The U.S.ReplacementLamp Market,
20162015%and the Impact of Federal
Regulation on Energy Efficiency
Lighting Programs

August2010

Prepared by:

ﬁ:'l'

AprpPLIED PROACTIVE TECHNOLOGIES, INC.

Corresponding Author:

Seth CraigeSnell, Ph.D
Director of Research
seth@appliedproactive.com



mailto:seth@appliedproactive.com

Authors:

Seth Craig&nell, Director of Research, Applied Proactive Technologies, Inc.

Mike DelNegroRegionabDirector of Operations, Applied Proactive Technologies, Inc.
Gary Elliot, RegionaDirector ofOperations, Applied Proactive Technologies, Inc.
Peter Feroli, Vice President, Applied Proactive Technologies, Inc.

David Leishman, President, Applied Proactive Technologies, Inc.

Brian Loughran, Senior Manager Northwest Programs, Applied Proactivegieshrhiot.
Stan Mertz, Director of Retail Operations, Applied Proactive Technologies, Inc.

Frank Molander, Director of BusinBsvelopmentApplied Proactive Technologies, Inc.

Acknowledgements

APT would like to thank the manufacturers who met w{BkisOsrarSylvania, and Philips) and
provided vital informatiofor the development of this paper

Note about financial support and content

The general views of this paper have not been sanctioned or financially supported by manufacturers or any
otherindustry partner. Reference to manufacturer specific information has been authorized by the individual
manufacturer.

Applied Proactive Technologies, Inc.
1242 Main Streeth #loor
Springfield, MA 01103
www.appliedproactive.com

P.1. Final Page |2 AT

Appusco ProacTive Technowacs, Inc.


http://www.appliedproactive.com/

TABLE OF CONTENTS

1 PURPOSE OF THE PAPER......o ittt e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeesensnsennennnnnes 5
2 EXECUTIVE SUMMARY oottt e ettt ettt e aeeeeeesaee s sesnnn s s 5
3 INTRODUCTION ottt et e e bbb bbb e e e as 10
4 U.S. LEGISLATION ..iiiiitittttttttittis et e e e e e e e e e e et e et e e et e ettt eeeeeeeeeaessbesbane b nnebbnee s 14
5 PRODUCTS ..ttt e e e e e e e et ettt e e ettt ettt ettt e e e eee e e eee bbb b nne b bbb b e e e 16
EXEMPTED STANDARD INCANDESCENT ..uiiiitiiiiiiiiee it ee ettt e e eeteesest e eeetteeesstanaesestnaeeesrneaeens 16
EISA COMPLIANT HALOGEN .. .iiitiiiiiii et e e e e et e e e et e e e et e e e e et e e e et e e e aaa e eeeranaeeenans 17
L8 PP 17
LD St e e e e e e e e e e e e e e e e e e e e e 18
6 CONSUMER PREFERENCE ... 20
7 THE LIGHTING MARKET = 20102012.........ccciiiiiiiiiiiie ettt 23
8 THE LIGHTING MARKET  20122014.........ccciiiiiiiiiiiiee ettt 25
9 THE LIGHTING MARKET 2015 AND BEYOND .....cccciiiiiiiiiiiiiiiiicee e 28
10 CONCLUSIONS AND RECO MMENDATIONS  ...oiiiiiiiiiiiiiiee e 29
11 REFERENCGES ... ... e e s 32
12 APPENDIX A:  KEY FIGURES FROM OTHER SOURCES..............cco oo, 35
13 APPENDIX B: PRODUCT INFORMATION ..ccoiiiiiiiiiiiieiieeeeeeeeeenneenn AL
GENERAL INFORMATION 1uuuiittttuietettsesettnsesessuaseseanssesessneesstaseesessaseesessnsesessnseeessneesessnneeesnneenes 41
EC HALOGEN ...ettittittiitiittt e e e e e e e e e e e e e e ettt et e e e e e e e e e e e s e e s an e e nr e e rnnn s s 42
L PP 43
I PSP PP 43

P.1. Final Page |3 A‘T

Appusco ProacTive Technowacs, Inc.



LIST OF FIGURES

Figure 1. Lamp Shipments anl ENERGY STAR Market Share (Swope, 2010)............ccccuvvvvnen. 35
Figure 2. Puget Sound Area CFL Socket Saturation (EMI, 2007)..........cuuveieieeeeiiiiiiiiiiiiieeeeeenn 36
Figure 3. Luminous Flux Versus Efficacy (Calwell, 2009)..........ccouviiiiiiiiiiiiiiiiiieeeeeee e 37
Figure 4. Luminous Efficacy Improvements Through Time (DOE, 2010).........ccccevveeeeeeeeinninens 38
Figure 5. CFL and Incandescent Shipment® Scenario 1: Slow CFL Growth (Bickel, 2010)......39
Figure 6. CFL and Incandescent Shipmats - Scenario 2: Fast CFL Growth (Bickel, 2010)........ 39
Figure 7. Standard Wattages and Differences for Three Lamp Technologies at

Typical BrightNeSS LEVEIS.......coiiiiiiiiii e 40
Figure 8. Bulb and Base TYPES.......cooiiiiiiiiiiiiiiiiiee ettt e e ssiinnneeee e e e e s s snsinnnnnneeeee e AL
Figure 9. Philips EcoVantage Halogen Products (Soft White and Natural Light)....................... 42
Figure 10. Sylvania SuperSaver Halogen ProdUCES............oooiiiiiiiiiieriee e 42
Figure 11. Philips CFL ProAUCES...........cooiiiiiiiiiieiiieiieeii s s s s e e s e e e s e e e e e e e e e e aaeaaeaeeeeeeeeeeeneeees 43
Figure 12. GE 40W Equivalent LED Non-Directional Lamp .........cccoevvivieviiiiiniiinniiiiiiiieee e 43
Figure 13. Philips LED PrOUCES........cccoiiiiiiiiieieeeeeeeeeeeeeee s e e e e e e e e e e e e e aaaaaas 44
Figure 14. Philips L Prize and EnduraLED Products.............ccccvveiiiiiiiiiiiiiiiiee e 44

P.1. Final Page |4 AT

Appusco ProacTive Technowacs, Inc.



1

PURPOSE OF THE PAPER

Energy Efficiency (EE) program sponsors are uncertain how regulatory changes and technological advances
in the U.S. replacement lamp markialter the landscape of the market and the viability of offering

lighting prognans to residential customers. Some regulavesthe misconceptitdmat the regulatory

changesvill transform the market and Ekghtingprograms will beenderedinnecessary.

Based on secondary research and interviewstiithgindustry actors whoeshaping theurrent and
futuremaiket, this paper aims te®blish theurrentstatusand upcoming changes to the U.S. replacement
lamp market to guideE lightingprogram planning.

Given changes in the market and the response of industry to thoses,itlegapgpeestablisbs a)what
products will be availabtgwhat consumer preferenceaybe, andct) how EE programs can influence
purchase decisions.

The paper concludes tliais essential for EE programs to continue to prostaegy efficienighting
productsnot only prior taEISA (2007)but also througbut the transition years of 2012 and beyond.

2

EXECUTIVE SUMMARY

INTRODUCTION . Over the past several years, there has been strong growth in energy efficiency (EE)
program offerings in the.8. Spending on energy efficiency has grown substantially from 2005 through 2009,
and in the past two years alone, new EE programsddimdbelaware, lllinois, Maryland, Michigan,

Missouri, Ohio, and Pennsylvania, to name only a hansifghificanfraction of EE portfolio savings has
historically come from residential lighting programs, and the dominant technology within ESidential

lighting programs has been Compact Fluorescent Lamps (CFLs).

The residential market penetration for CFLs (homesrrédpi ng at | east o0-8086, CFL i n
depending on geographic area). However, desggE iregraninvestment, CFL market shaskative to

standard incandescent larhas fluctuated markedly depending on economic conditions, and residential
socket saturation for CFLs remains low across the (@at&@min areas witbngterm,sustained EE

program influenge

U.S. LEGISLATION . Over the next several yeagegjulatory changes in the U.S. will increase the

minimum efficiency standards andififes for general service lamps (EISA, 2007; DOE, 2009b). These
changes in standards will result in the phasing out of most standard incandescent lamps during the period
from 20122014 Additionally, manufactusein the U.S. market are in an active R&ix@lfior general

service lamps working on new or improved products in three distinct technoloBiS#&aampliant

HalogenEC Halogen)CFL, and Light Emitting Diodes (LEDS).
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PRODUCTS. There are several decorative and special purpose generahsgs\icatlarexempted

from the EISA (2007) legislation. Although some of these lamps are close alternatives to the standard
incandescent lamps ultimately disallowedZpad), they are not long term options for consumers

switching from standard incanadggdamps. These bulbs are more expensive than standard incandescent

lamps, and many of the products can be offered at retail only in single packs. Also, DOE is mandated to track
the unit shipments of five of these exempted lamp types and compare igpmneratissto a benchmark

forecast. If shipments of any one of these exceed the baseline projection by more than 100%, DOE is
required to regulate energy conservation standards for the lamp either through an accelerated rulemaking or a
predetermined standar@ihere are other exempted lamps (e.g. candelabra base up to 60 watt, intermediate
base up to 40 watt) that will also continue to be available in the U.S. market.

By Fall 2010, many manufacturers will have full life€ éfalogenproducts that are EISAQ@7)

compliant on the shelves of major retailers throughout the U.S. TidaelEo g en pr oduct s wi | |
less energy than standard incandescent lamps and are enginsamezbtdheEISA (2007¥tandard.

Otherwise, these products are very similar to standard incandescent lamps. & bigyilagize, shape,

and appearanes standard incandescent lamps, and also share the same technical features (e.g. dimmability,
quality of light, and lifetime). The price point for these EE halogen lamps will be simitarcentivized

CFLs. These products represent a viable optidh$orconsumerand will be in the market well in advance

of the changes brought about by E(8@07)As such, from an EE program perspeck¢ Halogedamps

would take over as tde factiaseline after the EISA (2007) transition takes place.

CFLs will certainly continue to be an option for general service lighting after the EISA (2007) standards

transition into the U.S. mar ket. CFLs offer &75%
| amps and a6 BQ#alsgehamps.Psethepast ¥15 years, considerable R&D has been
invested in an attempt to develop CFLs into a tec

preferences while also delivering substantial energy savings. The degree to which manufacturers have
succeeed in this task is a matter of debate. On the one hand, there is little doubt that CFLs save energy, last
longer, and save money compared to standard incandescent lamps. On the other hand, consumers have been
slow to adopt CFLs for a number of reasorts{taevidence regarding satisfaction with CFLs is mixed.

