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Memorandum

To:  Rita Siong, Project Manager, NEEA
From: Nicholas O’Neil, Paul Schwarz, and Ellen Rubinstein
Date: May 13, 2016

Re:  LLLC Preliminary Market Characterization

Market actor interviews were the primary data source for the Luminaire Level Lighting Control
(LLLC) market characterization. We present the market actor interview objectives and describe
the sample in the following section. The remainder of this memo presents the LLLC market
characterization findings.

Throughout this memorandum, we use the term “LLLC system” to refer to the lighting sensors
that are embedded in luminaires combined with the networking infrastructure that enables these
sensors and luminaires to work together.

Market Actor Interviews

From January 19, 2015 through March 14, 2016, staff from Research Into Action, Inc., and
Energy 350 (“the team”) interviewed individuals with in-depth knowledge about LLLCs from
four distinct groups of market actors: manufacturers, distributors, regional lighting experts, and
building owners. The team conducted the market actor interviews to:

y  Understand the availability of LLLC products in the market and the current sales volume
of LLLCs

y  Determine whether the currently installed base of LLLC products varies by geography
and/or by building type

y  Gain an understanding of who installs LLLC products

y  Determine if LLLC systems follow traditional lighting supply chain delivery channels
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y  Define market actors’ target market for LLLC products in the near-term, including
LLLC’s current market penetration and near-term growth

e Determine the barriers, drivers, and non-energy benefits (NEBs) market actors
associate with the installation and adoption of LLLC systems, and determine if
Northwest Energy Efficiency Alliance’s (NEEA’s) LLLC initiative appropriately
addresses these barrier, drivers, and benefits

y  Determine whether manufacturers are in agreement over the DesignLights Consortium
(DLC) specification approach

y  ldentify whether LLLCs fit in with regional open-communication standards strategies

Table 16 shows targeted sample sizes and the final number of individuals we interviewed in each
category:

Table 16. Market Actor Interview Sample

MARKET ACTOR TARGET ACHIEVED NOTES
SAMPLE SAMPLE

Interviews covered large manufacturers as well as smaller,

Manufacturers 10 10
controls-only manufacturers

Due to other regional efforts involving lighting distributors,
Distributors 10 9 the team was asked to cease interviewing distributors to
avoid interview fatigue.

Interviewed more than the original target sample, as NEEA
Regional Experts 3-5 6 required more information from regional experts than the
team was able to obtain from the original sample

Building owners are a difficult group of market actors to
Building Owners 0* 4 reach. The LLLC respondents were interviewed as part of
RWLR'’s ongoing market assessment.

* Although interviews with building owners were not part of the initial LLLC evaluation scope, interviews conducted through
the Reduced Wattage Lamp Replacement (RWLR) evaluation captured information pertinent to LLLCs.

The team developed the manufacturer sample from two data sources: the list of manufacturers
with relevant prior Design Lights Consortium (DLC) meeting involvement who also had a
history of involvement in utility efficiency programs, and LLLC contacts that NEEA provided.
Regional experts were picked by the team based on prior contacts provided by NEEA as well as
knowledge of their involvement with lighting controls initiatives. The RWLR team picked the
sample of distributors and building owners based on discussion with NEEA program managers
on sample frame and availability of interviewees.

The team asked each respondent about the topics and issues pertinent to their position and
experience regarding the marketing, sale, or installation of LLLC systems. As a result, not all
interviews covered all topics.
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Summary of Key Findings

The team discovered several notable findings from the market actor interviews. We have
provided key findings at the end of each section below, and a summary of key findings from the
market actor interviews is provided in Table 17 for reference.

Table 17. Summary of Key Findings

# FINDING

All major manufacturers plan to meet the finalized DLC specification for advanced lighting controls by the end of
2016.

Eight of ten LLLC manufacturers currently offer solutions that work with fluorescent luminaires. These solutions,
2 however, are not installed at the time of manufacture and are likely to be phased out over the next five years as
LED costs continue to decline.

Though LLLC systems are currently a small percentage of overall lighting sales (for all but two of the
3 manufacturers we interviewed), their share of overall lighting shares is expected to grow over the next five years
as manufacturers produce more solutions to fit varying customer needs and as LLLC prices continue to decline.

In retrofit applications, most LLLC manufacturers use manufacturer reps and regional distributors to sell
4 products to end users. In the new construction and major renovation markets, lighting designers play a key role
in LLLC sales.

Market actors agreed with NEEA that offices and warehouses show the greatest potential for LLLC installations.
5 Market actors also suggested educational facilities, and exterior lighting in all building types, as markets with a
good deal of LLLC potential.

Most LLLC systems are now installed using licensed electricians; these are the same market actors who

6 typically install traditional standalone lighting controls.

7 Although manufacturers have different approaches to training and commissioning, all agree that increased
training will help drive adoption of LLLC systems.

8 LLLC manufacturers generally target the subset of end users within one or more building types whose specific

lighting needs match the features and capabilities of the LLLC system.

Manufacturers agree that a lack of training on the installation and commissioning of LLLC systems is a critical
9 barrier to adoption; it is more important than NEEA's initial barriers of reducing first cost and addressing market
fragmentation.

According to manufacturers and distributors, code can be an important driver of LLLC system adoption,

10 especially when code requires features such as demand response that LLLC systems can easily accommodate.

NEBs are important to the promotion of LLLC systems, though they are rarely monetized and included in
11 financial calculations. Once performance metering is regularly included with most LLLC systems, the reduction
in program evaluation costs will likely become an important NEB to utilities.

