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Executive Summary

This report presents the findingsafighting inventoryconducted to understand use, saturation,

and purchaseof lighting products in Massachusetts households in support of the Massachusetts
ENERGY STAR Lighting Program (the Program). Thetudy also sought to understand
conditionsduring the implementation of the Energy Independence and Security Act (EISA) of
2007 and search for possible impacts on lighting use and purchase behavior that may be the
resut of the new lighting standards.

Background and Methodology

To conduct this research, tieamperformed 150 onsite lighting inventories in Massachusetts
households betweeDecember 2012nd March 2013 The onsite respondents were recruited
through a prio telephone survey amor§00 householdsn Massachusettalso conductedn
Winter 2012and early2013 We summarized the results of the telephone survey in a previous
report! but touchon pertinent findings here that inform our understanding of residléigtiing

and the potential impacts of EISA.

In most analyseshe onsitesurvey datdand the telephone survey dategre weighted to reflect
the population proportions for home ownership and educatidlassachusetts based tire
American Community Swey (ACS).The Team notes any results based on unweighted data.

! NMR, Massachusetts Consumer Survey Results Winter .208dvered to the Massachusetts Program
Administrators on March 1, 2013, currently under review.

NMR



Massachusetts Onsite Lighting Saturation Report Pagell

Summary of Findings

In this section, we present a summary of key findings from the onsites, and compare them to
results from previous onsite inventories or the recent telephone survey wheoprate.

CFL Use and Storage

The onsite inventories, performed by a trained technician, demonstrate that most households use
at least one CFL and the percentage has steadily increased, from 88% in 2009 to 96% in 2012
and 2013 igure ES1). This stands in contrast émaly®s of telephone survey resutiger time
thatsuggest thano more than twahirds of households are aware of and using CBjpgcialty
bulbsdemonstrated a pronounced increase in use particularly between 2009 and 2010 when the
PAs began to focus more on these bulbs; while only 25% of households in 2009 used specialty
CFLs, this number increased to 57% in 2010 and remained steady (from &atatiahdpoint)

at 58% in 2012 and 62% in 2013mportantly, the increase in penetration corresponds to
program revisions designed to increase specialty CFL adoption in P@&Hpite continued
support from the program for specialty CFLdd@ional adopgbn appears to have slowed after

201Q suggesting how difficult increasing adoption of specialty CFLs continues to be.

Figure ES-1: CFL and LED Penetration 2009 through 2013*

) 96% 96%
100% 8% 92%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percent of Households

2009 2010 2012 2013

m All CFLs Specialty CFLs ® LEDs

* Source 2009 to2013onsite surveysnote that ED bulbs have been tracked in earlier inventories
but they comprised less than 1% of all bulbs in homes.

The number of CFLs in use Massachusettsomes haslsoconsistentlyincreased over the past
four years. In 200@bout onehalf (53%) of the householdsn each onsite studysed six or more
standardCFLs but this percentage increasadnificantlyto 76% of homesn 2013 The number

2 Specialty CFLs identified include: dimmable, thagay, A-line, flood/spot, candelabra, circline, globe, tubes/bent
tubes, and bullet/torpedo CFLs.
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of households utilizing large numbers of specialty bulbs &lso increased: only 10% of
households used six onore specialty bulbs in 2009 comparedl@% in 201Q 22% in 2012
and 23% in 2013Most households stillid not use LEDs and those thdid tended to have
between one and five installethe 2% ofhouseholds with six or more LER&coungd for the
majority (69%) of LEDsinstalled in homesit should be noted that 91% of LEDs installed in
these homes were undeabinet lightsand not Aline bulbs.

An investigation of the average number of CFLs in homes revealed gains from 2009 to 2010 and
fairly steady nmbers from 2010 to 2@L(Figure ES2). The average household used 9.4 CFLs

in 2009but the number is closer to 12 in 2010 through 2@&cialty bulbs primarilgccoungd

for the onetime gain in the average number of CFLs in beveen 2009 and 20,16oinciding

with the start of the PAdncreased support of specialty CFLs in 2008 of specialty bulbs,
however, has remained stable since 2010.

Figure ES-2: CFL and LED Use over Time*

14

12

10

Number of CFLs and LEDs Installed per
Household
()]

2009 2010 2012 2013

m Standard CFLs m Specialty CFLs m LEDs

* Source 2009 to 2038 onsite surveysnote that LED bulbs have been tracked in earlier
inventories but they comprised less than 1% of all bulbs in homes.

Socket Saturations

CFL socket saturation has remained very stable over thégpastears, standing at 26% in both

2009 and 201027% in 2012 and 28% in 2013Figure ES3); the confidace interval around

CFL saturation for 2013 is 24% to 32%heaning that saturation has not increased statistically
over the past four yesr CFL saturationwas somewhat higher fanterior sockets (28%bhan
exteriorones(22%)2 The stability of the 2018stimate remains despite the fact that multifamily
houses comprised 51% of the homes, which also meant that home sizes were smaller and more
representative of the state than in previous yd8exthe SectiorfiTracking CFLs Over Time

% Exterior sockets account for a relatively small proportion of total socketsi(8#8Table2-25.
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below for a possibleexplanation of this stabilitand Section2.2.4 for analysis examining the
effect of the new sampling approach on theadlatwo percent of the socketsere filled with
LEDsO up from 1% in 201@ and as mentioned earliemost of thesewvere track or under
cabinet lights that do not have tleline profile. These numbers lead to awerall efficient
lighting saturation of 30% if considering only CFLs and LEDS, and 39% if also including
regular fluorescent bulb&ollectively, the saturation @hese three efficient bulb types increased
from 32% in 2009 to 39% in 2013, a difference which borders on statistically signifitance
Saturation of specialty CFLs increased from 4%8% between 2009 and 201B. 2013 we
found a total of 6,341 sockets me s pondent sa average,sheusemdldd bad 42.3
socketsin homes, mosbften filled with incandescent bulbs (23.3 bulbs per household on
average) and CFLs (11.8 bulbs per household on avelagejall, portable fixtures (table and
floor lamps, ad nightlights) accounted for 25% of all sockets, with permanent fixtures making
up the remaining 75%.

Figure ES-3: CFL and LED Socket Saturation 2003 through 2013*

35%

30%

25%

20%

15%

10%

5%

0%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
mCFL mLED

* Source: 2007 MPER and 2009 to 2013 onsite surveys. Data not available for 2006, 2008, or 2011.

An additional analysis of saturation by household (as opposed to all sockets in the state)
demonstrates that CFL use is less bifurcated than Idefbed is, peviously, a few households

used a lot of CFLs and many households used none or only a few. Between 2010 and 2012, in
contrast, moderate CFL usethe rangef 21% to 50% of sockets became more common across
householdsIn addition, themedian saturatiah that is the miedwvay poin® has consistently
increased from 23% in 2010 to 31% in 20pBovidinganother indication that a greater number

of households are instaly CFLs in an increasing percentage of sockets.