There was obvious and strong consensus among the big three lighting manufadt&i@neiatement

lamps will play a critical role in the future of the U.S. replacement lamp market. Witdgas isdhow far

into the future that critical role will be. A recent macroeconomic study commissioned by the DOE (Navigant,
2010) makes clear that LEDs could save the U.S. economy 16.02 quads of primary energy production by the
year 2030 relative to aerefnce case with substantial efficiency improvements. However, only 13% of these
savings would be achieved by 2020 and only 46% by 2025. Over half of the savings associated with LEDs
would occur between 2025 and 2030 (Navigant, 2010).

CONSUMER PREFERENCES. Giventhereplacement lamp options available, a fundamental question is
how consumersvill respondFirst of all, it is important to be mindful that general service lighting is a low
interest category for consumers with a high degree of inertia ennbétugledrchase decision. Currently,
consumers spend very little time deciding what lamp to purchase, and as the market changes, they will be
reluctant to spend more time on the decision. Manufacturers believe that during the EISA transition years
(20122014), many customers will simply trade downward in the wattage of standard incandescent lamps (e.g.
after 2012a customer whavould have typicalpurchased a 100 watt lamiph buy a 75 watt lampsteal
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For those customers who want to maintain the saggnesglumen outpuf)EE halogen will offer a close

alternative to the standard incandescent lamp albeit at a higher price point (but comparable to non

incentivized CFLs). These findings are consistent with the consumer response to the remgnt regulat

changes in Australia and Europe where many customers chose the nearest alternative to the standard
incandescent lamp (in Europe: clear glass standard incandescent; in Australia: exempted incandescent and EE
halogen). Results for one manufacturer itréliasfound that CFLs substantially lost market share after the
standards changed.

THE LIGHTING MARKET 2010 -2012 Very few people are currently aware of the EISA (2007)

legislation (26%: Osram Sylvania, 2009) and considerably fewer (18%: Osra2089|varesgaware that

the 100 watt standard incandescent lamp will be banned at the start of 2012. EISA (2007) authorizes
$10milionper year f r o mca2y®ta prdaciive 2alidnal prag@m @f consumer awareness,
information, and education thmoadly uses the media and other effective communication techniques over

an extended period of time to help consumers understand the lamp labels and makeienetmghting

choices that meet the needs of consdmer§ E1 SA, 2 0 0 7 )nmuniEatea to tonsgmenshisandt i s ¢
yet clear, but is of vital importance to the success of the transition into the EISA (2007) standards changes.

The DOE, primarily through its program contractor, D&R International, has argued that the time period
leading upa the standards change and through the transition years-202012 precisely when the

promotion of CFLs should intensify (Bickel, 2009; Bickel, 2010; Karney, 2009; Swope, 2010). This comes at a
time when EE program sponsors and their regulators dewvejbestioning the viability and importance of
continued support for CFLs (Schmidt, 20L& reasons behind this recommendatiofoansed on trying

to prevent a supply shortfall in general service lamps éitemiling the sell thobugexemped standard
incandescent lamps in the U.S. market. If such a shortfall became inevitable, prices for general service
incandescent lamps would rise sharply and there could be severe backlash from consumers.

THE LIGHTING MARKET 2012 -2014 On the one handhanufacturers are quick to point out that

oonly a single SKU wil/l go away from the U.S. mar
incandescent lamp. On the other hand, this is the beginning of consumers going out to the retailers where
they are accustomed to buying the lamp that they need to replace the one that has just failed only to find that
the lamp is out of stock. Large waves of consumers will begin to learn about the EISA (2007) legislation for
the first time as they make inquitiesalespeople and as news stories emerge. Replacement lamps will not be
as Ol ow interesto6 a category as they were prior t

Manufacturers believe tlmaanycustomers will down trade in wattage of standard incandescent lamps from
2012 through 2014.¢e from 100 watt to 75 watt then from 75 watt to 60 Wattgxample, among the

options available to customers seeking a 100 watt replacement lamp after the early mon#@G of 2012 (
Halogen CFL, or 75 watt standard incandescent) customers will benydthe 75 watt lamp because of:

price, the misconception that brightneasnayselated to wattage, and it being the closest alterlmtive.
reality, this lamp is the dimmest and least efficient option available.

Therelativelffew @nsumers unwilling switch to a lower lumen output lamp will choose from diiBer:
Halogeror CFL replacement lamyigy 2012, it is likely that the price differential beta@€dtalogerand
nonincentivized CFLs will be negligible.
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It is not expected th&ED replacemeriampswill be a viable option for consumers during-2012for

three primary reasons: 1) substantial R&D is still required fdirextional LED lamps, 2) the lumen

output of LED replacement lamggailablat retail during this time period will Ineitéd and will not

adequately meet customer needs, and 3) the first cost of these LED lamps will be extremely prohibitive. Also,
recent DOE CALIPER test results seriously call into question the manufacturer claims regarding these first
generation LED lamp# remains unclear whether these early LED replacement ldmgererite satisfied
customers, and without satisfactory results, consumers will be slow to adopt LED lamps.

THE LIGHTING MARKET 2015 AND BEYOND. Sometime in 2014, but certainly by thé ctar

2015, all noexempted standard incandescent general service lamps will have sold through in the U.S.
market. At this point, consumers will have a choice between: exempted standard inéaDddsiogran

CFLs, and LED lampshe bulk of the markeshare will be split between CFLs BGdHalogenThe exact

split between the two will be established by market forces that are well outside of reasonable postulation at
this point in time. Manufacturers estimate currently, that the customers switclstanétard incandescent
lamps will be split roughly 60/40 or 40/60 between CFLE@rdalogenn the early yeafsllowing the sell
througbf standard incandescent landiso, a substantial variety of exempted standard incandescent
products for generdilimination applications (e.g. candelabra base up to 60 watts, intermediate base up to
40watt, appliance lamps not exceeding 40 watt) will still be available in the market and will comprise a
notable market shaveny notion that incandescent lamps widlity disappear from the U.S. market is
inaccurate

As LED lamps of adequate brightness and quality reach the market AND when the first cost of these
products becomes tolerable to consumers, LEDs will start to erode the market share of5CFLs and
HalogenWithout EE Program subsidies, this is not likely to happen until somewhat later in the decade.

Over the next several years, Program Administrators and Regulators need to discuss the ways and extent to
which programs begin to support LED replacement laropsffectively support LED lamps, programs and
regulators may have to be willing to openatein a market transformation mode than a resource

acquisition mode.

If there are shortfalls in the supply of general service lamps and increases ingthie tinménperiod,
there is likely to be substantial consumer backlash that will adversely affect all market actors.

CONCLUSIONS AND RECOMMENDATIONS . Itis essential that EE Program Administrators and
Sponsors realize that there remain ample opposduaippfeomote energy efficient lighting products over the
next several years in the U.S. maiketialogemroducts will establish a new technological baseline against
which to measure efficiency gains and EE Lighting Programs will continue to betoosteffievitally
important in most EE Portfolios.

In the shortterm, EE Programs should aggressively promote CFLs between now and 2014 with the
extraordinary goal of increasing CFL shipments into the U.S. by 40% éxitlegeatbeing tamprowe
the marketsharegposition of CFLsand prevena shortfall in the supply of general service incandescent lamps.

A primary role for EE Programs to play in the shomnidterm is helping educate customers regarding the
EISA (2007) standards changes and winatgibs for them in the replacement lamp purchase decision. This
educational role should be taken on by EE Programs so thatitdoé become a | ost oppot
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In the midterm,EC Halogerproducts that are EISA (2007) compliant will capture substarkietl share
in the U.S. market. Despite the fact H@tHalogerproducts will be similar in price to comparable CFLs
but deliver only 1,0a0000 hours of useful life, consumers will be attracted to them because of their
similarity with standard incandes¢@mpsDuring this time, EE Lighting Programs can continue to
promote the most efficient, viable technology, CFLs, and asthietential savings over the basdihis.
baseline wilemain in place ungD20 when the efficacy standarcall generaervice lamps iiscreasetb
45lumens per watt in the U.S. market.

In the longterm, LED products will be entering the market and there may be a role for EE Programs to play
in off-setting the extraordinary first costs that are likely to be in pldmefiat generation of products.

This will, of course, be a careful balance of manufacturers introducing quality products and EE Programs
operating in a market transformation oriented mode to establish the market position and sustainability of
these prodcts. There is little doubt that LED technology holds much promise in the future of the U.S.
replacement lamp markketit thequestion is: How far into the future?
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3

INTRODUCTION

Over the past several yetitere has been strong growth in energyeeffigprogram offerings in the U.S
Sending on energy efficiencgriipletelyaside from load management) has grown from just @er $1
2005 to $2Bin 2008 (EIA, 2008) Energy efficiency programogth in 2009even in a dowaconomyhas
beensubstatial2 In the past two years alone, we have seen new efficiency programs Relaglaire,
lllinois, Maryland, Michigan, Missouri, Ohio, Rednsylvania, to name onhaadful

A significanfraction of energgfficiency portfolisavings has histailty come from residential lighting

programsThe dominant technology within residential lighting programs has been Compact Fluorescent
Lamps (CFLs)n a report on the energy efficiepoyentiain the U.S. economy over the next 10 years,
McKinsey & Cof i nds that although I|lighting makes up only
Appliances6 in the residential sector, the over wh
BTUs)wouldcome from lighting improvements (Granade e20fl9) Residential lighting programs have

been extremely cost effective, and have provided program admirastlis¢ctzvenue toeach out to the

majority ofcustomers within a program aResidential lighting programs have also opened access to

hesfant retailers, and provided the means through which to build the relationships necessary to promote
other, more expensive measures through the retail cidrsehave represented a low dost,step

toward more energy efficient choicesrfanycustaners, and have been a means tifisagt whole house

savings for some

So let us take a momenttnsidera snapshot of where things currently sian@FL use in the U.S.

1) Consistent wittherange of adoption of CFLs, most research suggests thatity wiahouseholds
in the U.S. have used or are currently using at least one CFL. In thegkedyenetratiors of
CFLsin residential homdms beenuite highNational:69%- DOE, 200%; Puget Sound
Area:71%- EMI, 2007 California: 91% KEMA, 2009

2) Consistent with this and based upon U.S. import shipping inforr@&tiamarket sharé in the
U.S. grew strongly from approximately 6% in 2005 to over 20% in 2007 (D@QETR6A%rgely
due to the economiecession and its effects on consunagrdépgy pattern§;FLsdrasticallyost
market shar® standard incandescent bulbeng 2008 and 2009 baulo the neighborhood of
15% (Swope, 201Bee alsbigure 1in AppendixA). This loss in market share may also sedau

1 At time of writing, 2008 was thet gesar with finalized data for the EBB1 dataset. These funds represent utility
sponsored programs only, not program sponsored through other agencies (e.g. efficiency utilities, state government
programs, etcé). As suc bedlow. Actual gparidingeoos EEfPrograms actossthe b.8.r e a1
is higher.