Product Availability, Lamp Compatibility, and Sales

The team drew on the manufacturer and distributor interviews, as well as on a review of
manufacturers’ websites, to gauge the availability of LLLC products in the market, their
compatibility with light-emitting diode (LED) and fluorescent lamps, and their current sales
volumes.
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Product Availability

Reviewing manufacturer’s websites, the team affirmed that all of the manufacturers in the
sample offer a product line considered to be an advanced lighting control system with embedded
sensors that are capable of networked communication. We learned from the interviews, however,
that only seven of the ten manufacturers have products available that completely meet DLC’s
current advanced lighting controls specification.®® The other three manufacturers offer LLLC
products that do not meet the DLC specification for 2-way communication and high-end trim,
and one of these manufacturers also did not meet software based reconfigurable zoning.
However, these three manufacturers anticipated offering products that meet the DLC
specification by the third quarter of 2016.

Table 18 lists the current DLC specification’s requirements and the numbers of manufacturers
able to meet those requirements at the time of the interviews.

Table 18. Manufacturers Offering Products in Compliance with Current DLC Requirements (n=10)

DLC REQUIRED CAPABILITY MEET Do NoT MEET
Networking of Luminaires & Devices 7 3
Occupancy Setting 10 0
High-End Trim (aka Task Tuning) 7 3
Software Reconfigurable Zoning 9 1
Continuous Dimming 10 0

Regional distributors provided information only for the products they represent. None of the nine
distributor respondents mentioned supply chain issues as a barrier to adoption. Six of the nine
distributor respondents carry products from more than one LLLC manufacturer.

Six of the nine distributors also reported that manufacturers have been heavily promoting their
LLLC products recently, though the method of promotion varies by market sector. Two of the
six distributors explained that several of the manufacturers they represent market directly to
specifying engineers working on new construction projects. Distributors also noted that some
manufacturers commonly rely on regional tours to conduct product demonstrations of retrofit
applications for building owners and distributors.

LED and Fluorescent Luminaire Compatibility with LLLC Systems

All of the manufacturer respondents offer LED luminaires that are embedded with LLLC sensors
at the time of manufacture. Manufacturers’ production of these systems is driven by their

13 The DesignLights Consortium is in the process of creating a specification and qualified products list on
advanced lighting controls. Draft 2 was released January 6, 2016, located here:
https://www.designlights.org/resources/file/DLC_NetworkCtISpec_Draft2.
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popularity with distributors and contactors: distributors and contractors value the systems’
continuous dimming capabilities and the fact that they simultaneously use less energy than
traditional fluorescent luminaires with comparable light output.

Eight of the ten manufacturers also offer fluorescent luminaires that can be LLLC enabled,
though none of these manufacturers embed sensors within their fluorescent luminaires at the time
of manufacture. Instead, the luminaires must be retrofitted in the field to install LLLC sensors
that work with fluorescents lamps. A drawback to this retrofit-kit approach was highlighted by
two distributors who stated that it resulted in added project costs and, in most cases, longer
product lead times for the add-on sensors. Furthermore, the current DLC specification states that
eligible luminaires must include continuous dimming functionality which is not a feature
inherent to most fluorescent luminaires; enabling continuous dimming sometimes requires the
use of two ballasts, which also increases the cost of LLLC-capable fluorescent luminaires.

The eight manufacturers who currently offer fluorescent luminaire products with add-on sensors
commented that they are likely to be phased out over the next five years as the penetration of
LEDs increases in the market and the cost of LEDs becomes comparable to, or less than, the cost
of fluorescents.

Current LLLC Sales

Two of the ten manufacturers reported that 100% of their sales are LLLC systems, though both
are newer, smaller companies whose brands are almost exclusively focused on wireless lighting
control. Another three manufacturers did not have viable LLLC products at the time of the
interviews and were therefore unable to comment.

The other five manufacturer respondents were unable or unwilling to estimate their sales of
LLLC systems as a percentage of their total lighting sales. These respondents were wary that the
percentages they would provide could be linked to their overall sales values which are
proprietary. Several manufacturers also explained that LLLC sales are difficult to estimate
because LLLC systems are packaged in many different ways: while some may be standalone
products others are add-ons to flagship product lines. Further, respondents said that because
LLLC systems are sometimes used in just a few locations on larger projects, they were not able
to easily separate LLLC system costs from overall project costs during the course of the
interview. While unable to give a precise number, four manufacturers stated that sales of LLLC
systems were a very small percentage of their overall sales.

The five manufacturers with LLLC sales less than 100% of total sales all expected their product
line-ups to expand in the coming months to suit varying customer needs and their sales of LLLC
systems as a percentage of their overall sales to rise as well. One claimed its LLLC sales were
growing to 30% of its total sales if they counted luminaries that shipped with sensors already
installed, regardless of whether the luminaires were used in a networked LLLC system or not.

The team asked manufacturers whether their LLLC sales differed by geography, both by region
of the country and by urban versus rural locations. Three of the ten manufacturers reported that,
within the northwest, greater numbers of their LLLC products have been installed in Oregon and
Washington than in Idaho and Montana. Four manufacturers said the majority of their LLLC
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installations sites are in California, and attributed this to California’s recent code changes
favoring LLLC systems in new construction and major renovation projects. All four of these
manufacturers added that their LLLC sales are greater on the east coast and California where the
incentives for lighting controls are richer than they are in the Pacific Northwest.

Manufacturers provided less information about differences in sales between urban and rural
areas: seven of the ten manufacturers said they did not have sufficient sales data to comment on
differences between urban and rural areas. While two manufacturers reported greater LLLC sales
in metropolitan areas than in rural areas, these two manufacturers focus primarily on office
retrofit spaces which are concentrated in more urban areas. Another manufacturer that
specializes in lighting for warehouse and manufacturing facilities observed that their LLLC
installations vary geographically based on where these building types are located, rather than on
whether customer sites are in urban or rural areas.

Distributors, while not directly asked about sales of LLLC products, commented that the uptake
of LLLC systems is likely to increase over the next five years due to the increasing ease of
installation, user friendliness of the product, and availability of utility incentives for controls.

Finding #1: All major manufacturers plan to meet the finalized DLC specification for
advanced lighting controls by the end of 2016.

