total

Your Sales of
2023 MA C&I
High Bay/Low Bay Lighting
with No Program Discounts
__%
__%
100%

Exterior/Outdoor Lighting Market Share Estimates (Ask Only if They Sold This Technology in
2018)
If They Emailed Back the Market Share Matrices

[IMPORTANT INSTRUCTIONS: IF THEY EMAILED BACK THE MATRIX YOU SENT BY
EMAIL, THEN YOU CAN WALK THEM THROUGH IT, USING THE QUESTIONS BELOW AS A
GUIDE. YOU DON’T NEED TO READ THE QUESTIONS VERBATIM AS LONG AS YOU THINK
THEY UNDERSTAND THE SCENARIOS. BUT IF SOME OF THE MARKET SHARE ESTIMATES
THEY PROVIDED SEEM COUNTERINTUITIVE (E.G., SALES VOLUME INCREASING
WITHOUT THE DISCOUNT), PROBE FOR THEIR EXPLANATION/ JUSTIFICATION.
HOWEVER, BECAUSE THE “PROG” QUESTION (WHAT % OF THEIR 2019 SALES WERE
THROUGH THE PROGRAM) AND THE NEW HAMPSHIRE QUESTIONS WERE NOT IN THE
MATRIX, YOU WILL HAVE TO ASK THESE.]

Exterior/Outdoor Lighting
Technology
LED
Non-LED
Total

Your Sales of
Massachusetts C&I
Exterior/Outdoor Lighting
with Program Discounts Continuing
2019
2021
2023
__%
__%
__%
__%
__%
__%
100%
100%
100%

Exterior/Outdoor Lighting
Technology
LED
Non-LED
Total

Your Sales of
Massachusetts C&I
Exterior/Outdoor Lighting
with No Program Discounts
2019
2021
2023
__%
__%
__%
__%
__%
__%
100%
100%
100%
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In years when discounts were
not available, do you think the
volume of exterior/outdoor
lighting you would sell in the
MA C&I sector (both LED and
non-LED) would be different
than when the discounts were
available?

No, volume of
sales would be
same with no
discounts

Yes, volume of
sales would be
lower without
discounts
[ESTIMATE %]

_____

Yes, volume of
sales would be
higher without
discounts
[ESTIMATE %]
___% higher

___% lower

IF THEY DIDN’T EMAIL BACK THEIR MARKET SHARE ESTIMATES
[IMPORTANT INSTRUCTIONS FOR INTERVIEWERS: YOU DON’T HAVE TO USE THE EXACT
LANGUAGE IN THIS BATTERY. IT’S HERE MAINLY AS A GUIDE. YOUR OBJECTIVE IS TO COMPLETE
THE TABLES IN THIS SECTION AND SO YOU CAN USE ALTERNATE PHRASING AS LONG AS YOU’RE
CLEAR ABOUT THE LIGHTING APPLICATION, YEAR, AND SCENARIO (E.G., PROGRAM DISCOUNTS
OR NO DISCOUNTS).]

E1A. Let’s now talk about the exterior/outdoor lighting applications. These include lights or
fixtures for use outdoors or in locations open to elements like building exteriors, parking garages,
or wide-open spaces.
E1Aa. In 2019, what percentage of the exterior/outdoor lighting products that your
company sold in the Massachusetts C&I sector in 2019 were LEDs? [IF NEEDED, CLARIFY WE’RE
SEEKING % of PRODUCTS, NOT $ VALUE)
E1Ab. So that would mean all your non-LED high exterior/outdoor lighting sales would
have a (100% - E1Aa%) share of your 2019 sales, correct? [IF NO, CLARIFY RESPONSES UNTIL
TOTAL = 100%)
Your Sales of
Exterior/Outdoor Lighting
2019 MA C&I
Technology
Exterior/Outdoor Lighting
E1Aa. LED technology
__%
E1Ab. Non-LED technology
__%
Total
100%
E1A-PROG. In 2019, about what percentage of your total sales of exterior/outdoor LED lighting
to the Massachusetts C&I sector were sold through the Massachusetts C&I Upstream program?
Exterior/Outdoor Lighting
Delivery Channel for C&I
Sector
E1A-PROG. Through MA C&I
Upstream Program
Outside MA C&I Upstream
Program
Total