2The Consortium for Energy Efficiency (CEE) annual report for 2009 indicated 38% growth in energy efficiency
spending by their 118 members who administer 88% of the energy efficiesmytprogets in the U.S. (CEE, 2010).

3 We definamarket penetrationas the fraction of households that use CFLs regardless of the number of CFLs in
operation.

4We definanarket shareas the fraction of total sales comprised by the product of interest.
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by declining incentive levels for general purpose CFLs during this timé/ostiade optimistic
that sales in 20will push the m&et share for CFLs upward again, but only margsiads,
consumers are still struggling to stretch their spendingwidearray of needs.

3) Finally, in a longer rumew, residentiadocket saturation is still quite low in the U.S.
Measurements of aver&gfel socket saturatisange from: 1% nationallfDOE, 2009) to 27%
in California (KEMA, 2009)Given that scket saturation data is skewed very strongly ttweard
limiting valuezero (with many zero and low values) and that there are extreme observations near
100%(sedrigure An AppendixA), the meanalue will be biaséigh It may be more appropriate
to use a median value which better takes into account the preponderance of zero values. What is
more important however, is thieplefact thatfor the U.S. economy (and consumers) to realize the
benefits of more efficient lamfse socket saturation curves need to be mirror opposites of what
they are today (with the preponderance of values near 100% rather than 0%). This transformation
represents enormous energy antlseasngs if it can be achieved.

Having considered that snapisof where things stand with CFLs, it is important to move forward to
consider what is happenitgnamicallin the U.S. replacement lamp market.

First of all, CFL adoption has grown in the U.S. market over the past tékigreavgith this growth in
CFL market share came a corresponding, albeit lagged, drop ireplagathent lamp shipments (see
Figure lin Appendix A)Thispattern is consistent with the idea thatuse of longer lifeFLs reducethe
number of failures in any given y&ae actual number of failures in any given yeaoisg@icatedunction
of: 1)the number of socke®)thetypes olamps that fill those sockets, &nthe hours of use ¢tmps in
thosesocketsEstimating theumber of failures and the corresponding number of purchases in any given
period of time is a challenging taslpecially when one considers the fact that thegedsderandom
element to the actual lifetime of any prodadtvalues such as hoursisé vary widely across the
population and are not necessarily constant throughitithés point, let us kgenerallaware that as
longer life productsuch as CHfill socketsannuafailure rates will decreas®l lamp purchases will
decrease, acdingly

Second,he drastic drop in CFL shipments from 2007 to d806®nstrates thak S. consumers are not yet
loyal CFL purchasers in any kind of absolute seitgaately, consumers have not changed their buying
habits and still make purchasing dew@ghat are strongly influenced by decades of use of standard
incandescent lamghe reasons for thiack of change in buying habite multifold, but a strong case is
evidentn the data that more work is needed in the promotion of energy effti@ntdgy options in the
replacement lamp market.

Third, technologies are advancing rapidly in this market area. Industry partners are well aware that early in the
days of promotin@FLs, low quality products were incentivized at high levels becausectiiey anly
high efficiencypptions available. Sirtbat time a considerable amount of research and devel Rt

5 Wedefinesocket saturationfor CFLs as the fraction of total Medium Base Screw Lamp sockets in a home filled with
a CFL.

6 The KEMA study found that 21.2% of all socketslfpsed included) were filled with CFLs. Also, it should not be
lost on the readehnat if the national average socket saturation is the lowest measured value, it directly follows that
there are areas of the U.S. with socket saturations below 11% that offset the relatively higher values in areas where
there has been substantial adoptid@Fh.s.
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has gone into improving the quality and features of CFLs. Some would argue that more work remains to be

done The potential for signtfant improvements in CFL technology will be addresadaitér sectiomn

addition to the work that is underway with CRiamufacturers are developing a new generation of halogen

lamps, and mamganufacturers are making significant investments imtevibllepment of LED
replacement lamp&.new ENERGY STAR specification for LED replacement lavapdinalized earlier
this year and wijo into effecin Fall 2010.

Fourth,the Energy Independence and Security Act of 2007 establishes minimum effidiéztopa

standards for general senmnmandescetamps(EISA, 2007)The legislations not a o d#si gnod s
does not ban the manufacture, sale, or use of any type of lamp based on the design of the product. Rather,

the legislation amourttsa operformancéstandard for general service lampd has a phased
implementation schedule beginning January 1, 20déh&nding througlanuary 1, 201#aving noted
thissemantic difference, tiisrformance standard is establistigll enouglthat the shipment of standard
incandescent general service lamps wdibakoved, albeit with certain exceptions over the transitional
period from January 1, 2012 and January 1a20béyondThis structural change in the political landscape
of the U.Slighting markewill drastically change the mix of products that are available to consurhess, and

the potential to fundamentally alter the way that energy efficiency lighting programs are designed and offered

in the U.S.

The way in which the EISA ldgtgon will change the U.S. market is subjegetiuncertainty generated by

the lack of informatioregardindnow each of the major market actors (manufacturers, retailers, EE program

administrators, public utility commissioegulators, and consussiewill respond to this structural change.
Thestatusof the U.S. market for replacement lamps at key intervals over thé peats5(2012012,
20122014, 2015 and beyondgsésentidbr energy efficiency program planrimbgoth the current three
year cycleandbeyond It is exactly thimskto whichthe rest of this paper is devoted.

The quest i onestablistvhatwHoavp mpleon W& Ther e have ,dpenen a
efforts over the past several months designattktblight on #h future of the lighting market

DOE CFL Summit. In Septembe2009, DOE and its contract@&R Internationglhosted a summit in
Chicago to discuss the current and future sth@iSL promotion in the U.S. (d€arney, 200€r more
information).

ACEEE Symposium on Market TransformationIn April 2010, dring the ACEEE National Symposium
on Market Transformation in Washington, DC, session T2 on the Technologi@Mimaakt 6 s Ne x t
Lighting Programs? How Upcoming Standards Changes Are Leadirg@miprehensive Approaab)es
described changes in product standards and DOE rulemaliimggfiofluorescent and incandescent
reflector lampsbut failed to offer any information abthéfuture of the residential lighting maded how
energy efficieygprograms might adapt to these chafpgesentations available at:
http://www.aceee.org/conf/mt10/program.hfm

NEEP Residential Lighting Stakeholders Meeting.Recently (March 2010), the North&amstrgy
Efficiency Partnership (NEEP) hosted a Residérgiaing Stakeholders Meet{sge Schmidt, 2010 and
Swope, 2010 for more informatiawailable altittp://neep.org/neepsummit/neepsunmitlanding as part

numti

of its 2010 Northeast Energy Efficiefcy mmi t 0 Del i v edDuringghismeeting,ive Pr o mi s ¢

presentations highlighted the history of CFLs in EE programs and the market conditions surrounding the

P.1. Final Page |12 AT

Appusco ProacTive Technowacs, Inc.


http://www.aceee.org/conf/mt10/program.htm
http://neep.org/neep-summit/neep-summit-landing

promotion of CFLs and an apdiscussion followed. Numerous stakeholders wesiteridancencluding
representatives from: each of the three largest lamp manufacturers (GE, Philips, anth@ysignia),

contractors, EE program sponseegulatorsand governmental agencthoughthe primary interaf

the open discussion was to sort out the market conditions that will prevail in the midst of and after the
transition of the EISA legislation and many good questions were raised, discussion fell far short of generating
any answets the primary questions. For exanmplglestion wasasked 6 So, i n 2012 and be
be a solid selection of EISA compliant halogen incandescent products on retailét Alibtueg? there

were several manufacturers in the room, the qualstiost wentinansweredntil representatives from

Osram Syl vani a Lraenmspp arnydoeed awaag U elbyi:l ida y wi | | be mark
but placement will be marketdnde Thi s i s not to find ftlReupertnenvi t h a
guestions were handlegthe groupn a very similar fashianna good questi on that nee
omore research needed on that, 6 Owelgtecatdeade 6r e not
uncertainty about theamt stocking patterns that will be in pthoeng2012 and beyond, and other market
characteristics, however, it is our belief that these kinds of questions have gone unansviggpedfin that

forum in large part due to the competitive environmeheaiarket. Market actors (especially

manufacturers and retailers) are very hewit@avieal plans for product development, placement, and price

in an open forum. Their business livelihood depends on proteistikigd ofcompetitive information.

Many utiity program sponsors (and other industry aftiotbat mattércame away from these events with
fundamental questions about the viability of EE Lighting Programs in thé WillieISA transform the
lighting market? What baseline technology will igFtsmpared to? What products will be available in the
market? How will consumers react to the changing regulatory environment? How will retailers and
manufacturers respond?

So, to gather theecessarypformationbeyond what is available in literaturéhersubje¢tAPT conducted

in-person, orsitemeetings with each of the three major lamp manufacturers (GE, Philjsaamd

Sylvania) during Spring 20hCeach case, the meetings weanzination of presentatiamd open

discussion regarding theéuie of theU.S lighting market. We agreed wadth manufacturer ahead of time

to hold the information they provided confidential, but also made clear that our interest was to develop a
working understanding of the U.S. replacement lamp market owext th&tnyears to enable EE program
administrators to adequately plan their next program cycles. Furthermore, we made clear to each of the
manufacturers that the end result of our research would be a publicly available position paper on the current
and futire status of the markés a result of our promi® maintain theonfidentialityof the

manufacturers included in this research, some of the results in the following sections are attributed generally
to the 0bi g t hr auhare pbsaitthpecausdheinfdrraatonispubécly availableye

make specific reference to manufacturer information

7 Paraphrasing of the question is by the corresponding author.
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A

U.S. LEGISLATION

EISA (2007) establishegimum efficiency standards and lifetimes for general service lamps in the U.S. The
changes apghased ifeginning January 1, 2012 and continuing through Januaryas, gtiwhin Table 1
below.

Table 1 EISA (2007 Efficiency and Lifetime Standards for
General Service Incandescent Lamps

Rated Lumen Ranges Mam?tl;wglzate Mlntﬁ?éjtzrr;]lgate Effective Date
1,4962,600 890w 150w) 72 1,000 hrs 1/1/2012
1,0561,489 875w 90w) 53 1,000 hrs 1/1/2013

7501,049 &460wWd 75w) 43 1,000 hrs 1/1/2014

316749 &30wad 60w) 29 1,000 hrs 1/1/2014

* Note: Equivalent wattages in parentheses are added for convenience. Tlagpdarriotthe law.

