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E EXECUTIVE SUMMARY

This report presents the results of a comprehensive market research study (the Study) focused on the
commercid and indudtria (C&I) lighting industry of the Pacific Northwest (PNW) conducted on behaf
of the Northwest Energy Efficiency Alliance (the Alliance). The information and recommendations
presented in this report will ad the Alliance in determining whether to develop a set of initiatives tailored
to the unique needs of the region’s C&1 lighting market. Although the scope of this study includes only
research on C&| lighting, readers should be aware that the Alliance is andyzing whether C&I lighting
should be addressed through lighting-specific initiatives, lighting-related activities that are integrated parts
of abroader whole-building initiative, or some combination of the two. Also note that the research
presented in this report isintended by the Alliance to be abroad fir st-step effort from which additiona
market research efforts may follow.

E.1 ALLIANCE OBJECTIVES

In conceiving this Study, the Alliance had three overarching and closely intertwined objectives:
1. Characterize the current market for C&1 lighting products and servicesin the PNW,

2. Assessthe merits of lighting technologies and practices that go beyond current standard
practices, and

3. Provide suggestions for new Alliance initiatives in the C& I lighting market.

E.2 OVERVIEW OF STUDY SCOPE

Like any study, the Study objectives and research questions needed to be prioritized, given the
resources allocated and the fast-paced project schedule. The study combined primary research,
secondary sources, and the knowledge of industry experts to produce a product that would be the key
firs gep in the Alliance' s new C&I initiative development process.

Among the three objectives presented above, the bulk of the project resources were alocated to the
first one, developing a market characterization specific to the Pacific Northwest. This market
characterization was developed principally from over 120 in-depth interviews conducted with supply-
sSde market actorsin the PNW.

The second objective, assessng new C&I lighting opportunities, was examined through use of lighting
experts on our project team and their use of secondary sources. This effort represented about 20
percent of the project resources and resulted in the products presented in Section 6 - Promising
Technologies and Practices and severd of the gppendices.

oawnea0002:report:final:part 1:0_exec_summ E- 1



SECTION E EXECUTIVE SUMMARY

The last key objective, to assess and develop new initiatives, was addressed through a combination of
summarizing initiatives currently being implemented or consdered by organizations other than the
Alliance, and severd structured brainsorming sessions.

E.3 STuDY APPROACH

The key research activities employed for this study included the following:

primary research condsting of in-depth interviews with regiond market actors and lighting
experts,

b 60 digributor interviews

P 30 designer interviews (architects, eectric engineers, and lighting designers)

P 30ingdler interviews (principaly dectrical contractors)

P agoproximately a dozen regiona and nationd lighting expert interviews

secondary research congting of detailed review and utilization of lighting Sudies rdevant to the
Study objectives,

utilization of the knowledge of our project team’s lighting experts, and

andydis of initiatives being implemented e sewhere in the United States and structured
brainstorming of prospective new initiative needs.

E.4 SUMMARY OF KEY BASELINE FINDINGS

Thelighting market is changing in the Pacific Northwest. What used to be aregion in which the densdy
populated cities in the western parts of Oregon and Washington had subgtantially more efficient lighting
has changed into an area where many proven high-efficiency lighting technologies have migrated east to
Idaho and Montana, despite alack of mandatory energy codes in those states. There are severa
generd conclusions that we summarize below about the current sate of the lighting market in the

Alliance sterritory:
7
DESGN Electrica engineers are mogt influentia over choicesin lighting equipment, controls and

| NFLUENCE layout. In addition, electrical contractors make design suggestions and changesin one-
third of al projects. Despite this, dectrical engineers and contractors are generaly not
trained in daylighting, and rarely get involved early in a project when daylighting
opportunities are greatest.

REGIONAL The use of fident lighting equipment is not Sgnificantly different in the population

SIMILARITY centers west of the Cascades and in the more rural eastern areas of Oregon,
Washington, and the states of 1daho and Montana. Emerging technologies are used in
greater numbers in Segttle and Portland, but as with occupancy sensors, T8 lamps, and
electronic ballasts, these quickly spread to eastern areas as they are proven.

oawnea0002:report:final:part 1:0_exec_summ E-2



SECTION E EXECUTIVE SUMMARY

ELECTRONIC  Electronic balasts are now standard practice. For new purchases that serve both

BALLASTS existing and new buildings, digtributors report that eectronic ballasts made up 67
percent of sdlesin 1999 versus 43 percent in 1996. In new construction, ectronic
ballasts represent an even higher share, roughly 82 percent according to arelated
Alliance study.

T8 LAMPS T8 lamps are dso considered standard practice. From 1996 to 1999, sdesof T8
lamps jumped from 34 percent to 61 percent of the four-foot fluorescent market.

CFLs Compact fluorescent lamps have gained considerable market share over the past three
years, jumping from 32 percent of downlights and wall sconce sdesin 1996 to
49 percent in 1999.

A summary of the current penetration estimates we developed from our primary research isshown in
Figure E-1.

FigureE-1
Current Product Market Sharesfor New Purchases - Distributor Self-Reports

T8 Lamps

T12 Lamps

T5 Lamps
Electronic Ballasts 67%
Magnetic Ballasts

Dimming Ballasts

CFLs

Incand

T T T
0% 25% 50% 75% 100%

While there are many more lighting specidists in Sesttle and Portland than in Spokane and Boise,
lighting designers throughout the Alliance s territory are concerned about the increasing speed of
congdruction. Concerns center on the lack of time available to design good lighting systems. Some
designers noted that the problem is exacerbated in design-build projects because of the emphasison
rapid completion. One of the results of rgpid condtruction is a shift toward modular lighting designs
which are copied onto new floorplans, often without regard to building orientation, window size and
placement, or lighting in surrounding spaces.

oawnea0002:report:final:part 1:0_exec_summ E-3



SECTION E EXECUTIVE SUMMARY

Other important baseline results of this study address market structure, practices of the professiondls,
lighting technology trends, key information sources, and the awvareness and use of the Lighting Design
Labin Sedttle. Theseinclude:

On practices.

Mogt designers report using hand calculations and rules-of-thumb for their lighting designs, few
use sophisticated modeling tools, though severd computer smulations are sometimes used as
wal.

Some attention is getting paid to comfort and productivity associated with lighting, but mostly by
asmdl vanguard of architects and designers.

Interest in daylighting is significant, but its goplication is il very uncommon.

Knowledge of fundamenta daylighting design principlesis limited to asmal group of designers,
most designers honestly rate themselves poorly with respect their knowledge of how to
effectively use daylighting to reduce dectricd lighting consumption.

On technologies.

Penetration of occupancy sensorsis dill limited, market actors continue to have concerns about
the use of these controls.

Pulse-gart metd hdide fixtures are widdy known and are increasingly used.

LED exit Sgns have nearly replaced CFL and incandescent units in new congtruction.

T5 lamps will increase market share in mainstream gpplications in the next three years. Many
designers and digtributors regard T5 lamps as an “ up-and-coming” technology.

There are more choices of fixtures with efficient lamp and balast configurations than there were
in the recent past.

On the key information sources:

Manufacturers and trade magazines are the principa sources utilized by supply-sde actorsto
obtain information on new technologies. Electrical distributors and trade shows were also cited
as important sources of new technology informetion.

The World Wide Web was not cited as akey source by distributors or contractors, but was
cited as such by designers.

The Lighting Design Lab was cited as a key source of new technology information by about 12
percent of respondents.

Onthe Lighting Design Lab:

An impressive 80 percent of designers, 59 percent of ingtallers, and 75 percent of distributors
are aware of the Lighting Design Lab.

Almog athird of dl respondents report vigting the Lab or using its services (including regiond
outreach services).

oawnea0002:report:final:part 1:0_exec_summ E-4



SECTION E EXECUTIVE SUMMARY

E.5 PROMISING C&I LIGHTING TECHNOLOGY AND PRACTICES AND REGIONAL
POTENTIAL

The firg-tier technologies and practices found to be most promising in this sudy are;
Energy fective lighting design (non-daylighting)
Daylighting by design
Huorescent dimming
Integrated lighting controls
Halogen IR sources
High efficiency generic fluorescent fixtures
T5 and T5HO fluorescent luminaires
Modern metd hdide lamp/bdlast systems
Modern industrid fluorescent systems
High efficiency compact fluorescent luminaires

Descriptions of these technologies and practices, dong with the opportunities they present and barriers
to their increased market penetration are provided in Section 6 of this report.

As part of this study, we developed rough estimates of the potentia savings that could be achieved by
2010 by increasing the penetration of efficient C&| lighting technologies. There are severa important
cavests associated with these estimates that readers should review in Section 6.3. Also note that all of
the potential estimates presented in this report are only gpproximate, as afull potentid analyss was not
within the scope of thisstudy.1 Our objective for developing potential estimates in this study is modest:
itissmply to provide the Alliance with agenerd sense of the available potentia so that it can take the
relative potentid of the lighting market into account when comparing the C& I lighting initiative areawith
other opportunity areasit may be consdering.

In the existing construction market, we estimate that, in terms of energy savings, there is roughly
30 percent of technical and at least 17 percent of economic potential remaining in the existing
construction lighting market. Importantly, the economic potentia could be significantly higher
depending on avoided cogts. Figure E-2 presents a supply-curve of remaining potentia in the region.
The economic potentia increases to about 23 percent if the levelized cost threshold moves up from
about 2.5 cents per kWh saved to 5 cents per kWh saved. Also note that most of the remaining
economic potentid is associated with T8 lamps/dectronic ballasts (T8/EBSs) and compact fluorescent

1 XENERGY has conducted dozens of energy-efficiency potential studies. These studies require extensive analysis of measure
costs, savings, baseline population forecasts, and saturations of existing equipment, and the like. Asaframe of reference,
consider that the budget resources applied to most energy-efficiency potential studies equals the entire budget of the current
study. Estimating thetotal potential of lighting savingsin the current study, however, represents only asmall portion of the
total scope (less than 5%).

oawnea0002:report:final:part 1:0_exec_summ E-5



SECTION E EXECUTIVE SUMMARY

lamps (CFLs). Occupancy sensors are somewhat above the 5 cent per kwWh saved leveled cost when
consdered on the margin (that is, after implementation of T8/EBsand CFLs. In addition, since the
supply curve andysisis based on the average hours of use for lighting within each building type, it does
not fully capture the economics of occupancy sensors which are most cost effective when applied to the
portion of space with operation hours that exceed occupancy and other needs.

On the margin, retrofitting to perimeter dimming is very expengve from an energy-only point of view.
Thisfinding is consstent with anayses conducted by XENERGY and othersin previous economic
potentia studies. Societal economics for perimeter dimming are very sengtive to the vaue associated
with peak (daytime) demand reduction, while customer economics are equally senstive to whether the
vaue of pesk demand reductions is trandated into end user price Sgnals. Without high on-pesk price
sgnds, perimeter dimming is generdly not cost effective for customers on aretrofit basis.

FigureE-2
Commercial Sector Lighting Supply-Curve* - Existing Stock, Base Y ear = 2000
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For the new construction market, we estimate that a 10 percent improvement in lighting power
density across all commercial building types would result in approximately 41 aMW of savings by
the year 2010, while a 20 percent reduction, which would require extensve use of controls and
daylighting, would produce 82 aMW of savings over the same period.

Although estimates of the total potentid available are important for planning purposes, it isimportant not
to mistake technical and economic potentia for what is achievable in the market through program
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SECTION E EXECUTIVE SUMMARY

initiatives. Detalled estimation of market and program potentid are beyond the scope of the present
study, however, we have provided a hypotheticad example of what an achievable potentia target might
produce. In Fgure E-3, we include a hypotheticd casein which a5 percent improvement in lighting use
is achieved in new congtruction and one-third of the remaining economic potentid in the existing market
is captured. The result would be savings of 21 aMW in the new construction market and 82 aMW in
the existing market, for atota of 103 aMW by the year 2010.

Over the next 10 years, the existing condruction market till holds the mgjority of the remaining savings
potentia in the region; however, influencing the new congtruction market is aso critica because of the
importance of avoiding lost opportunities and the opportunity to build best practice design into the
building design process when it is least expensve and most advantageous to maximizing lighting savings.

FigureE-3
Overall Summary of Commercial Lighting Potential and Hypothetical Target - 2010
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E.6 MARKET BARRIERS TO “ NEXT LEVEL” C&I LIGHTING

There are ahogt of chdlengesinherent in the types of opportunities associated with harvesting the
remaining lighting savingsin the PNW. Thisis because the greatest remaining opportunities, given
technologies available today, or expected to be available in the near term, are design related, and C& |
lighting design is fraught with barriers to further improvement. Key barriers discussed throughout this
report include the following:
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SECTION E EXECUTIVE SUMMARY

E.7

Design cost minimization. Building developersownersfinanciers are usudly unwilling to
increase building budgets to accommodate the added costs of daylighting. Owners and
developers generdly seek to minimize design and commissioning costs.

Control technology cost, ease-of-use, reliability, and reputation. Lighting controlsfor
daylighting are an immature market and require new products and new thinking. Inthe
meantime, the complexity of the current products, magnified by the variations in dimming
ballasts, demands much greater design costs and much greater commissioning costs. Even
occupancy sensors gill suffer from concerns over rdiability and maintenance requirements.

Lack of design/build integration (i.e., linear and fragmented design process). Lighting
designsthat make use of naturd light are stifled by the traditiond linear approach to design.
Mos sgnificant architectural programming is completed before the dectrica engineer or lighting
designer is brought on board, serioudy cutting the opportunities for including daylighting
provisonsin the building shel plan.

Pervasive lack of professional knowledge:

P Electricad contractors are generdly unfamiliar with dimming and daylighting control systems
and prefer to avoid them. Electrica contractors per ceive these new systems as an order of
magnitude increase in warranty service and cdl-backs. These contractors may deliberately
seek to kill or remove dimming systems, often under the guise of "vaue engineering.”
Contractorsin our study also cited concerns about reliability, maintenance and customer
override as sgnificant barriers to their use of occupancy sensors.

P Generd contractors are extremely conservative and risk averse, e.g., amarket actor for
whom "dl skylights legk.”

P Architects tend to be poorly trained in the use of daylighting and generdly do not consider
lighting systemsin ther purview.

Use of rules of thumb and templates dominate Asdiscussed in Section 5, designers report
using hand caculations and rules of thumb most often to layout fixtures, though they do not
report using templates as much as hypothesized.

Lack of end-user demand for advanced lighting design and daylighting. Electrica
engineers, architects, and lighting designers stated that they were asked by their dientsin less
than three percent of casesto include daylighting in their designs. Despite recent advancesin
documenting the energy and non-energy benefits of daylit buildings, the message has not yet
effectively penetrated and affected the key end user decision makers.

SUGGESTED INITIATIVE AREAS THE ALLIANCE SHOULD CONSIDER

E.7.1 Philosophical Considerations

Before discussing theinitiative areas specificaly, we present asummary of our generd guideines on
how the Alliance should approach improving the current C&| lighting market.
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Establish A Realistic High-Level Goal And Timeline. The Alliance should have a clear, overdl
god in mind before embarking on specific initiativesin the C&I lighting market. For example, the
Alliance may want to target a 15 percent improvement in total regiond lighting use over current standard
practice. In addition, it will be critical for the Alliance to determine the relative priority of energy
versus peak demand savings. If demand savings are important, or grow in importance (as implied by
peak summer wholesae prices in the western U.S.), then the societal value of peak reducing
opportunities will increase accordingly (thisis especidly critical because the premium price of dimming
balasts currently prevents them from being cost-effective under flat margind cost forecadts).

Take A Measured Approach To Developing New Initiatives. Becauseit will be difficult to reduce
the market barriers discussed in this report, we believe that a measured, gradua approach to changing
the market isneeded. In the short term, trying to rapidly change this particular market with one or a
combination of large initiatives could backfire from implementation of immeature technologies, the
misgpplication of technologies by untrained professonds or the like.

Get Direct Market Actor Feedback And Thoroughly “Road Test” Prospective New I nitiatives.
The Alliance has shown itsdlf to be anationd leader in devel oping, testing, assessng, improving, and
culling energy efficiency programs. We gpplaud this and suggest that the Alliance continue its generd
gpproach and orientation to program development asiit tackles C&| lighting.

Mix And Match Cross-Market And Target-Market Programs And Messages. Although we have
not determined which of the suggested initiatives the Alliance should pursue, we believe that a
combination of initiatives that address both generd and specific market barrierswill be necessary. In
particular, a combination of increasing demand from end userg/building owners and improving
product/practice supply will be critical.

Leverage The Good Work Of Others And Fill Gaps Selectively. Asshown in Section 7.3, there
isasmadl renaissance of activity around the country aimed a bringing C&1 lighting design to the next
level. Thisistrend promising and provides an excdlent platform upon which the Alliance can build its
own complementary and region-specific programs. A cautionary note isthat most of these initiatives
have been in exigence only ashort time and, as such, do not yet have much in the way of evauation
results available to demondtrate their efficacy and improvement in their gpproaches.

Make Buying Quality and Efficient Lighting More Of A Commodity Purchase. For the low-
end market, but dso for higher-cdibre designers, explore the extent to which efficient, qudity lighting
can become routine, through use of standard methods, templates, equipment standards, quaity
guiddines and other tools.

E.7.2 New Initiative Areas the Alliance Should Consider

In Section 7 of this report, we discuss a number of progpective initiative areas for the Alliance to
consder. Within the scope of this study, we have not prioritized among these considerations. To
prioritize among them requires estimation of the costs and benefits of carrying out each of theinitiatives.
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Thisinformation could be devel oped independently through additiond research or through a competitive
bidding processin which bidders are required to forecast and commit to specific milestones and
impacts, or through a combination of both. The recommend areas to consider are as follows:

Lighting Design Tools. Development And Dissemination of Lighting Design Guides,
Software Tools, And Templates. Thisis currently a popular area of emphasis among lighting
programs nationally—so popular in fact, that there is now an dmost overwhelming array of design
guides currently available or under completion. Some experts believe that the bulk of the current suite
of guides and software tools are more appropriate for the “high” end of the supplier market than the
“low” end. Asaresult, one suggestion that has come up in severd of the brainstorming sessions held to
support this aspect of our research isto develop a set of best practice lighting design templ ates that
would support the “lower” end market events and market actors.