Finding #2: Eight of ten LLLC manufacturers currently offer solutions that work with
fluorescent luminaires. These solutions, however, are not installed at the time of
manufacture and are likely to be phased out over the next five years as LED costs
continue to decline.

Finding #3: Though LLLC systems are currently a small percentage of overall lighting
sales (for all but two of the manufacturers we interviewed), their share of overall lighting
sales is expected to grow over the next five years as manufacturers produce more
solutions to fit varying customer needs and as LLLC prices continue to decline.

Supply Chain Delivery Channels

The LLLC retrofit supply chain is evolving much more quickly than anticipated. When
NEEA discussed supply chain evolution with LLLC manufacturers just one year ago, they
reported that, due to the complexity of LLLC systems at the time, manufacturers commonly
owned and managed the entire LLLC supply chain from system production to salespeople and
installers.

The details of LLLC system supply chains, however, varied by manufacturer size. The largest
manufacturers sold LLLC products through manufacturer representative-distributor-contractor
channels typical of the lighting retrofit market. Most small controls manufacturers, on the other
hand, commonly partnered with larger, established luminaire manufacturers and automation
companies: through these arrangements, the smaller companies had their controls installed into
the larger companies’ luminaires. From these conversations, NEEA assessed it would be several

Interim Market Characterization Memo research »into ) action | ENERGY350 | Page C-6



LLLC Market Characterization and Baseline Report

years before LLLC systems from all but the largest manufacturers were sold through traditional
distribution channels.

The interviews we conducted as part of this market research—just one year after NEEA’s earlier
discussions—suggest that the LLLC retrofit supply chain has changed a great deal over a
relatively short time. Nine of ten manufacturers we interviewed reported that the bulk of their
LLLC systems now find their way to end users through traditional market channels. They
generally rely on manufacturer representatives working with local contacts or electrical
distribution firms, where the local contacts/distributors have sales forces dedicated to selling the
manufacturers’ products to end users. While this supply chain channel is a primary source of
sales, the nine manufacturers also reported that they still sell LLLC systems directly to large
account end users (e.g., Fortune 500 companies), and many of these manufacturers offer these
customers tailored full-service solutions. The one manufacturer that does not follow this pattern
offers end users a turnkey solution only, or sells their products through Energy Service
Companies (ESCOs).

Both manufacturers and distributors reported that in the new construction and major renovation
markets, lighting designers act as LLLC product specifiers (as they would for traditional
standalone lighting controls), while manufacturer representatives and distributors act as sales
agents by promoting the products they understand to be most appropriate for the project. One
distributor elaborated on these market actors’ roles in new construction and major renovation
projects. He explained that his organization commonly finds multiple sensor options specified at
the outset of a project so that the project likely qualifies for rebates. Additionally, no value
engineering of the lighting and controls system can take place without the lighting designer being
involved. This finding suggests that lighting designers play a large role in specifying LLLC
systems as well as in preventing LLLC systems from being cut from the design during the
construction phase.

Finding #4: In retrofit applications, most LLLC manufacturers use manufacturer reps
and regional distributors to sell products to end users. In the new construction and
major renovation markets, lighting designers play a key role in LLLC sales.

Installations by Building Type

When asked about the types of buildings where LLLC systems have gained the most traction and
offer the greatest potential, the market actors named commercial offices most often. Table 19
shows all of the building types where manufacturers, distributors and regional experts think
LLLC hold the greatest potential.
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Table 19. Building Types where LLLCs Have the Greatest Potential

BUILDING TYPE MANUFACTURERS  DISTRIBUTORS REGIONAL MANUFACTURERS
(N=10) (N=9) EXPERTS (N=6) NC/MR: RETROFIT*
Commercial Offices 8 5 3 6:2
Warehouse/Distribution 3 4 4 1:2
Education 5 1 1 3:2
Industrial/Manufacturing 2 2 3 11
Retail 2 2 11
Hospitals/Healthcare 3 1 1.2
Parking Lots/Garages 1 1 0:1
Cold Storage 1 1 0:1
Stadiums 1 0:1
Convention Centers 1 1:0
Government/Municipal 1 1.0

* NC/MR means new construction or major renovation.

Of the eight manufacturers who see substantial potential for LLLCs in offices, six expounded by
saying there is more potential for LLLC installations in the new construction/major renovation
market than in the office retrofit market; the other two thought the retrofit market holds greater
LLLC potential.

Manufacturers offered differing views about the size of offices where the greatest LLLC
potential lies: one specifically stated there is greater potential in large offices, while another
thought there is great potential in offices more generally, regardless of size. Nonetheless, all of
the manufacturers mentioned that because larger installations produce better returns on
investment (ROI), LLLC systems are less likely to be “engineered out” during a large project’s
construction phase—that is, they are more likely to actually get installed in larger spaces.
Manufacturers also explained that systems using wireless communication are good candidates
for major renovations because their installation:

y  Does not require moving power systems, so eliminates the need for new wiring

y  Does not require work above the ceiling grid, and therefore keeps asbestos and other
unknown substances in the ceiling contained

y  Enables simple one-for-one change-outs, rather than requiring lighting layout changes,
and still maintain acceptable light levels

Regional experts also noted that LLLC systems have great potential when retrofitted into
warehouses and industrial facilities. The low occupancy rates and high-wattage luminaires in
these types of facilities result in high ROIs for LLLCs, making LLLC an attractive option.
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The remaining two manufacturers of that group do not currently open their training to third-party
commissioning staff. Both manufacturers, however, believe that training is a key to successful
adoption of their product and plan to be involved with the DLC’s open training program in the
future.