* The confidence interval for 2013 is 34% to 44%, suggesting the differences are significant. However, the data
collection and tracking methodology for 2009 do not protidenecessary information for us to factor its standard
deviations into our calculations of statistical significance, so we cannot say for certain whether the two results differ.
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Turning to saturation of othdyulb types,the percentage of sockets filled with incandescent
bulbs decreased between 2009 and 2013 (62% to 55%). In 2013, the decrease in incandescent
saturation was offset by increasasCFL, LED andfluorescenttubessaturation Saturation of
halogen bulbs$ias been unstable, bouncing betwé&mand 11% between 2009 and 201this
may reflect the fact thatcrewin halogen bulbgincluding A-line, floods, and spotgre difficult

to diginguish from incandescent bulbislost of the halogen buldfeund in onsié homes over
time have beeflood- or spotshaped, not Aine bulbs.The Teambelieves that th®As should
consider continuettacking of saturation annually in order to capture possible impacts of EISA
and increased adoption of the relatively newin® LED technology.Saturations of specialty
bulbs of any typevaried a great degree, increasing from 3092009 t048% in 2012, and then
decreaing again to 38% ir2013. The variation in this saturation likely reflects the influence of
outliers on the sampl@ge., a few households with numerous specialty socket$)measurement
error.

Saturation Potential for CFLs and LEDs

Approximately 61% of sockets in homésspecifically, those that are currently filled with
halogen and incandescent budlbsould beconverted to scresn CFLs or LEDs, although
consumer preference and the presence obased fixtures may prevent some sockets from
being filled with energy efficient bulbs. Specialty sockets (i.e., sockets containirg-hioa
bulbs or controlled by dimmer or a thregvay switch) account for 43% of the potential sockets;
therefore, most of the remaining saturation potential still rests with general service bulbs.

The number of sockets per fixture stood at about 1.5 overall and for the most commiypdmilb

(e.g. incandescents, CFLs, fluorescents, and halogens). Fixtures with LEDs had nearly three
sockets, on average, largely because most of the bulbs werecabitest fixtures. Track
lighting, pendant fixtures (including chandeliers), and ceiling fmsled to have the largest
number of sockets per fixture overall and for both CFLs and incandescents.

The teamalsoexamined saturation potential for CFLs and LEDs by demographic characteristics,
room type, and specialty versus standard bulbs. Whilegadamio potential is similar across
demographicharacteristics, owners and single family households account for more than twice
the number of sockets compared to renters and multifamily homes. So while each group has
similar levels ofhousehold saturatiopotential, numericallythe majority of overall saturation
potential exists among owners and single family households.

Similarly, examining the saturation potential by room type suggests that while substantial
saturation potential (greater than 30%) folL€Rnd LEDs exists across all room types, when the
relative number of sockets are factored in, the vast majority of saturation potential (70%) exists
among the five rooms with the greatest number of total sockets. These rooms are: bedrooms,
kitchens, batlooms, living rooms, and dining rooms.
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Another area where saturation potential diverges is among standard and specialtlyiguibs.
ES4 shows clearly that about ottleird of the sockets in Massachusetts homes have the potential
to be filled with a standard CFL or LED and another-quarter have the potential to be filled
with specialty CFLs or LEDs. Considering just where the remaining potential for energy
efficient lighting exists, specialty sockets account for slightly more thafitihe of remaining
potental in Massachusetts.

Figure ES-4: Current Saturation and Existing Potential for Energy Efficient Bulbs
(Base: All onsite respondents)

m Standard (EE) m Specialty (EE) m Standard (Potential) m Specialty (Potential)

" Energy efficient bulbs include CFL, LEDs, and fluorescent tubes; potential bulbbakrgenand
incandescentNote that potential in this pie chart indes empty sockets in order to make the total
percentages sum to 100%.

Bulb Storage

About 35%o0f households stored at least one CFL in30&imilar to percentages in 2011 and
2012 comparedwith 28% of households in 200@nly 14% of all households 2012 stored

six or more CFLsa percentage that has remained relatively stable over time (11% in 2009 and
13% in 2010 and 2012The average number of CFLs in storagpears to cycle, with higher
storage in one year being followed by lower storage iméx¢ and so onlVhen asked what type

of bulb stored CFLs will replactéwo-thirds (68%) ofrespondentstoring CFLssaid they would

use it to replace which ever bulb typ€FL or incandescedtburned out firstAnother 27%
would replace another CF Only 2% of stored CFLs were explicitly expected to replace
incandescent bulb&his finding is consistent withhe stable saturation of CFlasxd our prior
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suggesbn that storedCFLs areincreasinglyreplacing other CFLSNe explorethis ideafurther
in the sectio fiTracking CFLs Over Timé

In 2012 and 2013, the Team searched not only for stored,@SLwe had in previous onsite
inventories,but insteadlooked forall storel bulbsno matter the technolog®nsite households

storal incandescent bulbs more than any other bulb (§6&6 in both 2012 and 2013nd CFLs
compris@ most of the other bulbs in storaffégure ES-5). LEDs accounted for less than one
percent of the bulbs in storagehe fact that consumers still store incandescent bulbs suggests
that they persist in choosing this bulb type for certaipliegtions even if they have many
energyefficient bulbs in use in their homefn short, these consumers will install more
incandescent bulbs, although these installations may not affect socket saturation if they replace
existing incandescents.

Figure ES-5: Stored Bulbs, 2012 and 2013
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CFL and LED Purchases

The 2012 and2013 onsite survey asked respondents when they had bought any of the CFLs
found installed or stored in their hontelsooking only at responses for tipeevious year, about

38% of 2012 espondentsaid they had purchased at least one CFL in 2011, and a similar 36% of
2013 respondents reported buying at least one CFL in 2012. In both years, resposdaiiys
purchased 15 or fewer bulbs. Most of the Clluschased in both time periods were standard
CFLs; only20% of households bought specialty CFLs in 2011 and @6% did so in 2012;
these households usually bought five or fewer specialty bulbs. On averagensite o
respondentsecalled purchasing 2. CFLs in 211 and2.4 CFLs in 2A.2; this encompasses all

® Due to concerns about the reliability of sedported purchases, we dotrcompare the results presented here to
those from earlier inventories. The time periods in question overlap, but recall error means the results should not be
compared directly. For example, estimates of purchases in the first half of 2010 are availatieth the current

and 2010 analysis, but the results point to different purchase rates, as would be expected because of recall error.
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households, including thosthat did not purchase any CFEsOverall, this means that
respondents recalled purchasing 6.6 million CFLs in 2011 and 7.4 million in 2012. Based on
program data suppliday the PAs, this would mean that 73%nadrketlevel CFLs purchasesn

these two years were prograsupported bulbsStandard CFLs accousd for 73% of the CFL
purchases in 2011 antl% in 2012. Only35 LEDs were purchased by onsite respondents in
2012.