The timeframe fomodified spectyeineral service incandescent lamps is the same, but the rated lumen ranges
are 25% less for this lamp type (see Table 2 below).

Table 2. EISA (2007 Efficiency and Lifetime Standards for
Modified Spectrum General Service Incandescent Lamps

Rated Lumen Ranges Mamt:t:gsate Mlnll_ri?éjtrirrlnlsate Effective Date
1,1181,950 72 1,000 hrs 1/1/2012
7881,117 53 1,000 hrs 1/1/2013
563787 43 1,000 hrs 1/1/2014
232562 29 1,000 hrs 1/1/2014

The BSA (2007)egislatiorbans the import adlmost alstandardncandescemfeneral service lamipghe
U.S.market by mi€2014 (seEigure 3n Appendix Aor thelandscape afffectedamps)The legislation
does not baringeneral term&candescent technology frora tieneral service lamp cateargan,
2008) but allcurrently availabfgandarglincandescent lamps over 29 wattsowitieligible for import after
the start of 2014.

In general termslecorative anspedl purposéampsareexempted fronthe EISA (2007¢bislationThe
legislation requires that the unit sales of five exempted lamp types (Rough Service Lamps, Vibration Service

8 Standard incandescent lamps do NOT include halogen incandescent lamps.

P.1. Final Page |14 AT

Appusco ProacTive Technowacs, Inc.



Lamps, Thre®Vay Incandescebamps, 26638300 Lumen Incandescéaimps, anditterResistant

Lamps) be monitored and compared to a benchmark estimate allowing fazauoromaigrowth (EISA

2007). If sales for any one type of lamp increase 100% over the benchmark estimate, DOE is required to take
regulatory action for the larfipOE, 2008)The legislation also allows the states of California and Nevada to
implement the standards one year earlier to remain compliant with state laws.

In addition to general service incandescent |&h%5,(2007) also requires that all incandessftsdtor
lamps meet halogen efficiency levels excegtitdin BR30, BR40, ER30 and ER40 lamps, 2) R20 lamps
below 45 watts, and 3) the previously exersptatal purpodamps (e.g. colored, rough/vibratienvice,
shatterresistantand infrared).

Following EISA (2007), DOE issugdilemaking in JuB009 that regulatgeneral service fluorescent

lamps(4-8ft linear T5/T8/T12 tubes and-bend tubespand appliemore stringergfficacy requirements to
halogerPARIamps(DOE, 2009b an@ymbalsky,®10) For reflector lamps, this rulemaking has the effect

of eliminating all standard halogen PAR20, PAR30, and PAR38 lamps requiring the use of IR enhancements
to make these PAR lamps eligible to be sold in the U.S. iita@ketchanges go into effeckdtyears after

the rulemaking was filed with thederal Register (Filed: July 14, 2009; Effective date: July)14, 2012

In previous efforts to impose standandthe U.S. markdibopholes have allowed manufacturers to legally

evade the law and contirtagroduce products very similar to the traditional, inefficient ones being
regulatedNadel (2007) describes two examples of this exploitation: 1) the drastic increase in the production
and market share Blilged ReflectoBR) lamps whiclhad been a riie product andrere exempted from

the Energy Policy Act of 1992, and 2) the increase in the availability of intermediate and candelabra base
ceiling fans following the Energy Policy Act of 2005 (where medium base ceiling fantegitielig

required tause CFLs). Both of these examples defeated the intended purpose of the lkgmkdiimg

with manufacturers, viirectya s k ed each of t hem: oOoOWhat about | ooph
EISA (2007)egislation that are likely to be exploitechanufacturers and retailéts?ach case,

manufacturers respondiat there are not significant loopholes in disl&ion, and more importantly:

1) they, themselves, were not planning to game the regulations in aydad2dhere was enough

awareness of the issue across manufacturers within the competitive environment of the lighting industry that
if any one manufacturer did try to exploit a loophole in the regulations, their competition would immediately
point it out to regulators.

Thesedgislative changes in the U.S. fotegulatorchanges that have already been enacted in other
countries (see Waide, 2010 for information on a country by countrynbthsi€lonsumer Preferences
section below, we draw on lessons learned from theigm foiarkets as they have transitioned away from
the standard incandescent lamp, albeit with varying methods and degrees of severity.

9 The sentiment expressed was that it is smarter to play along than to expend effort subverting the regulation.
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5

PRODUCTS

To develop a sense of how the U.S. replacement lamp market will adapt teetinalatevyenvironment, it
is essential to understand the kinds of products thaemlinavailable in the U.S. market.

Exempted Standardincandescent

As mentioned previously, there are several decoratsmeaiad purpoggeneral service lamps that are
exempted from thEISA (2007 legislation. Although some of these lamps are close alternatives (e.g. rough
service, thregay, and vibration service) to the standard incandescent lanvpktittianately be disallowed
(post2014) they are not long term options for consumers smgtélom standard incandescent larAjpst

of all, these bulbs are more expensive than standard incataegseBecond, for many of the products
(vibration service, rough service, thvag, 260-B300 lumen, arshatte-resistant) the products can be
offered at retail onin single pack®OE, 2008) Third, DOE is mandatet track the unishipment®of

these five lamp types and compare ashi@hentso abenchmarkorecas{EISA, 2007)If shipment®f

any one of these exemptanhps excedtie baeline projection by more than 100%, DOE is required to
regulate energy conservation standards for the lamp either through an accelerated rulemaking or a pre
determined standa(@OE, 2008}° The unit shipmerf these exempted lamps ranged from 1.38mill
shatterresistant lamps to 42.8 million thnesy lamps in 2006 representing a total of 84.4 million lamps
(DOE, 2008)ut of a total of 1.86 billion incandescent shipments (4nbddyition to these five lamp types
other exempted standard incandedeenps (e.g. candelabra base up to 60 watts, intermediapetdase
40watt, appliandampsnot exceeding 40 wadie a substantial share of the U.S. market.

Given the challgye and effort that would go inteargineering these products to meet ceatien

standards if the benchmark shipments are exceeded, it is not likely that manufacturers will increase
production of the lamps beyond the benchmark forecastseE{008xeven if consumer demand
would warranincreased production the shorterm Any profits from doing so for the year or two of sales
that would be possible before a new conservation standard was in place would be dwarfeertoy the long
cost to reengineer the products. As such, even if there is a marked increase in densnd fivore of
these lamp types, it is likely that the increased demand will gdtusialetimportant to noteéhat in 3 of

the 5 lamp types (rough service, vibration service, andalyabe benchmark forecast issued in 2008
indicatedstrong decmeses in shipmerftem 20072025. For the other two lamp types {28800lumen

range and shattegsistant lamps), both the linear and expontatidl benchmark forecastgpport only
minimal to moderate growth for the 2@025 period:

10For four of the five lamp types (vibration service, rough servicay#lyreand shatter resistant) an accelerated
rulemaking is required with a backstop limiting standard of 40 watts. For-880280then range lamps, a
maximum 9&vatt limitation W be established.

11 These benchmark forecasts are available in an spreadsheet that accompanied the Five Lamp Types report (retrieved
from: http://www1.eere.energy.gov/buildings/appliance_standards/residential/five_lamp_types.html
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EISA Compliant Halogen

Each of the big three lamp manufacturers will hiaddiae of EISA Compliant Halogen (Bdalogen)

products available to consunteforethe end of 201(kee Appendix B for exampl@3$)eseEC Halogen

productg2 will use about 25%dess energyan standard incandescent lamps. In most other ways, these
products are VERY similar to standard inesceht lamp3in terms ofize shapeand appearance (refer to

Figure @andFigure 10n Appendix B to see just how similarappearandbeseEC Halogermproducts are

to standard incandescent lamps). Beyond appearai€e Hahgertamps share the sateehnical

features (e.g. dimmabiliqyality of lightard lifetime), as wellhe productsvill be more expensive than

standard incandescent general service lamps, but early indications are that these products will be similar in
price to comparable CFLs and may come down in price somewhat when economies of scale are realized in
production.

There has been notable consumer stigma surrounding halogen pisshaitded withe fire hazard

introduced byigh wattage (e.g. 300 watt) halogen tubes commonly found in torchieres and other portable
fixtures.t is important to keep in mind thais newgeneration ofelatively low wattageC Halogehamps

do not have the same heat outpatfire hazardas these other types of lamps/fixtuE«€s.Halogertamps

are designed with a halogen capsule at the center of the cehiasedhtll of glass (siarito the way in

which a filament is at the center of a standard incandesceittlaongh the halogen capsule (and the
filament in a standard incandescent lamp) reaches very high tempecatdieg, @ manufacturerget

heat outputt the glass dace of theeC Halogeampis directly related to the wattage of the ptodnd

as such, would be quite similar to the heat output of a standard incandescent lamp.

A final point to be made abdt€ Halogemproductds that theyare engineered to exqctieet the

EISA (2007)standardThey sit at the minimum lumen/watt threshold for each of the three typical lumen
outputs (60 watt equi&.75 watt equivd 100 watt equiv.). These products make use of gas mixtures and
infrared coatings to generate thednimutput needed at a given effidady.not expected that substantially
more R&D will go into these kinds of produmsause they alreadpresent, by far, the closest alternative
to the standard incandescent latiherequired onservationtandad. As such, by definitiofrom an
efficiency perspectitbese products represent the baseline techa@dhayyare the lowest efficacy (lumen
per wattEISA complianproduct available on the market viabl®ssa wide lumen rander general
purposeighting applications.

CFLs

Compact Fluorescent Lamps (CFLs) witkinly continue to be an optimn general service lighting after

the EISA (2007) standards transition into the U.S. n2Btes.offer approximately 75% energy savings

over standard inadescent general service lamps. Many CFLs offer efficacies that are well above the EISA
(2007) standardnd the availability of CFL options in a variety of lighting applications has dramatically

improved in recent years (Cra&rell, 2009Dver the past0-15 yearsonsiderable R&bas been
invested iran attempttd evel op CFLs into a technology that ade

12 For example, seettp://www.sylvania.com/ConsumerProducts/New+ProductsiEPGENSuperSavetfor

product images and description of Osgayn| v BGHalagemproduct line.

18 These savings over standard incandescent are, of course, only minimal compared to the savings associated with CFL
retrofits. In fact, substantial savingslmmachieved with CFLs over EISA compliant Halogen lamps.
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preferences while also delivering substantial energy savings. The degree to which manufacturers have
succeeded inithtask is a matter of debate. On the one hand, there is little doubt that CFLs save energy, last
longer, and save money compared to standard incandesce@namp®ther handonsumers have been

slow to adopt CFL.andthe evidence regarding sattgfaavith CFLs is mixed.