Several manufacturers who do not use third-parties to commission their products explained they
do not need to do so because the ease of commissioning is a key feature of their LLLC systems.
These manufacturers intentionally designed their LLLCs products to be easier to install and use
than traditional lighting controls. Three of the ten manufacturers stated that commissioning was a
minor endeavor involving only 15-20 minutes of setup once installed, or that the product comes
pre-commissioned and requires almost no intervention on the part of the installer or end user
once connected. The manufacturers who focused on the ease of commissioning stated that they
generally offer training only when installers or end users specifically request it after an
installation is complete.

Table 21 shows the varying commissioning and training services offered by the ten
manufacturers we interviewed.

Table 21. Manufacturers’ LLLC Commissioning and Training Offerings (n=10)

SELF-PERFORM / FIELD USE 3%° PARTY MINIMAL COMMISSIONING OFFERS

WEBIURAGITURER REP COMMISSIONING ~ COMMISSIONING REQUIRED TRAINING
A X X X
B X %
c X X %
D X %
E X

F X X

G X X
H X X

; X

K X X

Distributors and regional experts also thought that user-friendly products that are simple to
commission are more likely to be adopted in the future. Distributors, manufacturers, and regional
experts all view training of the installer base as a critical component to widespread market
acceptance and adoption of LLLCs.

Target Market and Value Proposition

The team asked manufacturers about the types of customers they are pursuing and how they
persuade key decision makers to install LLLC systems in lieu of traditional standalone controls.
We found that while many manufacturers have systems that could compete with one another,
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almost all of the manufacturers target specific niche markets and therefore generally do not
compete for the same end users.

For example, although eight of the ten manufacturers target commercial offices, each of the
manufacturers we spoke with targets a different set of commercial office end users, each with its
own specific needs. One manufacturer primarily focuses on offices looking for a simple, pre-
packaged solution that requires little commissioning, comes programmed with typical set-points
for dimming based on previous installation feedback, and allows for very limited user control.
This manufacturer’s system is competitively priced with standard controls packages. The system
is intended for use in open office areas where clients prefer systems with limited individual
control so as to minimize disruptions in the shared space.

In contrast, another manufacturer that also targets commercial offices sells a higher-end product
focused not only on improvements to a space’s lighting and energy savings, but also on
providing a great deal of user control and on integrating lighting with other building systems.
The manufacturer explained that its target market includes end users interested in data
acquisition who think about business intelligence and view lighting as one possible solution. The
end users in this manufacturers’ target market, therefore, are unlikely to be interested in the same
line-up of LLLC systems as the end users in the previous manufacturers’ target market who seek
relatively simple LLLC solutions.

Similarly, the manufacturers that target warehouse spaces offer LLLC systems designed for
specific types of end users. One such manufacturer promotes its product to customers by
explaining that the warehouse’s relatively high hours of use and low occupancy rates, coupled
with the LLLC product’s reduced maintenance costs, renders the LLLC system very cost-
effective. In addition, the manufacturer describes its value proposition to prospective customers
by explaining that its product offers not only overall light reduction and energy savings, but also
a wealth of information about safety and productivity that customers can use to benefit their
businesses. This manufacturer has found a niche customer base that values the increased business
intelligence its product provides, enabling its customers to remain competitive in their specific
lines of business.

Conversely, two other manufacturers that sell LLLC systems for warehouses offer pre-packaged
solutions similar to the open-office solution described above. One of these two manufacturers
additionally offer a more holistic system that compares energy use and business intelligence
across a portfolio of facilities. Since these products address customers with specific needs, the
target markets for these manufacturers are quite different from the markets targeted by
manufacturers whose products focus primarily on lighting energy savings.

Our findings also suggest that several manufacturers are targeting their products to end users
whose information needs match the LLLC system’s data acquisition and reporting capabilities,
more so than to end users seeking a particular type of control system.

Finding #6: Most LLLC systems are now installed using licensed electricians; these are
the same market actors who typically install traditional standalone lighting controls.
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Finding #7: Although manufacturers have different approaches to training and
commissioning, all agree that increased training will help drive adoption of LLLC
systems.

Finding #8: LLLC manufacturers generally target the subset of end users within one or
more building types whose specific lighting needs match the features and capabilities of
the LLLC system.

Adoption Barriers and Drivers—Including Non-Energy Benefits

The team gleaned insight into the barriers and drivers currently influencing adoption of LLLC
systems through our interviews with manufacturers, distributors, and regional experts. We
segmented our interview questions into three different barrier sets: Adoption, Installation, and
Utility Engagement. The interviewees also provided insight into the NEBs most valued by end
users, as well as the NEBs promoted during the sale of LLLC systems.

Adoption Barriers

The team used the barriers identified in NEEA’s original LLLC logic model as a starting point to
our discussions about market barriers and market drivers.*> We asked manufacturers to rate, on a
scale of 1 to 5 (with 1 being “not important” and 5 being *“very important”), the importance they
placed on addressing each barrier. The results are shown in Table 22. Note that the table reports
the mode of each response, rather than the average, to clearly illustrate the importance the
majority of (the small sample of) respondents placed on each barrier.

Table 22. Barriers Manufacturers Perceive to LLLC Adoption (n=9)

NEEA IDENTIFIED BARRIER MODE
Limited understanding of the capability, viability, and availability of LLLC products 5.0
LLLC systems appear too complex to be installed and commissioned correctly 5.0
Limited trained support network established for installers, building IT, & facilities 5.0
A lack of a clearly defined business value for LLLC products 5.0
High first costs for LLLC products & installation, making payback untenable 3.0
Perception of poor product persistence, serviceability, or re-configurability 1.0

Market fragmentation in terms of networking standards, communication protocols, and what even

constitutes an advanced lighting control 1.0

Concerns over LLLC aesthetics, complexity, and possible user impact 1.0

15 At the time of this writing NEEA was in the process of revising the logic model to focus on key barriers to
adoption.
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While all of the manufacturers agreed that NEEA addressed important barriers to LLLC
adoption, they remarked that several of the barriers identified as critical in the original LLLC
logic model were not as important as others. As an example, all but one manufacturer noted that
the fragmented market, identified as a critical barrier in NEEA’s logic model, was not influential
to the future adoption of LLLC systems.*6

The fact that eight of the ten manufacturers operate with proprietary communication protocols
and do not perceive open-source communication systems as a significant benefit to the end user
may support this perspective. Furthermore, when regional experts were also asked about the
importance of addressing the fragmented market, none mentioned the lack of an open-source
communication protocol as a significant barrier. Instead, both manufacturers and regional experts
stated that open-source end-to-end communication (that is, between the lighting system and the
building management system) was more important than open-source point-to-point
communication between luminaires.