Tracking CFLs Over Time

The stability of CFL saturation persists despite the fact that the PAs have sold millions of CFLs
between 2009 and 20d3and over five million in 2012 alone. The Team performed analyses
that suggest that many of the CFLs obtained daysuamers in 2011 and 2012 could have been
replacing previously installed CFLs that burned out in those years. Our estimates suggest that 5.8
million CFLs obtained between 1998 and 2012 could have burned out in 2012; for 2011 the
estimate was 5.5 million.nl fact, of the 74.5 million CFLs obtainday consume® both
program and noprogram sales and installed since the start of PA support in 1998, 32 million
(43%) are likely to have failed by the end of 20TBus, it is possible that the lighting program

has worked to prevent backsliding to incandescents or incandescent halogen bulbs, but
consumers seem reluctant to explain the percentage of sockets devoted to CFLs.

Additional Factors that Influence CFL Use, Saturation, and Purchase Rates

The apparent stalty in CFL saturation and persistent concerns about CFL satisfaction have led
the Team to explore CFL use, saturation, and purchase rates gpseted CFL satisfaction
and selreported CFL usen order to determine if satisfaction had an effect orified CFL

use, saturation, and purchases, Teamcompared these indicators between respondents who
said they wesrae i ©f D pfidveehrayt sati sfiedod with
satisfied or did not know their level of satisfactidie resuls suggest that households that are
satisfied with CFLs buy more CFLs and have them installed in more spbkethe results are
not sufficiently different to achieve statistical significaifi€ableES-1).

CFL:

Table ES-1: Satisfaction with CFLs Compared to Those Installed CFLs
(Base: telephone survey current or past Q5¢rs, onsite respondents)

. : Average # Sockets| Average # of CFLs Average Average 20B CFL
Satisfaction .
per Home Installed Saturation Rate Purchases
Satisfied n=18 45 15.0 33% 4.5
Everyone else n 21 45 125 27% 24

® While selfreported, onsite households recalled when they bought these CFLs while looking at the specific bulb
with the onsite techniciamlthoughstill subject to seffeporting error, the Team has found this approach to provide
more reliable estimates of the number of CFLs purchased in a time period than asking about number of bulbs
purchased during a telephone yv
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The 2013 telephone survey report also included an analysis of various lighting irshyesetf

reported CFL use, finding that households claiming to use five or more CFLs tended to be more

Asavvyo about | ighting in general; the fi
than onehalf of the households classified in the télepe survey as novices because they were
not aware of CFLs or said they used fewer than five CFLs actually used five or more CFLsS;
contrast, 96% of the households who said they used five or more CFLs actuallyTthe swore

ndi

in

accurate recall of expertikely reflects the fact that they have made conscious choices to convert
many of their sockets to CFLs; this may demonstrate that they pay greater attention to lighting

use and decisions than novices @m average, novices used six CFLs while expertd uSe
The saturation rate for CFL novice houskels was?22% and that for experts wagl1%;
moreover,but further breakdowns demonstrate that novices who own their own homes h
significantly lower levels ofaturation (13%) compared to all experts (36%ofwners and 46%
for renters) or novice renters (25%ovices had LEDs installed in leskan one percent of
sockets compared to 2% of sockets for experts

Figure ES-6: CFL Saturation by CFL Experience and Owner/Renter Status

100%
90%
80%
70%
60%
50%
40% 36%

46%

30%

20% -
10% -
0% -

Owner Novice Renter Novice Owner Expert Renter Expert
(n=1,988 sockets) (n=810sockets) (n=3,129sockets) (n=385 sockets)

Federal Lighting Standards

The Energy Independence and Security Act of 2007 (EISA) has raised concerns about
stockpiling of incandescent bulb&iven the concern about stockpiling, the onsite inventory
looked for evidence of that behavior, with amphasis on whether se#ported likelihood to
stockpile related to actual stockpiling as verifiedsaa.

We found, on average, approximately four incandescent bulbs befda&atts and100-Watts
in storage in onsite homés both 2012 and 2013 owe\er, while the 2012 analysis found that
households seff dent i f i ed as tb stackpigactiallyehady mote iinkaadescent
bulbs in storage, the 2013 results showed no discernible relationship betwesmpaidd
likelihood to stockpile and agdl number of incandescents in storageecdotally, two
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households that identificthemselves s bei ng #Avery wunlikelyo to st
incandescents in storage, although they reported that they simply like to have bulbs on hand and
did not tie their storage behavior to EISA. In fact, no onsite participants storing incandescents in
2013 said they were doing so due to EISA; only one 2012 participant cited EISA as the reason
they had incandescents in storage. Therefore, the Team has ncaldiedn identify EISA

induced stockpiling behavior that differs from what households did prior to.E8wever, it is
important to note that 100 Watt incandescents accounted for only 3% of sockets in 2010 and 75
Watt bulbs for another 5% of sockets. Téfere, consumers may not have felt the need to stock

up on these infrequently used bubthe phaseut of 60 Watt incandescents, though, may
induce more stockpiling behavias they account for a much larger percentage of sockets (21%

in 2013)’ This suggsts the need for continued tracking of sales, use, and saturation.

Conclusions and Recommendations

Based on the onsite analysis, the Team concludes that most households in Massachusetts use
CFLs, even if some of them are dissatisfied with the produciseanot aware that they are using

them. Despite high rates of penetration (i.e., households using CFLs), the number of CFLs in use
and the percentage of sockets in which they are installed appears to have leveled over the past
threeyears, and there is @l@énce that recently purchased CFLs are largely being used to replace
installed CFLs that have burned out. Between 2009 and 2010, statistically significant gains were
made in increasing the number of specialty CFLs in homes, but this increase was netlrepeat
between 2010 and 2B1LEDs remain an emerging technology in Massachusetts, with very few
homes using any LEDs bulbs; most of the LED bulbs in use do not adhereAditteeprofile

and are installed in track lighting or under cabinétben considerig the most energgfficient

bulbs typed CFLs, LEDs, and fluorescent tuldesaturation currently stands at arounds40

Most sockets in the state could still be converted to CFLs and LEDs using bulb shapes and sizes
already availabl@ and often program suppe® at stores where consumers buy most light
bulbs.

Use of incandescent bulbs has decreased, but this trend started well before the January 1, 2012,
implementation of the first phase of EISA. The rate at which sockets are being comavested

from incandesents will likely accelerate with later stages of EISA, particularly the 2014
implementation of the 6Watt phaseout. The question remains: what bulbs will consumers
adopt in place of incandescent bulbs? The saturation results suggest that, even while CFL
saturation has stagnated, households have increased the number and proportion of sockets filled
with halogens, although virtually none of those found in onsite homes were the more recently
introducedA-line variety; instead, consumers used-pase and 8od-shaped halogens. Yet, the

Team expects that the usefdine halogen bulbs will increase as incandescents become scarce
simply because they look so much like traditional incandescent bulbs; consumers may not even

" Incandescent bulbs in the 750 to 1049 lumen range account for 46% of all incandescent bulbs in 2013. For
additional data se€able2-10in Section2.2.
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realize that they are buying haloge@ontinued incentives for all types of CFLs and LEDs

lower prices and greater availability of LERad increased education focusingAtine CFLs
could help offset consumérlisedalogeo’Weetherinweasing t h e
the saturatin of energyefficient lighting remains a challenge for the program will depend on

how consumers respond to EISA over the next few years. Therefore, continuation of incentives
for all types of CFLs and LEDs should be paired with continued regular trackseguration to
understand if and how saturation shifts in the coming years.