Your Sales of
2019 MA C&I
Exterior/Outdoor LEDs
__%
__%
100%

E1A-NH. [IF RESPONDENT DOES BUSINESS IN NH] I noticed you also sold exterior/outdoor
lighting in New Hampshire in 2019. Would the proportions you just gave me for Massachusetts
[FROM QUESTION E1A] – e.g., X% LEDs, Y% non-LED, be significantly different for your 2019
New Hampshire exterior/outdoor lighting sales?
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[IF NO] (Massachusetts and New Hampshire proportions would not be significantly
different) [SKIP TO E1B]
[IF YES] (Massachusetts and New Hampshire proportions would be significantly different)
[FILL OUT TABLE BELOW BY ASKING INTERVIEWEE TO PROVIDE NH-SPECIFIC
PROPORTIONS (ASK QUESTI0N E1A SUBSTITUTING “NEW HAMPSHIRE” FOR
“MASSACHUSETTS”)
Exterior/Outdoor
Technology
E1A-NHa. LED technology
E1A-NHb. Non-LED
technology
Total

Your Sales of
2019 NH C&I
Exterior/Outdoor Lighting
__%
__%
100%

E1B. (Scenario: Exterior/Interior – 2021 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on exterior/outdoor lighting products for C&I
customers through 2021. In this scenario:
E1Ba. What percent of your 2021 exterior/outdoor lighting sales do you estimate would
be LED technologies? As a reminder, you said this share would be [% FROM E1A] in 2019.
E1Bb. So that would mean all your non-LED exterior/outdoor sales in 2021 would have a
(100% - E1Ba) share of your sales, correct? [IF NO, CLARIFY RESPONSES UNTIL TOTAL =
100%)
Your Sales of
2021 MA C&I
Exterior/Outdoor Lighting
Exterior/Outdoor Lighting
Technology
If Program Continues
E1Ba. LED technology
__%
E1Bb. Non-LED technology
__%
Total
100%
E1C. (Scenario: Exterior/Interior – 2023 - Program Continues) Let’s assume the
Massachusetts PAs continue to offer discounts on exterior/outdoor lighting products for C&I
customers through 2023. In this scenario:
E1Ca. What percent of your 2023 exterior/outdoor lighting product sales do you estimate
would be LED technologies? As a reminder, you said this share would be [% FROM E1B] in 2021.
E1Cb. So that would mean all your non-LED exterior/outdoor sales in 2023, would have a
(100% - E1Ca) share of your sales, correct? [IF NO, CLARIFY RESPONSES UNTIL TOTAL =
100%)
Your Sales of
2023 MA C&I
Exterior/Outdoor Lighting
Exterior/Outdoor Lighting
Technology
If Program Continues
E1Ca. LED technology
__%
E1Cb. Non-LED technology
__%
Total
100%
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E1D. (Scenario: Exterior/Outdoor – 2019 – No Program) Imagine now a scenario where the
Massachusetts PAs had discontinued offering discounts on exterior/outdoor lighting at
the end of 2018. In this “no program” scenario:
E1Da. What percent of your 2019 exterior/outdoor lighting sales do you estimate would
have been LED technologies? As a reminder, you said this share when the program was in
operation in 2019 was [% FROM E1A].
E1Db. So that would mean all your non-LED exterior/outdoor sales in 2023 would have a
(100% - E1Da) share of your sales, correct? [IF NO, CLARIFY RESPONSES UNTIL TOTAL =
100%)
Your Sales of
2019 MA C&I
Exterior/Outdoor
Exterior/Outdoor Lighting
Lighting Technology
with no Program Discounts
E1Da. LED technology
__%
E1Db. Non-LED technology
__%
Total
100%
E1Dc. In this scenario where the Massachusetts PA did not offer discounts in 2019, do you
think your total sales of exterior/outdoor lighting would have been about the same as it actually
was in 2019? Just to be clear I’m talking about your total sales of exterior/interior lighting in
2019, regardless of whether they were LEDs or not.
E1Dc1. [IF NOT THE SAME] By about what % would your sales be higher/lower in 2019 if
the program discounts had not been available?
___ % lower
___ % higher
E1E. (Scenario: Exterior/Outdoor – 2021 – No Program) Let’s assume the Massachusetts
discounts for exterior/outdoor lighting products for C&I customers continue to be unavailable
through 2021. In this scenario:
E1Ea. What percent of your 2021 exterior/outdoor sales to the Massachusetts C&I sector
do you estimate would be LED technologies if the discounts were not available? As a reminder,
you said this share was [% FROM E1D] in 2019 when the discounts were unavailable.
E1Eb. So that would mean all your other exterior/outdoor lighting sales would have a
(100% - E1Ea%) share of your sales, correct? [IF NO, CLARIFY RESPONSES UNTIL TOTAL =
100%]