Manufacturers stated their preference for a proprietary communication was because they
typically “own the system” once it is installed, and would not be able to guarantee that an
ecosystem of third-party sensors and luminaires would interact correctly with their system if it
were developed as open-source. They added that commissioning also becomes more complex
once a variety of third-party sensors are used, even if the protocol is open-source.

Many manufacturers also explained that current open-source standards do not have sufficient
bandwidth to take advantage of all of the features offered with their LLLC systems, and that
removing those features to comply with open-communication standards would remove the
competitive edge of LLLCs over traditional controls. While two of the eight manufacturers said
they might move to a non-proprietary communication protocol if standards advanced to
accommodate their systems requirements, many were wary of open-source communication
security issues. Only one manufacturer currently offers a system that uses open-source
communications and noted that the primary benefits are price and customization for the end user.

Installation Barriers

A different set of barriers we asked interviewees to address were installation barriers, such as the
difficulties of LLLC systems to be specified, installed, and set up correctly. Eight manufacturers
stated that there is inadequate training on system installation and that this lack of training is a key
barrier to adoption. One manufacturer added that the evolution of these systems over the next
five to ten years will require advanced installer and end user training to ensure LLLCs are
properly integrated into other building systems. Only the two manufacturers who focus on
ease of commissioning and perform their own system commissioning did not view inadequate
training as a barrier.

While six out of ten manufacturers mentioned first cost as a barrier, they did not think it as
important as other barriers. Both regional experts and manufacturers stated that the first cost of

16 As of this writing, NEEA has an updated logic model that does not include the fragmented market as a barrier.
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LLLC systems was declining, and the payback was already in a financially viable range for many
end users.

However, several manufacturers commented that installers commonly overestimate the costs of
LLLC systems in their bids, explaining that the over-stated bids are due to installers’ lack of
familiarity with LLLC products and their wariness about the amount of time required to correctly
commission the systems. With the increased labor costs for installation and commissioning, end
users often conclude that the LLLC system paybacks are not financially viable. Distributors and
manufacturers stated that this significantly limits the adoption of LLLCs since many LLLC
systems get value-engineered out of the design.” Both manufacturers and distributors therefore
perceive installers as key market actors in furthering the adoption of LLLC systems, especially
as LLLC feature-sets continue to expand.

Efficiency Program Barriers

Our third barrier to address dealt with utility efficiency programs and barriers that exist for
manufacturers trying to incorporate their system into utility incentive programs. Three
manufacturers see the Northwest utilities’ current LED incentives as one of the greatest barriers
to LLLC adoption. Because the region’s LED incentives are so robust, the manufacturers thought
that the value proposition for adding an LLLC system gets marginalized and it becomes much
easier to value-engineer LLLCs out of a lighting upgrade if costs and timeline are a concern for
the end user. Three regional experts and four manufacturers agreed that, due to the long life of
LEDs, once an LED system gets installed it becomes a missed opportunity for installing controls.

However, one regional expert and one manufacturer did not share this view. The expert opined
that manufacturing a device that lasts for 20 or more years is not sustainable from a business
perspective unless the manufacturer shifts to a different model or owns an extremely large share
of the overall market. Along similar lines, one manufacturer said that due to their customers’
changing demand their company is transforming from a lighting-only company into an
information services company.

As noted above, the barriers listed in Table 22 are based on the original LLLC logic model. The
revised logic model (currently a work-in-progress) includes barriers focused on increasing
awareness, lowering first costs, and reducing the complexity of LLLC systems, and closely
aligns with the team’s findings.

Adoption Drivers

Six of nine manufacturers stated that energy savings were the primary driver for end users
choosing LLLC systems. When coupled with utility rebates, they find that the large energy
savings that result from low-cost sensor integration—offering daylight harvesting, occupancy
control, and dimming—render LLLCs an attractive option to end users.

17 Value-engineering is the process of removing design elements deemed “non-essential” by the contractor, design
team, and/or owner in an effort to save on construction or operating costs.
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One manufacturer, however, noted that dollar value of energy savings is typically small relative
to an end user’s rent, and smaller still relative to the end user’s wages. This manufacturer felt
that to provide value to the end user, LLLC systems need to do much more than save
energy: they need to tie lighting controls to the people in the space and provide information on
how that space is used.

Another manufacturer opined that the lighting market is primarily driven by cost and a
manufacturer’s ability to offer different solutions to meet each end user’s needs. Since low-end,
commodity luminaires still comprise the bulk of sales, this respondent thought that integrating
inexpensive, efficient lighting with controls meets end users’ desires for low-cost tailored
solutions, and is therefore key to increasing LLLC adoption.

For commercial office spaces specifically, all ten manufacturers included code requirements as
an important driver to adoption. They cited the example of California, where a recent change in
the state’s Title 24 code requires automated demand response capabilities for lighting in new
construction and major renovations. Four of the ten manufacturers noted that California’s code
changes have led to a large increase in LLLC adoption in that state. Furthermore, they reported
that Title 24 requires a third-party agent to commission the building’s systems (in order for the
building to receive a certificate of occupancy). This requirement has led to the development of
LLLC systems that can be easily commissioned because manufacturers want to ensure the
commissioning process is not the cause for a delay in a building’s occupancy.