Finally, we found some mixed and inconclusive evidence of incandescent stockpiling; jn 2012
households who sefeported being likely to stockpile actually had more incandescents in
storageln 2013 incandescent storage rates did not vary significantly byreptirted likelihood

to stockpile. Overallonsite households are storjngn averageabout four incandescents, the

size of one typical pack of these bulbs, although it should be noted that some households had
dozens of incandescents stored for future use. In short, stockpiling is occbutng unclear if

this is due to EISA or reflegtnormal storage behavior. However, it is possible that EISA
induced stockpilingnay increase with the impending 2014 phase of the popular 68Vatt

bulb, but, for now, it appears that stockpiling rates are likely to remain low and confined to a
small bu important subset of consumers.

Based on the results of the onsite inventory, the Team sudiedisllowing recommendations
and considerations.

Recommendation 1: Continue trackinghe Massachusetts lighting market through regular
consumer surveys, oite saturation studies, shelf stocking surveys, and supplier interviews.
The regular tracking often annual or bannuad of the Massachusetts residential lighting
market since the late 1990s has yielded a time series of lighting market trends that erists fo
other jurisdiction in the nation. Continued tracking through at least 2015 and possibly beyond
will help the PAs understand the effect of EISA more fully and design programs that respond to
these impacts. It will also help them to prepare for thergbpbase of EISA that goes into effect

in 2020.Tracking of sandard and specialty styles of all bulb types shouldrbmtegral part of

these studies.

Recommendation2: The PAs should perform a ndb-gross studyas one hasnot been
performed since 2010This study would help to clarifywhether current programsupported

sales are helping to prevent backsliding to incandescents or incandescent halogen bulbs or
whether they represent a high amount of free ridershiphe Team completed a comprehensive
NTG sudy in 2010 but no further NTG studies have been completed since that time. Given the
implementation of EISA and the stagnation in eneafficient lighting saturation, a new NTG

8 Focus groups held in Connecticut in fall 2011 suggested that consumers wary of CFLs for certain applications
enjoyed the shape and light quality ofliAe CFLs that wer included in a light bulb demonstration. See NMR
Group, Inc. 2011.Connecticut Lighting Focus Groups: Exploration of Changes in the Lighting Market and
Reactions to Various Efficient Lighting ChoicEelivered to the Energy Efficiency Board in Decemb@t D
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study may be needed in order to understand the current impact of the Pgg-edfieient
lighting programs.

Consideration1: Consider revisions to program design to reinvigorate adoption of standard

and specialty CFLs. These revisions should include updated marketing strategies to boost use

of energyefficient bulbs in standard ad specialty applicationsA high-volume program would

need to continue with the PAsO® current wupstre
for other creative approaches. NMR understands that the PAs will soon pilot a market lift
strategy to promte CFLs and LEDs, and the program design incorporates an evaluation strategy

that will facilitate determining program impact. It may be worth considering some new
approaches in addition to marketdifperhaps some approaches that are untried and could be
explored. NMR does not have evidence of the efficacy of these approaches; they are offered
simply for PAsO®6 consideration. |t may be wor
following approaches, perhaps in the form of pilots:

1 The Team has beeald that the PAs will be applying greater support tin® CFLs
and will be treating them differently than other specialty CFLs. We support this
strategy and careful evaluation of whether it contributes to a reinvigoration of CFL
adoption in previously unconverted sockets.

1 Bulb buyback program$ Either buying working incandesdsnback at slightly
below their retail value or offering to replaceandescentwith CFLs. This could be
accomplishedat store kiosks oanothercentral locationThe incandescent buyback
could also be tied to a prograimat encourages consumers to ithsth of the CFLs
and LEDs they buy in a multipackther storing the extras in a multipack uatdulb
burns out. A buyback program may make them feel more comfortaileut
r e movabulbg hiat stil |l wor ksit@away.han si mply thr

1 Consider crospromotion of CFLs and LEDs with other residential programs. For
example, the PAs could offea discounted pack of energfficient bulbs to
households that take part in appliance recycling program or who purchase incented
energyefficient appliances or csumer electronics.

1 Incenting retail partners to reduce their stock of incandescents and incandescent
halogens. While this may initially appear to be outside the normal toolkit of program
options for the PAs, in reality, the market lift approach likehdketo the same action
of partners reducing their stock of less efficient bulbs to meet CFL and LED sales
targets.

Consideration2: Continue working with the residential retail products and other residential
evaluation Teams as well as program implemestéo understand the dynamics of consumer
satisfaction with CFLs and LEDs more fully The telephone survey demonstrated that
respondents who say they are satisfied with CFLs often have similar concerns about the
technology as those who are dissatisfied witkLs. The onsite analysis suggested that
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dissatisfied households used and purchased fewer CFLs, on average, than did those that were
satisfied with CFLs although, unlike the 2012 onsite report, the differences were not statistically
significant. The teldpone survey analysis of CFL experts and novices revealed the interesting
insight that both groups dislike the same things about CFLs and at the same rates. However, CFL
experts were willing to overlook the things they did not like to benefit from the yaed bill

savings and the long bulb life; novices were not willing to dd Bature research should
continue to explore the dynamics of CFL and LED satisfaction and what makes some
respondents Across overo to beiinstgusing effcrerd and
lighting.

Consideration3: Continue efforts to educate consumers about their bulb choices-pdSA,
helping them to make the most efficient choices possible for their lighting neddss
recommendation echoes those made in t#eplone survey report, but its importance is
highlighted by the fact that consumers currently have little awarendssireé halogens but are

fairly aware of CFLs. The opportunity exists now to help them understand the benefits of using
CFLs and LEDs over hagens in most applications in the home.

Consideration4: The PAs may also consider conducting a technical review of specialty CFLs
and LEDsand Arline CFLs and LEDsto determine which warrant program suppo®pecialty
socketsrepresenB8% of all socketsn homes in Massachusetts. Consumers still use very few
specialty CFLs(8%) and the consumer survey as well as anecdotal evidence suggest that
dimmable CFLs do not work properly and that reflector CFLs tend to burn out premagurely.
line CFL quality alsaemains a concern to some commentatBmisumers are just now starting

to use specialty LEDs, and the jury is still out on whethdéind LEDs and specialty LEDs will

meet consumer demands for dimmability and other specialty socket needs. If the PAs want
consumes to switch to energefficient bulbs in these sockets, they must make certain to
promote high quality bulbs that will meet consumer demands for dimmability and bulb life. This
assessment should also weigh the benefits and costs of shiftingnpreg@urces frorspecialty

CFLs toA-line LEDs andspecialty LEDs

Consideration 5: Work with evaluators to identify reliable ways of distinguishing between
incandescent and incandescent halogen bullisxcept for the clear class styles, it is very
difficult to distinguish between incandescent and incandescent halogen bulbs just by looking at
them. Stated wattage provides a possible way to tell the bulbs apart, but not all bulbs have
wattage stamped on them. In order to track saturation of these bultkatqeately in the years

to come, the PAs and evaluators will have to settle on a reliable method of identifying them.