Development And Dissemination Of Case Studies. Thisisanother areg, like the one discussed
above, in which agreat ded of progress has been made recently around the country. Most of the
initiatives for which there are high-end design guides dso are developing case sudies. The Lighting
Design Lab aso provides some case studies to vigitors, as doesthe “Field Studies’ portion of the
BetterBricks.com website. The Alliance should assess whether the current set of case studies, and
associated dissemination mechanisms, from these sources are adequate to meet the region’s need.

Stimulation of End User/Building Owner Demand, Support For Non-Energy Benefits
Demonstration Research, And Leveraging of Growing I nterest In Green Buildings. Although
we do not believe there are any slver bullets currently available to rapidly increase end-user and
building owner demand for best practice lighting, we believe that, ultimately, this is perhaps the most
critical dimension of the problem. Aswe have stated in related market transformation studies and
publications. end users are the demand engine upon which virtually all self-sustaining changesin
the marketplace are dependent.

A popular current gpproach to this problem asit pertainsto C&|I lighting is demongtration and
communication of the non-energy benefits of daylighting and advanced lighting design, especidly those
that pertain to productivity increases. The argumentsin favor of this approach are powerful and the
fruits of initid efforts to quantify these benefits are emerging.

Another gpproach the Alliance should consider isfocusing on red-estate investment trusts (REITS).
These organizations own and manage a large percentage of the commercid floorspace in the United
Staes. By reaching and influencing the largest of these organizations, a Significant percentage of square
footage and lighting load can be affected.

We dso bdieve that the current growing interest in green buildings, especidly in the PNW, represents
an important opportunity to advance best practice lighting in the region. Green buildings aso tend to be
marquee buildings (e.g., corporate and government headquarters, historic Sites, etc.). Thus, green
buildings may diffuse best practice energy and lighting approaches more quickly than would other
buildings. The Alliance should seek to ensure that green building candidates adopt best practice lighting
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(especidly, daylighting) and that these cases be well publicized through the gppropriate communication
channels.

Product Catalogues And Guides/Distributor-based I nitiatives. The areas discussed above target
most of the key market actors with the exception of distributors and manufacturers. In addition, the
initiative areas discussed previoudy are mostly design-related. Another areathat the Alliance should
congder isthe promation of high-efficiency lighting products at the distributor leve of the vaue chain.
Although basic high-efficiency components are now generdly available from most digtributors (e.g.,
eectronic and even dimming bdlast, T8 lamps, and CFLSs), some of the higher end efficiency products
are not well stocked or promoted by distributors.

Education Of Current Practitioners. In thissudy, even market actors most responsible for lighting
desgn SHf-rate their knowledge level of daylighting-related practices between ‘not very familiar’ and
‘somewhat familiar’. Importantly, no one we spoke with (out of 120 interviews) reported having expert
knowledge of daylighting. Congstent with this finding, when these market actors were asked for their
own suggestions of initiatives the Alliance should pursue, the most commonly mentioned area was
educstion.

Education Of Future Practitioners. Many lighting experts and program adminigtrators believe that
to achieve long-term, lagting change in lighting design practices, fundamenta improvements must be
made in the academic education of architects and dectricd engineers. However, thereis no consensus
on thisissue. Some experts believe that academic training is of secondary importance to on-the-job
experience and training because the commercia demands placed on practitioners make a more
consstent, lasting impression on designers than academic courses.

Evaluate Need For Code I mprovement. The Alliance recently sponsored a basdine study of
nonresidential new congtruction practicesin the PNW.2 This study indicates that high-efficiency
components, in particular, T8 lamps with eectronic ballasts, metal halide, and CFLs, dominate the
market, dthough incandescent and stlandard efficiency 8-foot lamps are still common. Thus, codes
gppear to be doing their job effectively with respect to basic high-efficiency lighting components.
However, the same study aso shows that dimming and related daylighting systems were not penetrating
the market as of 1998 (which we confirm with the resultsin Section 5.7 of this report). Facilitating
advanced design practices through energy codesis not easy, however. Further investigation into
whether codes should be changed in light of the findings from this study and the Ecotope study should
be conducted.

Address/Support Research On Fragmented, Serial, And “Value Engineering” Aspects Of The
Building Design Process. As documented throughout this study and other sudies listed in Section 2,
fragmentation and serid sequencing of the building design process combined with “va ue engineering”
often spell disaster for advanced lighting design and implementation Researchers a Washington State

2 Baseline Characteristics of the Nonresidential Sector in Idaho, Montana, Oregon and Washington, D. Baylon et al, prepared by
EcoTope for the Northwest Energy Efficiency Alliance, Draft, March 2000
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University are focusing on in-depth observation and andlysis of the relationships between market actors
involved in the building design process that may illuminate improved understanding of both the
contractua and socia basis for how decisions are made and “unmade” during this process3. Although,
perhaps too broad and exploratory an areato sponsor on its own currently, the Alliance may want to
contribute to this research effort as it matures and yields benefits.

Facilitate Program Cooperation And Manufacturer Outreach. A brief review of PNW utility
webgtes indicates that there are anumber of lighting and new construction programs in place throughout
the region. If the Alliance has not dreedy, it should compile al of the PNW utility program information
that affects C&1 lighting. Through this compilation, a picture of the region’s utility C&I lighting programs
can be deve oped which would then facilitate an andyss of regiond congstencies, inconsstencies, and
gaps. Additiona research could yield an assessment of which utility programs are working well (i.e.,
resulting in the inddlation of good qudity, energy efficient lighting systems). These efforts would

provide important further context for the Alliance in making its next round of decisons about which, if
any, regiond lighting initiatives to develop.

In addition, the Alliance may aso want to consder taking a nationa leadership role in developing or
supporting inter-regiond lighting initiatives, as there gppears to be a growing need for nationd
coordination.

3 Thefirst phase of this research was documented in Lutzenhiser, Loren and Rick Kunkle, New Commercial Buildings Market
Transformation Research Needs. A Scoping Report Prepared for the California Institute for Energy Efficiency, Washington
State University, September, 1998. The second phase, which will include results from observance of actual design
processes, is currently in progress.
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1 INTRODUCTION

This report presents the results of a comprehensive market research study (the Study) focused on the
commercid and indudtrid (C&1) lighting industry of the Pacific Northwest (PNW). In Spring 2000, the
Northwest Energy Efficiency Alliance (the Alliance) contracted with XENERGY  Inc., with assistance
from Risng Sun Enterprises Inc., Pacific Energy Associates, and Energy Market Innovations, to
conduct the Study presented herein. Primary research for this Study was conducted from May through
July 2000. The Allianceis currently planning to use the information and recommendations presented in
this report to decide whether to develop aset of initiatives tailored to the unique needs of theregion’s
C&1 lighting market. The research presented in this report is intended by the Alliance to be afirst-step
effort from which additional market research may follow.

1.1  ALLIANCE OBJECTIVES AND KEY RESEARCH QUESTIONS

In conceiving this Study, the Alliance had three overarching and closely intertwined objectives:
1. Characterize the current market for C&| lighting products and services in the PNW,

2. Assessthe merits of lighting technologies and practices that go beyond current standard
practices, and

3. Provide suggegtions for new Alliance initiaives in the C&1 lighting market.

With respect to the firgt objective, market characterization, the Alliance had a number of specific
questions about the current market in the PNW, among these were the following:

What are the key dimensions aong which the current C&1 lighting market is segmented and
what segmentation gpproach or gpproaches should the Alliance use in developing its initiatives?

How are key decisons made in the C& | lighting market among end users and supply-side
actors? How do these decisions vary with respect to the key market segments, market events,
and high-efficiency lighting opportunities (e.g., commercid versusindudtrid, smaller tenant
improvements versus large new congtruction, efficient components versus integrated lighting
design and daylighting, planned versus last minute changes in equipment ingdled, etc.)?

Wheat do the current and recently past markets for C&I lighting products and servicesin the
PNW look like in terms of product flows among market actors, stocking and specification
practices, and actual sales? (Products of specid interest are eectronic ballasts, dimming
eectronic bdlagts, T-5 fluorescent lamps, high efficiency T-5 fixtures, dimming controls,
occupancy sensors, compact fluorescent lamps and fixtures - especidly of high bay aress, etc.)

Where are the key leverage points, and motivators for change among each market actor group?
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Underlying the second key objective, assessng new C&1 lighting opportunities, was the desire to
develop answers to the following key questions:

What are the most promising new technologies and practices and what are the merits,
limitations, and market barriers currently associated with each?

What is the relative potentia of these new technologies and practices among the different end-
user segments?

What non-energy benefits, if any, do the new technologies and practices offer?

The third key Alliance objective was to assess and develop new initiatives that are likely to lead to
sugtainable changes in the PNW market for high-efficiency lighting technologies and design practices.
Key specific Alliance questions related to this objective were:

What C&1 lighting initiatives are currently being implemented by other efficiency organizations
around the country?

What could be adapted from other lighting and controls projects in the region or nationaly?
Should the Alliance partner with other programs being implemented e sewhere?

Are there any gaps among these existing initiatives and, if o, how important are these gagps and
what initiatives are needed to fill them?

How would or should new Alliance lighting initiatives relate to other Alliance programs?

How should new Alliance initiatives address the needs of the key players/audiences/
gtakeholders and among what commercid and industrid segments would prospective initiatives
have the greatet likdlihood of success?

1.2 OVERVIEW OF STUDY SCOPE

Like any study, the current effort required some prioritization among the Study objectives and research
questions given the resources dlocated and project schedule. The effort was intended to be ardatively
fast-paced effort that combined primary research, secondary sources, and the knowledge of industry
experts to produce a product that would be the key first step in the Alliance s new C&1 initiative

devel opment process.

Among the three objectives presented in Section 1.1, the bulk of the project resources were dlocated
to the first one, developing a market characterization specific to the Pacific Northwest. This market
characterization was developed principaly from over 120 in-depth interviews we conducted with
supply-side market actors in the PNW.

The second key objective, assessing new C&I lighting opportunities, was addressed through use of
lighting experts on our project team and their use of secondary sources. This effort represented about
20 percent of the project resources and resulted in the products presented in Section 6 - Promising
Technologies and Practices and severd of the gppendixes. Readers should bear in mind that our
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principa objective was to summarize the key opportunities and issues associated with them, not to
develop or present detailed technica descriptions of these opportunities. Aswe indicate in Section 2,
there are a number of sources available that provide more details on the technologies and practices
summarized in this Study.

The last key objective, to assess and develop new initiatives, was tackled through a combination of
summarizing initiatives currently being implemented or consdered by organizations other then the
Alliance and the conducting of structured brainstorming sessions with our project team members and
with a broader community of lighting researchers and program designers. It should be noted that this
Study was intended to provide only an initid step toward development of new Allianceinitiatives for the
C&1 lighting market; thus, we do not attempt to “pick” the best initiatives or to provide detailed
prospective initiative specifications. Rather, we provide a generd discussion of market initiatives that
we recommend the Alliance congder further in Section7. In addition, the Alliance itsalf will usethe
information in this Study to further develop and assess prospective new initiatives through in-house
program development processes, a competitive bidding process that will likely include both general and
targeted request for proposals for C&| lighting initiatives, and further market research.

1.3 ORGANIZATION OF REPORT

The remainder of this report is organized into two volumes. Volume | provides the main report and
gppendices. Volume Il provides some additiond technical documentation of the technologies and
practices discussed in Section 6 and is intended primarily for Alliance gaff. Volumel isorganized as
follows

Section 2 provides a summary of the gpproach used for the sudy and alist of key secondary
sources utilized.

Section 3 presents an overview of rdevant building and lighting industry market structures that
form an important backdrop to the primary research conducted and resulting recommendations.

Section 4 summarizes the characterigtics of the target populations and primary research samples
completed.

Section 5 discusses the results of interviews with key market actors. These results provide a
comprehensve basdline assessment of the current market for commercia and indugtrid lighting
technologies and practices in the Pacific Northwest.

Section 6 contains our discussion of promising technologies and practices and provides an
assessment of the total region-wide potentia associated with these opportunities.

Section 7 presents our discussion of initiatives for the Alliance to consider to further increase the
penetration of high-efficiency lighting technologies and practices in the Pacific Northwest.

Appendix A provides asummary of aninforma sesson on nonresdentid lighting initiatives
conducted a the American Council for an Energy-Efficient Economy’s Summer Study 2000.

Appendix B condsts of detailed results from our market actor surveys.
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Appendix C provides the survey instruments used for the market actor interviews.
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2 STUDY APPROACH

In this section, we discuss the research activities conducted to support each of the key Study objectives.
Asintroduced in Section 1, the key research activities included the following:

primary research conssting of in-depth interviews with regionad market actors and lighting
experts,

secondary research conssting of detailed review of lighting studies relevant to the Study
objectives,

utilization of the knowledge of our project team'’ s lighting experts, and

andyss of current non-Alliance initiatives and structured brainstorming of prospective new
initiative needs

2.1 PRIMARY RESEARCH IN THE PNW

Although the origind plan for this Study called for a combination of secondary research to be
complemented with modest levels of primary research in the PNW, in our proposa to conduct the
Study we suggested a shifted emphasis that would lead with primary research and complement with
secondary sources. We did this for anumber of reasons. Firg, the Alliance had a number of specific
research questions for which no answers existed for the PNW region. Second, the Alliance was
specificaly interested in knowing the extent to which the key subregions of the PNW differed from one
another (i.e., east and west of the Cascades). Third, the Alliance was poised to embark on a process
of developing and implementing new lighting initiatives relatively quickly on the hedls of this Study.
Although we were fairly confident that the C&1 lighting market in the PNW would turn out to be fairly
gmilar to other C& | markets andlyzed in recent studies outside the region, we believed that the
combination of the three factors above warranted an approach that would provide more than anecdota
region-specific results. We dso believed that our experience, and the experiences of others, in
conducting smilar C&| market studiesin other regions could be leveraged to cost-effectively answer
most of the Alliance’s market characterization-related questions through primary rather than secondary
research.

Because the scope and schedule of the project did not alow for dl market actorsto be interviewed, a
decision was made to focus the primary research activitiesin this Study on the supply-side of the
market; therefore, no end-user surveys were conducted. Given the Alliance s age in theinitiaive
development process, supply-side interviews were chosen as the key primary research effort because
we believed that these market actors would provide more information of value than end-user interviews.
In addition, the Alliance had recently completed a study of regiona commercia new congruction
practices (see Table 2-2 for citation) that included detailed on-site surveys and general decision-maker
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interviews that provided excellent data on the penetration of lighting technologies and controls. A
summary of the market actor interviews conducted and their rationaleis provided in Table 2-1.

Table2-1

Primary Research Conducted for this Study

Market Actor Survey

Number

Rationale for Inclusion

Designers (In-depth)
Electrical Engineers
Architects

Lighting Designers

30

Necessary to identify design and product-related trends unique
to the PNW (and perceptions vis-a-vis non-energy benefits).

Critical to assessing acceptance of new opportunities in PNW.

Helpful with respect to market Segmentation as double-check
on secondary sources.

Useful to corroborate quantitative data obtained from distributors
and contractors.

Electrical/Lighting Distributors

60

Necessary to develop PNW-specific stocking and sales data
market Characterization and product flows.

Critical to develop backcast of historical trends.

Helpful for assessing acceptance of new opportunities in PNW.

Electrical/Lighting Contractors

30

Provide critical information needed to assess extent of
contractors’ influence on design and specification.

Improve our understanding of the rationale for last-minute
equipment re-specification.

Necessary to assess contractors purchase and sales patterns.

Critical to assess contractors’ perceptions of and experiences
with installation of daylighting and controls.

Other (In-depth)
Alliance staff
Utility program managers

Regional/national program
managers, industry experts,
Manufacturers

15

Fully understand Alliance members’ needs.
Ensure Study activities leverage available sources.

Characterize existing and near-future program initiatives in and
out of region.

Ensure inclusion of latest non-energy benefits information.

Additiona details on the characteristics of the samples achieved and populations estimated are provided
in Section 4 - PNW Population and Sample Characteristics.

In addition to the primary market actor interviews, interviews were conducted with a number of regiond
C&I lighting industry experts. The purpose of these interviews was to ensure that we took advantage of
the existing knowledge base in the PNW to inform our understianding of the region’ s lighting markets.
To ad inthiseffort, and to ensure we had input from dl regions of the Alliance, an email request for
contacts was sent to the Alliance Board members whose service territories include the eastern portion
of theregion. Interviews were conducted with anumber of saff at the Seettle Lighting Design Lab,
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members of its Technical Advisory Committee (TAC), aswdl as PNW energy consultants and lighting
initigtive leaders outside the PNW.

2.2 SECONDARY RESEARCH

Information integrated into this Study was obtained from awide variety of secondary sources. These
Studies were used to further develop our characterization of the market, identify gapsin the existing
information, and inform our primary data collection activities (principdly, our survey indruments). The
sources generdly fdl into four generd categories.

a) market characterization and basdine studies,

b) assessments of technology and practice opportunities,
c) summariesof lighting programs and initiatives, and

d) manufacturer product literature.

An annotated summary of the key sources utilized is provided in Table 2-2 and Table 2-3.

2.3 EXPERT KNOWLEDGE

To complement the primary research obtained directly from market actorsin the Northwest and our
review of secondary sources, we included on our study team two expertsin nonresidentid lighting
design, technologies, and practices (Robert Sardinsky of Risng Sun Enterprises and James Benya of
Benya Lighting Design). Incluson of lighting experts who are & the leading edge of energy-efficient
lighting design was important to the technology/practice characterization part of the study. In addition,
Michadl Siminovitch provided technical review of the technology and practice characterizationsin
Section 6. We dso interviewed severd lighting experts a the Sesttle Lighting Laboratory and at the
Lawrence Berkeley National Laboratory.

2.4 STRUCTURED BRAINSTORMING

Two types of structured brainstorming were utilized during this project to generate ideas for the initiative
congderations presented in Section 7. Firdt, an interna brainstorming sesson was held among the
project team members which focused on generating ideas resulting from our primary research results
and technology and practice characterizations. This sesson was held in mid-August 2000. Second, we
co-led an informa sesson at the American Council for an Energy-Efficient Economy’s Summer Study in
late August 2000. This second sesson included lighting experts (including aleading ballast
manufacturer) and initiative leaders from throughout the country. In this sesson, we focused participants
on trying to identify “gaps’ among the combined efforts of lighting program implementers nationaly.