On the other hand, one manufacturer commented that energy codes can be a double-edged
sword: while more controls may be installed as a result of the code, if the code is not enforced,
installers and end users will seek—and find—loopholes. Two manufacturers noted that building
codes for the retrofit market can also be barriers—rather than drivers—to LLLC adoption. They
described recent experiences in California where building owners who may have considered
installing lighting controls opted instead to forego the retrofits altogether, fearing that the
upgrade might require them to pull a permit which would increase the expense and duration of
the retrofit.

Non-Energy Benefits

NEEA staff and industry regional experts have long recognized that the NEBs of LLLC systems
are likely to play an increasingly large role in LLLC adoption over time. As described in
previous sections, NEBs can be more important to LLLCs’ acceptance within some target
markets than are the energy reduction benefits.

The team asked manufacturers, distributors, and regional experts, which NEBs they promote
most often and which NEBs are most frequently requested by end users. Most manufacturers
promoted and heard request for a variety of NEBs, and all were in agreement that the importance
of NEBs is highly dependent on each customer’s specific needs. Table 23 shows the NEBs
mentioned by all sets of three market actors.
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Table 23. Non-Energy Benefits of LLLCs

NON-ENERGY BENEFIT INDUSTRY
Gunshot detection to dispatch emergency response Municipal
Room occupancy tracking Hospital

Ad targeting using Bluetooth sensing Retall
Color temperature adjustment to stimulate activity Office, Education
Space re-configurability without re-wiring Office
Asset tracking with Radio Frequency Identification (RFID) tag integration Hospital
Comfort level from dimming instead of on/off Office
Space planning based on daily activity Warehouse
Security and communication between teachers during crisis School

None of the manufactures offered methodologies for quantifying the value of these NEBs for use
in utility efficiency program financial calculations. While they do promote the NEBs of their
systems and describe how they help meet their customers’ needs, the manufacturers explained
that aside from quantifying reductions in maintenance for longer lasting equipment, they do not
include NEBs in payback calculations or incentive applications.

Several regional experts noted that one of the largest NEBs they see contributing to the future
adoption of LLLCs will benefit utility efficiency programs rather than end users: once onboard
energy performance metering becomes commonplace for LLLC systems, utility programs will be
able to rely on the information from these systems in lieu of costly site evaluations and project
verification. One expert also noted that the creation of an industry performance metering
protocol will provide defensibility to utility programs, reduce the economic burden of
performing evaluations, and increase trust among regulators.

Finding #9: Manufacturers agree that a lack of training on the installation and
commissioning of LLLC systems is a critical barrier to adoption; it is more important than
NEEA's initial barriers of reducing first cost and addressing market fragmentation.

Finding #10: According to manufacturers and distributors, code can be an important
driver of LLLC system adoption, especially when code requires features such as
demand response that LLLC systems can easily accommodate.

Finding #11: NEBs are important to the promotion of LLLC systems, though they are
rarely monetized and included in financial calculations. Once performance metering is
regularly included with most LLLC systems, the reduction in program evaluation costs
will likely become an important NEB to utilities.
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Appendix D. Interim Baseline and LLLC Adoption Forecast Memo
Research Into Action, Inc. 503 287 9136
research iﬂtﬂ ac[iﬂn § PO Box 12312 503 281 7375
Portland, OR 97212 888 492 9100
ENERG‘Y".'35D www.researchintoaction.com
Memorandum

To:  Rita Siong, Project Manager, NEEA

From: Nicholas O’Neil, Energy 350, Paul Schwarz & Ellen Rubinstein, Research Into Action
Date: June 16, 2016 (Revised July 19, 2016)

Re:  LLLC Market Baseline and 20-year Forecast

Alongside market actor interview findings conducted in 2016, the Northwest Power and
Conservation Council (NWPCC) interior lighting and lighting controls supply curve data and the
2014 LLLC Market Baseline report prepared by Navigant Consulting (NEEA Report #E14-301)
were the primary sources we used to establish the LLLC market baseline and 20 year forecasts.

We developed baseline and forecasts for the four northwest states in three market sectors:
retrofit, major renovation, and new construction. Within these three sectors, two building types
were targeted for baseline and forecast estimation: commercial offices and warehouses.

We describe the information utilized from each source in the following sections along with the
market baseline and forecast findings.

Existing Building Stock Area and Forecasts

We utilized the 2014 Commercial Building Stock Assessment survey (CBSA) data to develop
the baseline and forecast of office and warehouse area (millions of sg. ft.) within the new
construction, major renovation, and retrofit market sectors. We began with this building stock
forecast, which is broken down by state (OR, WA, ID and MT) and building type (Large Office
—above 50,000 sq. ft. Medium Office — between 5,000 sq. ft., and 50,000 sq. ft., Small Office —
below 5,000 sq. ft. and Warehouse) and spans from 2016 until 2035.

Building stock assessment data from CBSA was collated by the NWPCC for use in the 7" Power
Plan and was not modified as part of our analysis. In this way, the total stock of buildings
projected over the next 20 years for possible LLLC system installations is in alignment with
NWPCC building stock forecasts. Figures 1 and 2 below show the forecast of regional building
stock for large office, medium office, small office, and warehouse in millions of square feet for
new buildings and existing buildings, respectively. These figures illustrate fluctuations in new
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commercial floor space over time due to the Council’s employment projections, as well as to
forecasted changes in the stock of building types that are not represented in these graphics but
that affect office and warehouse stocks. For example, warehouse new construction is affected by
retail changes due to the increased amount of e-commerce requiring warehousing. For existing
buildings, the figures show a steady demolition of buildings over time that are replaced by new
construction.