° As explainedin the telephone survey report (delivered May 30, 2Gi8)ces were more likely than experts to
have lower education levels, to rent, and to live in multifamily homes, but none of these characteristics seem to
explain differences in EL satisfaction.
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1 Background and Methodology

This reportpresents the findings of research conducted to understand use, saturation, and
purchases of lighting products in Massachusetts in support of the Massachusetts ENERGY
STAR® Lighting Program (the Program). The findings are based on the results of an onsite
socket inventory of 150 households in Massachusetts conducted bdbgeember 2012and

March 2013 NMR Group, Inc.and its subcontractor DNV KEMA performed the research and
are collectively referred to d@he Tean® throughoutthe report. The inventory sought not only to
understand residential lighting use and purchase behawbralso tocharacterizelighting
conditionsone yearinto the implementation of newefficiency standards resulting fromhe
Energy Independence andcBety Act (EISA) of 2007° By comparing the current results with
those of previous lighting inventories in 20@®10,and 2012" the Teamcould also search for

any changes in residential lighting that could indicate impacts of these new standards.

1.1 Methodology

The Team identified households for inclusion in the onsite lighting inventory through the
Lighting Consumer @&rvey performed in December 2012 and January 2013 (hereaftéfirber

2012 consumer survey) The most notable change in methodoldgyolves the sampling
procedure. Thd?As are leveraging the Winter 20t@nsumer survewnd this second onsite
study withthe inprogress multstate Regional Hours of Use (HOU) effbrgpecifically, the

Team has placed loggers on light bulbs137 of the 150homes that took part in the onsite
householdsThe sample design fahe HOU study called for securing comparable numbers of
singlefamily and multifamily homesin both the telephone and onsite surveliserefore the
current onsite sample contains agkarproportion of multifamily households tharevious onsite
samples specifically, 54% of households (unweighted) were multifamily in 2013 compared to
33% in the 2012 onsite sampf&While we believe that the use of similar weighting assumptions
reducedany bias created by the oversampling of multifamily haonfes examination of the
weighted and unweighted data from 2012 and 2013 is presenBstiion2.2.4 We &amined
differences between the 2012 and 2013 samples across three general categories: size of home,
home type, and total sockets. Based on these anaN8#R does not believe oversampling
multifamily homes has falsely lowered the saturation estimateifagaything would slightly
increase saturation estimates. In addition, due to the inclusion of more multifamily homes the

1 The first phase of the new efficiency standardehich essentially banned the manufacturer and import of 100

Watt incandescent bulbswent into effect in January 2012. January 2013 ushered in similar standardsVi@tt75

bulbs.

" NMR, fiResults of the Massachusetts and Pennington County, South Pa@ktephone and Onsite Compact

Fl uor escent inMassachuSetts ENERGY &TAR Lighting Program 2010 Annual RBgtixtered to

the Massachusetts Program Administrators on June 13120 NMR AResul ts of the Massac!
Fluorescent Lamp Surveys. 0 Delivered to the Massachuse:
2NMR, Massachusetts Consumer Survey Results Winter. Zdt&ntly under review.

¥See NMR fiMassachusetts Consumer Survey Results Winte
consumer telephone survey.
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2013 sample is more similar to the state and less biased towards larger Homgthstanding

we notethose findings for which the ev sampling of multifamily homes may have influenced
the results of the onsite saturation woakhough we do not believe the issue was widespread
throughout the entire analysis

After completing the telephone survey, each survey respondent was adfefedentive to
participate in an onsite visit to their home. DNV KEMA randomly selected among all survey
respondents voicing interest and called to set up an onsite visit. The visits were conducted
betweenDecember of 2012nd March of 2013 The Teamsucessfully completed the desired

150 onsite visitsThis sample size achieves a 10% sampling error at the 90% confidence level
for all households in Massachusehi®te that throughout this report, we refer to\Wimter 2011

and Winter 2012telephone surveyespondents and th2012 and2013 onsite households;
however, the onsite households are a subset nfréspectivaelephone survey respondents.

During the onsite visits, a trained technician gathered detailed information on each socket in the
home. Ths information included:

1 Bulb type

Bulb shape

Wattage

Fixture type

Socket type

Room location

Specialty features

Date and store type where compact fluorescent lamps (CFLs) anenimgting diodes
(LEDs) were purchased

1 Manufacturer and model numberedchCFL and LED, when these could be determined

= =4 =4 4 -4 8 -9

The Teamalso collected data oall bulbs found in storagggrior to the 2012nsite inventoy,

we had only included CFLs in our storage assessment. However, given concerns about the
potential for incandesoé stockpiling due to EISA and the increased program support offered for
LEDs, the Program Administrators (PAsknergy Efficiency Advisory Council (EEAC)
consultants, anthe NMR Teamdecidedthat the 2012 and 2013 inventories woirdlude all

bulbs in he storage assessment to provide more information on these issues.

A typical onsite visit proceeded as follow& trained technician arrived at the home at a pre
scheduled time, introduced hinor herself, and asked for the contact person who had been
idertified when scheduling the visit.o ensure uniformityn data collectiorand facilitate quality
control checks! the technician walked around the outside of the home in a clockwise direction
recording all information on exterior lighting sockets. Next, the technician proceeded through the
inside of the home in a clockwise direction, beginning with the foyer (entryesg)going

4 The Team completed quality control revisits on 5% of the sample homes to ensure the reliability and validity of
all procedues and data collection.
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through each room and part of the home systematidéllige product was a CFL or LED, the
technician noted its manufacturer and model number and any specialty features. The technician
also asked the respondent to estimate when he or she gmdctiat particular CFL. The
technician and householder also examined all light bulbs in storage, again noting similar detailed
information on storelEDs andCFLsand asking the householder the specific reasonhehyr

she bought the stored bulbgastly, if the home wasalso selected for the HOU studyhe
technician instaéld lighting loggers on fixtures in targeted room types using a predetermined
random selection methodologVhe lighting inventory portion of thevisits typically took less

than two hars

Table1-1 presents tb currentweighting schemeAlthough the new sampling proceduralleo a

larger number of renterhan in previous onsite effortshe current sample still had a higher
proportion of homeownersthan exiss in the population of Massachusetts househblds.
response, theleam followed the same procedure as in other recent onsite inventories by
weighing the data oneducation and home ownership status so that the reported results would
better reflect the characteristics of all households in the atatebe comparable to previous
efforts The adjushentsfor householder education and home evahip/renter status were
estimatedusingt he Uni ted States Bur ea#Amednchn CorhnaunitfCe ns u s
Survey'® The Team usesthe proportionate weighting scheme when describing results for
households and the population weighting schimiich extrapolates to all housdtls in the

stat® when describing results for sockets.