The session was well-attended and very productive. A summary of the results of thissessonis
provided in Appendix A of thisreport. The results of both brainstorming sessions provided the bulk of
the ideas on initiatives the Alliance should consider, which are presented in Section 7 of this report.
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Table2-2

List of Sourcesfor Market Characterization

Secondary Sour ceon the Market

Topics

Advanced Lighting Guiddines, 2000 (near draft release)

Basdline Characterigtics of the Nonresidential Sector in
Idaho, Montana, Oregon and Washington, D. Baylon &
a, Ecotope, March 2000.

PG&E/DG& E Commerdial Lighting Market Effects
Sudy, prepared by XENERGY Inc. for the California
Demand-Sde Management Advisory Committee, July
1998.

Basdine Sudy for Assessing Daylighting Design Tools,
prepared by TecMRKT Works for Pecific Gasand
Electric Company, June 1999.

Vison 2020: The Lighting Technology Roadmap, IES,
IALD, et d, August 20, 1999.

Sylighting and Retail Sales An Investigation into the
Relationship Between Daylighting and Hurman
Performance, Heschong Mahone Group, August 20,
1999.

Daylighting in Schools: An Investigation into the
Relationship Between Daylighting and Hurman
Performance, Heschong Mahone Group, August 20,
1999.

Lighting Quality - Key Customer Values and Decision
Process, prepared by Ducker Research for the Light
Right Consortium, August, 1999.

Lighting Design Lab Market Assessment, J. Reed, A. Oh,
N. Hall, TecMRKT Works, April 1999.

California Nonresidential New Consruction Basdine
Sudy, RLW AnalyticsInc., July 1999.

Overview of dl mgor lighting equipment groups, their gpplications
and designissues. Research is presented on human vision,
daylighting, productivity, hedlth and sofety.

Study of current building practices and attitudes in the Pacific NW
providing basdine information to be used in designing market
transformation programs and evaluating thelr success.

Documents T8 lamp and dlectronic ballast market effects attributable
to utility efficiency programs over the period 1992 to 1997. Also
provides a broad market characterization of al aspects of the
commercid lighting industry including manufacturers, distributors,
designers, contractors, ESCOs, and end users.

A comprehensive market assessment of the lighting design process,
barriersto daylighting, and the potentia of new daylighting toolsto
reduce these barriers.

A drategic plan for identifying and moving toward ided lighting in
buildings over atwenty year period. Discussion of market barriersto
increased use of high efficiency technologies and good design practices
and possible intervention activities.

Case study of 108 nearly identical chain stores on the effect of
daylighting with skylights on retail sdles. Skylit stores werefound to
average 40% higher sdes after other variables were controlled.

Similar to the above, this study provides compelling quantitative
evidence demongtrating the benefits of daylighting inimproving
children’slearning and performance.

Assessment of most important concerns of end user decision makers
about the built environment. Demonstrated that lighting was“on the
radar screen” but that links to productivity and occupant satisfaction
were critical to capturing attention and investment.

Description of the current lighting design practices in the Pacific NW,
the programs of the Design Lab, and theinfluence of theLab's
programs on current practice.

Market characterization of current design and building practices and
the attitudes and motivations of al actors. Quantitetive surveys of
architects and engineers were implemented viathe Internet, and
modd s were built to messure energy savings of particular Stes.
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Table 2-2 continued
List of Sourcesfor Market Characterization

Secondary Sour ceon the Market

Topics

Lighting Market Sourcebook, D. Vorsatz, et d, LBNL,
December 1997.

| dentifies domestic consumption of lighting products by end-use
sector and the digtribution channels used. Higtorica datafor ballasts

and lamp shipments are dso presented. Some discussion of market
barriers and interventions.

The U.S Lighting Fixtures Industry, An Economic &
Market Sudy 1998 Edition, Economic Industry Reports,
Inc.

Description of domestic lighting fixture production by major industry
category (e.g., outdoor/indoor, residentia/nonresidentia). Specific
lamp and balast technologies are not identified beyond

“incandescent” “4-ft fluorescent” “HID” and thelike.

Table 2-3
List of Sourcesfor Emerging Technologies and Practices

Secondary Sour ce - Emerging Techsand Practices

Topics

New High-Intensity Fluorescent Lights Outshine Their HID
Conpetitors, J. Rogersand |. Krepchin, E-Source Tech Update,
January 2000.

Competing Technologies Vie for Eight-Foat Fluorescent Fixture
Market: Evaluating the Alternatives, R. Sardinsky and B.
Heckendorn, E-Source Tech Update, March 1999.

Product literature from Electronic Lighting, Inc.

New Dimming Controls: Taking It Personally, |. Krepchin and
J. Stein, E-Source Tech Update, March 2000.

Lighting Technology Atlas, E-Source, 1997.

Product literature from Hewlett Packard.

Discusses advantages of high-output T-5 and other fluorescent
technologies over HID lampsfor high-bay applications. The
fluorescent lamps have better color rendition and stability, less
lumen depreciation, better dimming options, ingtant start and
lessglare

Discusses the aternatives available to facility staff when
replacing old style 8-t fluorescent fixtures. Ballast factor
improvements, rare-earth phosphor selection, reflectors, and
balast/lamp combinations are dl discussed in detail.

Addressable ballagt systems are described inwhichiit is
possible to redefine which fixtures are controlled by a
particular switch from acentral computer without rewiring.
Behavior, such as stepping or dimming may aso be controlled.

Persona dimming controls for space and task lighting in the
workplace are the subject of thisresearch. The equipment such
as bdlagts, switches, sensors and the like are al presented
aong with the design knowledge necessary to creste a
successful project. The benefits of persona control over light
levds are quantified.

Fairly comprehensive look at energy efficiency opportunities
inthelighting industry. Specid attention is given to new
technologies and practices.

Discusses gtate of the technology for white light LED lamps.
Concludesthat gpplications are currently limited to harsh
climate, artigtic, emergency, and confined spaces, but should
expand soon.
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3 RELEVANT MARKET STRUCTURES

3.1 BASIC BUILDING AND LIGHTING INDUSTRY MARKET STRUCTURES

The energy used to light buildings is Sgnificantly affected by the choices made during the design and
congruction of buildings, and lighting systems are an integra subcomponent of this process. To
understand how lighting systems are designed and specified, it isimportant to understand the nature of
the relationships among the many market actors involved in the building design and construction
process.

This section presents a brief overview of building design and congtruction within which various market
actors are designing, sdlling, specifying, and ingdling lighting systems. The common contractud
relationships made during the congtruction of anew building or as part of amgor retrofit are presented
fird. These relationships frequently determine how information moves between parties and how
decisons are made that affect the quaity, cost, and efficiency of lighting. Next, the typica practices and
motivations of the professionads are described. Findly, existing barriers to advanced, high-efficiency
lighting are discussed.

3.1.1 Contractual Relationships Affecting Lighting

A summary of the common contractua relationships during the design and congtruction processis
provided below, dong with the impact of the arrangement on lighting choices. The materia presented in
this section is generdized and we recognize there are exceptions. More than trying to set out basic
principles of contracting, we are trying to highlight typica problems with the various contract models.
For example, when we say under the design-build (DB) contractua model that adherence to the project
schedule is emphasized over integrating the work of the HVAC, lighting, and architecturd designers, it
should be understood that thisis not always the case, only that it is a common practice.

Graphic Overview of Market Actor Roles

We begin with a graphic overview of the generd relationships between the key market actorsinvolved
in the design and ddlivery of lighting sysems. Figure 3-1, provides an overview of the activities and
interactions of the various market actors (the roles of these actors are discussed in Section 3.1.3).
Some of the key contractud issues underlying the traditiona gpproach that will be discussed further in
this section indude the following:

Most contracts are awarded based on the lowest bid that still meets certain minimum
qudifications. Thisinevitably leads to cost-cutting later and guarantees mediocre results. A low
bid aso does not usudly include enough budget for time to assess design options after feedback
is obtained.
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SECTION 3 RELEVANT MARKET STRUCTURES

Figure3-1

Traditional Design and Delivery Process
Reprinted from Vision 2020, The Lighting Technology Roadmap, March 2000.
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The exigting incentives act againg holistic design by rewarding speed, not qudity. Contracts
generdly include a checklist of requirements that provide no incentive for doing better.

Communicetion islargdly limited to those parties who share contractua obligations. Without a
forum for regular communication between non-contracted parties, it is unlikely that an integrated
lighting system will be possible.

Design-Build Contractual Model

Under thismodel, shown in Figure 3-2, the owner contracts with a DB contracting firm for al design
and congruction services. The DB contractor is then respongble for hiring and managing architects,
electrica and mechanica engineers, contractors, and advisors as needed.
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SECTION 3 RELEVANT MARKET STRUCTURES

Advantages. By creating asingle point of contact for the owner, mgor project decisions are made
more quickly. The DB modd is frequently chosen on “fast-track” jobs.

Figure 3-2
Design-Build Market Actor Relationships

Owner

DB Contractor

Architect Contractor
Electr Engr/ Electrical
Ltg Designer Contractor

Electrical
Supplier

Key Issues: The DB contractor has no incentive to take budget or schedule risks with innovative
lighting designs. If thereisan incentive a dl, it isusudly for early project completion rather than high-
qudlity lighting or low operating costs. DB contractors bid on the up-front cost of congtruction, so
design options that save energy and money over the long term are usudly ignored.

Thismode functions well if the owner makes a clear contractua statement requiring specific
performance targets for the lighting system. This puts the owner in the position of needing to have some
lighting expertise in order to clearly specify energy efficiency and quadity requirements. Some efforts are
being made to identify smple scoring systems that would help owners and othersin this process (see,
for example, the forthcoming study by NY SERDA and ICF Consulting on High Quality Efficient
Lighting for Small Commercial Spaces). Also, anew form of DB congtruction is emerging with a
gtrong focus on maintenance. The firms specidizing in this new gpproach cal themselves "design-build-
maintain” firms, and have acommitment to the long-term operation of the buildings, making this model
much more aitractive from an energy efficiency sandpoint.

Key Leverage Points. Owner during bid and contract negotiation, DB contractor during find design
process, architects and dectrical engineers during detailed specification process, contractors during
ingdlation, digtributors during ordering.
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SECTION 3 RELEVANT MARKET STRUCTURES

Plan/Specify Contractual Model

With this model, shown in Figure 3-3, the owner contracts with an architectura or
architecturd/engineering (A/E) firm for dl design sarvices. The architect is then respongble for hiring
and managing dectrical and mechanica engineers and advisors as needed. A second contract is made
between the owner and the prime contractor for al construction services.

Advantages. Some advantages are gained regarding oversight of construction by separating the design
and congruction roles. The A/E firm may be willing to cdl attention to congruction errorsthat a DB
contractor might choose to ignore.

Figure 3-3
Plan/Specify Market Actor Relationships

Owner

Architect Contractor

Electr Epgr/ Electrical

L Drosie) e Contractor
Electrical
Supplier

Key Issues. The architect’sdirect financid motivation is usudly to build an expensive building rather
than an effective or efficient one. Thisis due to the standard practice of negotiating fees based on a
fixed percentage of the tota project budget. Of course, good architects recognize the long-term value
of providing a high-qudity building. Neverthdess, thereisamog never an explicit incentive for the
architect to provide the tenants with a building with low operating cost or high-quality lighting. The
notable and rare exception to thisis a building energy performance contract, in which the owner makes
a contract with the design team, making a portion of the fee dependent on the measured energy use of
the occupied building.4  Effects from weether and the level of occupancy are screened out using a
computer smulation. In Figure 3-4, we provide an example of a smple incentive scheme for caculating

4 We describe this performance contracting approach under the plan/specify model because it is more likely to occur under this
model than under the design-build model. However, it can in theory occur under either. There are a number of issues
associated with performance contracting for new buildings, however, which have limited the penetration of this approach.
See, for example: Eley, Charles, and Geof Syphers, Performance Contracting for New Construction - Insuring Value from
Your Investment, Miami AIA Conference Proceedings, 1997; and Stein, Jeff R. and Aditi Raychoudhury, The Jury is
(Halfway) In: New Building Performance Contracting Results, ACEEE val. 4, 2000.
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such a performance payment, which includes a base level performance (usualy set to minimaly comply
with code) and atarget level of performance. The performance incentive increases with decreasing
energy cost and may have a cagp on the maximum incentive. A pendty is possble for buildings that do
not mest the base leve.

The plar/specify modd functions well if the architect has a srong commitment to good lighting or if
specific lighting system performance targets are set such as mentioned in the DB modéd!.

Key Leverage Points: Owner during bid and contract negotiation, Architect during design find design
process, eectrica engineers during detailed specification process, contractors during instalation,
distributors during ordering.

Figure3-4
Example of Performance-Based Fee (Which Are Rarely Used)
Target Base
L V]
2 Additional
w AE Fee
< Base Fee
Energy Cost (SMt-y)

Nascent Collaborative Process Model

According to recent research summarized in Reed, et al., 2000,5 there are building professonds who
are sgnificantly concerned about the quaity and performance of buildings that has resulted from the
devolution of the traditiond architecturad mode and the shortcomings of the DB modd. These building
professionds are promoting what they cal a* collaborative process modd” to improve integration and
quality. This modd stresses the importance of close attention to the organization, management, and
interaction among members of the team as an integrd part of the design process. This emerging model
currently accounts for asmall share of new buildings. Those supporting and practicing the collaborative
process model may be potentid dlies for efforts to improve building energy efficiency. The progress of
this modd should be watched.

5 Reed, John, Andrew Oh, and Nicholas Hall, “ The Structure and Operation of the Commercia Building Market,” American
Council for an Energy-Efficient Economy Summer Study 2000, August. Volume 4, pp. 267-282.

6 The Collaborative Process I nstitute of Los Gatos may be a useful source of information on this trend and can be contacted at
408-353-6677.
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3.1.2 Lighting Market Supply-Side Segmentation

To understand the structure of the supply side of the commercid and indudtria (C&I) lighting market, it
isimportant to identify and understand the motivations and disposition of its component parts. Usng a
supply-side andysis we developed for previous work, we divide the market into 4 primary segments,
13 subsegments, and 5 quasi-subsegments that do not clearly fal under the primary segments.

Figure 3-5 summarizes the segmentation used in our andyss.

Figure3-5
Supply-Side Lighting Segmentation Scheme*

Manufacturers Distributors Designers Installers

Lamp Lighting Supply Lighting Desianers Electrical Contractors
Ballast Electrical Supply ESCOs ESCOs
Luminaire Industrial Supply Architects Mana%,c;gmg:lc: Firms

Manufacturers’ Reps Enaineers End Users/FM

Electrical Contractors Intearated Suppliers
Distributors/Reps

*The solid boxes represent discrete subsegments that fal under the primary segment identified in the shaded box aboveit.
The broken boxes represent quasi-segments thet do not clearly fall under any one segment. For example, dectrica
contractors and distributor/reps sometimes make |ast-minute decisions contrary to the design intent. “FM” = Facility
Management firms.

Although this discrete ssgmentation of the supply-sde market is generdly gppropriate and useful, it is
aso important to recognize that many supply-side lighting firms engage in multiple levels of the supply
chain. Different ssgments will be more or less important, depending on the particular aspect of high-
efficiency lighting being promoted (e.g., efficient components versus increased use of daylighting).

3.1.3 Practices and Motivations of the Professionals

Contracts are not the only factor that shape the kinds of decisons made in C&| lighting. Indeed,
professonds|ook at projects very differently and often define a successful project in completely
different terms. 1n a 1992 Strategic |ssues Paper, E-Source presented what they called the Tower of
Babel, aligt of the metrics used by the various actorsinvolved in the design, congtruction, operation,
and occupancy of buildings to gauge their success. Table 3-1 shows the actors revant to the lighting
fiedd and the metrics they look to most.

oa:wnea0002:report:final:part 1:3_market 3— 6



SECTION 3 RELEVANT MARKET STRUCTURES

Because of these differences in measuring success, conflicts among market actors can easily occur. For
example, adaylighting design that requires alightwell into a sx-gtory building will pit developers—who
vaue low cogt per square foot—againg lighting engineers—who vaue footcandles and light qudity but
cannot exceed energy codes. Thistype of conflict can occur for acomponent as smal as an occupancy
sensor, for example. Theinitid commissoning of these devicesiis rardly sufficient to ensure proper long-
term functioning and requires interaction between multiple market actors whose objectives may bein
conflict.

Table 3-1
The Different Metricsfor Defining Success
Specialist Performance Metric
Developers Dollars per square foot
Electrical engineers Watts per square foot; code compliance
Lighting engineers Footcandles; quality of light
Construction managers Critical path and specifications/adherence to drawings
Contractors Budget and schedule (no callbacks)
Suppliers Sales and margins
Construction workers Signoff
Leasing agents Quick rental; dollar per square foot
Building operators Simple payback
Maintenance staff Complaints
Occupants Comfort
Utility DSM staff Dollars per avoided kilowatt and kilowatt-hour

*Adapted from Energy Efficient Buildings: Institutional Barriers and Opportunities by E-Source, Inc.,
1992.

In the following subsections, we discuss the basic roles and motivations of each of the key supply-side
market actors involved in lighting design and implementation.

Architects

Architects are generdly responsible for the overdl building “product” in new congtruction. They hire
mechanica and dectricd engineersto design the HVAC and dectrica systems (including lighting) or
contract with firms that do thiswork. Architects design the building shell, choose materias and finishes,
and place and size fenedtration.

Payment is usudly by lump sum or by hours worked with an upset limit. Despite this, the negotiated
price is dmost aways based on a percentage of the tota project cost.

Moativationsinclude

Creative Expression. Architects tend to be artistic people who enjoy the process of creating.
They dedreto leave alagting impression in their artwork.
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Pride. Architects usudly want an attractive building to enhance their portfolio. They have a
sense of pridein their work since the physica building they design is seen and judged on adaily
basis.

Profit. Architects often want to push the overal project budget up to increase their fee. On
fixed priced jobs, they are motivated to spend asllittle time as possible to maximize profit, while
maintaining guaranteed qudity.

While some architects provide lighting design themselves, about three quarters of those interviewed in
this study do not. The mgority hires dectrica engineering firmsfor their lighting design and specification
work.