Figure 24. New Construction Forecast — Total Regional Stock
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Figure 2. Existing Building Forecast — Total Regional Stock
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Applicable Fixture Stock

Retrofit and Major Renovation

Our estimation of the total number of applicable fixtures on which LLLC systems can be
installed, required knowledge of the fixture density within each building type. To estimate this
density, we drew on the 2014 market baseline report by Navigant Consulting, which provided a
breakdown of fixture density based on the square footage for offices and warehouses and
represents the best available data for estimating building stock in the region.

Secondly, we reviewed interview data collected in the 2016 market research in conjunction with
the 2014 market baseline report to identify the fixture density data pertinent to only those
fixtures where LLLC systems could be installed. This list of applicable fixtures includes:

y  Strip Lighting (Bare and Lensed)
Yy Pendent Mounts
y  Surface Mounts

y  Recessed Lighting
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The information in the Navigant report was originally sourced from the preliminary CBSA
dataset and linked to building stock assessments that were available in 2013. With the completed
building stock now available as part of NWPCC’s 7" power plan, we updated the number of
installed applicable fixtures in 2016, which added a significant increase to the previous estimate
of potential, as shown in Table 1 below.

Table 3. Fixture Density and Installed Fixture Base for 2013 & 2016 by Building Type

2013 INSTALLED 2016 INSTALLED % INCREASE
APPLICABLE FIXTURE °

BUONSTIE  pmemsart)  aracmE  ATuome o mon
Large Office 0.0086 2,153,433 3,268,759 52%
Medium Office 0.0086 970,210 1,640,337 69%
Small Office 0.0086 1,138,414 1,583,186 39%
Warehouse 0.0041 1,426,561 1,839,663 29%

Source: 2014 Navigant LLLC Market Baseline, Table 4-1

The increase in existing building stock, and thus the increase in the number of applicable
fixtures, is due solely to the use of different building stock assessments available during the two
different study periods.®

New Construction

To quantify the number of applicable fixtures in the new construction sector, we used the
NWPCC new construction forecast estimates and the applicable fixture density from the 2013
CBSA dataset. We assumed that the fixture density in new construction will be similar to the
fixture density in the existing stock of offices and warehouses because typical space layout and
building functions have remained relatively constant.

After applying these factors across all market sectors, we developed forecasts of the number of
applicable fixtures by state, building type, and market sector (retrofit, major renovation, and new
construction) from 2016 until 2035. Figure 3 below shows the cumulative regional number of
fixtures applicable for LLLC installation from 2016-2035 across all market sectors. We see a
steady rise is in the forecasted number of applicable fixture due the fact that new construction
buildings are expected to far outpace building demolition rates over the next 20 years.

18 Navigant noted in their 2014 MRE that only 50% of the CBSA building stock data was available at the time,
which is why the increase is so large.
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Figure 3. Number of Applicable Fixtures — Total Regional Stock Across All Market Sectors
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Installed Base of LLLC Fixtures

Our estimation takes into account the fact that LLLC products exist in the market already, absent
program intervention, and therefore need to be part of the baseline. We confirmed this
assumption through the 2016 market actor interviews that substantiated claims that several
manufacturers have LLLC systems which are beginning to make up a larger portion of overall
sales compared to only a year ago.

We estimated the percent of LLLC systems already in the market by relying on the Bass
diffusion curves developed for the 2014 Navigant LLLC market research report. The LLLC
saturation rate in 2016 was determined based on the 2013 saturation rate defined by Table 4-3 in
the Navigant report coupled with the bass diffusion curve (Figure 3-2) to determine 2016
expected saturation. Our interview findings from the 2016 market actor research did not yield
more significant statistics on overall sales of LLLC products, however several major
manufacturers did comment that LLLC systems are beginning to make up a larger percentage of
overall sales.

Given the short two-year time span between the 2014 Navigant report and the 2016 market actor
interviews, we assumed the trend of LLLC systems would increase at a rate similar to rates
measured in the recent past. Our analysis yielded a baseline fixture installation base of 6% for
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offices and 8% for warehouses in 2016. Figure 4 shows the forecasted total regional stock of
baseline LLLC systems from 2016-2035. The figure depicts a steady increase in saturation over
time as LLLC systems continue to increase in popularity and as first costs decrease.

Figure 4. LLLC Baseline Fixture Saturation — Total Regional Stock by Market Sector
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Adoption Rates by Market Sector

To account for different adoption rates by market sector, we assumed the installed breakout of
LLLC systems by state is analogous to sales data. Information contained in Figure 4-1 and Table
4-4 of the 2014 Navigant report indicated that the majority of LLLC sales are expected to occur
in major renovations. New construction is expected to account for the next highest share of
LLLC sales, and retrofits are expected to account for the smallest share.

Our 2016 market actor interviews with manufacturers and distributors corroborated this finding,
with major renovation and new construction comprising the larger market share of past LLLC
installations, but retrofits beginning to make up a larger share of the market over time. We then
used the annual sales projection data by construction type to calculate the percentage of LLLCs
added each year that would enter through the retrofit, major renovation, and new construction
market sectors. These percentages are shown in Figure 5.
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Figure 5. Percent of Annual Sales by Market Sector — 2018 - 2033
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Since state level sales data were not available through existing secondary sources, nor were we
able to obtain quantitative data through the 2016 market actor interviews, we applied sales data
trends across each state according to a qualitative analysis of manufacturer responses. We
determined through these interviews that most LLLC installations occur in regions with stricter
codes, utility rebate programs, and where the majority of industries are located. Within the
Northwest, most manufacturers pointed to Portland and Seattle for major renovation and new
construction installations. Additionally, Idaho has a stricter building code than Montana and
therefore would be expected to see a larger percentage of the remaining sales.

Taking these influence factors from the market actor interviews into account, we estimated that
adoption in Idaho and Montana would lag behind adoption in Oregon and Washington by five
years. While LLLC system adoption in Idaho and Montana is expected to follow the same
diffusion curve as adoption in Oregon and Washington, the lag in Idaho and Montana results in
fewer installations in these states in the next five years.