A number of technicadsuestill limit the adoptioof and satisfaction with CFO%he primary issuéis no
particular orderre:quality of lightdimmability, slow rump to maximuniumen outputsize andhapeof

lamps merairy conteri, and price. Having discussed this with the big three manufacturers, there seems to
be a general commitmentverdR&D focused on addressing these issloegever the extent to which
manufacturers will be successfahiercominghese limitthons (or perceived limitations) remains to be seen.
There are certain aspects of the technical considerati@msheiculariyhoteworthy

1) CFLs are better at nalirectional than directional lighting.

2) Dimmability is considerably more challenging@#tts than incandescent and LED technology.
Curiously, a recent studympletedn California (KEMA, 2009) finds only 12% of sockets
controlled by dimmer switchasd 3% controlled by thraey switchedut dimmability continues
to be a product featureathmany consumers want in CFLs.

3) Although the light quality produced by CFLs has improved drastically in thiEOpgesars, light
itself and the human perception of light is a very complicatedittiinogghconsumers cannot
always articulate exacty wngyey dondét | i ke a particular |1 ight
bl ued6, odrt dssi nupey garry ithg prefeéepce with them to purchase decision either
consciously or sutonsciously. CFLs, even recently, have suffered this sejtidicer.

4) Some manufacturers believe the mercury issue with CFLOsbelepeay problem. Theguggest
that very many consumers areustéiwarethat CFLs contain mercufully aware of theelatively
small health isswenstituted bynercury in CFLsnanufacturerare concerned thaturing the
EISA (2007) transition years (22024)there will b&eonsumebacklash against CE-hadless
significantly, purchasingreference away from CFismore consumers becamare ofhis
iSsues

We deal with ore of the details of preferences for CFLs itCthesumer Preferencesctiorbelow

LEDs

There was obvious and strong consensus among the biiglitiregmanufacturers that Light Emitting

Diode (LED) lamps will play ariticalrole in the future of hU.S. replacement lamp mankéiat isnot

clear is how far into the future tieaticalrole will be A recent macroeconomic study commissioned by the
DOE (Navigant, 2010) makes clear ltzDds could save the U.S. economy 16.02 quads of primary energy
production by the year 2030 relativa teference case withbstantial efficienaypprovementsHowever

only 13% of these savings wdwdachievelly 2020andonly 46% by 2028ver half of the savings
associated with LEDs would occur between 20280&0d(Navigant, 2010).

14 See Luther (2008) for more information on the mercury issue.

15 CraigeSnell (2009) shows strong price reduction on a per bulb basis from 2005 through early 2006 for bare spiral
CFLs followed byrgdual increases in price through fall 2008 in the Northeast U.S. Specialty lamps follow a similar
trend but shifted in time approximately one year later.

16|n research done by Osr&8ylvania, mercury content was identified by consumers as theiOd&t&ind2second in
2009 Obiggest concer noOSywdnia,2009).pur chasing CFLs (Osram
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LEDs havebeen introducenhto avariety of fixtures faelectpplications over the past® yearslhere

are numerous examplespécifiapplications of LED light fixtures that haverioved the visual landscape
of: outdoor aras, retail produgresentationresidential and commercial accent lighting, and architectural
lightingwhile simultaneously delivering energy satdogever, he problem lies in the availabiityolid
state lighting (SStgplacemenamps At this pint, there have been relatively few LED replacdamep

in the retail market for general sergjg@icationsand the prices for these first generation products have
been quite higlAdditionallybased on DOECommercially Available LED Product Evadtuaand

Reporting (CALIPERgstingthere is reason to B&epticabf the quality othese first generation products:

0To dat e, t he-typeagplacementiamps &nd deEobativé lamps tested do

not meet manufacturer performance claims. Madtprot s carry ¢l aims such a
toa25wW | ampd or-Wotampaces &a&900% mMOrleanepf.féi ci ent th
Typically, testing reveals that these lamps produce @g094lof their claimed light

output, and often their directionality woubtl make them suitable replacements for

omnidirectional lamps. In addition, some SSL products have color characteristics that are

not typical of the products they claim to replace (such as much colder color temperatures,

poor CRI, or light that is not trulshite). For tested products, performance claims for

energy efficiency were also often incorrect or misleading. The majority of tested products

draw more power while producing less light output than claimed, reducing their efficacy.

Because of low light fput levels, two or more LED replacement lamps may be needed to

produce the output of one incandescelamp.

LEDs can potentially deliver long service life, and this attribute is often highlighted by

manufacturers with claims of very long lifetimes 6,000 hours or more). Unfortunately,

these longjife claims are often based on LED chip life under ideal conditions, and not on

the life of the replacement lamp as a whole operated in typical conditietesnb.ong
reliability for this class of products | argely untested and not full"

(DOE, 200€)

R&D on LED lampdevelopment and components of LED lighting systecnsrentlyproceedingt abrisk

paceBy many measures, there have been significant improvements in all areas of ttye oehribéo

past five yea(®OE, 2010. The current DOESSLresearch portfolio has a combined government and
industry investment of $150.7 milliP®OE, 2010Q. By-in-largethis isprimary research &eD

technologies and nptoductdevelopmentper se Manufacturers are responsible for the development of
replacemerams. A product specification BNERGY STAR LEDlamgs was finalized iarch 2010

and will become effective August 31, ZBP@, 201Q)Manufacturers will aim to produce products that

meet this ENERGY STAR specification. For exangule,manufacturés in the process of-engineering

their entire line of LEDampsto qualify as many of those products as possible. The other manufacturers that
we spoke with are also actively develdgimgs that would be ENERGY STAR qualified.

LEDs are better at directiofighting applicatiorthian nordirectionabhpplicationsConsistent with thisn
the past few years a number of directional products from each of the major manufacturers hénee entered
retail market aelativelyhigh price points. few nondirectional’ products havelsobeen availahlbut

17We make no distinction between-dmectional and omudlirectional lamps.
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these have been very low lumen output products (lower than 40 watt equivalent) and have been quite
expensiven June 2008)OE announced heBright Tomorrow Lighting Competitigh Prizé&€) t o
encourage the 0devd highly emergytefficeem setittdedighting ($hgpnotucts to
replace several of the most common lighting products currently used in the United Statg€0nattdin

A19 incandescent and RA8 halogen incandescent lampg D O E ,. ToZlét€) ély pne entmas been
submitted by Philipsjor the competitioyand field assessments of this entry will begin in Summes&®10
Figure 14n Appendix B for images of the L Prize entry and the retail product, EnduraLED, based on the
entry.

A May 10, 2010ews releasssued byighting Science Growgmnounce@ nondirectional ALI9LED lamp

below a $2 price pointurrently availab The Home Depot This is a 9 watt lamp with 429 lumen

outputwhich is nearly equivalent to a 40 watt standard incandescent under The Home Deyg
EcoSmart house branthe lamp would najualifyfor ENERGY STAR becausa)i t doesndt meet
minimum lumen output for a 40 Wwaquivalent replacement lamp, antldés notneet thaninimum

efficacy requirement 60lumernwatt. On-line opinions from consumers are mix@ame indicate

excitement over the introduction of nearly affordable LED praoahdthe high light quality of LEDs over
CFLswhile others point out technical deficiencies such as: oscillation with the AC power to the product, low
light leved, anddirectionality of the light source (brighter directly away from the .ddeket), ifnot all,

other LED lamps available in the marketplace at the current time are substantially more costly than $20, have
|l ow efficacy, and are appropriate for only select
than foruse ageneral pyoselighting

These first generatidiED products will set the stage for consumer perceptioisesadbption of future
LED productsUsing the CALIPER testing results as a guide, qualityaisslilkkay tdead to considerable
dissatisfaction:

0 H o wer as was the case when early CFLs were aggressively marketed to the public, these
initial LED products often present some similar issues:

A Tremendous variability in tested perfor ma
Unreliable manufacturer cdatai ms, including

A Poor color quality;

A - Ilncompatible form factors (too | arge, t oc

A Vvariations in |ight output and distributi

A Initial high cost. o6 (DOE, 2009c)

6

CONSUMER PREFERENCE

There is a weal th ofiyinghaste prefecehcesaana bartiersdoadhe adoptien iofs 6
new lamp technology that has come out of energy program evaluation over the yearsdslytitehing
surface, see: KEMA, 2010a; KEMA, 2010b, PRO6; Rasmussen et. al., 2007; Webber203).,

18 The lamp was on back order as of May 25, 2010.
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Additionally, manufacturers have exhaustively tested their own products with consumers and tried to
understand purchasing preferences well enough to design products that consumers want to buy. Retailers
have trained salespeople on the best waygleogpnsumers through the purchase process. And finally, EE
Programs have attempted to intervene in the market, and ultimately, persuade consumers to purchase more
energy efficient productand make more sustainable decisions about the ways thateheygys&o, what

has been learnedall of thi® Unfortunately, it is fair to say that much has been learribé, ¢thdllenge

lies in assessing what, if ahiy, is applicable.

Despite the obvious importance of light, and therefore lamps, in plivelildespite all of the interesting
research about consumersd buying patt effisiest and pr e
lighting technologigsfrom aconsumeid p e r digheballbsiare & low interest category. This paper is

not devoted to products like: cell phoagpliancegomputers, televisions, cardijomes® No, ratherthe

topicisr epl acement | amps. Consumers dondt want to spe
Thisapathybrings with it challengaadadvantages

On the one hand, it is difficult to engage consumers and convince them to change their purchasing habits.
Barriers, however smaliya large role in distractifigstrating and ultimately entrenchicgnsumerin
their established bigs. Consumers know that a light burned out in their home, anaeteyapick up a

~

replacement. t 6 s t lmatd g ihmyl eondt want it to be more comp

On the other hand, the f amuchtitndoaeffort ondhe putcimaserels don ot
replacement lamp means that if intervention happens in the right way and in the right space, change can be
relatively straightforward. either casdéyoweverthe change needs to be a somewhat smallithough

we understand thtite goal of efficiency programs is to promote early replacement of inefficient
technologiesememberthe primary force governiag ¢ o n shehaveorissgally a simple en for

examplea lamphasburredout and neeglto be replacetilost consumessr e not eager to oOtr
newé or spend mpadigonaliymveanyhese pueclmases h e y

The fundamentalof thesituation of course, changs the EISA (2007) legislation takes éffeloe U.S.

market and different products becomdaa, and more importantlypvailableManufacturers have done
considerable research in the | assinthewoangingar s to tr
landscape dictated by EISA (2007). Each of the manufatiatrers interviewedthsfielded detailed

customer surveys asking direct questions about the legislation and likely future purchadeai@digions.
however,he problem with survey research like this is that there are a number of tangible aspects of the
purchase decision thanply cannot be established appropriatéheicontextof telephone or webased

or maitin surveg(e.g. influence of salesperson, quality of ity of products available, itn@act of

having the product in front of you, retail signage).