Exterior/Outdoor
Lighting Technology
E1Ea. LED technology
E1Eb. Non-LED technology
Total

Your Sales of
2021 MA C&I
Exterior/Outdoor Lighting
with no Program Discounts
__%
__%
100%

E1F. (Scenario: Exterior/Outdoor – 2023 – No Program) Let’s assume the Massachusetts
discounts for exterior/outdoor lighting products for C&I customers continue to be unavailable
through 2023. In this scenario:
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E1Fa. What percent of your 2023 exterior/interior lighting sales to the Massachusetts C&I
sector do you estimate would be LED technologies if the discounts were not available? As a
reminder, you said this share was [% FROM E1E] in 2021 when the discounts were unavailable.
E1Fb. So that would mean all your other 2023 exterior/interior lighting sales, would have
a (100% - E1Fa%) share of your sales, correct? [IF NO, CLARIFY RESPONSES UNTIL TOTAL =
100%]

Exterior/Outdoor
Lighting Technology
E1Fa. LED technology
E1Fb. Non-LED technology
(e.g., T8s, T5s, etc)
Total

Your Sales of
2023 MA C&I
Exterior/Outdoor Lighting
with no Program Discounts
__%
__%
100%

TECHNICAL MEASURE LIVES OF LED PRODUCTS43

[MANUFACTURERS ONLY AND ONLY CONTACTS WITH APPROPRIATE TECHNICAL KNOWLEDGE 44]
Now I would like to ask you a few questions about how your company estimates the number of
hours its lighting products will last.
T1. For the LED products you sell through the Massachusetts C&I Upstream Lighting Initiative,
how did your company estimate how long they will last?
T1A. [IF NOT ALREADY MENTIONED] What are your criteria for defining the end-of-life for
your LED products? How long it will typically take for the products to burn out? On some
measure of reduced performance, such as a lumen depreciation? Or something else?
[IF THEY SAY THE CRITERIA VARY BASED ON THE LED PRODUCT TYPE, PROBE FOR
WHICH PRODUCTS USE WHICH CRITERIA]
T2. Do your company’s estimates of how long its LED products will last vary by the type of LED
product?
T2A. [IF YES] For which lighting products do your estimates of measure life vary? [IF
THEY DO NOT MENTION WHY THEIR MEASURE LIFE ESTIMATES VARY BY PRODUCT,
PROBE FOR AN EXPLANATION.]
T3. One widely adopted method for testing lumen maintenance in LEDs is LM-80. Are you familiar
with this testing method? [IF NEEDED, ADD: “THIS METHOD TESTS LUMEN MAINTENANCE OF
LED PACKAGES, ARRAYS, AND MODULES AT VARIOUS TEMPERATURES. IT SPECIFIES A
MINIMUM TESTING PERIOD OF 6,000 HOURS, ALTHOUGH 10,000 HOURS IS PREFERRED. IT
ALSO REQUIRES TESTING AT A MINIMUM OF 1,000-HOUR INCREMENTS”].
43 This information is being collected for the Massachusetts Commercial and Industrial Measure Life Study (MA19C02-B-EUL).
44 When we send them the initial email with their program data, we will give them a summary of these measure lives questions and ask whether they