Table 1-1: Population, Sample Sizes, and Weights for Onsite Survey

. Proportionate Population

Households Sample Size Weight Weight
Massachusett$otal 2,512,552 150 n/a n/a
Owneroccupied, High School degre 474,060 12 236 39.505
or less
OwneFoccu_pled, some college, 397,959 29 0.82 13.723
Associ ateobds Degr
Owneroccupi ed, Bac 736,455 56 0.79 13151
or higher
Renteroccupied, HiglSchool degree 407,684 11 291 37.062
or less
Renteroccu.pled, some college, 226,427 11 123 20,584
Associ ateds Degr
Renteroccupied, Bac 269,967 31 52 8,709
or higher

15 Underrepresentation of renters and respondents with lower levels of educational attainment is common in
telephone surveys. For example, see Galesic, MToRtangeay M. P . C o uQoraptemeghth@ Rafdpm i
Digit-Dial TelephoneSurveys with Other Approaches to Collecting Sensitive Dafemerican Journal of
Preventive Medicinevolume 35, Number 5.

® United States Bureau of the Censu®0062010 American Community Survey-YBar Estimates.
http://factfinder2.census.gov/faces/tabrvices/jsf/pages/productview.xhtml?pid=ACS_10_5YR_B25013&prodTyp
e=tableAccessed April 25, 2012.
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2 Use and Saturation

The Team estimatedCFL use and saturation (both interior and exterior sockatsyarily
through the onsite saturation survey, although ogeasionallysupplement these data with
pertinent information from the telephone survey. We note the source of the datddbiesl

2.1 Use of CFLs and LEDs

In order to determine if the onsite sample systematically differed from the telephone sample
regarding CFL use, we compared their responses to the telephone survey question asking
respondents if thelyjadever had CFLs installed in their home. W% of respondents to the

most recentelephone survey reported havihgda CFL installedat some pointa statistically

similar 67% of the 2013 onsite subset of respondents said they had used gTable 2-1). In

contrast, the subset of theinter 2012 telephone survey respondents who took part in the 2013
onsite were more likely to be aware of or familiar with CFLs. Thus, analysis suggests that there
is sone evidence that onsite households are more familiar with and open to using CFLs than the
entire survey sample was

Table 2-1: CFLs Ever Installed in Home
(Base: Alltelephone and onsitespondentgeflecting their telephone survey respgnse

Winter 2011 2012 Onsite Winter 2012 2013 Onsite

Have Ever Used a CFL

Telephone Survey Sample TelephoneSurvey Sample
Sample size 582 151 600 150
Yes 61% 68% 64% 67%
No 20% 16% 16% 19%
Donét know/ Ref 6% 4% 3% 4%
Not aware of / familiar with CFLg 13% 12% 18% 119

$3Significanty different from theWinter 2012telephone survegt the 90% confidence level
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A comparison of selfeported current CFL use betwettre 2009 and 2011elephone surveys
suggested that CFL use had declinethich raised concerns abotitends inthe use of the
bulbs?” However, utilizing the morestatistically valid measure of CFL use ithe onsite
inventoriesover the pastfour years showthat the percentage of householdsng at least one
CFL (i.e., penetration) has steaddyd significantlyincreased, from 88% in 2009 to 96%biath
2012and 2013Table2-2). This lends credence to the idea discusedughoutthe telephone
survey repodthat selfreportedCFL use is not always line with actual behavigreven if such
selfreportedoehaviorstill serves as a useful market indicator of consumer reactions ta CFLs

We also collected data on LED penetration in 2@h@d 2013 Penetration of LED$ncreasd

from 7% of respondents 2012 to 12% of respondents in 2013. Although this difference is not
significant, it doessuggestthat the number of homes that us&Ds is on the rise and, as
discussed in the telephone survey report, is likely to grow steadily as the upfront cost of the bulb
decreases.

Table 2-2: CFL and LED Penetration
(Base: All onsite respondents)

CFLs LEDs
Currently Installed
2009 2010 2012 2013 2012 2013
Sample Size 100 150 151 150 151 150
Yes 88% 92% 96%" 96%" 7% 12%
No 11% 8% 49" 49" 93% 88%

Significanty different from 200%t the 90% confidence level

' NMR, Massachusetts Consumer Survey Res2lt$2.
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The number obnsiteverified CFLs in use in homes has also increased over thdqastears.

In 2009, 53% of households used six or mamethis has consistélly increased in each onsite
surveyto reach76% in 2013(Table 2-3). Gains havealso been made in the use of specialty
CFLs over the past yearsn 2009, only25% of households used specialty CFLs, but this
percentagancreased significantly t®2% in 2013 The percentage of householdgthwlarge
numbers of specialty bulbs has also increased, with only 10% of households using six or more
specialty bulbs in 2009 compared28% in 2013. Importantly, the PAs revised the Program in
2010 to focus more on specialty bulbs, and this strateggaapdo have resulted i large
increasein the use of specialty CFLs in respondénteomesbetween 2009 and 2010, but
additional adoption appears to have slowed after 2010

Table 2-3: Current Use of CFLs by Type and Households
(Base: All onsiteesponden)s

2009 2010 2012 2013
Sample Size 100 150 151 150
All CFLs
Zero 12% 8% 49 49"
One to five 35% 31% 32% 239"
Six to fifteen 34% 35% 40% 4894°
Sixteen or more 19% 26% 25% 28%"
Standard CFLs
Zero 14% 12% 79%" 9%
One to five 37% 3% 46% 299
Six to fifteen 36% 32% 32% 419%
Sixteen or more 13% 18% 16% 20%
Specialty CFLs
Zero 75% 43%" 429%" 389"
One to five 16% 39%" 37%" 399"
Six to fifteen 9% 14% 18% 19%
Sixteenor more 1% 504" 4% 4%

ASignificanty different from 200%t the 90% confidence level
® Significanty different from 2010at the 90% confidence level
$ Significanty different from 2012at the 90% confidence level
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Table2-4 showsthatthe average number ofstalledCFLs increased a great deal between 2009
and 2010andremained steady between 2010 and3201 2009, the average household used 9.4
CFLs, andthis increased t@1.7in 201Q The numberemained steady at 11.6 in 2042d 11.8

in 2013(although the median increased from seven to nine between 2010 &)d2@&luse of
standard CFLs in 2013 again showed gains over previous years, witthedilghest reported
average number in use §&up from 8.3 in 2012) and median number in w/énup fromfive

in 2012).Results for specialty CFLs mimic those for all CFLs, with gains in use between 2009
and 2010 but with use remaining steady betw2@h0 and 203. The differencebetween the
median and mean numbers of CFLs is becawary of the CEs in use are accounted for by
relatively few householdssdisplayedn Table2-5.