Electrical Engineers

Electrica engineers design most of the lighting throughout the Pecific Northwest. They ether work for
an A/E firm, or more likely, work for an eectrica engineering firm hired by the architect for lighting and
wiring plans

Payment is usudly fixed price, negotiated as a percentage of the design budget.

Moativationsinclude

Time. Engineerswant a*call-back-proof” design. They are motivated to design the lighting
system using materias and techniques familiar to the contractors to reduce calbacks or changes.

Pleasing the Architect. Electrica engineers are often concerned with pleasing architects,
gncethese are ther principd dlients on lighting jobs.

Profit. Electrical engineers want to spend as little time as possible on fixed-price jobs to
maximize profits. This contributes to the use of rule-of-thumb and templates for lighting design
discussed later in Section 5.

Electrica engineers tend to use manufacturer literature and contacts as well as web stes, trade shows,
and magazines to keep up with the latest technologies.

Distributors

The primary role of the digributor in the lighting value chain is to stock and sl lighting equipment to
contractors and end users. Besides being equipment order fillers, however, distributors often get
involved in some aspect of the design process, particularly for smal jobs. This may be related to the
fact that contractors are often awarded work based on the lowest bid. Digtributors sometimes provide
basic design servicesto their contractor clientsto provide extra vaue on what is otherwise a commodity
purchase. Asdiscussed in Section 5 and presented in Appendix B, 83 percent of the distributors
surveyed in this sudy offer lighting design and fixture layout services. Sixty-one percent offer equipment
specification services, dthough dl will supply detailed equipment recommendations written in a format
that can be used for specifications. In addition, distributors reported specifying 35 percent of dl the
equipment they sl.
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Digtributors report bidding on jobs in three-quarters of cases. Asaresult, margins are thin and

wholesde prices have very little variaion across providers. Payment is primarily through equipment
sdes. Rardly are design and specification services paid. Didributors sometimes provide equipment
financing for the contractors, carrying the equipment costs through to the next construction payment.

Mativations include

Sales Competition. Didtributors are competitive salesmen, and desire to outperform other
distributors.

Education. Some digtributors view their role as educators, introducing designersto new
equipment and correcting problemsin designs.

Profit. Because of the sdes-orientation to their business, employees at some distributorships
are paid on commission.

Digtributors rely on manufacturers, trade magazines and shows to keep them current on new
technologies.

Electrical Contractors

Electrica contractors are mostly small businesses, with between 1 and 10 people running the entire
operation. Among the sample that qualified for our interviews (based on athreshold of at least $50,000
of C&I lighting work per year), contractors reported that C&I lighting accounts for about 40 percent of
their business.

Contractors are an important part of the C&| lighting market because of their role in ingaling fixtures,
wiring, and controls. Find ingdlaion and fulfillment of design intent is ultimatdly in their hands.
Contractors report thet they have afair amount of flexibility when it comes to the ingtdlation process.
Contractors reported that they are permitted to substitute equipment on half their jobs. Asnoted
later in Section 5 of this report, they do so primarily because the replacement equipment is cheaper than
the equipment specified or because the specified equipment is unavailable. These subgtitutions may
ggnificantly impact the type of lighting equipment that ends up in buildings. Thisfinding underlinesthe
need to compare actuad equipment sales or ingtdlations with origina specifications to assess whether
these last-minute subgtitutions systematicaly impact the energy efficiency of lighting systems.

Payment is generdly fixed price, negotiated as a percentage of the tota “hard cost” construction budget
(i.e, not including any of the design work, permits, land cogt, financing, €tc.).

Moativationsinclude

No Callbacks. Contractors are loath to return to ajob ste when it is not part of the required
commissoning. The cost of return vidts can quickly sgp any profits.

Profit. Fixed-price contracts encourage the use of low firs-cogt lighting. Subtitutions,
sometimes done in the name of ‘value engineering,” can increase profitsin atightly competitive
market. Further motivation toward profit involves spending asllittle time as possible on Ste.
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Value Engineering

At itsmost generic leve, vaue engineering is the practice of analyzing function and value from an
economic perspective. In practice, vaue engineersin the congtruction business look for more effective
congiruction methods, cheaper materia dternatives, and reduction of waste—both of materials and
time, particularly with the intent of reducing overdl costs. The vaue engineer tendsto look acrossthe
individua specidty areasin search of savings. The term 'vaue engineering' is generdly associated with a
specidized firm or individua who takes on the pogtion of vaue engineer in the process, however,
individua market actors sometimes take on the role themselves or reference the term as a judtification
for actions that are taken in pursuit of cost reductions, especidly late in the construction process.

Despite the benefits to the building industry, vaue engineering has been widely criticized for ignoring or
reducing benefits that are inversdly related to first cost, such as some energy-efficient HVAC and
lighting equipment and designs. This perception evolved from numerous examples of last-minute
subdtitutions and misinterpretations of design intent. To addressthisissue, it isimportant to understand
the motivations of those operating under the rubric of vaue engineering. Table 3-2 provides examples
of how vaue engineering can be problemdtic.

3.2 HIGH LEVEL CONCERNS RELATED TO IMPROVING LIGHTING PRACTICE

Despite success throughout the 1990s of increasing the penetration of T8 lamps, eectronic balasts, as
well as compact fluorescent lamps and fixtures, there are a number of significant issues facing any efforts
to further lighting design and lighting quality required to achieve savings below today’ s current practices.
Six high-level barriers to further improvements are presented here. These barriers are explored further
in Sections 5, 6, and 7.

3.2.1 Lack of Integration

There are two issues pervading the lack of professond integration in commercid and indugtrid lighting:
the linear nature of most design work and the degree of specidization.
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Table 3-2
M otivations of Problematic Value Engineering

Pre-bid Decisionmaker Contractor

Motivation: Lower bid price to win a job

Details: Contractors make equipment substitutions to save money since they nearly
always get work based on having a low bid price. Most substitutions are not
last-minute, but are planned as part of the contractor’s bid before the project
is awarded. These substitutions are usually reviewed by the architect or DB
project manager for suitability. With these pre-bid substitutions, a
percentage of the savings is reflected in the project bid, and a percentage is
pocketed by the contractor.

Cut corners Decisionmaker Contractor

Motivation: Increase contractor profit

Details: Once a project is awarded to a contractor, there is a further incentive to cut
costs on materials and labor. On jobs of all sizes, but especially on
complex jobs, the contractor may cut costs below his actual bid to increase
his profit since his payment is fixed at the contract price. Cutting costs is
achieved by using lower cost labor, less expensive and less labor-intensive
equipment, and simplifying the design.

Value Decisionmaker Third-Party Value Engineer
Motivation: Reduce overall project construction costs
Details: If a project begins to run over budget, last-minute equipment substitutions

and design simplifications are often made by a value engineer. The value
engineer is frequently a third party brought in to identify areas where
savings are possible. The intent behind value engineering is to take the
time to identify savings opportunities in equipment and labor that are
missed by the specialists on the job (e.g., architect, electrical engineer,
contractor). On very large jobs, value engineers are often brought in to
identify savings during and shortly after architectural programming. The
problem arises when long-term operating savings are traded away for
immediate construction cost savings.

Linear Design

Lighting designs that make use of naturd light are often stifled by the traditiond linear gpproach to
desgn. Mos sgnificant architectural designs are completed before the eectrical engineer or lighting
designer is brought into the design process, serioudy reducing the opportunities for including daylighting
provisonsin the building shell plan. Consequentialy, integration from dl levels of the design team rardly
occurs. Furthermore, if red synergy is desired, the mechanicd engineer must dso participate a the
early stagesto provide input on actions that affect heating and cooling loads. If designers are not well
informed, then changes to the building shell to accomplish daylighting can dramaticdly affect these loads.
Without input from the mechanica engineer during the programming phasg, it is possible that the energy
savings from lighting can be offset by an increase in cooling energy.
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Degree of Specialization

As Christopher Alexander noted in his 1977 book, A Pattern Language, “Buildings, neighborhoods,
and even cities can be built without plansif the makers share acommon language.” Hecitesasan
example some of the grand cathedras of Europe, built entirely without written plans. The language he
was referring to consigts of the basic patterns that generate pleasing, functiona spaces—patterns that,
without thinking, were copied by generations of people and automatically provided such benefits as
gopropriate daylighting, comfortable temperatures, and efficient use of materids. The shared language
began to evaporate with the speciaization that workers devel oped to use new materias such as sed
and dso from the changes that were possible after the invention of the ar conditioner and eectric light.

Buildings have steadily grown in Sze and complexity to the point whereit is probably impossble for a
single person to coordinate the design and construction of amodern high-rise building. In addition to
the physicd differencesin modern buildings, the market actors who design and construct modern
buildings are highly compartmentalized. Architects do not test the Structurd integrity of their own
desgns. Engineers do not have input on wal or flooring materids.

So while each of the disciplines ensuresthat it’s piece of the project will be adequete, there are very few
opportunities to change standard practices or to do better than standard. This meansthat thereisa
great ded of inertia because of the difficulty in communicating the intent behind specifying something
new or unusud. Imagine the congternation of an architect who specifies a high-performance glazing for
skylightsin a daylighted office and finds out the contractor has substituted a cheaper and lower
performance option to save money. The contractor believes heis doing hisjob by finding savings for
the project while ingdling what he believes to be (though in ignorance) equivaent-quaity materids. The
architect is frustrated because now the occupants will be less comfortable from the hegt through the
skylights and the chiller may be undersized. The intent of the specification was not communicated, a
potentia success may now be afailure, and, as aresult, there islittle motivation for the desgnersto take
the risk required to achieve an energy-efficient desgn again in the future.

A closdly rdated and overlgpping barrier is the result of thin profit margins inherent in the intensdy
competitive new congtruction market. Figure 3-6 (on next page) is a graphical representation of the
cycle perpetuating the inertia behind typicd lighting practice.

3.2.2 Lack of End-User Demand for Advanced Lighting

Thereisadear lack of end-user demand for advanced lighting. In this study, lighting designers reported
that they were asked by their clientsin less than 3 percent of casesto include daylighting in their designs.
While studies exist documenting productivity increases, improvement in saes, and long-term operating
cost savings resulting from advanced lighting, the information is elther not credible, not yet widdy
available to the vast mgjority of end users, or has not yet adequately addressed the barriers noted
above.
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Figure 3-6

Cost vs. Quality: A Vicious Cycle
Reprinted from Vision 2020, The Lighting Technology Roadmap, March 2000.

Commercial lighting
purchases are based almost
exclusively on lowest
first cost.

End users, who could benefit
from high-quality lighting despite
higher initial costs, seldom have a voice
in puchasing, and often lack clear
information on benefits.

Neglible push
or pull exists in the
marketplace for improved
lighting systems.

Thin margins in the mature
lighting industry discourage
risk, reduce collaboration,
and intensify industry
fragmentation.

3.2.3 Lack of Professional Knowledge

Lighting designers, digtributors, and electrica contractors lack basic knowledge about controls and
daylighting theory. Typical responsesin this study asto why adaylighting system with dimming controls
should not be ingalled included, “The climate istoo cloudy” and “We don’t want to cut into our profits
by reducing the amount of equipment we sdll.” We aso found an amost complete lack of knowledge
about the rlevance of therma mass, building Sting, and glazing technologies in a daylighting design.

3.2.4 Distributor Disincentive to Promote Advanced Technologies

At the largest scale, to achieve the same revenues selling compact fluorescent lamps as incandescent
lamps, adigtributor must expend alot more effort advertisng and educating buyers. Incandescent
lamps require no education and minimd advertisng. Therefore, despite the higher sales margins of some
efficient technologies, there is a disncentive to push them because of the amount of extratime required
to educate and advertise. Also, our previous research, reaffirmed in this study, showed that most
distributors see themsalves as order fillers or “market responders’ not market leaders.
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3.2.5 Control Technology Failure and Reputation

Many control systems are difficult to ingtal as designed and require on-going commissoning to maintain
the savings sought in the design intent. This tends to be true for both complex controls, such as daylight-
controlled dimming, and smpler occupancy-type control systems. For example, Pacific Gas and
Electric Company reported at the ACEEE informd sesson on nonresidentid lighting initiatives
(discussed in Section 2 and Appendix A of this report) that a photosensor dimming controls study they
conducted found that only 2 out of 10 ingaled systems actualy worked as designed without
modifications. In addition, there continue to be challenges associated with proper ingtdlation and
maintenance of occupancy sensors, especidly when ingtdled by an untrained contractor or do-it-
yoursdlfer. Thereisdso alack of “plug-and-play” capability and alack of standards across the many
different components sold across controls manufacturers.
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4 POPULATION AND SAMPLE
CHARACTERISTICS

This section presents basic characteritics of the Pacific Northwest (PNW) target populations and
samples andyzed in this study. We begin by discussing the population and sample characterigtics of the
market actors studied, followed by a summary of the end-user population and load in the PNW.

4.1 PAcIFIC NORTHWEST MARKET ACTORS

This subsection describes the business populations of the contractors, distributors and designers
working with commercid and indudtrid lighting in the PNW. First, we present the population totals for
the Standard Industria Classfication (SIC) codes from which we sampled. Next, the portions of the
target SIC populations that comprised the study sampling frame are described. We then provide the
target versus completed numbers of interviews by market actor. Last, we provide descriptions of the
business characterigtics of the sample respondents, including average numbers of employees and
revenues.

4.1.1 Population Frames

Although SIC categorizations used by various industry data sources are known to be problematic with
respect to accurate identification of the very specific types of market actors one seeks to interview on
energy-efficiency related topics, they are, nonetheless, one of the best tools available to aid efforts to
estimate populations of key market actors. When sdecting SICs for incluson in a population frame,
thereis atradeoff between sdecting those SICs that one believes will provide a high hit rate of the target
market actor (i.e., those for which the SIC codes are mostly accurate and related to the target in mind)
and those SICsthat are believed to have low hit rates (i.e., those that have lower classification accuracy
rates or SICsthat are lessrelated to the target businesstype). In theory, the low hit rate SICs till must
be consdered because they may, in aggregate, represent a sgnificant portion of the total population. In
practice, not dl of the possible SICs that may include members of the target population can be
surveyed’. Our gpproach was to use our past experience, visud review of firm names by SIC group,
and cross-matching of firm names known to be in the target groups (obtained from industry groups and
other sources), to assess which SIC categories to include in our population frames.

We used the April-June 2000 Dun & Bradstreet’s Mar ketPlace™ database (D& B) as the database
source for developing our initid frames. In Tables 4-1 through 4-3, we present population summaries
of the SIC codes used. We refer to these asthe “unadjusted” totals. These figures are later adjusted,

7 For example, consider the extreme case in which atarget member may have an SIC that isincorrect and shows up randomly in
an SIC totally unrelated to the target business type.
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aswe will describe, based on the accuracy of the hit rate we obtained when surveying members. These
tables present total numbers of businesses, employees, sdes and average employment and sales data.

Table4-1

Unadjusted Population of Lighting Contractors
(Salesin $Millions)

No Total Total Avg Avg

SIC Code  Description Bus Empl Sales Empl Sales

Contractors 1731-9903  General electrical contractor 800 9,070 1,114 11 15
(West) 1731-9904  Lighting contractor 19 138 9 7 0.5
7349-0105  Lighting maintenance service 14 49 3 4 0.2

Subtotal 833 9,257 1,125 11 14

Contractors 1731-9903  General electrical contractor 548 3,660 360 7 0.7
(East) 1731-9904  Lighting contractor 9 53 7 6 0.9
7349-0105  Lighting maintenance service 4 11 0 3 0.1

Subtotal 561 3,724 367 7 0.7

Contractors 1731-9903  General electrical contractor 1,348 12,730 1,473 9 1.2
(Al 1731-9904  Lighting contractor 28 191 16 7 0.6
7349-0105 Lighting maintenance service 18 60 3 4 0.2

Total Contractors 1,394 12,981 1,492 9 1.2
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Table4-2

Unadjusted Population of Lighting Distributors
(Salesin $Millions)

No Total Total Avg Avg
Region SIC Code  Description Bus Empl Sales Empl Sales
Distributors  5063-0000 Electrical apparatus and equipment 236 2,004 764 9 6.0
(West) 5063-0400 Lighting fixtures 84 551 77 7 1.2
5063-0401 Light bulbs and related supplies 21 141 9 7 0.7
5063-0402 Lighting fittings and accessories 1 1 0 1 0.1
5063-0403 Lighting fixtures, commercial and 22 118 44 5 2.3
industrial
5063-9904 Motor controls, starters and relays: 6 54 1 9 0.3
electric
5063-9905 Motors, electric 23 173 15 8 13
Subtotal 393 3,042 910 8 37
Distributors  5063-0000 Electrical apparatus and equipment 86 584 48 7 1.3
(East) 5063-0400 Lighting fixtures 26 104 18 4 0.7
5063-0401 Light bulbs and related supplies 8 24 3 3 0.4
5063-0402 Lighting fittings and accessories 0 0 0 0 0
5063-0403 Lighting fixtures, commercial and 3 20 3 7 0.9
industrial
5063-9904 Motor controls, starters and relays: 3 45 4 15 21
electric
5063-9905 Motors, electric 6 113 12 19 2.9
Subtotal 132 890 88 7 11
Distributors  5063-0000 Electrical apparatus and equipment 322 2,588 812 8 4.7
(Al 5063-0400 Lighting fixtures 110 655 95 6 11
5063-9905 Motors, electric 29 165 12 6 0.62
5063-0403 Lighting fixtures, commercial and 1 1 0 1 0.1
industrial
5063-0401 Light bulbs and related supplies 25 138 47 5 21
5063-9904 Motor controls, starters and relays: 9 99 5 11 0.9
electric
5063-0402 Lighting fittings and accessories 29 286 27 10 1.6
Total Distributors 525 3,932 998 8 3.0
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Table4-3

Unadjusted Population of Lighting Designers
(Salesin $Millions)

No Total Total Avg Avg

SIC Code  Description Bus Empl Sales Empl Sales

Designers  8711-9905 Electrical or electronic engineering 121 776 52 6 0.5
(West) 8712-0000 Architectural services 1,227 7,013 673 6 0.6
8712-0100 Architectural engineering 21 72 5 3 0.3

8712-0101 Architectural engineering 59 513 36 9 0.7

Subtotal 1,428 8,374 766 6 0.6

Designers ~ 8711-9905 Electrical or electronic engineering 48 572 61 12 15
(East) 8712-0000 Architectural services 341 1,677 101 5 0.3
8712-0100 Architectural engineering 4 16 1 4 0.3

8712-0101 Architectural engineering 28 248 22 9 0.8

Subtotal 421 2,513 185 6 0.5

Designers ~ 8711-9905 Electrical or electronic engineering 169 1,348 113 8 0.8
(Al 8712-0000 Architectural services 1,568 8,690 774 6 0.5
8712-0100 Architectural engineering 25 88 6 3 0.3

8712-0101 Architectural engineering 87 761 58 9 0.7

Subtotal 1,849 10,887 951 6 0.5

As mentioned above, the unadjusted population figures presented in Tables 4-1 through 4-3 may not
include al SICs that have members of the target populations; however, it is cogt prohibitive to find such
membersif they arelisted in D& B under non-target SICs because they occur with very low frequency
in these other groups. However, the SICs we selected are reasonably inclusive. Fewer than 10 percent
of contractor listings we obtained from other sources were not included in D& B SIC categories
identified in our target populaion. While thisinclusveness means that few appropriate businesses were
left out, it also means that a Sgnificant number of inappropriate businesses were included in the sample
population.