can answer most of these questions or whether there might be another person more qualified. In the latter case, we will address the questions
in this section to the alternative contact identified.
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T3A. [IF YES] Does your company use this LM-80 testing method? [IF THEY SAY “NO”
FOLLOW UP WITH: “WHY DON’T YOU USE THIS METHOD?”]
T4. Several independent entities – such as the Design Lighting Consortium (DLC), ENERGY STAR,
the DOE CALiPER program, and the California Lighting Program Coordination Group – commission
testing of LED product measure lives. Does their research influence how your company estimates
the measure lives of its own LED products?
T4A. [IF YES] Which outside lighting research has influenced your measure life estimates
for LED products?
T4B. [IF NOT ALREADY MENTIONED] How does this outside research influence how you
estimate measure lives for your own LED products?
T5. Does your company offer warranties for any of its LED products?
T5A. [IF YES] What kind of warranties?
T5B. [IF YES] What information are these product warranties based on?
T6. What kind of performance issues might cause the lives of your LED products to deviate from
your estimated measure lives? [IF NOT ALREADY MENTIONED, PROBE FOR ANY PARTICULAR
APPLICATIONS WHERE THE LIVES OF LED PRODUCTS MIGHT DEVIATE FROM THE NORM]
T7. Do you ever compare the predicted lifetimes of your LED products with those of your
competitors?
T7A. [IF YES] What sort of comparisons have you done?
Trimming of LED Troffers

TR1. Do you supply LED fixtures with integrated controls? [IF NO SKIP TO TR2]
TR1a. Do the fixtures you supply enable tuning of the light output regardless of the integrated
control?
TR1b. Have you supplied fixtures with integrated controls that are pre-tuned or dimmed to meet
site specific needs?
TR1c. What types of C&I customers are requesting these products?
TR1d. Do you feel the Massachusetts programs are influencing the sale of these products?
TR1da. If yes, how are they influencing the sale/adoption?
TR1db. If not, what could the programs do to improve the sales/adoption of these
products?
[Skip to END1].
TR2. Are you aware of other lighting suppliers in Massachusetts that supply LED fixtures with
integrated controls? [If No, END1]
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TR2A. Are you aware of lighting suppliers in Massachusetts that supply fixtures with integrated
controls that are pre-tuned or dimmed to meet site-specific needs?
TR2b. What sorts of C&I customers are requesting these types of products?
TR2c. Do you feel the Massachusetts programs are influencing the sale of these products?
TR2ca. If yes, how are they influencing the sale/adoption?
TR2cb. If not, what could the programs do to improve the sale/adoption of these
products?

END1. As discussed previously, a study is being conducted on lighting saturation in the state of
New Hampshire. Would you be willing to participate in a brief call to expand upon some of the
answers you gave today about your sales in New Hampshire?
Thank and complete survey.
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APPENDIX F: MODEL EQUIPMENT ASSUMPTIONS
Application

Equipment type

Watts per fixture

Lifetime hours

Ambient Linear

LED Integrated Fixture

1.0

32.0

32.0

60,000

Ambient Linear

TLED

Ambient Linear

Fluorescent T5

2.4

15.0

36.0

50,000

2.4

24.0

57.6

30,000

Ambient Linear
Ambient Linear

Fluorescent T8

2.4

32.0

76.8

24,000

Fluorescent T12

2.4

42.0

100.8

20,000

High Bay/Low Bay

LED Integrated Fixture

1.0

110.0

110.0

60,000

High Bay/Low Bay

LED Lamp

1.0

125.0

125.0

60,000

High Bay/Low Bay

TLED

4.0

28.0

112.0

50,000

High Bay/Low Bay

Fluorescent T5

4.0

66.0

264.0

30,000

High Bay/Low Bay

Fluorescent T8

4.0

49.0

196.0

24,000

High Bay/Low Bay

Fluorescent T12

4.0

75.0

300.0

20,000

High Bay/Low Bay

Metal Halide

1.0

400.0

400.0

20,000

High Bay/Low Bay

High Pressure Sodium

1.0

350.0

350.0

24,000

Exterior/Outdoor

LED Integrated Fixture

1.0

110.0

110.0

60,000

Exterior/Outdoor

LED Lamp

1.0

125.0

125.0

60,000

Exterior/Outdoor

TLED

4.0

28.0

112.0

50,000

Exterior/Outdoor

Fluorescent T5

4.0

66.0

264.0

30,000

Exterior/Outdoor

Fluorescent T8

4.0

49.0

196.0

24,000

Exterior/Outdoor

Fluorescent T12

4.0

75.0

300.0

20,000

Exterior/Outdoor

Metal Halide

1.0

330.0

330.0

20,000

Exterior/Outdoor

High Pressure Sodium

1.0

250.0

250.0

24,000

DNV GL – www.dnvgl.com

Lamps per fixture Watts per lamp

March 16, 2020

Page 96