Manufcturers have also paid particular attention to what has unfolded in other countries that have already
undergone regulatory chan@eg. Australia and European UnibnAustralia, where there was

considerable confusion in the marketplace after taéaniiouncement of the conservation standaed,
manufacturer found that CFLs lost a considerable amount of their recently acquired market share to both

19 Consumers will research these typesrohpse decisions exhaustivelther because the item is expensive or
because the item has intricate features or such a str
interest in the product category.
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exempted standard incandescenEgh#ialogerproductsin the confusion surrounding the change in

standards, Australian customassumed that the incandescent ban was initiated by manufacturers and
customers blamed manufacturers for the lack of information. In Europe, one manufacturer reported that the
majority of customers switched from standard inseaadelamps to the nearest alternative: clear glass
incandescent lamjdsA close second was switchim§C Halogemproducts. In that particular case, only

13% of customers switched to CFLs.

So where does all of this leave us? We knowuticabpe decisis for replacement lamps (or any product

really) are a complex, mditnensional process. The decisixtordfor replacement lamps includetial

price, operating and maintenance boshd product feature@.g. quality of light, dimmability, biigss,

lifetime, size, shape), and environmental benefit, perhaps more. There is incomplete information and
uncertainty around many of these vectors and there is considerable inertia built into each of the vectors
(i.e.because it is a low interest prodategory, customers are inclined to purchase what they have

historically purchasédtustomers are reluctant to charigé) t i mat el y ,exagtiymowcwstomdets k n o w

~

willrespondL et 6 s summari ze with things that we DO know:

o Manyconsumers will havaahstronginertia from previous purchases that they will seek out the
absolute closest alternative to the standard incandescemhéamgtandards char(g@ey. switching
from 100 watt to 75 wathese customers will purchkseer wattage standard imdascent
products during the transition years of EISA (2007) then they will s\i@EEhatogen products.

o Consumers have beenvsto switch to CFLs even witlbtable improvements in the technology
andvastlyimproved understanding of the benefits of GElg energy savings, cost savings, longer
I i f e ,Despitethése technological improvements, lack of dimmabiitp, tiove, and other
limitations, limits the use of CFLs in certain applications.

0 The mercury issue with CFLs continues to be oneethates acute attention by industry and
energy efficiency partners.

o Consumers are very sensitiverth ¢ostfor replacement lamp purchagésshas historically been
a significanbarrier tahe adoptionof CFLs and it will continue to be an issu¢hie U.S.
replacement lamp market

o Consumersftenmake irrationaconomigurchase decisions disregartirdifetime cost of
replacement lamp purchases.

o Evenif there isclear communication about the standards changes embodied in EISA (2007) and
subsquent DOE rulemakings, some customers will find the changes carfdgimgre will likely
be some amount of publck from consumers against the legislation

o EE Programperience hademonstratethat the best place to intervene in purchase dsdssion
the retail environment where this purchase is beingThadexperience will prove vital as
campaigns are put in place to educate consumers about EISA (2007).

o Consumers seem to be comfortable with LED tech
other technological advances in the replacement lamp dmadgtnotablyCFLs. Perhaps this is
because they have become familiarlugithtechnology in other applications (e.g. automotive,
flashlight, and home electronics) or because their early ezpeniigm LED lightingalbeit with
lighting systems or fixtures and not replacela@m) has been more positive than early

20 Switching to clear glassstard incandescent lamps will not be an option in the U.S. since they are not exempted
products as they are in the early years of the European legislation, however, this choice highlights consumers
preference for standard incandescent lamps.
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experiences with CFLs. Whatever the redssnpmfortwill improve the early adoption of LED
technologyHowever, te success dhis early adoptiomill ultimatelybe determined by the quality
and priceof the early LED products available to consumers.

With these ideas in mind, |l etds move forward to d
intervals over the riegeveral years.

v

THE LIGHTING MARKET 2010 -2012

Prior to January 1, 2012, the market for replacement lamps in the U.S. will rersadg@gymilar to
today

By summer 2010, somewEC Halogermproducts will be entering the marRéere is n@oodreason to

think that thes&C Halogerproducts will achieve significant market share during this time peried (2010
2012) since the prioéthese products will be well above standard incandescen®lémopgh theEC
Halogeris a very close alternatigestandard incandescent lamps, it offers few, ddwantagesver
standard incandescent lanieerefore, it will only gain a noticeable market share once standard
incandescent lamps become unavailable.

Someechnologicaddvances will continue tornade in CFLgzor example, Philips is introducRgHS

compliant, low mercury content CFLs, and in June 2010, new smaller, T2 bare spirals at price points similar
to theirstandard T3 lamps. GE is also offeriRpB Scompliant, low mercury coveredirelamp that has

the sameélook andf e eflarbA19 standard incandescent lamp. @Bvisffering a CFL line under their

Revedl brand and a S&tGuard® coated, shatter resistant CFL. Other manufacturers are, no doubt, also
working onimprovements to the€@FL product lines.

Based on the increased spending on EE Programs in recent yeargetrehare for CFlmsaygrow
modestly recovering from the drop in shipments from 2007 to 208 (seelin Appendix A).

Very few pedpe are currently aware of the EISA (2007) legislation (26%: Osram Sylvania, 2009) and
considerably fewer (18%: Osram Sylvania, 2009) are aware that the 100 watt standard incandescent lamp will
be banned at the start of 2812 substantial percentage (18¥espondents indicated that they would

stock up on 100 watt standard incandescent lamps ahead of the ban (Osram Sylvania, 2009). These results are
consistent with survey work done by other manufacturers. baferd, om large sample survey (ovedd,0
respondents), another manufacturer reported that 22% of people are aware of the legislation. In that survey,
respondents who were aware of the phase out were more inclined to report that they plan to stockpile light
bulbs being phased out than respotsde@ho were unaware of the legislalibnse who werenaware

reported that they would: oOopurchase |ight bul bs t
98%r eported that they woul d: 0st dchaskdoutprhissseemsthe | i gh

21This drop irrespondents from 26% to 18% (Osram Sylvania, 2009) reflects a lack of understanding of how the
legislation applies to lighting. It may well be the case that a quarter of the U.S. public is aware of the EISA legislation
itself (although this seems quitghhi but substantially fewer are aware of specific impacts of the legislation.
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indicate that at first blush respondents assume they will just buy what is availablepanditear

reflection, they realize that there are other options available to thenaribtiersilustration of

replacement lampsa low interest categoAlso telling ishat the next most prevalent response in both
groups (aware and unaware) was: o0l will purchase

EISA (2007authorizes $10 milliorepyear from 2009 to 2012 for:

0€ in cooperation with industry trade associations, lighting industry members, utilities, and
other interested parties, carry out a proactive national program of consumer awareness,
information, and education that broadly uses the media and other effectivaaaiomun
techniques over an extended period of time to help consumers understand the lamp labels
and make energyficient lighting choices that meet the needsooh s u mer s . 0

(EISA, 2007)

We are not aware of any efforts currently underway to addressktiiandated througite legislation, but
as effortalong these lin@stensify, more consumers may become aware of the standard&ghatige.
what is communicated to consumers is of vital importance to the stitegsmnsition into the

EISA (20) standards changes.

The DOE, primarily through its program contractor, D&R Internationadydnzesd that this time period

leadng up to the standards chaagd through th transition years of 202Q@14is precisely whehe

promotion of CFLs should emsify(Bickel, 2009; Bickel, 2010; Karney, 2009; Swope,TX . 8pmes at a

time when EE program sponsors and their regulators have been questioning the viability and importance of
continued support for CFLs (Schmidt, 2010).

The DOE/D&R argumengseeBickel, 2009; Bickel, 20Bwope, 20)6s illustrated ifrigure Gn
AppendixXA, and goes | i ke thisé.

1) In the transitional years for EISA (2@044) the customers who want to continue to buy standard
incandescent lamps witiveh-trade in wattage from 100 watts to 75 watts and then from 75 watts to
60 watts thus delaying thak of theimpact of the EISA2007legislatiountil 2014 or 2015

2) If CFL shipments increase by 10% per year from 2009 throudgkifttdrdas a resultiocreased
EE Program activity or customers switching from standard incandescent lamps toatkets)
share for CFLs will be 35% in 2014 and CFL socket saturation will be 43%.

3) The CFLs that are shipped and purchased in each of the years from 20020h/avedirectly
installedand not storee?

4) Concomitant with the increasedRL usage is a drop in the shipments and purchase of standard
incandescent lamps. In fact, the rate of decline in incandescentfistethen the increase in
CFLs becaudhe installe€FLs have longer lifetimekich leado lower failure rates in each
subsequent year.

5) Therubcomes either sometime in 2014anty2015 when the standard incandescent lamps sell
throughretailersand no more can be shipped into the tda&et. At that point, the remainder of
the demand for general service lamps must be met with EISA (2007) compliant lamps.

22This is a simplifying assumption, of course, but stored CFLs only amplify the end result of thé arghontge
of general service lamps in the U.S.
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6) Consider the numbefsstimated frorfrigure 5n Appendix A)DOE/D&R estimate that total
demandforgenarl service | amps i n QFQdghpmensih2013tweuldd 1. 2 b

be 4350 million | amps and projections for 2014
demand and proj ect eniliondampsgd ful 2Xoldrgihflémandifos CFBs8 1 5
in 2014).

7) Manufacturers woultbt be able to ramp up production to meet linatl of demand if it goes
undetected to within a year or so of the event
level of demand would onlg bequired for one or two years after which, demand would drop
precipitously as the remaining standard incandescent lamps fail and are replaced by longer life lamps.

8) Manufacturers would not build the capacity necessary to meet the extraordinarilyrdgbrdema
one or two years of production. That being the case, there would be significant shortages in the
supply of general service lamps in the U.S. market.

This problem of shortagesuldbe totally avoided if consumers in the U.S. adsybstantial nurer of

longer life lamps (i.e. CFLs) sooner 2@i%2015. Bickel (2010) estimates that if CFL shipments increase at
a rate of 40% from 20214, a largenoughfraction of the overall demand will be met with G614

(75% CFL market shatbat thephase out of standard incandescent lamps bherdthtivelysmoothin

terms of supply and demaidirthermorethe manufacturingroduction schedule for CFLs would remain
nearly steady at a substantially highfteme20142017 and then drags the renaing standard

incandescent lamps fail and are replaced by longer lifé&skedRjggire Gn Appendix A).