4.1.2 Relevant Populations of Study Actors

In an effort to present the relevant populations of contractors, distributors, and designers, we adjusted
the population frames to more accurately reflect the number of digible busnessin the population based
on the results of sampling. We created call lists from which to sample based on the number of expected
completes from the unadjusted populations shown in Tables 4-1 to 4-3. (The methods used for the
cregtion of cal lists are discussed in Section 4.1.2)) To minimize errors, we developed screening
criteriafor each market actor so that interviews would be completed only with true members of the
target populations. For example, we purposefully screened out the firms that did extremely small
volumes of C&1 lighting busness. A summary of the percentage of firms that met our screening criteria
isprovided in Table 4-4. The screening criteriaare provided in Appendices B and C.
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Table4-4
Per cent of Firms Who Met Screening Criteriato Qualify for Surveys
Status Distributors Contractors Designers
Eligible 71% 57% 46%
Ineligible 29% 43% 54%

Mog of the indigible designer firms were architectural companies that subcontract the mgority of their
lighting work to eectrica engineers. For the digtributors, the mgority of indigible firms only sold retail
or resdentid lighting products, or they sold little or no lighting in their electricd digtribution busness. A
mgority of theindigible contractor listings were disconnected phones or wrong numbers.

We adjusted the overdl population numbersin Tables 4-1 through 4-3 downward to estimate the
number of digible busnessesin the population. The adjusted values presented in Table 4-5 are
considered to be our best estimates of the populations for the purposes of this study. Thesefigures
could be refined further with additiond research focused specificaly on the issue of population
edimation.

Table 4-5

Adjusted Population of All Study Actors
(Salesin $Millions)

Adj No Total Total
SIC Code  Description Factor Bus Empl Sales
Contractors 1731-9903  General electrical contractor 0.60 811 7,655 886
(Al 1731-9904  Lighting contractor 0.31 9 59 5
7349-0105  Lighting maintenance service 0.44 8 27 1
n/a Referrals outside of D&B 1.00 1 5 0.3
Contractor Total 0.57 829 7746 892
Distributors  5063-0000 Electrical apparatus and equipment 0.77 249 2003 628
(Al 5063-0400 Lighting fixtures 0.72 79 472 68
5063-0401 Light bulbs and related supplies 0.72 18 100 9
5063-0402 Lighting fittings and accessories 0 0 0 0
5063-0403 Lighting fixtures, commercial and 0.67 1 1 0

industrial
5063-9904 Motor controls, starters and relays: 0.43 4 42 2

electric

5063-9905 Motors, electric 0.42 12 69 5
n/a Referrals outside of D&B 0.94 19 152 57
Distributor Total 0.71 382 2838 770
Designers 8711-9905  Electrical or electronic engineering 0.52 88 705 59
(All) 8712-0000  Architectural services 0.41 639 3540 315
8712-0100  Architectural engineering 0.00 0 0 0
8712-0101  Architectural engineering 0.38 33 285 22
n/a Referrals outside of D&B 0.46 18 126 10
Designer Total 0.46 778 4,656 406

To understand the overdl distribution of business organizations by sub-region, we looked at the
characterigtics of the entire business market for the PNW. Table 4-6 shows that the western portions
of Oregon and Washington have about twice the number of commercid businesses of adl types, and
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three times the revenues compared with the eastern portions of those states plus Idaho and Montana.
The dividing line between the western and eastern regions used was 121.5° west longitude, which
represents a proximate vaue for the Cascade Mountains. The choice of a specific longitude vaue
facilitated separation of the Dun & Braddireet listings because of the exigting latitude/longitude
classfication. As Shown in Table 4-7, we then compared the revenues of the estimated populations of
commercid lighting market actors by sub-region to the breakdown for the entire population of
busnesses. From this, it is clear that sdles for both electrica contractors and lighting designers were
proportiond to dl saesin the east and west, but that lighting distributor sales were weighted more
heavily to the populated western region.

Table4-6
Entire Business Population of All Typesin Pacific Northwest
Number Total Total Sales
Region Businesses Employees in $Millions
West 384,917 68% 3,590,949 71% 548,833 78%
East 184,656 32% 1,483,677 29% 150,709 22%
All 569,573 100% 5,074,626 100% 699,542 100%

Source: Dun & Bradstreet's MarketPlace Apr-Jun 2000

Table 4-7
East-West Comparison of Contractors, Digtributors, Designers
Number Total Total Sales
Businesses Employees in $Millions
Contractor
s
West 475 60% 5,276 71% 641 75%
East 320 40% 2,123 29% 209 25%
Distributor
s
West 279 75% 2,160 7% 646 91%
East 94 25% 632 23% 62 9%
Designers
West 556 76% 3,417 78% 309 81%
East 176  24% 964 22% 73  19%

Source: Dun & Bradstreet's MarketPlace Apr-Jun 2000

41.3 Call Lists

Success rates from past surveys with the target populations were used to help decide how large a call
list was warranted for each type of market actor. Based on our past experience, we knew that
digtributors would be relatively easy to complete surveys with because their jobs keep them closeto
phones. A ratio of 5 contacts per complete survey isusualy sufficient. Historicaly, contractors have
been far more difficult to reach because they are regularly out of the office during the daytime.
Therefore, we used aratio of 20:1. Dedigners are usudly available in ther offices, however, they are
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often busy during daytime hours and sometimes reluctant to take time away from projects for an
interview. Therefore, we used aratio of 10:1 for designers.

For many of the SIC categories we pulled purdly random samples from our cdl ligts. In afew cases,
however, more refined approaches were used. For example, in some cases we pre-screened the initial
cdl ligts generated by D& B to eiminate businesses that were obvioudy ingligible smply based on
company name (e.g., Arrow Thestrica Lighting Co., Quinty Automotive). For desgners, we found that
the best sources of information for identifying the eectrica engineers with the most significant part of the
lighting businessin PNW was to use referrds provided to us by the architects who said they use
electrica engineersfor their plans and specifications. 1n addition, we attempted to balance market
representation of common actors with a diversity of viewpoints. For ingtance, only afew lighting
contractors and lighting maintenance companies exist in the PNW, while there are well over 1000
generd dectrica contractor companies. We therefore included al 27 lighting contractor firmsand al 17
lighting mai ntenance service companies, but sampled atota of 603 generd eectrica contractors from a
pool of 1,348. For dl of these reasons, as well asthe difficulties in estimating the true population frames
for the market actors in questions, the samples conducted for this study are amix of Satistical and
convenience samples. We bdlieve thisisthe most gppropriate gpproach for astudy of this scope and
one that has resulted in rdliable results.

Tables 4-9 through 4-11 present the call lists by SIC code and size of company. The businesses are
categorized as smdl, medium, and large, based of the total number of full-time-equivdent employees at
the location where the interview was conducted. The sSize breskdown isillustrated in Table 4-8.

Asisclear in Tables 4-9 through 4-11, we purposefully over-sampled large firms to ensure satistical
vaidity of the reponses of these key market players.

Table4-8
Definition of the Full-Time-Equivalent (FTE) Employee-Based Size Categories

Size Employees
Small 1t09
Medium 10to 24
Large 25 and up
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Table4-9
Number of Firmsin the Digtributor Call List by FTE Size Category and SIC

Small Medium Large

SIC Code Description 1-9 10-24  25-249 Total
5063-0000 Electrical apparatus and equipment 164 53 8 225
5063-0400 Lighting fixtures 90 16 4 110
5063-0401 Light bulbs and related supplies 22 5 2 29
5063-0402 Lighting fittings and accessories 1 0 0 1
5063-0403 Lighting fixtures, commercial and industrial 21 1 25
5063-9904 Motor controls, starters and relays: electric 6 2 1 9
5063-9905 Motors, electric 17 10 2 29

Totals 321 89 18 428

Table 4-10
Number of Firmsin the Designer Call List by FTE Size Category and SIC
Small Medium Large

SIC Code Description 1-9 10-24  25-499 Total
8711-9905 Electrical or electronic engineering 108 16 5 129
8712-0000 Architectural services 167 47 47 261
8712-0100 Architectural engineering 2 0 1 3
8712-0101 Architectural engineering 11 4 6 21

Totals 288 67 59 414

Table4-11
Number of Firmsin the Contractor Call List by FTE Size Category and SIC

Small Medium Large

SIC Code Description 1-9 10-24 25 + Total
1731-9903 General electrical contractor 411 89 103 603
1731-9904 Lighting contractor 22 2 3 27
7349-0105 Lighting maintenance service 15 2 0 17

Totals 448 93 106 647

4.1.4 Interview Targets and Completes

The godsfor primary data collection were set at 30 contractors, 30 designers, and 60 digtributors.
Table 4-12 shows the SIC code mapping for these target interviews.
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Table4-12
Target Surveysand SIC Code Mapping
Number SIC Code Description
30 Contractors 1731-9903 General electrical contractor

1731-9904 Lighting contractor
7349-0105 Lighting maintenance service

30 Designers 8711-9905 Electrical or electronic engineering
8712-0101 Architectural engineering
8712-0000 Architectural services
8712-0100 Architectural engineering

60 Distributors 5063-0000 Electrical apparatus and equipment
5063-0400 Lighting fixtures
5063-0401 Light bulbs and related supplies
5063-0402 Lighting fittings and accessories
5063-0403 Lighting fixtures, commercial and industrial
5063-9904 Motor controls, starters and relays: electric
5063-9905 Motors, electric

Beyond overdl numbers of target interviews, we wanted to ensure that firms from both sdes of the
Cascades were represented. Our rough goa was to get about 60 percent of the results from the
western region and 40 percent from the eastern region, even though the population is somewhat more
skewed toward the west, with 68 percent of the businesses |ocated there.

Tables 4-13 through 4-15 show our interview targets and the number of actua completed interviews.

Table4-13
Didributors: Interview Target Goalsand Completes
Targets Completes
East West Total East West Total
Large 4 8 12 1 11 12
Medium 9 12 21 9 11 20
Small 12 15 27 14 14 28
Total 24 36 60 24 36 60
Table4-14
Designers: Interview Target Goalsand Completes
Targets Completes
East West Total East West Total
Large 4 6 10 2 10 12
Medium 4 6 10 5 3 8
Small 4 6 10 5 5 10
Total 12 18 30 12 18 30
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Table4-15
Contractors: Interview Target Goals and Completes
Targets Completes
East West Total East West Total
Large 5 5 10 7 9 16
Medium 5 5 10 3 4 7
Small 5 5 10 3 4 7
Total 12 18 30 13 17 30

We were aware at the outset that it would be more difficult to complete interviews with smal and
medium size contractor firms than with large ones. Because the contractor interviews were conducted
under an accelerated schedule, we were not able to keep to the origina quotas for the small and
medium segments. Thus, the results are skewed toward the larger businesses.

4.1.5 Distributor Sample Characteristics

A mgjority of the 60 distributors interviewed described themselves ether as ‘ eectric equipment
suppliers (37%) or ‘generd indudtrid suppliers (25%). The remaining distributors were split between
‘manufacturer representatives (22%) and ‘lighting suppliers (17%). For the eastern region, we found
that there were few large digtributorships to interview. The mgority of firms interviewed were smdl (1
to 9 employees) or medium (10 to 24), with smdl being the most common. In the western region, there
was sggnificantly more diversity in the sze of the firmswe interviewed. Of the 36 respondents, 11 were
classfied as large companies, another 11 were medium, and 14 were smdll.

For companies with 25 or more employees (large), the average revenues a the location caled was $28
million. Company locations with between 10 and 24 employees (medium) reported average revenues
of $7 million, and firms with 9 or fewer employees (smdl) averaged $2.4 million in annud revenues. Of
these reported revenues, the fraction derived from lighting equipment is haf for the medium and large
firms and three-quarters for the small firms.

Digtributors were aso asked to provide the number of projects per year for which they provided lighting
specification or design services. Smal companies reported an average of 65 projects, medium firms 20,
and large companies 45. One reason that large and medium companies in the west may specify, design,
or lay out lighting somewhat less frequently than smal companiesis that they may tend to focus more on
inventory and sdes than design work. Also, smdler firms are more likely to specidize in the supply of
lighting products, and these firms may be more likely to provide significant design assstance work. In
any case, the sample sizes are not large enough to discern meaningful differences among firms based on
thelr sze. In addition, the number of lighting specification projects should not be confused with the
volume of such projectsin terms of sales, since larger firmslikely are more involved in larger projects.
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4.1.6 Contractor Sample Characteristics

The business characteristic questions asked of contractors differed from those asked of distributors
because contractors primarily ingtd| rather than sl lighting equipment as their core competency8.
Contractors do, however, make recommendations for changes and sometimes re-specify equipment
dueto availability, cost, or suitability issues. Over 90 percent of the surveyed contractors characterized
themsdaves as ‘ dectrica contractors ; the remaining 10 percent caled themsalves ‘lighting contractors.’

For companies with 25 or more employees (large), the average revenues at the location called was $9.3
million. Company locations with between 10 and 24 employees (medium) reported average revenues
of $2.1 million, and firmswith 9 or fewer employees (smdl) averaged $1.3 million in annud revenues
Contractors gave very condgstent answers when we asked them what percent of their annua revenue
was directly related to commercia and industriad lighting work. Both the east and west reported that an
average of 40 percent of their company’s annua revenue is related drictly to commercia and industrid
lighting. Interviewees often stated that lighting istied into dl or many parts of an dectrica contractor's
job; thus, they do not normally separate revenues from lighting ingdlations from other areas of their
projects.

The numbers of annua C& lighting jobs reported varied sgnificantly, from asingle, large project to well
over 100. Largefirmsaveraged around 70 jobs per year that involved ingtdlation or retrofit of lighting
equipment. Medium firms averaged around 20 jobs and smdl firms about 25. As one would expect,
the average Sze of jobs is subgtantidly higher for large and medium than for smal contractors.

On some of thelr jobs, contractors provide the original equipment specifications. We found that
contractors specify equipment on roughly a third of their projects Thisincudes both the initid
specification and cases where the contractors sgnificantly changed an architect’s or dectrica enginer’s
Specification.

4.1.7 Designer Sample Characteristics

For designers in both the east and west, the types of firms we interviewed were smilar. About athird
of al respondents described their company as architecturd. Another third said they are consulting
engineers, and the remaining third eectrical engineers. Large designers averaged revenues of $9 million,
medium companies around $1.3 million, and small roughly $600,000. There was consistency among
the various sized companies interviewed that about 30 percent of their revenues are rdated to lighting
design work. There gppear to be many more large architectura or engineering firmsin the west than in
the eastern region

In terms of the numbers of projectsin which firms provided some design, layout, or specification of
lighting equipment, the eastern and western regions differed significantly. In the East, medium and smdll
companies have roughly 65 jobs per year. In the West, where larger design firms dominate the market,

8 However, contractors do earn a margin on the pass-through of equipment sales
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the smdl- and medium-sze firms have fewer projects—around 20. Large designer firms averaged over
100 jobs per year west of the Cascades. East of the Cascades, the averageisless at 35 jobs per year.

Daylighting “Sub” Interviews

In some cases, we did not attempt to complete interviews with architects caled that made extensve use
of aseparate dectrica engineering firm for the detailed level specification and layout. When we
encountered such an architect we attempted to interview the engineering firm with which they were
asociated. We dso tried to gauge the architects involvement in the overdl lighting design process. For
those architects who reported thet they are sgnificantly involved in coordineting the lighting design
process but who do little to none of the specification and layout work, we asked only the daylighting
questions on the designer survey. Four of these surveys were completed, with three large architectura
firms and one medium firm. Though few in number, these interviews provided additiond ingght into the
use of daylighting in Washington and Oregon.

4.2 PNW END-USE LIGHTING CONSUMPTION

Though primary research with end users was not within the scope of this study, we have attempted to
incorporate existing information on the basic load characteristics of the end user market. Much of the
information in this section is based on estimates of base usage devel oped by the Northwest Power
Planning Council (NWPPC) through its end-use forecasting model®. The Northwest Power Planning
Coundil provided end-use energy estimates in average megawatts and end-use intensities in kWhift? for
exiging and new congruction in the PNW. We have summarized the shares of mgor lighting
technology groups by building type using these data and data from additiona sources, such as the recent
Alliance-gponsored basdline study of new congruction in the region.

4.2.1 Commercial End-User Population

In Figure 4-1, we provide a breakdown of regional commercia floor space for the existing construction
market in 2000 (based on the NWPPC forecast). As shown in Figure 4-1, Office, Retail, and
Education (Schools and Colleges), account for over half of the floorspace.

9 The end-use forecasti ng model was last calibrated in 1995.

oa:wnea0002:report:final:part 1:4_pop_tr 4- 12



SECTION 4 POPULATION AND SAMPLE CHARACTERISTICS

Figure4-1

Per cent of Floor Space by Building Type for the PNW
(Total = 2.7 billion square feet)
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To complement the NWPPC forecast numbers, we anadyzed the Dun & Bradstreet (D& B) database of
nonresidentia customers by size (in terms of full-time-equivaent employees) and businesstype. The
result isshown in Table 4-16. There are goproximatdy haf amillion nonresdentid establishmentsin the
PNW, with the vast mgority having fewer than 25 employees. The percentage of establishments for
Office and Retail from D&B is close to the percentage of floor space in the NWPPC forecast. In
previous work we have confirmed that D& B provides a reasonable estimate of the number and type of
nonresidentia establishmentsin aregion.