Table 2-4: Current Use of CFLs
(Base: All onsiteesponden)s

2009 2010 2012 2013
Sample Size 100 150 151 150
All CFLs
Total CFLs in use 953 1,765 1,754 1,766
Mean number of CFL& use 9.4 11.7 11.6 11.8
Median number of CFLs in use n/a 7 9 9
% of all CFLs in use 100% 100% 100% 100%
Standard CFLs
Total CFLs in use 820 1,259 1,247 1,288
Mean number of CFLs in use 8.1 8.4 8.3 8.6
Median number of CFLs in use n/a 5 5 7
% of all CFLs in use 86% 71% 71% 73%
Specialty CFLs
Total CFLs in use 133 506 507 478
Mean number of CFLs in use 1.3 34 34 3.2
Median number of CFLs in use n/a 1 1 1
% of all CFLs in use 14% 29% 29% 27%

" Median not reported in 2009
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About onehalf (51%) of the CFLs in usan 2013were concentrated in homaesith 16 or more

CFLs installedTable 2-5). Households usind6 or more standard CFLs accounted 48% of

all standard CFLsn 2013 and households using six to fifteen CFLs accounted for 60%
specialtyCFLs installed in 2013The concentration of all CFL types by number of CFLs in use

has remained largely stable over time, with the exception of 2010 when the inventories suggested
even more concentration in homes that used 16 or more CFLs.

Table 2-5: Current Use of CFLs by Percentage of CFLs Installed
(Base: All installed CFLs)

2009 2010 2012 2013
Sample Size 953 1,765 1,754 1,766
All CFLs
One to five 10% 8% 8% 7%
Six to fifteen 38% 27% 38% 42%
Sixteen or more 52% 66% 55% 51%
Standard CFLs
Sample Size 820 1,259 1,247 1,288
One to five 13% 11% 16% 11%
Six to fifteen 47% 36% 39% 46%
Sixteen or more 40% 53% 45% 43%
Specialty CFLs
Sample Size 133 506 507 478
One to five 24% 27% 28% 24%
Six to fifteen 55% 32% 47% 50%
Sixteen or more 21% 40% 25% 26%
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The number of LEDs in use in homes was considerably lower than that of QRL&id show
slight increases from 204 Zable2-6). Only 7% of homes were observed to contain a total of 92
LEDsin 2012 whereas 12% of homes containk2i7 LED in 2013.Furthemore the percerage

of households with one to five LEDs instllincreased significantly from 5% in 2012 to 10% in
2013.The mean number of LEDs wag @or all household# 2013 As in 2012, a small number
of households accounted for the majority of LED UBee household accounted 8 of the

127 LEDs (54%),'® with another accounting for 17 of the 127 or 13% of all LEinsother
words these two homes accounted for-thiods of the LEDs found in the onsite homes

Table 2-6: Current Use of LEDs
(Base: All onsiteespondents and installed LEDs

LEDs Massachusetts Onsite Sampl2012 Massachusetts Onsite Sample 261
Sample Size 151 150
Number of Bulbs 92 127
Zero % of Households 93% % of Households 88%
% of LEDs 0% % of LEDs 0%
. % of Households 5% % of Households 1094
One to five
% of LEDs 13% % of LEDs 30%
. . % of Households 1% % of Households 1%
Six to fifteen
% of LEDs 12% % of LEDs 5%
. % of Households 1% % of Households 1%
Sixteen or more
% of LEDs 75% % of LEDs 64%
Mean# of LEDsin use 0.6 0.7
Median# of LEDsin use 1 <1

® Significanty different from 2010at the 90% confidence level

2.2 Socket Saturations and Remaining Potential

The commencement of EISA implementation coupled with continued substantial program
support for CFLs and LEDs has increased concerns about an apparent stagnation in socket
saturations for energgfficient light bulbs. The team performed substantial analysesamine

the socket saturations and remaining potential in more deétailalso performed analyses to
examine potential bias in saturation that could have resulted from sampling a greater number of
multifamily homes than in previous saturation studies.

18 All 68 of these LEDs were under cabinet lights.
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2.2.1 Socket Saturations: 2009 to 2013

The percentage of sockets filled with CFhasremained relatively stable over the pé&sar

years. In both 2009 and 2010, just over -tomath of the sockets in onsite homes (26%)
contained CFk, and the percentagecreased just slightly (and not significantly) to 27% in 2012
and 28% in 2018Table2-7). The confidence interval ranged from 24% to 3Z%L saturabn
showed minor variability between interior sockets (28%) and exterior sockets (22%), with CFLs
being slightly more prevalent indooi§one also considers LEDsaturation i80% (there were

too few bulbs to compute a valid confidence interval)d ading traditional fluorescent bulbs
increasesaturation of alenergyefficient bulb typeso 39%, with the final confidence interval
ranging from 34% to 44%The percentage of sockets filled with incandescent bulbs decreased
from 2009 t02013 (62% to %%) and, optimistically from an efficiency perspective, the
saturation of halogen bulbs was at its lowest since 2009 (5%) and down from both 2010 and
2012!° There was also a slight increase in L&Rurationfrom 1% in 2012 to 2% in 2013.

Saturations of spéty bulbs of any typeincreasedfrom 2009 and 2010 (30%and 31%
respectively to 38% in 2013 The high percentage of specialty bulbs in 2012 (48%) appears to
have been due to a higher than typical number of candelabdafloodshaped bulbs found in

that inventory, which may reflect high concentration in a few homes or technician error in
identification of bulb shap®. Saturation®f specialty CFLs increased from 4% in 2009 to 7% in
2010 when the program began to target themd have remained stableirsce then Such
increases provide further evidence that the new program focus on specialty CFLs may be having
the desiredeffect of boosting use of specialty CFLs, but that boost seems to have occurred
between 2009 and 2010, with a leveling sificethattime. A-line CFLs represent a smalbut
growing, percentage of specialty CFLs found in the 28ample 2% of all sockets, and about

20% of all specialty CFLs), although these are the CFLs that most resemble the majority of
incandescent bulbs and couldphalleviate concerns about fit with fixtures and lamp shades as
well as the aesthetic shape oftheb@wv er al | , we found a tot al of
households in 2013, with the majority of these sockets being located on the interioo{akeo)

home as opposed to the exterior (6%).

91t should be noted that reporting halogen saturation is inherently problematic with the additidines#les to

the market. They not only look like incandescents, but technically are a type of incandescent bulb. As such, it is
unlikely that technicias identified these bulbs with 100% accuracy during the lighting inventories. While our
training efforts and quality control procedures limit the frequency of such misidentifications, minor errors can have a
large impact on annual estimates for the lessroon bulb types due to small sample sizes.