So, ironically, at a time whaymeEE Program Administrators and Regulatorscakng back CFL
programghinking thathe EISA (2007) legislation will transform the masketctly the opposite needed
at the current time to make a smooth transition through the EISA (2007) standards changes.

8

THE LIGHTING MARKET 2012 -2014

On the one hand, amufacturerarequick to pint out thatoonly a single SKU will go awWeym the U.S.
marketbeginning in January 1, 2618e 100 watt standard incandescent lArgpar later, another SKU

will go awayand so offor these three yeaf3n the other hand, this is the beginningoofsumers going

out to the retailers where they are accustomed to buying the lamp that they needhe cepl#itat has

just failed in their kitchen or hallway or bedroom only to find that the lamlpriger availablearge

waves of consumers vi#igin to learn about the EISA (2007) legislation for the firgtdithey make

inquiries to salespeoplere will be news stories alibaphase out of standard incandescent lamps from

the U. S. mar ket . Re pl ac e magategarga threy werevpiiol tb 20libet be as
primary question to be asked at this point in the transition of the U.S. replacement lamp market is: what will
consumers choose?

Manufacturers believe that a substantial number ofheustwill down trade in wadteof standard
incandescent lamps from 2012 through.2@hére they would have purchas&@Oawattamp, they will

buy a75 watt lampWhen 75 watt larsgare no longer availaldeme will further trade downward to the 60
watt standard incandescent lamp
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Consider, for examplke customer entering a retail location seeking a 100 watt replacement lamp. After the
early months of 2012, these products will no longer be availablé¢hreeptionsthatwillbeavailablare

1) 72 watEC Haloger@ a4 $2. 25/ bul b
2) 26 watt CFL @ a$2.25/bulb
3) 75 watt standard inca&8ndescent lamp @ a$0.25/bu

First of allpased on pricalone the customer will tend to purchase the 75 watt standard incardegzent

This lamp is also the closest alternative to thevad lamp they have been accustomed to buying. Secondly,

at this point in time, customers tend to associate brightness with wattage. From that perspective, the average
customer wilstill be inclined to buy the 75 watt standard incandescent thin&ibg the brightest

alternativeln realitythis lamp is the dimmest and least efficient option available.

These decisions walsobe guided in a substantial wathe decisions that retailers make about the types of
products they stock. We have alreadgived anecdotal information from a few retailers who plan to stock

lower wattage standard incandescent lamps in the shelf area that had been devoted to higher wattage standarc
incandescent lamps during these transition years. This change in stkis§pareasing the amount of

visual and physical space occupied by lower wattage standard incande¥eéhteaocgpsage consumers

to continue buying these products over other more efficient alteriidiive®wn trading in wattage within

the stadard incandescent lamp tiga@sowell supported by the actions consumers have taken in Australia

and Europe in response to regulatory changes there.

When considering the magnitude of change that might be seen in each year of this transiiosdiule, i

to bear in mind how large tbleS.marketateachwattage for standard incandescent lafimesCalifornia
Lighting Technology Center (CLTC, 2008) presents the following breakdown of sales froar206R i

to the California Engy Commissio(CEC) and Horner (2007) provides a similar breakdown of sales from
2006 in testimony before the CEC

Table 3. Breakdown ofSalesof Standard Incandescent Lampdypes (Horner, 2007;CLTC, 2008)

Watiage pereent____ parcent
40 watt 13.5% 13 %
60 watt 43.3% 46%
75 watt 24.6% 19%
100 watt 18.0% 21%
150 watt 0.5% 1%
TOTAL 100.0% 100.0%

* Note: These data includaly sales of: Soft White, Vibration Resistant, and Standard Clear lamps

23 Manufacturers éstate that the supply of standard incandescent lamps will sell through the market in a-Bhatter of 6
weeks, perhaps a little longer in the case of the 100 watt lamp.

24 PhilipseC Halogetamps are currently available at Wegmans for $4.49dacla 2

25 Average price across different package configurations and retailers.

26 Based on the common retail price point for a 4 pack of standard incandescent lamps.
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DOE (2009a) e p o r billion &rtp.sk@pments into the U.S. each yedFifaae lin Appendix A for
updated values from Swope (2010)). Sales from these lamp shipments replace failures in 4.7 billion sockets
nationwide (residential, cowarcial, and industrial) (DOE, 2009a).

The relatively fewoasumersvho areurwilling to swith to a lower lumen output lamp will be able to choose

from eitherEC Halogeror CFL replacement lamps. Current priceméoryEC Halogerproducts are
somewhatigher than CFL productiowever, by 2012, it is likely that this price differential will be

negligibleAs mentioned previously, it is unlikely BatHalogerproducts will gain significant market share

prior to 2012 while standard incandescent lamptllaagailable. After 2012, as a relatively new option on

the market=C Halogerwill start to gain market shaseoffering a solution to the customers who want

brighter light sources and either do not want to switch to CFLs or are entrenchedinrthgirent to an
incandescent light souréée believe that there are a significant number of these customers in the U.S.
market. In both Australia and Europe where standards were not phased in by wattage as they will be here in
the U.S., consumers switchredignificant numbers EC Halogerproducts over CFLEor one

manufacturer, in Australia, the year after the standards change broughti@déét market share f&@C
Halogen(from 1% before theegulatiopand a loss in CFL market share of 1h%hdt same case,

exempted incandescent lamps gained 6% market share in that first year. In Europe, a manufacturer reports
that consumers switched to CFLs only 14% of the time while clear glass incandescent was th& choice 53%
of the time an&C Haloger83% of the time. The overall message &éne overwhelming majority of

consumers in these other markets are seeking the closest alternative they can find to standard incandescent
lamps.

The extent to which CFLs are able to increase market share dwitrgrik@ional years depends on a

number of factors related to the positioning and promotion of CFL products. Keep in mind that many
customers in the U.S. market have very little experience with CFL pneaiuetsalving or 1 to 5 in use in

the homepndsome of the experiences with CFLs have been nefidtiveer e ar e a number of

If the public awareness campaign to introduce the EISA (2007) legislative changes has been
successfudnd consumer pushback is miniénal

If product development continuesdaalleviates some of the shortcomings consumers continue to
perceivevi t h CFLs é

I f the mercuexplodée ssnetlHeebll. 8ot mar ket &
| f retailers devote a reasonabl e amount of s he

If retailers allow the placement of @igpnaterial that wilklpguide consumers through the process
of selecting a new type of | amp é

If salespeople are willing to help consumers understand why this is happening and the key factors
that should go into thrgpurchase decisio é

CFLsmaybe alte to capture additional market share.

27 Clear glass standard incandescent lamps are not exempted in the EISA (2007) legislation tethayhayears
of the European legislation.
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It is not expected that LEDs will play a significant role halinectional general service lighting applications
during this timeframe. There will be very fewdi@ttional products on the market bright enoogheet
consumer 6s needs and those that are wil!/ have a p

There is also evidence that some consumers will contitaekpdesstandard incandescent lardpsng

these transition years of the EISA (2007) legislaticse EHmelencies to stockpile could lead to shortfalls in

the supply of standard incandescent lamps durin@@042Although manufacturers are likely to increase

the production schedules of the remaining, lower wattage incandesceéotaapthe increed demand

on these products generated by the down trading of wattage we discussed earlier, theyhyillitho so
existing production linésThere will not be much excess supply of standard incandescent products to meet
the increased demand that islyiko be seen.

9

THE LIGHTING MARKET 2015 AND BEYOND

Sometime in 2014, but certainly by the start of 20a8nakemptedtandard incandescent general service
lamps will have sold througiithe U.S. market. At this point, consumers will have a chtieeh the four
technologies described in detail in the Products sectiortabiowdulk of the market share will be split
between CFLs arglC HalogenThe exact split betweer tlivo remains to be seen and will be established

by market forces that arelvaitside of reasonable postulation at this point in time. Manufacturers estimate
currently, that theustomers switching from standard incandescentwalinps split roughly 60/40 or

40/60 between CFLs al{ Halogerin the early yeafsllowing thiktbeoughf standardncandescent
lampsAlso, a substantial variety of exempted standard incandescent products for general illumination
applications (e.g. candelabra base up to 60 watts, intermediate baseatf applance lamps not

exceeding 4@att) will still be available in the market and will comprise a notable market share. Any notion
that incandescent lamps will totally disappear from the U.S. niagcetisate

As LED lamps of adequate brightness and quality reach the market ANDewinshdbst of these

products becomes tolerable to consumers, LEDs will start to erode the market share of5CFLs and
HalogenWithout EE Program subsididsistis not likely to happen ustiimewhat later in the decade.
Manufacturers are eager for BEBdPams to help in the early years of product availability to subsidize this
first cost through incentives. EE Program Administrators and Regulators are keenly aware of the trouble
generated by incentivizing low quality product from their experiencé&lstim the 1980s and 90s (PNNL,

8¢ or fewer production |ines. It requires extensive pl
production line for standard incandescent lamps (or pretty much any product for tha¥laratfaciurers are likely
to begin that slow down in production in these transition years so that the stop of production in late 2013 is less
abrupt.

29 The extent of this choice for LED lamps will be limited by product development and availabilitynorimergiésin
the 2015 date in terms of product development. There may still be very limited higher lumen output products (60 watt
equivalent and higher) on the market. Furthermore, the amount of product available in the exempted incandescent
category wilbe limited to not more than 2X the benchmark forecasts established by DOE (2008a). In total across the
five lamps being monitored, these shipments would not likely exceed 185,000 lamps in 2015 (2X the highest
benchmark forecast). In later years, the &issica these products decline even lower to 169,000 lamps in 2025 (2X
the highest benchmark forecast).
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2006)And so,adancebegiha O0chi cken and eggdé problem. The fort
specification for integraED lamps(EPA, 2010) may improve this to some extent, but adequately bright
products will be an essentleahgent in the equation.

Over the next several years, Program Administrators and Regulators need to discuss the ways and extent to
which programs begin to support LED replacement |dmgfectively support LED lamps, programs and
regulators may have te Wwilling to operat@orein a market transformation mode than a resource

acquisition modd.he extremely long life claims of LED products may stiove additiondllexibility, but

ultimately, it will be challenging (perhaps impossil@gpect that LEB can achieve the substaist&ings

goals that program sponsors Haeen operating under until greater sales volumes are realized (which will

only happen wheEDs are offered atmech lower price points to consumers)

We need to bring the discussiorkl@ound to the issue that we raised in the 201® section above
regarding the possibility for a significant shortfall in the supply of EISA (2007) compliant general service
lamps (i.e. CFLs alC Haloge) In the likely event that the promotion of Glebes not generate the

a40% growth in shipment, sales, and installation needed from 2010 through 2014 to facilitate a smooth
transition in the supply and demand for general service lamps in the U.S. market, there will be a supply
shortageAs this shortage of product becomedenti prices for general service lamps will increase sharply.
Thisprice increase and ultimate suppbyrtage is likely tead to considerable backlash from consiuéners
some of whom only recentill have become aware of the legislation to beginMidre exactly the brunt

of this backlash is directed remains to be seen. Manufacturers are aware from the experience in Australia that
consumers are quick to blatme manufacturers of produfctonsumers are not adequately aware of the
regulatory elememioweverthis backlasis directedthough, it will be a challenge in the marketplace for all
market actors.