Table4-16

Estimated Number of Establishmentsby Typeand FTE in the PNW
Source: Dun & Bradstreet MarketPlace 2000

Type 1-4FTE 5-24FTE 25-99FTE 100+ FTE Unknown Total Percent
Office 69,042 17,862 3,033 602 2,071 92,610 17%
Retall 59,574 28,803 6,213 1,057 6,675 102,322 18%
Institutional 19,777 11,905 5,814 1,812 3,850 43,158 8%
Other 164,777 42,736 7,798 1,469 5,195 221,975 40%
Industrial 72,840 19,379 4,410 1,445 1,621 99,695 18%
Total 386,010 120,685 27,268 6,385 19,412 559,760 100%
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4.2.2 End-Use Shares

According to the NWPPC' s forecadt, lighting load for the entire existing building stock in 2000 should
have been roughly 1613 aMW. Figure 4-2 shows the breakdown of building lighting end-use shares by
building type. The percentages presented here are for exigting buildings;, however, according to the
NWPPC forecad, the shares for new construction are nearly equivaent. According to the NWPPC
forecadt, the totd new congtruction lighting load is roughly 41 aMW per year over the 2001 to 2010
period. Thisamountsto about a 2.5 percent increase per year. The importance of Office and Retall is
even greater on the basis of lighting consumption than on the basis of square footage; together they
represent an estimated 49 percent of regiona commercid lighting consumption.

The rdlative intengty of lighting use varies with the building type as shown in Figure 4-3. Grocery EUIs
are highest because of the their high annua hours of use and moderately high lighting power dengties
(LPDs). Retal storestypicdly have high LPDs but moderate annud hours of use. Education facilities
and lodging tend to have fairly low average hours of use.

Figure4-2
Existing Construction
Lighting End-Use Shares by Building Type
(NWPPC Forecast for 2000)
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Source: Northwest Power Planning Council End Use Forecast (note: last cdlibrated in 1995).
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Figure0-3
Lighting EUls by Building Type: New and Existing Buildings
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Source: Northwest Power Planning Council End Use Forecast (note: |ast cdibrated in 1995).

4.2.3 Breakdown of Fixture Types

There are amyriad of lighting technologies available for commercid use. Fortunately, thereisadiscrete
st of basic technology type and Size categories into which most of these individua technologies can be
categorized. A summary of basic lamp types, as percentages of connected load in buildings, is shown in
Table 4-17 for buildings recently congtructed in the PNW based on the results of the Alliance' s recent
new congtruction basdine study. Asshown in the Table 4-17, T8 lamps represent dmost 90 percent of
linear fluorescent lighting in new congtruction.

No current data exists on the breakdown of base fixture types within the existing congtruction market in
the PNW. Asaresult, we used estimates of fixture shares we developed from PNONRES!O. Despite
the fact that the PNONRES survey is dated, the basic distribution of fixture types has probably not
changed sgnificantly in the exiging sock. These are shown in Table 4-18.

10 BpA, 1991a Pacific Northwest Non-Residential/Commercial Energy Survey (PNonRES), Phases | and Il Descriptive Data
Analysis Report, Bonneville Power Administration, December. BPA, 1991b. Pacific Northwest Non-Residential/Commercial
Energy Survey (PNonRES), Volume 5:  Analyst's Guide to PNonRES, Bonneville Power Administration, February.
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Table4-17
Pacific Northwest Connected Lighting Load in

New Commercial Buildings by Lamp and Ballast Type
Reprinted from Ecotope' s Baseline Characteristics of the Nonresidential Sector in ID, MT, OR and WA, Mar 2000

Ballast Type
Lamp Type Unk / NA MagEE  Electronic Total
Fluorescent
F32T8 3.0% 3.4% 44.4% 50.8%
F40/96T12 1.4% 3.8% 0.7% 5.9%
Compact 1.6% 0.7% 2.2% 4.5%
Other Fluorescent 0.2% 0.3% 0.8% 1.3%
HID
Metal Halide 25.1% - - 25.1%
HP Sodium 2.1% - - 2.1%
Mercury Vapor 0.3% - - 0.3%
Incand & Unknown
Incandescent 8.6% - - 8.6%
Low-Voltage Incand 0.9% - - 0.9%
Unknown Type 0.5% - - 0.5%
Totals 43.7% 8.2% 48.1% 100%
Table4-18
Exigting Buildings
Fixture Shares by Building Type
4-foot 8-foot Incand Incand
Fluor Fluor <150 W >150 W
Offices 82% 3% 15% 1%
Restaurant 22% 2% 73% 2%
Retail 45% 25% 22% 8%
Grocery 32% 57% 11% 0%
Warehouse 41% 29% 29% 1%
Schools 60% 7% 31% 1%
Colleges 60% 7% 31% 1%
Health 57% 1% 40% 2%
Lodging 9% 1% 88% 2%
Other 35% 6% 56% 3%

Source: XENERGY estimate.

Using a combination of the PNONRES and NWPPC forecast data, along with average hours of
operation and watts per fixture developed in aprevious XENERGY sudy in the PNW!1, we have
estimated the total number of fixtures by type for both existing buildings. For new congtruction the total
number of fixturesis based on the Alliance/Ecotope study. The resulting estimates are shown in

Table 4-19.

11 XENERGY support of PGE DSM Potential Forecasts, mid-1990s.
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Table4-19
Estimated Numbers of Fixtures by Lamp Type
in Pacific Northwest Commer cial Spaces

Existing New

Buildings Buildings
Lamp Type (Millions)  (Millions/Yr)
4-foot Fluorescent 11.3 1.58
8-foot Fluorescent 5.8 0.27
Incandescent < 150W 171 2.24
Incandescent >= 150W 3.5 0.08
Total 37.6 4.17

Source XENERGY eginate.
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5

BASELINE RESEARCH RESULTS

5.1 SUMMARY OF KEY FINDINGS

Thelighting market is changing in the Pacific Northwest. What used to be aregion in which the densdy
populated cities in the western parts of Oregon and Washington had subgtantialy more efficient lighting

has changed into an area where many proven high-efficiency lighting technologies have migrated east to
Idaho and Montana. This shift is happening despite alack of mandatory energy codes in those states.

Based on the primary research presented in this section, there are severd genera conclusions we can
draw about the current state of the lighting market in the Alliance sterritory:

DESGN
| NFLUENCE

REGIONAL
SIMILARITY

ELECTRONIC

BALLASTS

T8 LAMPS

CFLs

Electrica engineers are mogt influentia over choicesin lighting equipment, controls and
layout. In addition, eectrical contractors make design suggestions and changesin a
third of projects. Despitethis, electrical engineers and contractors are generally not
trained in daylighting, and only occasiondly get involved early in a project when
daylighting opportunities are grestest.

The usage of efficient lighting equipment is not sgnificantly different in the population
centers west of the Cascades and in the more rural eastern areas of Oregon,
Washington, and the states of 1daho and Montana. Emerging technologies are used in
greater numbers in Seettle and Portland, but as with occupancy sensors, T8 lamps and
electronic ballasts, these quickly spread to eastern areas asthey are proven.

Electronic ballasts are now standard practice. For new purchases that serve both
exigting and new buildings, digtributors report that eectronic ballasts made up 67
percent of salesin 1999 versus 43 percent in 1996.

T8 lamps are also considered standard practice. From 1996 to 1999, sdlesof T8
lamps jumped from 34 percent to 61 percent of the four-foot fluorescent market.

Compect fluorescent lamps have gained considerable market share over the past three
years, jumping from 32 percent of downlights and wall sconce salesin 1996 to
49 percent in 1999.

While there are many more lighting specidists in Seettle and Portland than in Spokane and Boise,
lighting designers throughout the Alliance sterritory are concerned about the increasing speed of
congruction. Concerns center on the lack of time available to design good lighting systems. Some
designers noted that the problem is exacerbated in design-build projects because of the strong
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orientation to speed. One of the results of more rapid congtruction is a shift toward modular lighting
designs which are copied onto new floorplans, often without regard to building orientation, window size
and placement, or lighting in surrounding spaces.

Other important results of our primary research include the following.

On practices.

More atention is getting paid to comfort and productivity associated with lighting.

Interest in daylighting is fairly high, but its gpplication is ill uncommon.

Knowledge of fundamenta daylighting design principlesis limited to a small group of lighting
designers.

On technologies.

Pulse-gart metd hdide fixtures are widdly known and are increasingly used.

LED exit Sgns have nearly replaced CFL and incandescent units in new congtruction.

T5 lamps will increase their market share in maingtream applications in the next three years.
Many designers and digtributors regard T5 lamps as an “up-and-coming” technology.

There are more choices of fixtures with efficient lamp and balast configurations than there were
in the recent past.

Dimming balast usage will increase in conjunction with more daylighting design.

Improvements to dimming equipment and occupancy sensors are expected to substantialy quell
existing concerns as technology is made more reliable and easier to indal and operate.

5.2 ENERGY CODES

Before presenting our primary research, we present two key results from the Alliance' s recent study of
new construction practices conducted by Ecotope (see Section 2 for citation). The on-ste results of
lighting power dendties from the Ecotope study provide a useful context and corroboration of some of
the results we have obtained through self-reported methods. As background to the Alliance/Ecotope
lighting results, it isimportant to understand the current status of energy codesin the region. Idaho and
Montana have adopted the Moddl Energy Code based on ASHRAE Standard 90.1 1989 for their
officia state codes, however neither state requires compliance. Oregon and Washington have both
adopted mandatory state codes that grew out of ASHRAE 90.1, but evolved through public input of
locd concerns. Table 5-1 provides an overview of the energy code status in the four-state region.
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Table5-1
Energy Codesin the Pacific Northwest
Idaho Montana Oregon Washington
Code Model Energy Code Model Energy Code Oregon Nonresidential ~ Washington State Non-
based on based on Energy Code residential Energy Code
ASHRAE90.1 1989 ASHRAE90.1 1989 (ONEC) (NREC)
Enforcement Local building depart- Local building depart- Mostly by local jurisdic-  Local jurisdictions,
ments ments in metropolitan tions with some assis-  which have the power
areas, and the State tance from the State to adopt more stringent
Architect’s Office else- standards than NREC in
where some cases
Mandatory? No No, except for public Yes Yes
buildings which must
comply with the stricter
Uniform Building Code
Office LPD 1.81 1.81 1.23 1.20
Controls Req'd? No No Yes, for Yes, for
3 2,000 ft 3 5,000 ft

Fgure 5-1 shows the average lighting power densitiesin Idaho, Montana, Oregon and Washington that
were obtained in the Alliance/Ecotope study. The authors hypothesize that the rather close findings
between the four satesis due to two factors: (1) typica practice throughout the region is better than the
Mode Energy Code requires, and (2) the sudy sample was heavily weighted with government buildings

in the eastern part of the region—the only buildings that are subject to energy codes in those Sates.

Average Lighting Power Densitiesin the Four States

Figure5-1

Reprinted from Ecotope’ s Baseline Characteristics of the Nonresidential Sector in ID, MT, OR and WA, Mar 2000

16
14 +
12+
10+
08 +
06 +
04 +
02 +
0.0

1.25
1.21 I 13 115

Idaho

Montana

Oregon

Washington

oa:wnea0002:report:final:part 1:5_baseline



SECTION 5 BASELINE RESEARCH RESULTS

Table 5-2 shows the average lighting power densities observed by Ecotope in twelve building types
throughout the region. The two right-hand columns show the space type dlowance for the Oregon
energy code and for ASHRAE 90.1 1989. Note the observed power dengties are less than or equa to
the more stringent code in every case.

Table5-2
Lighting Power Densty by Building Type

Reprinted from Ecotope’ s Baseline Characteristics of the Nonresidential Sector in ID, MT, OR and WA, Mar 2000

Average  Oregon Code  ASH90.1
No. Observed Allowance Allowance

Building Type Obs LPD LPD LPD
Assembly 10 1.25 1.30 1.82
Education 21 1.20 1.25 1.59
Grocery 6 1.70 1.83 2.58
Health Services 11 1.25 1.50 1.34
Institution 3 1.13 1.13 1.13
Manufacturing 12 1.03 1.04 1.28
Office 25 1.18 1.23 1.81
Other 15 1.18 1.36 1.34
Residential/Lodging 10 0.76 1.22 1.29
Restaurant / Bar 1 0.94 1.50 1.43
Retail 15 1.30 1.56 1.89
Warehouse 14 0.92 1.07 1.18
All 143 1.17 1.31 1.60

5.3 REGIONAL PRODUCT FLOWS

A flow diagram of product purchases and salesis presented in Figure 5-2. The data underlying the
diagram were obtained from our interviews with distributors and contractors. Didributors sdl closeto
two-thirds of their commercid and indudtria lighting equipment to contractors and builders. A
sgnificant fraction, however, was reported to be sold directly to end users. Contractors report that 89
percent of the lighting products they purchase are from digtributors, while the remaining portion come
directly from manufacturers. Contractors do not report using big box retail or the Internet to purchase
lighting products.

Contractors were asked to provide a breakdown of their lighting sdes. The breakdown of commercid
and indudtrid contractor lighting ingtdlations by sector is shown in Table 5-3. The mix of building types
in which new lighting equipment is currently being installed by contractors varies somewhat between the
eastern and western regions, with office space making up alarger share of the totd in Portland and
Sesttle, and retail business taking up more in Spokane and Boise. These differences should not be
viewed as ggnificant, however, given the smdl samples by sub-region. In generd, the overdl shares
reported for Office and Retail closely match the estimated lighting load of those sectors presented in
Section 4.

oa:wnea0002:report:final:part 1:5_baseline 5—4



SECTION 5 BASELINE RESEARCH RESULTS

Table 5-4 shows contractor ingtalations by the market event. Contractors report that half of their
lighting projects are for new congtruction, a quarter are for mgjor renovation and remodeling,
20 percent for magor retrofits of operable equipment, and 5 percent are for equipment failures.

Figure5-2
Commercial and Indudtrial Lighting Equipment
Purchases and Salesin the Pacific Northwest

Manufacturers

JA S
100% A
Distributors Purcfiases
1 1 1 & :
31% 2% _ _
Yy |
Retailers Sales
Other ¢
89%
Contractors
I
100%
v v
End Users
Table5-3
Contractor Lighting Ingtallations by Industry Sector
Building Type East West All
# Respondents 13 14 27
Offices 21% 40% 31%
Retail 25% 9% 17%
Other Commercial 37% 38% 37%
Industrial 17% 13% 15%
Totals 100% 100% 100%
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Table5-4

Contractor Lighting Ingallations by Market Event
Market Event East West All
# Respondents 13 15 28
New Construction 45% 55% 50%
Major Renovation and Remodeling 21% 26% 24%
Retrofit of Operable Equipment 27% 16% 21%
Retrofit of Failed Equipment 6% 4% 5%
Totals 100% 100% 100%

5.4 MARKET SHARE BY TECHNOLOGY

Asawhole, the commercia and industrid lighting market of the Pacific Northwest is characterized by
many of the same trends as other regions. Market share for compact fluorescent lamps, T8 lamps and
electronic balasts has increased over the past three years; and while occupancy sensors gtill languish a
lower market shares, the trend istoward increasing usage of them aswel. T5 lamps and dimming
ballasts are reported to have very low market shares of about 3 percent and 1 percent, respectively.

The results presented in the section are based on self reports from the market actorsinterviewed. Itis
important to keep in mind that results for 1996 are retrospective estimates made by the
respondents during the interviews. However, our previous research on commercid lighting has
demondtrated that lighting professonds are reasonably able to estimate relative product shares severd
years into the past.

5.4.1 Compact Fluorescent Lamps

As shown in Figure 5-3, compact fluorescent lamps have gained considerable market share over the
past three yearsin the western region, jumping from 33 percent of wall sconce sdlesin 1996 to

56 percent in 1999. The eastern region started from about the same share at 30 percent but has only
increased to 39 percent.
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Figure5-3
Compact Fluorescent Lamps as a Per centage of Distributor Downlight
and Wall Sconce Sales, Retr ospective Self Reportsfor 1996 and 1999
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5.4.2 Linear Fluorescent Lamps

As shown in Figure 5-4, digtributors report that the one-inch diameter T8 lamp continuesitsrisein
usage. From 1996 to 1999, distributors report that their sles of T8s increased from 44 percent of their
four-foot salesto 61 percent. A corresponding drop in T12 lamp sades was reported, and the TS lamp
rose from no market share to nearly 3 percent.

Figure5-4
Breakdown of Four-Foot Linear Fluorescent Sales
for Digtributors, Retrospective Self Reportsfor 1996 and 1999
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Contractors were aso asked about their ingtdlations of linear tubular fluorescent lamps. Asshownin
Figure 5-5, they reported a higher incidence of T8 lamps than distributors had reported. This same
phenomenon, in which contractors report significantly higher T8 and eectronic balast sharesthen
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digtributors was observed in arecent Cdiforniamarket study aswell12. The mogt likely explanation for
thisisthat contractors are involved less with replacing lamps that burn out in exigting fixtures (where the
share of T12 lampsislarge) than with new congtruction, mgor renovation, and group replacements, all
of which arelikely to trigger an upgrade to more efficient equipment. Conversely, smaler customers
and cugtomers with on-gte maintenance staff are likely to purchase their sandard efficiency replacement
components directly from distributors. Other possible explanations for the difference include
sgnificantly higher percentages of direct purchases by contractors of T8 lamps directly from
manufacturers or a systematic bias toward overreporting usage of T8 lamps within the contractor
community.

Figure5-5
Breakdown of Four-Foot Linear Fluorescent Installationsfor Contractors,
Retrospective Self Reportsfor 1996 and 1999
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5.4.3 Linear Fluorescent Ballasts

One of the great energy-€fficiency success sories of the 1990s is the strong movement toward using
only dectronic balasts with linear fluorescent lamps. As shown in Figure 5-6, in 1996, eectronic
ballasts accounted for just 32 percent of the linear fluorescent market. Thisfigureis reported to have
more than doubled to 67 percent by 1999. As shown in Figure 5-7, contractors again reported an even
higher share of dectronic balasts, saying they make up an average of 80 percent of their indalations.