Our final step multiplied the regional square footage, applicable fixture densities, and overall
sales data together to provide a forecast of total LLLC installations by market sector, building
type, and state.
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Figure 6 shows that LLLC systems are expected to continue to make-up a larger share, on a
percentage basis, of the regional fixture stock in the new construction and major renovation
markets over time as technology matures and first cost is reduced.

Figure 6. LLLC Fixture Saturation — % of Total Regional Stock for New Construction and Major
Renovation
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Similarly, the large existing stock of fixtures presents a substantial opportunity for LLLC system
installations, albeit on a smaller scale in terms of percentage of total applicable fixtures. Fixture
7 shows the estimated saturation of LLLC systems in the retrofit sector as a percent of the total
retrofit market. These computations support the market actor interview findings that the majority
of installations are first occurring in new construction markets as first cost presents a barrier to
installation in the retrofit sector.
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Figure 7. LLLC Fixture Saturation — % of Total Regional Stock for Retrofit
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Baseline Energy Consumption
To convert the saturation of fixtures into anticipated energy savings, a baseline LPD is needed.

We utilized data from the NWPCC 7' power plan supply curves that detailed baseline LPD
levels for office and warehouse spaces for all three market sectors, as shown in Table 2.

Table 2. Fixture Density and Installed Fixture Base for 2013 & 2016 by Building Type

UG TRE EUI E()él\i}l’:'l}fQ?LJ_lrlj)lleGS EUI NEW BU||ZPE(){XJI(I_;USISI\(/I?/.\'J:(T)§ RENOVATION
Large Office 3.2 2.6
Medium Office 2.7 2.2
Small Office 2.5 2.1
Warehouse 1.3 1.6

Source: NWPCC 7th Power Plan supply curve for interior lighting

We used the LPD from the Council’s supply curves with the applicable LLLC fixture density
(Table 1 above) to determine the total applicable building area with LLLCs as a function of state,
building type, and market sector from 2016 until 2035.

To define LLLC energy savings, we drew on the 2014 CBSA data, state energy codes, and the
NWPCC lighting controls energy savings analysis. The NWPCC analysis defines energy savings
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for LLLCs over uncontrolled, and traditionally controlled, baselines depending on the space. To
determine applicability of spaces for LLLC systems, we relied on CBSA data to define the space
use breakout typical of each building type. Then we pulled in the relevant energy codes from
each state to restrict the baseline control requirements in order to define the savings potential for
each space. Figure 8 below demonstrates our step-by-step process to obtain LLLC system
savings once we calculate the total building area with installed LLLC systems.

Figure 8. Process for Determining LLLC Lighting Energy Savings
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Our final step in the analysis was a roll-up of a percent lighting savings for each building type
taking into account different state code requirements. After applying these energy savings factors
to our forecast, we arrived at a forecast for LLLC energy savings as a function of state, building
type, and market sector from 2016 until 2035. Figures 9-11 show this breakout by building type
for each market sector.

Figure 9. 2016 - 2034 Cumulative Lighting Energy Savings — New Construction (Region)
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Figure 10. 2016 - 2034 Cumulative Lighting Energy Savings — Major Renovation (Region)
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Figure 11. 2016 - 2034 Cumulative Lighting Energy Savings — Retrofit (Region)
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Appendix E. Additional Figures

The figures below show estimates and forecasts over the 20-year period at a more granular level
of detail than the summary charts contained within the main body of this report.

Figure 18. Installed Base of Fixtures by State — Major Renovation
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Figure 19. Installed Base of Fixtures by State — New Construction
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Figure 20. Installed Base of Fixtures by State — Retrofit
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Figure 21. Installed Base of Fixtures for Region — Major Renovation
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Figure 22. Installed Base of Fixtures for Region — New Construction
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Figure 23. Installed Base of Fixtures for Region — Retrofit
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Figure 24. Cumulative LLLC Fixtures Saturation by State — Large Office Percent of Total NC/MR Market
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Figure 25. Cumulative LLLC Fixtures Saturation by State — Medium Office Percent of Total NC/MR Market
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Figure 26. Cumulative LLLC Fixtures Saturation by State — Small Office Percent of Total NC/MR Market
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Figure 27. Cumulative LLLC Fixtures Saturation by State — Warehouse Percent of Total NC/MR Market
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Figure 28. Cumulative LLLC Fixtures Saturation by State — Large Office Percent of Total Retrofit Market
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Figure 29. Cumulative LLLC Fixtures Saturation by State — Medium Office Percent of Total Retrofit Market
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Figure 30. Cumulative LLLC Fixtures Saturation by State — Small Office Percent of Total Retrofit Market
4.5%
4.0%
3.5%
3.0%

2.5%

2.0%

1.5%

1.0%

Al
[ T | e | III III III III I I

00 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

m Small Off OR  0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.2% 0.2% 0.3% 0.5% 0.6% 0.8% 1.0% 1.3% 1.7% 2.1% 2.7% 3.3% 4.1%
m small Off WA 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.2% 0.2% 0.3% 0.4% 0.6% 0.8% 1.0% 1.3% 1.6% 2.1% 2.6% 3.2% 3.9%
= Small Off ID  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.2% 0.2% 0.3% 0.4% 0.6% 0.8% 1.0% 1.4% 1.8% 2.2% 2.8%
Small Off MT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.2% 0.2% 0.3% 0.4% 0.6% 0.8% 1.0% 1.3% 1.7% 2.1% 2.7%

Cumulative LLLC Fixture Saturation
(% of Total Market)

X

HSmall Off OR  ESmall Off WA m Small Off ID Small Off MT

Additional Figures research)into) action” | ENERGY 350 | Page E-7



LLLC Market Characterization and Baseline Report

Figure 31. Cumulative LLLC Fixtures Saturation by State — Warehouse Percent of Total Retrofit Market
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