Finally phase 2 of thEISA (2007)egislation conservation standard goes into effect on January 1, 2020.
After that date all general service tasgid in the U.S. will be required to meet a 45 lumen per watt efficacy
standard.

10

CONCLUSIONS AND RECOMMENDATIONS

Committed efforts have been underway to improve lighting energy efficiency in U.S. homes and businesses
for at least the last 20 years.

Energy efficiency programshave promoted the use of CFLs and other high efficiency
lighting equipment through prisebsidiesconsumer education, and market coordination

Legislatorsand regulatorshavemandated updateshailding codes arichprovement in
otherstandards.

Manufacturershave continually developed high efficiency equipment making vast
improvements in existing technology and introducing new technology where possible
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Retailershave stocked efficient products and encouraged salespeopledndugtpers
make fully informed, rational decisions.

Consumershave made changes in their purchasing behavior, their usage habits, and have
reached out to others to generate changes.

People and institutionshave been agents of change and advocates fiar admeorrow
throughthe actions ofoday.

Many benefits have been realized from these efforts. There is still work to be done.

TheU.S. market for replacement lamps is a complicated system. Over ti@ yesrs, structural changes

will be introducethto the market througiandated¢hanges in efficacy standdEISA, 2007)and the
introduction of new products utilizing markedly different technology than the standard incandescent lamp
that has been the icon of the U.S. replacement lamp market ftd@years.

Manufacturers are responding currently to the upcoming standard changes by developing products that meet
or exceed the standard. Manufacturers assure us t
legislations and even if thevere, the industry would whistle blow on any company trying to exploit a

loophole From the product perspectiviee tmarket ialready adjusting to the upcoming changes.

Manufacturers are working with their retail partners to prepare for differeot priaés and introducing

new products ahead of time to improve market stéhilitygain market intelligence, as.Wwelt)example,

by Fall 2010, all three manufacturers will launch EISA (2007) coa®lidaibgemproduct lines.

Considerably less is kimoabout how consumers will respond to the legislative changes and the new
products that will m@meavailable on the market. Many consumers are not yet aware of the changes that will
take place, and owing in part to the fact that replacement lampsvargesdst product category, many
consumers will proceed directly into the time when the changes are implemer6d4pbéfore they

become awar&vidence from other countrittgat have already undergone standards cl{Angéslia and

the EuropeariJnion)indicateghat customers opt for close alternatives to the standard incarldegzent

(EC Halogerand exempted incandescent in Australia and clear glass incanddsCeHaérgkrin

Europe).

So what is therole of EE Lighting Programs?

The EISA(2007) legislation establishes new efficacy standards for general serviélibllaiiogen

products (which are engineered to those minimum standards) are viable general service lighting products, and
in fact, represent the closest alternative toghdard incandescent lamps on the market today. As such,

theseEC Halogen products establish a new baseline against which to measure improvements in

energy efficiency(e.g. CFLs and LED replacement lamps)inipemvemenin efficiency oEC Halogen

lamps @er standard incandescent lain@s 2 ed@blishes the energy savings, and therefore benefits, that

can rightfully be attributed to the regulatbgngesSubstantial additional improvements heybat

baseline remain achievahteugh EE Program efforts with CFLs and LED replacelamqts (see Figure

in Appendix A form comparison of savings at different equivalent wattagé.ranges

So, itis essential that EE Program Sponsors realize thaetinaia ample opportunities to promote
energy efficient lighting products over the nextaveral years in the U.S. market
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ManyEE Lighting Programs promoting CFLs have had extraordinary benefit to costnétase been
flagship programa many utility EE portfolio§.he raised baseline established through @EX will cut
into thesdenefits, but not enough to render them worthless. These EE lpgbtingtswill still remain the
most cost effective energy efficiency measure in most portfolios for several years.

In the shortterm, EE Programs should aggressively promotel@kiisemow and 2014 with the

extraordinary goal of increasing CFL shipments into the U.S. by 40% each year. The reasons fer this are two
fold. First, fom now through 2013 and some portion of 2014, standard incandescent lamps will maintain a
strong market shaaad positiorin the U.S. replacement lamp market! CFLs can acquire substantial

energy savings for EE Progra8econdbased on the current CFL market share, and more importantly, the
extremely limited CFL socket saturatioae could be a substanghbrtage in the supply of general service
lampsin 20142015along with remarkable growth in the market share of EC Haluges there is strong

growth in the shipment, sales, and installation of f@hsiow through 201349

A primary role for EE Progmas to play in the shetb midterm is helping educate customers regarding the

EISA (2007) standards changes and what it means for them in the replacement lamp purchasésdecision.
educationalroe houl d be taken on by eEdfhe @losbogporumtgonsanterst hat i
will be needing help navigating the changes and the reasons behind the changes, and many of these
consumers will, as a result of the changes, be in the market for a new type of replacement lamp. It is at this
crucial morant, which for the majority of customers will happen in the retail space, when EE Programs need

to establish their presence with consumers and salespeople to encourage the economically rational decision to
purchase a CFL. In fact, to purchase several CFLs!

In the midterm,EC Halogerproducts that are EISA (2007) compliant will capture substantial market share

in the U.S. market. Despite the fact B@tHalogermproducts will be similar in price to comparable CFLs

but deliver only 1,0a0000 hours of uséfiife, consumers will be attracted to them because of their

similarity with standard incandescent lamps. There is a great deal of inertia embodied in the U.S. consumer
preference for replacement lamps. This ireentidined with thehortcomings (evenadhlyperceived

shortcomings) of CFL technology in certain aspects of light quality, dimmability, and other key features will
establisiEC Halogeras a baseline reference from which to gauge energy savings that can be achieved with
CFLs. This baseline wiimain in place unfD20 when the efficacy standard (or equivalency through
rulemakingdf 45 lumens per watt is establishatie U.S. market

In the longterm, LED products will be entering the market and there may be a role for EE Programs to play
in off-setting the extraordinary first costs that are likely to be in place for the first generation of products.
This will, of course, be a careful balance of manufacturers introducing quality products and EE Programs
operating in a market transformatioemted mode testablish the market position and sustainability of

these product8duch remains to be seen about the position of LED replacement lamps in the U.S. market
over the nexseverayearsd especially in nedirectional applicationiBhere is lite doubt that LED

technology holds much promise in the future of the U.S. replacement lamp market. The question is: How far
into the future?

30 Refer back to The Lighting Market 2@002 for a detailed presentation of the reasoning behind this assertion. It is
not being alarmist. It is likely
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APPENDIX A:

KEY FIGURES FROM OTHER SOURCES

Below are Charts and Figures of interest from sourceedeénttheREFERENCESsection above. They
uded
these Charts and Figures todhginalsource.

are incl

Figure 1. Lamp Shipments and ENERGY STAR Market SharéSwope, 200
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After peaking in 2007, CBhipmentglropped substantially between 2007 and 2009. Many
believe this drop is attributable to the economic recdsgaso interesting to note the

drop in overall lamsales from 200@ 2009. This reduction in lpreales is somewhat

attributable to the previous purchases of CFLs which last longer. It could also be attributed
to consumers making use of stored lamps to delay purchasing during a difficult economic

period.
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Figure 2. Puget Sound Area CFL Socket Saturation (EMB007)

Figure 4-9: Distribution of CFL Saturation Levels in Households: Puget Sound Sample
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Note: Househeld Saturation numbers are in percents (i.e.. 0.20 = 20%). One bar = two percent (e.g.. 0-2% or

Table 4-6:  Distribution Statistics for CFL Saturation Levels in Households: Puget Sound Sample

N 1488
Mean 0.194
Std. Deviation 0.2406
Skewness 1.498
SE of Skewness 0.063
Kurtosis 1.548
SE of Kurtosis 0.127

Although these data are takemT a limited geographic reg{®uget Sound Metropolitan
Area), the overall shape of the socket saturation curve is consistent with those found in
other region® even regions that have had et sustained CFLggram promotion.

There does not exist a region of the country (no matter howdthalyocket saturation
curve that builds up to and peaks near 180&® in the GoldeBtate of Californiaywhere
there is an average of 50 sockets per home, 41%easf haue only up to 5 CFLs, 26%
have 610 CFLs, 20% have-20 CFLs, and 13% have more than 20 (KEMA, 2009).

P.1. Final Page |36



Figure 3. Luminous Flux Versus Efficacy(Calwell, 20(®)
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As can be seen from the figure above, all current standard incandescent lamps fall well short
of theefficacy needed to satisfy the EISA(2007) standards. At the current time, both Philips
and Sylvania have either standard spectrum or modified spectrum halogen lamps that meet
EISA. All LED Aline lamps available today meet the EISA standards, but ralg seve

limited in terms of luminous flux (all below 40W equivalent).
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Figure 4. Luminous Efficacy Improvements Through Time (DOE, 2010
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This is a figure that was originally produced by LumiLeds and updated by Navigant
Consulting for the DOE MullYear Program PIgDOE, 201Q. Below is an excetpiat
describes the figure

OThe traditional three light souréeacandescent, fluorescent (which includes
compact fluorescent and linear fluorescent) andHilYe evolved to their
present performance levels over thieda to 120 years of R&D. Industry

researchers have studied all aspects of improving the efficiency of these sources,
and while marginal incremental improvements are possible, there is little room for

significant, paradigshifting efficacy improvemen&SL technology, such as
LEDs and OLEDs, on the other hand, has potential to achieve a néadtwo
i mprovement over some
developed from historical lighting catalogues and the SSL projedimsedim
chapter 4, depicts this potendigh. 22)
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Figure 5. CFL and Incandescent Shipment$ Scenario 1: Slow CFL Growt(Bickel, 2010
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This figure illustrates the extraordinary increase in CFL shipments that would be needed in
20142015 to meet the protjed demand for replacement lamps leading to supply shortages
of up to 4815 million | amps.

Figure 6. CFL and Incandescent Shipments Scenario 2: Fast CFL GrowtiiBickel, 2010

This figure illustrates a smooth transition in CFL shipments in th2Q@Glvith 4 yea of
sustained high level production of CFLs from-201%.
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