12 X ENERGY, Inc. 2000. 1999 State-L evel Small/Medium Nonresidential MA& E Study Draft Final Report. Prepared for the
California Board for Energy Efficiency/Pacific Gas and Electric Company.
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Figure5-6
Breakdown of Linear Fluorescent Ballast Salesfor Distributors,
Retrospective Self Reportsfor 1996 and 1999
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Figure5-7

Breakdown of Linear Fluorescent Ballast I nstallations by Contractors,
Retrospective Self Reportsfor 1996 and 1999
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Table 5-5 presents the results of an estimate of the annual market penetration by type of linear
fluorescent ballast type and distinguishes between new congtruction and dl other ditributor lighting
sdes. Asshown in Table 5-4, the volume of lighting business performed by contractorsis roughly
evenly split between the new congtruction and exigting congtruction markets. The figures calculated for
the retrofit, renovation and burnout (RRB) marketsin Table 5-5 are calculated such that the weighted
average of the new congtruction penetration and the RRB penetration equas the figure we obtained
from digtributors for the entire market. Table 5-5 should be regarded as arough first estimate because
of the different sources used to develop the ‘new construction’ and ‘dl contractor’ categories.

Table5-5
Estimate of Annual Linear Fluorescent Ballast
Market Penetration by Market Event

(Calculated)

(Ecotope) Retrofit, (Distributor
New Renov. & Self-Reports)
Ballast Constr. Burnout Total Market
Electronic 84% 50% 67%
Magnetic 14% 50% 32%
Dimming 2% 0% 1%
100% 100% 100%

Thereis currently no comprehensive data source available on the saturation!3 of high-efficency lighting
technologies in the existing population of buildings for the entire PNW. Because it isimportant to
understand how the saturation of high-efficiency lighting components may vary within the existing
congtruction market, we present data from PG& E’s latest commercid end user survey (CEUS) which
includes 1,000 on-ste surveys conducted in 1996 and 1997, as what we consider to be the best
available proxy for eectronic balast and CFL saturations by building type and customer sze. Efficient
lighting programs have been aggressively pursued for a decade within PG& E's territory, but these
CEUS dataare al'so severd yearsold. These two factors may combine to yield numbers that are
reasonably Smilar to the current saturation in the Pacific Northwest. However, thisis obvioudy
conjecture and we present the data here for the purpose of discussing quditative differences anong
segments.

Figure 5-8 presents the saturation levels for four-foot T8 lamps and eectronic balastsin PG& E's
territory, while Figure 5-9 shows data from the same PG& E study on compact fluorescent lamps
(CFLs). Thebarsfor Large, Medium, and Smal show the strong correl ation between the size of
business and saturations of high-efficiency components. The saturations of efficient components are two

13 Note that saturation refers to the relative market share of atechnol ogy within the existing stock of buildings, whereas
penetration refers to the relative market share of atechnology as a percentage of new purchases (i.e., annual sales). Annua
distributor sales are composed of new purchases for both new construction and existing buildings (of course, only a small
share of the total stock of lighting equipment in existing buildings is replaced each year). The saturation of high-efficiency
technologies in existing construction changes more slowly than does the annual penetration.
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to three times higher in medium and large facilities as they are in smal organizations (under 50 kW).
Despite these differences, dl categories fill have a
Figure5-8
PG& E Four-Foot T8/EB Saturation
Source: PG& E CEUS. Date of Data Collection: 1996/1997
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Figure5-9
PG&E Commercial CFLs
Source: PG&E CEUS. Date of Data Collection: 1996/1997
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*Sizeis estimated based on energy consumption and full-load hours. Small < 50 kW, Medium 50 - 499 kW, Large >= 500 kW.
sgnificant amount of potentid for further penetration of efficient components. It islikely, however, that
the naturally occurring penetration of high-efficiency components will continue to be high among the
larger organizations, particularly those who practice group replacement of lamps and balasts.
Penetration among smdler organizations will likely be low without market intervention. For example, in
arecent baseline study in Cdifornia, only 18 percent of smal customers said that they would replace
their exigting balasts with dectronic balasts upon burnout of their existing magnetic ballasts14

5.4.4 Occupancy Sensors

Results obtained on the percentage of projects in which contractors use occupancy sensors are
presented in Figure 5-10. While the prevaence of sensors has increased over the past three years,
attitudes towards the devices are not overwhelmingly enthusiastic, as they are with respect to T8 lamps,
electronic ballasts and compact fluorescent lamps. Concerns about the reliability, cost of ingdlation and
basic functiondity continue to abound. Perhapsit is a testament to the energy-saving potentia of the
technology that despite these concerns, market share is reported to have increased from about

14 percent of projectsin 1996 to 23 percent in 1999. Note, however, that these figuresindicate only
whether sensors were used on a project, not how extensively.

14 X ENERGY, Inc. 2000. 1999 State-L evel Small/Medium Nonresidential MA& E Study Draft Final Report. Prepared for the
California Board for Energy Efficiency/Pacific Gas and Electric Company.

oa:wnea0002:report:final:part 1:5_baseline 5-12



SECTION 5 BASELINE RESEARCH RESULTS

Figure5-10
Per centage of Contractor Jobswith
Occupancy Sensors, 1996 and 1999
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5.5 ENERGY EFFICIENCY ATTITUDES

In this section, we present responses to questions we asked about the relative importance of energy
efficiency to lighting professionds businesses and the manner in which they sdll such services.

5.5.1 Business Importance of Energy Efficiency

Market actors were asked how important offering energy efficient lighting products and servicesisto
their compstitive postion. Asshown in Table 5-6, on average, each type of market actors said that
offering energy efficient lighting services is of moderate importance to their position in the market
Responses from actors in western Oregon and Washington were not sgnificantly different from those of
the eastern regions of those states or in 1daho and Montana.

Table5-6
Salf-Reported Value of Offering Energy Efficient Lighting Service

[1 = Very important, 2 = Somewhat important, 3 = Not very important, 4 = Not at all important]

Actor Rating Obs
Distributors 1.3 56
Contractors 1.7 30
Designers 15 22
Average 15 108

Each market actor was asked about the rlative importance of different consderations on lighting
purchases. Digtributors were asked to identify the most important factors that determine which
commercid lighting equipment they recommend to their cusomers. The responses varied widdly.
Some focused on the costs and benefits of the products (17%) while others mentioned the importance
of choosing gppropriate lighting levels (19%) or good light qudity (17%). A smdler group noted the
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vaue of easly-maintained equipment (9%) and a single respondent said that meeting code was the most
sgnificant factor in product selection.

Inasmilar vein, contractors were asked to think about their customers' attitudes on cost, payback,
qudity and maintenance. Initid cost of the equipment came out as the number one interest, with al
contractors reporting this as “ Important” or “Very Important” (4.4 on ascaeof 1to5). Lifecycle
costs, energy efficiency, and qudity of light were consdered of equa importance. Findly, ease of
mai ntenance was reportedly only “ Somewhat Important” for most of the contractors customers.

Lighting designers were asked about the same factors as the contractors customers, but from their own
point of view. They reported sgnificantly greater concern for the qudity of light (4.4 out of 5), and
sgnificantly lessfor theinitid cost of the equipment (3.8 out of 5).

5.5.2 Marketing “Efficiency”

Didributors were read the list of discusson topics shown in Table 5-7 and asked if they used any of
them as part of their sdes effort. Because of the format of the question, it was expected that most
respondents would have at least a smdll biastoward saying “yes’ to discussing the varioustopics. Itis
not surprising to find high percentages reporting discusson of severd topics. It isinteresting to note,
however, that just 57 percent reported talking about the lifecycle cogts of their products; however,

86 percent said they talked about comparative operating costs. This may indicate that some distributors
are aware of the importance of economics in equipment salection but are not sophisticated enough to
discuss these mattersin terms of lifecycle cods; or that they Smply do not see the vaue of framing ther
informetion in these terms,

Table5-7

Equipment Distributor Sales Discussion Topics
Topic Percent
Comparative operating costs 86%
Comparative lamp life and maintenance 96%
Comparative lumen depreciation 68%
Effect of quality lighting on productivity and safety 61%
Lifecycle costs / payback 57%

Contractors reported making recommendations to their clients to include "more energy efficient lighting
technologies' about 80 percent of thetime. Thisfigure probably includes both cases in which the
contractor recommends efficient equipment expresdy wanted by the customer and casesin which the
contractor recommends a lighting technology that is more efficient than the customer initialy requested.
Contractors recommend substituting T8 lamps for T12 lampsin about 73 percent of cases, and
compact fluorescent lamps for incandescent lamps in 62 percent.
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5.6 REPORTED TRENDS IN THE LIGHTING INDUSTRY

We asked contractors, designers, and distributors to describe trendsin the lighting industry over the
past three years and to predict the trends they though would be most significant in the next three years.

5.6.1 Past Three Years

In the case of digtributors, we first asked them to tell us whether their sdles of alist of ten sdected
lighting technologies had changed over the past three years. The results are shown in Table 5-8. Note
the large percentage who report increased sales of T8s, eectronic ballasts, hard-wired CFLs, and LED
exit 9gns. Also note the large number of distributors that report that they <till do not stock T5 lamps
(46%) dimming eectronic ballasts (33%) and linear pendant fixtures (52%).

Table5-8
Changesin SalesOver Last Three Years

Sell Sell Sell Don't Total
n=57 Less Same More Stock

T-8 lamps 4% 4% 93% 0% 100%
T-5 lamps 4% 18% 32% 46% 100%
Electronic ballasts 0% 5% 93% 2% 100%
Dimming electronic 0% 25% 42% 33% 100%
ballasts
Daylighting controls 2% 41% 29% 29% 100%
Occupancy sensors 4% 32% 46% 19% 100%
Linear pendants 2% 13% 34% 52% 100%
Hardwired CFLs 5% 20% 57% 18% 100%
LED exit signs 0% 5% 82% 12% 100%
Compact MH lamps 2% 18% 60% 21% 100%

When dl market actors were asked to quditatively describe trendsin the lighting industry over the past
three years, a number of patterns emerged. Key trends included:

T8 lamps and dectronic balasts are now standard practice.

Much more attention is paid to comfort and productivity.

Compact fluorescent lamps have become much more common.

T5 lamps have emerged from obscurity (dill very little use, but lots of interest/awareness).
Utility rebates were significantly reduced.

Use of pulse-gtart metal hdide fixturesisincreasng.

Respondents reported that standard practice had changed with respect to increasing acceptance of
compact fluorescent lamps and dominance of the T8 lamp / eectronic balast combination. Market
actors aso talked about changes in codes, increasing numbers of daylighting projects and the increasing
use of indirect/direct fixtures. Niche innovations such as the use of MR-16s in restaurants and light
emitting diodes (LED) in exit Sgns were also noted.
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In addition, contractorsin Idaho and Montana stated that the pace of change in the industry had
increased. Businesses are sdlling and purchasing smaler quantities of equipment more frequently, they
say, meaning more and smdler jobs for dl the lighting professionads. Also, manufacturers
representatives change product lines quickly, and often change the manufacturers they represent as well.

5.6.2 Predictions for the Next Three Years

Contractors, distributors and designers were also asked to describe the changes the believed would
occur over the next three years. Comments ranged widely from the maturing of the fusion lamp to fiber
optic light ddivery and white LEDs as light sources. Common predictions were:

T5 lamp will increase market share in mainsiream gpplications.
Dimming balast usage will increase in conjunction with more daylighting design.
Movement toward fast design-build projects with modular lighting designs.

Improvements to existing dimming Systems and occupancy Sensors are expected to substantidly
quell existing concerns with these technologies.

More fixture choices for efficient lamp and balast configurations will be marketed.

One designer mentioned that Sesttle now requires Leadership in Energy and Environmental
Desgn (LEED) certification for its city buildings, and fdt this could set a precedent that other
ctiesmight follow.

5.7 EGIONAL LIGHTING PRACTICES

This section presents results on a series of questions asked about design and specification practices,
particularly with repect to the use of daylighting, among designers, distributors and contractors.

5.7.1 Daylighting Design Practice

Interest in daylighting is rgpidly increasing and, while market activity lags behind interet, thereisvauein
investigating the practices of professonads who are actively promoting and working on daylighting
projects. In this section, we first ook at the prevaence of daylighting projectsin the Pacific Northwest,
then the knowledge levels and attitudes of the region’ s lighting professionds, and findly present the
barriers to increased implementation.

Prevalence

Digtributors, contractors, and designers were in rough agreement over the percentage of new projects
with daylighting. Didtributors reported 6 percent of recent projects for which they supplied equipment
included daylighting controls or dimming balasts. Contractors said they inddled daylighting sysemsin
about 4 percent of their recent projects. Designers reported that the percentage of customers
requesting daylit buildings was dightly less than 3 percent. Designers dso reported that the percentage
was higher west of the Cascades than east. Western designers reported 4 percent of their clients had
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directly requested that daylighting be included on their project, while eastern designers said the number
was closer to 1 percent for them.

Desgners were dso asked how often they participated in lighting projects early enough to influence the
design process toward daylighting. As shown in Table 5-9, only 8 percent said they were “often”
involved at an early enough stage, while 24 percent reported they were “ sometimes’ involved early

enough.
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Table59
Frequency of Early Participation of Designersin Daylighting Design

East  West All
# Respondents 10 15 25
Often 0% 13% 8%
Sometimes 10% 33% 24%
Rarely 30% 20% 24%
Never 60% 33% 44%
Totals 100% 100% 100%

Knowledge

Desgners were asked to rate their knowledge of particular areas of daylighting: building siting,
fenedtration design and specification, calculations and andys's, and specification of dectric lighting
contrals for integration with daylighting systems. In both east and west regions, results were very smilar
for dl categories. Asshown in Table 5-10, average ratings were between ‘not very familiar’ and
‘somewhat familiar’. Some designers use engineers for their specifications of eectric lighting contrals,
which raised the overdl average on controls systems, but results were still below a basic understanding
level. No one reported having expert knowledge of daylighting.

Table5-10
Designers Self-Rated Familiarity with Aspects of Daylighting

(1 to 5 where 1 means completely unfamiliar and 5 means expert)

East West All
Building Siting for Daylighting 2.2 2.2 2.2
Fenestration Design and Specification 2.3 2.4 2.4
Calculations and Analysis 2.3 2.2 23
Specification of electric lighting controls 2.7 2.6 2.6
for integration with daylighting systems
# Respondents 11 14 25

Designers and distributors were also asked to describe the benefits of daylighting. As shown in Teble
5-11, respondents devel oped a reasonably comprehensive list in aggregate, but individua respondents
were hard-pressed to list more than two or three benefits. Most commonly cited was the energy
savings potentia. Next came increased occupant satisfaction, increased building vaue and productivity.
These latter non-energy benefits appear to be under appreciated by the desgner community.
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Table5-11
Similarity in Reported Daylighting Benefits
Factor Designers Distributors
# Respondents 29 31
Improved productivity/performance 31% 19%
Increased Sales (Retail) 11% 3%
Increased Occupant Satisfaction 44% 35%
Reduced Energy Costs 88% 84%
Increased Building Valuation 33% 6%
Reduced Eye Strain 11% 10%
No benefits 3% 0%
Attitudes

Desgnerswere asked if they actively pursue daylighting design as part of their business strategy.
Responses were different in the east and west, with more daylighting practices reported to be aready in
placeinthewest. Figure 5-10 and 5-11 show the status for daylighting action. The percentage saying
they actively pursue daylighting clearly far exceeds the volume of daylighting projects being
implemented, according to designers own sef reports. Thus, these results should be viewed as more
indicative of designers intent rather than their actud actions.

Figure5-11 Figure5-12
Designer Pursuit of Daylighting Designer Pursuit of Daylighting
Western Region Eastern Region
Pursues
daylighting
Pursues Does not 18%
daylighting pursue
Does not 35% daylighting
pursue 36%

daylighting
41%

Plans toin Plans to in
future future
24% 46%

Both contractors and designers reported being “somewhat” to “very” interested in increasing the
amount of daylighting work they do. Thiswas true for most respondents, including those who had some
prior experience with daylighting and those with none.
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Of the designersinterviewed, 80 percent said thet they beieved daylighting could play a more Sgnificant
rolein lighting commercia and indugtrid buildings. When asked where and how this could be so, some
responses were:

“Indudtrid and large retall superstores could use daylighting much more. Skylights can give alot
of light in supergtores, and increase sdles. Productivity isincreased in inditutiond gpplications.”

“Daylighting will increase as the need to reduce energy costsrises. Also, companies will use
daylighting to attract employees.”

Of the remaining 20 percent of respondents, haf said daylighting would not play a ggnificant role in the
future of nonresidentiad buildings, and the other haf were unsure.

Barriers

We a0 asked designers, contractors and distributors whether there were any reasons they would
recommend against usng daylighting in new construction projects. Reasons cited included concerns
over equipment reiability, heat loss/gain, the potentia for maintenance problems, and a belief that codes
are easer to meet without the trade-offs associated with daylighting. The five most common responses
were:

Higher first cost (from added design work and materials)

Lack of owner/developer awvareness or interest

Additiona project development time

Limited desgner knowledge of daylighting

Inappropriate for building type/usage (glare, degradation of materias)

Daylighting Mini-Interviews

The respondents to the four daylighting-only surveys described in Section 4 were much more savvy to
daylighting than our designer population asawhole. The architects interviewed for this short survey
ranked themselves consgtently higher when it came to their knowledge of daylighting. Knowledge of
building siting considerations for daylighting were rated a4 out of 5 (where 5 means expert).
Fenedtration design and specification seemed to be the low point for this sample, with the architects
reporting dightly better than a basic understanding of fenestration systems. Caculation and andysis of
daylighting designs were rated as being better understood than the larger pool of designers, with these
respondents having a good understanding. All of the responding architects said that their knowledge of
lighting controls was expert level due to the fact that they use excellent outside consultants for specifying
integrated control systems. Despite the self-reported knowledge, none of the architects in this sample
have deve oped specifications for integrated lighting controls themselves.

These architects mentioned the familiar reasons daylighting is a benefit, such as energy savings and
comfort. Two reasons emerged that were not mentioned by othersin the study:

Light qudity and environmenta qudity are improved
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Psychologica benefits associated with natura light and being able to see outsde (a connection
to exterior)

The architects offered reasons why daylighting may not be gppropriate in dl building types. Besidesthe
fragmentation of goecidties and integration problems, they mentioned the difficulty of getting light into the
interior spaces of large buildings. One noted that sunlight may not be suitable in certain aress, but did
not elaborate.

All respondents said that they include engineers, developers and owners early in the design process for
daylight integration. Respondentsin this smal sample dso said that they have provided daylighting
controls and/or dimming ballasts on an average of 71 percent of their projects in the past 2 years. One
respondent even said, "Our goal is 100 percent, but redistically about 80 percent get included”.

5.7.2 Modeling/Simulation Tools

Ancther target area of our surveys dedt with whether designers use tools as part of the lighting design
process. Table 5-12 shows the frequency with which designers use the various tools to help layout
fixtures and determine appropriate dengties. The tools listed include hand calculations, IES manuds,
paper or computer templates, and computer models of diverse complexity. Hand cdculations and
rules-of-thumb were by far cited as being used most often by desgners. Designers said they use
computer modeling in only about 45 percent of jobs. Popular computer smulations and models were
programs such as Visua, AutoCAD, Lumen Micro, LightPro, AGI, and Radiance. Whilethese
computer tools have gained prominence in recent years, manufacturers guidelines, point-by-point hand
caculations and basic rules of thumb are till the staples of most designer’ s toalkits.

Table5-12

Use of Design Toolsin Commercial Lighting Design
[Often=1, Sometimes=2, Rarely=3, Never=4]

East West All
Hand calcs and rules-of-thumb 1.0 13 1.2
IES Reference Manuals 15 1.7 16
Room Cavity Modeling 2.1 25 2.3
Manuf/In-house Layout Templates 2.9 3.2 3.0
Radiosity Computer Models 3.8 2.6 31
Ray-tracing Computer Modeling 3.1 3.2 3.2
# Respondents 12 16 28

5.7.3 Specification

Equipment is specified by anumber of market actors. Of distributors, 61 percent said they offer
equipment specification services, dthough al will supply detailed equipment recommendations written in
aformat that can be used for specifications. Didtributors reported specifying 35 percent of dl the
equipment they sell. Perhgps surprisingly, 70 percent of contractors offer design and specification
services in the western region, this number increases to 92 percent in the eastern Region. In addition,
contractors actudly specify equipment on about a third of their jobs.
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All the respondents were asked for the percentage of commercid lighting projects on which they have
discretion over the kind of equipment specified. Designers, conssting of dectrica enginears, lighting
specidists and architects, said they have discretion on about 74 percent of jobs. Contractors said

33 percent and distributors 35 percent. Possible explanation for the reason why these sum to more than
100 percent arethat: 1) designers are only involved in a portion of the totd lighting jobs performed; and
2) contractors and digtributors likely have included cases where they make mgor revisonsto
specifications provided by the designers.

Nearly every lighting designer mentioned that they use llluminating Engineering Society (IES) guiddines
to help them pick appropriate illuminance levels and fixture densities in preparaion for specifying.
Mesting code requirements was mentioned by a couple of distributor firms as a key factor as well.
Once the illuminance levels are chosen, there are a number of factors considered when sdlecting the
gpecific equipment configurations and types. Didtributors sorted alist of factors in descending order of
importance:

Initid cost of the equipment,

Lighting level (gppropriate brightness),

Lighting qudlity (color, effect on look of merchandise),
Totd lifecycle codts/ energy efficiency, and

Ease of lamp replacement, maintenance.

Desgners had the same list but with *Lighting Quality’ at the top and with ‘ Totd Lifecycle Cogts
ranked second in importance. 1ssues such asthe flexibility in the initid configuration and the ease of
reusing or relocating the equipment were not mentioned by anyone.

Influence

Table 5-13 ligts the specific market actors designers identified as having influence over the specification
of lighting equipment. Electrica engineers and lighting designers festured prominently in both regions but
not equaly. Inthe eadt, dectrica engineers were said to have amgority of the influence over lighting
equipment specification, while specidty lighting designers accounted for about a quarter. In the west,
lighting designers reportedly have dightly more influence over pecification than engineers. This greater
use of lighting specidists west of the Cascades was seen throughout our surveys.
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Table5-13
Who Has Influence Over Specification?
AsReported by Designers

East West All
Electrical Engineer 58% 33% 43%
Lighting Designer 25% 39% 33%
Architect 8% 17% 13%
Owner 0% 11% 7%
Developer 8% 0% 3%
Tenant 0% 0% 0%
General Contractor 0% 0% 0%
Other 0% 0% 0%
Totals 100% 100% 100%
# Respondents 12 18 30

When asked about who has influence over the fixture layout, the answers were smilar, with eectrical
engineers having the bulk of the influence in the east and comparable influence with lighting designersin

thewest. (See Table 5-14.)

Table5-14
Who Has Influence Over Fixture Layout?

AsReported by Designers

East West All

Electrical Engineer 70% 40% 50%
Lighting Designer 20% 30% 27%
Architect 0% 25% 17%
Developer 10% 5% 7%
Owner 0% 0% 0%
Tenant 0% 0% 0%
General Contractor 0% 0% 0%
Other 0% 0% 0%
Totals 100% 100% 100%

18 28

# Respondents 10

The responses changed somewhat when designers were asked to identify who has influence over the
choice to use lighting controls and the types of controlsingtaled. Electrica engineers are till most
influentia, but owners play alarger role than with fixture equipment and layout. Designers reported that
their own firms have primary responghility for gpecifying lighting controls on 65 percent of jobs.

Table 5-15 shows the designer responses when asked about characteritics of the whole market.
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Table5-15
Who Has Influence Over Use and Types of Lighting Controls?
AsReported by Designers

East West All
Electrical Engineer 67% 55% 59%
Owner 17% 14% 15%
Lighting Designer 8% 14% 12%
Architect 8% 14% 12%
Other 0% 5% 3%
Developer 0% 0% 0%
Tenant 0% 0% 0%
General Contractor 0% 0% 0%
Totals 100% 100% 100%
# Respondents 11 18 29

Frequency

Didributors and designers were asked how often they specify certain lighting equipment. Asillustrated in
Fgure 5-13, respondents were mogt likely to say they “ Often” specify T8 lamps, dectronic ballasts,
and LED exit Sgns. Hardwired compact fluorescent lamps, indirect and indirect/direct fixtures,
compact metal hdide lamps and occupancy sensors were in the second tier of responses, with most
saying they specified these products “ sometimes.” T12 and T5 lamps, magnetic and dimming balagts,
daylighting controls and lighting energy management systems fell between “rarely” and “sometimes’.

Figure5-13
Frequency of Equipment Specification
T8 Fixture —

T12 Fixture |

T5 Fixture —_'

Electr Ballast

Mag Ballast _—l
Dimming Ballast —_l
EDesigners

Occup Sensor — O Distribs

Dayllghnng o :

Lighting EMS

Compact MH ——l

LED Exit Sign —
Hardwired CFL —
Indirect Fixture .—

1 2 3 4
Never Rarely Sometimes Often
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According to these qualitative results, T5 lamps are specified more frequently by designers than T12
lamps. However, our sdesfigures show that many fewer T5 lamps are sold. This discrepancy may be
due to the strong desire expressed by designersto use T5 lamps more frequently, and may dso indicate
that distributors are more likely to be involved with replacement and repair where technology changes
are not gppropriate. For the same reason, we note that T12 lamps are specified more often by
digtributors than by designers.

Barriers

Occupancy sensors have received mixed reviews in recent years due to their terrific success at saving
energy in some stuations and aoysmad falure to provide functiona servicein others. To learn more
about attitudes toward occupancy sensors and gain ingght into the pressing barriers to further use of the
technology, we asked survey respondents the reason(s) they would not recommend using sensors.
Table 5-16 shows the top four responses for each of the lighting market actors, with the most frequently
cited reasons at the top.

Table5-16
Reasonsfor Not Recommending Occupancy Sensors
Digtributors Contractors Designers
First cost (incl. Installation) First cost First cost
Lack of knowledge by designers Equipment reliability Equipment reliability
Customer's override/misuse Maintenance problems Commissioning/re-tuning costs
Power too cheap to justify Customer override/misuse  Maintenance problems

After citing first cog, it is gpparent that designers and contractors blame the equipment and the
digtributors blame the designers. However, there are severa other important factors. The equipment
has been made quite complex and lacks easy inddlation. Designers may not be providing sufficient
ingructions for contractors who don’t want to waste time getting training.  Also, the contractors may not
want to adjust the sensors repestedly, despite the current need for that arising from occupant tampering.
Findly, the occupants would be less likely to tamper with the sensors if their functiondity was
trangparent.

Changes in Specification

Desgners and didtributors said that occasondly the ingtaled lighting equipment differs from the origina
specification. Table 5-17 shows the reasons offered by contractors for these changes. By far the most
common reasons given were finding a product considered equivaent for a better price, and lack of
availability for the originally specified product. Respondents explained that a product is“unavailable’ if
it cannot be purchased at a reasonable price from the main dectrical supplier for the project or from
another supplier the contractor has a close relationship with.
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Table5-17
Reasons for Equipment Substitutions by Contractors

Reasons East West All
Found better price 50% 37% 43%
Not available 30% 37% 34%
Used better quality 5% 11% 9%
Use better brand 0% 11% 6%
Poor original design 10% 4% 6%
Past relationship with supplier 5% 0% 2%
Total 100% 100% 100%

Contractorsin the east said that nearly athird of the time architects or owners alow subgtitutions from
the origina equipment specification. Western region contractors reported a much higher subgtitution
rate, at 65 percent.

5.8 INFORMATION SOURCES, INTERNET USE, LIGHTING LAB AWARENESS/USE

Understanding where lighting professiona s obtain information was dso afocus of the Study. Two-
thirds of digtributors reportedly rely on manufacturers to kegp them current on new technologies, while
amogt half subscribe to trade magazines. One quarter attend trade shows such as Light Fair. About
65 percent of desgners get information on new lighting products from manufacturers, 46 percent from
trade magazines, and a quarter use the Internet or attend trade shows. Contractors are a bit different in
that 70 percent get information from trade magazines, 44 percent from manufacturers and 33 percent
from digributors. The usage of the Internet for information on new productsis limited across al actors,
but is especidly limited among digtributors and contractors.

Table5-18

Sour ce of Information on New Lighting Technologies
Source Distributors Designers Contractors
Colleagues in same 5% 12% 0%
profession
Distributors 13% 12% 33%
Manufacturers 66% 65% 44%
Trade magazines 45% 46% 70%
Websites 5% 23% 4%
Trade shows (e.g., Lightfair) 25% 27% 11%
Northwest Lighting Lab 14% 8% 7%
PGE Lighting Lab 2% 0% 0%
# Respondents 56 26 27

Three out of four digtributors are aware of the Lighting Design Lab (LDL) in Sesttle, and 47 percent
have visted—mostly to attend classes, use the mock-up facilities or go on tours of the facility. Eighty-
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one percent of desgners are aware of the LDL, and 42 percent have vidted the lab aswell. Designers
have utilized the widest variety of services a the lab, from attending classes, to using daylight Smulations
and mock-up facilities. Thirty-three percent of designers attended LDL Road Shows aswell.
Contractors familiarity with the Lab isbelow designers and distributors, at around 59 percent. Thirty-
nine percent of al contractors reported having visited the Lab, however, mostly for classes.

Table5-19
Awareness and Use of the Lighting Design Lab in Seattle
Used
Aware Visited Services
Distributors n=57 75% 47% 49%
Contractors n=29 59% 39% 87%
Designers n=26 81% 42% 53%
Table 5-20
Lighting Design Lab Services Used
Distributors Contractors Designers
Consultations 5% 25% 22%
Mock-up facilities 23% 17% 22%
Classes 45% 50% 56%
Tours 18% 0% 22%
Daylighting simulations 0% 17% 22%
Attended Roadshow 0% 33% 22%
Other 9% 0% 22%
# Respondents 22 12 9

Professondsin dl areas use the Internet and World Wide Web for business purposes. Only 3 percent
of contractors in the Pacific Northwest have ever purchased lighting equipment for ajob through the
Internet. One respondent said, “we ve been looking into [buying from the Internet], but local
purchasing is better for managing jobs'. Others say they use the Internet to study products and trends,
but not to purchase equipment. Severd respondents felt that agreement that Internet purchasing may be
viable in the future, however.

Asfor the use of www.lightsearch.com, very few contractors (7%) have ever visted the ste. Only half
of those had ever used services from the website. Distributors had a better knowledge of the Site, as
42 percent had vigited. A third of al designers had aso visted www.lightsearch.com. A quarter of
responding distributors and designers reported using services from the website,
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Table5-21
Use of the Website www.lightsear ch.com
Used
Visited Services
Distributors n=57 42% 25%
Contractors n=30 7% 3%
Designers n=24 33% 25%

5.9 INTERVIEWEE SUGGESTIONS

At the end of each interview, respondents were asked whether they had suggestions for initiatives that
the Alliance should consider. The mgority of responses were in the area of education, followed by
rebates, code issues and advertisng. The most frequent suggestion was for the education of market
actorswho are in charge of specifying or requesting energy efficient technologies and practices. Mogt
respondents said that products and practices with efficiencies grester than typical (such as daylighting)
are misunderstood by those who specify and build in the Pacific Northwest. Many respondents believe
that, in order to increase demand of these services, more information and education is needed. Specific
suggestions included:

Educate or train architects, designers, owners, developers and engineers

Offer continuing education credits for classes attended by students

Require lighting training for professonas who participate in projects receiving incentives
Hold seminars, conferences and trade shows (for smdl and large cities)

Many participants raised issue of energy codes (or the lack thereof). More common in the eastern
region were comments regarding the lack of enforcement of existing energy codes. Some aso
mentioned the idea of offering incentives on projects that performed better than code.

Rebates or incentives were mentioned by both designers and contractors. There were dight differences
among the populations, but overall, rebates or incentives were less important to those surveyed than
education and codes. One contractor from the western region differed from most of the rest, noting
that: “Rebates work because equipment costs too much. Training is not too important for us because
we can wire anything. .. getting it specified is the problem.”  Another less-common mention wasin the
area of information dissemination. Some suggestions were to:

Promote case studies
Promote new products to specifiers and contractors
Advertise exigting utility incentive programs better

Other comments included:
Mandate changeout of al T12 lampsin government buildings

Don't involve utilities
Do away with codes, make it easer to design what clients want
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6 PROMISING TECHNOLOGIES AND
PRACTICES

6.1 SUMMARY OF OPPORTUNITIES

This chapter summarizes the opportunities and technica barriers associated with lighting technologies
and practices that have potentia to impact the energy efficiency market in the Northwest. Section 6.2
introduces the “top ten” most promising technologies and practices. In Section 6.3, we present an
andysis of thetota region-wide lighting savings that could be obtained from these technologies and
practices. Section 6.4 continues with technologies thet are till in development and are not yet viable or
are widdy publicized but not proven. The firg-tier technologies and practices discussed in this section
are asfollows:

Energy effective lighting design (non-daylighting)
Daylighting by design

Fluorescent dimming

Integrated lighting controls

Halogen IR sources

High efficiency generic fluorescent fixtures

T5 and T5HO fluorescent luminaires

Modern metd hdide lamp/balast systems
Modern industrid fluorescent systems

High efficiency compact fluorescent luminaires

Table 6-1 provides an overview of our assessment of the most promising technologies and practices.
Each of these technologies and practicesis discussed in detail in Section 6.2.
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Table0-1
Overview of Promising Technologies and Practices
Y =YES,N=NO, S= SOME
v B
&| & I 8ls

CURRENT MARKET | £ | 5 R RS

CURRENT CURRENT BODY OF ACCEPTANCE a8 2|8 s

TECHNOLOGY KNOWLEDGE STATUS NA = Not Commercially ? % % < '% e ‘8

STATUS E = Experimental Avail. 5113 u 28

E= Experimental B = Basic HR = High Risk Adapters H 5 2 = 2o g %

B = Basic Proven A = Advanced =Early Market Adapters SP| 2 % 2 |IBgl|lE 3

RANKING | TECHNOL OGY/PRACTICE A = Advanced Proven H = Highly Evolved = Standard Practice |31z |2S]|3%
1 ENERGY EFFECTIVE LIGHTING DESIGN A EBAH E Y NA S S S
2 DAYLIGHTING BY DESIGN A EB,AH E Y NA Y Y S
3 FLUORESCENT DIMMING E, A A.H E Y Y S Y N
4 INTEGRATED LIGHTING CONTROLS E, B B,A HR Y Y S Y N
5 HALOGEN IR SOURCES A A E Y Y Y Y S
6 HIGH EFFICIENCY GENERIC FLUORESCENT FIXTURES A AH E Y Y Y S S
7 T5AND T5HO FLUORESCENT LUMINAIRES A A E Y Y S Y S
8 MODERN METAL HALIDE LAMP/BALLAST SYSTEMS E A AH E Y Y Y S S
9 MODERN INDUSTRIAL FLUORESCENT SYSTEMS A A.H E Y Y Y S S
10 HIGH EFFICIENCY COMPACT FLUORESCENT LUMINAIRES A A E Y Y Y S S
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SECTION 6

PROMISING TECHNOLOGIES AND PRACTICES

6.2 FIRST TIER TECHNOLOGIES AND PRACTICES

In Section 6.2.1 we present alist of the top ten technologies and practices for consideration in the
Pecific Northwest. These are identified as the most promising areas for lighting efficiency improvements
in the existing market. The technologies have been identified and andyzed as to their applications,
benefits, cost effectiveness, and penetration/acceptance in the market. Mgor barriers to current and

future usage are aso included.

6.2.1 Energy Effective Lighting Design (Non-Daylighting)

TECHNOLOGY/
PRACTICE

APPLICATIONS

BENEFITS

Energy effective lighting design optimizes the systems' performance
rather than individual component performance. Some of the measures
include:

- sgparating ambient and task lighting into component layers
- using high efficiency luminaires having a high coefficient of

utilization for the gpplication

- meeting current IESNA illuminance recommendations, eliminating

overlighting

- 