% Specialty bulbs include dimmable and thweasy bulbs of any kind; ircline fluorescentsflood/spot and tube
halogens; lhnon-spiral CFLs andbug, candelabrdlood/spot, globe, and bullet/tcgdoincandescertulbs.
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Table 2-7: Socket Saturations

(Base: All onsiteesponden)s

Pagell

CFLs)

Sockets Containing 2009 2010 2012 2013

Sample Size 100 150 151 150

Total Sockets 3,709 6,741 6,565 6,341
Incandescent bulbs 62% 57% 53% 55%
CFLs 26% 26% 27% 28%
Fluorescent 6% 9% 8% 9%
Halogen 5% 7% 11% 5%
LEDs <1% <1% 1% 2%
Other’ <1% 1% - 2%
Any specialty bulb 30% 31% 48% 38%
Any specialty CFL 4% 7% 8% 8%
Any specialty CFL (not including-line i i 7% 6%

NMR
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Figure 2-1 displays the 2010 to 2013 distributions of CFL saturation across Bothasis, the
saturationfor each individual onsite honrather than across all sockets in the state, as reported

in Table 2-7. The data for all years point to a riggkkewed distribution, athe mass of the
distribution is concentrated on the left of the figurapatantly, though, the skew has become

less pronounced over time, meaning saturation in individual homes is increasing even though the
overall saturation across all homes has only crept slightly hfgHer.addition, the median
saturatio® that is the miedwvay pointd has consistently increased from 23% in 2010 to 31% in
2013, providing another indication that a greater number of households are installing CFLs in an
increasing percentage of sockets.

Figure 2-1: CFL Saturation per Household
(All onsite households, 2010 to 2013; data are unweighted)

Median Saturation
2010 - 23%
2012 - 28%
2013 - 31%

w
o

N
w
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Number of Homes

(=9
w

B L i

0% 1% to10% 11%to 21%to 31%to 41%to 51%to 61%to 71%to 8l%to 91%to
20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Sockets
m2010 m2012 =m2013

2.2.2 Socket Saturations by Lumens Ranges

To examine saturation by lumen output, the Team first transformed wattages into lumen ranges
based on estimated efficacy fradBtNERGY STAR?? Table 2-8 shows the wattage ranges and
estimated lumen ranges assumed for this anaysis

Table 2-9 presentsthe maximum allowable wattage by lumen range according to EISA
requirements by yealt is important to note thé&br the purposes of analyzing bulbs by lumen

% The reason for the difference between the datkigure 2-1 and those reported earlier for overall saturation

reflect the method of calculation. Figure2-1, we find the saturation for each home and then average the results;

the overall saturation rate looks across all sockets and across all homes. For example, a small home with 25 sockets
and 10CFLs has saturation of 40%; a large home with 100 sockets and 20 CFLs has a saturation of 20%. The
glzverage of these two individual saturation rates is 30%, but the saturation rate calculated across all sockets is 24%.

http://www.energystar.gov/ia/partners/promotionsfed® light/downloads/Fact%20Sheet Lighting%20Technologi
es.pdf?a2d®832
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categories, the teamasnedthe majority of halogen bulbs installed in homes wareEISA
conpliant, so the lumens ranges listed below for halogens are accurate for the vast rofjority
these bulbs found in homes but are not accurate forettyefew EISA-compliant halogenund

in homes andow beingsolbn r et ail ersd shel ves
Table 2-8: Lumens per Watt by Bulb Type
Watt Equivalents

Lumen Range CFLs Fluorescent Halogen Incandescent LEDs
<310 <4 <4 <24 <20 <4

310749 5-12 5-9 2560 21-50 5-10
750-1,049 13-16 1013 61-84 51-70 11-14
1,050-1,489 17-23 14-19 85-119 71-99 15-19
1,490-2,600 24-40 20-33 120-208 100173 20-33
2,600+ 41+ 34+ 209+ 174+ 34+

Table 2-9: Lumens per Watt by Bulb Type

EISA Requirements (Maximum Watts)
Lumen Range 2011 2012 2013 2014
310749 40 40 40 29
750-1,049 60 60 60 43
1,050-1,489 75 75 53 53
1,490-2,600 100 72 72 72
2,600+ n/a n/a n/a n/a
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As Table2-10 shows, bulbs with a lumen range between 750 and W@d9the most commonly

found bulbs in all homes regardless of bulb type. This corresponds with 60 Watt incandescent
bulbs and 1316 Watt G-Ls. Among standard bulbs, the 750 t64P lumen range is also the
most common lumen randd9% of standard bulbs), whilemong specialty bulbs 310 to 749

was the most common lumen ran@#% of specialty bulbs)This corresponds with 40 Watt
incandescerthulbs and 512 Watt CFLs.

CFLs. The majority of CFLs (82%)efl within two lumen ranges. CFLs in the 73049 lumen
rangewere the most common (63%), followed distantly by 501,489 lumen range (19%).

Fluorescents.Fluorescent bulbsefi within higherlumen ranges compared to CFLsldgens,
andincandescent bulbs. Fluorescent bulbs in th@0@+ rangewvere the most common (52%),
followed by 1490-2,600 (32%), and ,050-1,489 (11%).

Halogens. Keeping in mind thathalogen bulbs found onsitewere assumed to bealmost
exclusively preEISA compliant, the &logensobserved typically fellin the 316749 range
(66%), followed by the <310 range (15%), and the 10589 range (15%).

Incandescents The majority of incandescent bulbs (79%@l fwithin two lumen ranges.
Incandescents in the 750049 lumen range we the most common (46%), followed by the 310
749 lumen range (33%).

LEDs. For the majority of LEDs (55%) the wattage was unknown and thus we were unable to
determine a lumen range. This is becamssy LED bulbs do not have the wattage written on
them making it difficult to obtain without the original packaging. For LEDs where the wattage
was known, most fell within the two lowest lumen ranges (33%) <310 ard43.QL3%).

Table 2-10: Saturation by Lumens
(Base: All onsiteespondenis

Lumen Range | All Types CFLs Fluorescent Halogen Incandescent LEDs
Sample Size 150 150 150 150 150 150
All Bulbs

<310 2% <1% 0% 15% 2% 20%
310749 25% 9% 3% 66% 33% 13%
7501049 45% 63% 2% 2% 46% 5%
10501489 13% 19% 11% 15% 10% 4%
14902600 10% 8% 32% 2% 9% 4%
2,600+ 5% 1% 52% 1% <1% 0%
Don't Know 1% 1% 0% <1% <1% 55%
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2.2.3 CFL Socket Saturation by Bulb and Fixture Characteristics

Saturation of CFLs remained consistent or shoeelg slight variation from 2009 to 203 in

most room typesT{able2-11). Notable gains in CFL saturati over timewereachievedn home

offices and utility/laundry rooms with smaller but important increases also observed in bedrooms
and bathroomsDecreased usage was evidenb@asements and garages. The table reveals slight
to moderate volatility of CFlsaturation in several room types over time (e.g., exterior, dining
roomsP but, on the whole, saturation was mostly stable. Of note, in rooms or areas where CFL
usage was not considerable (i.e., home exteriors and dining rotmshehavior of one
individual could greatly influenceCFL saturationin the sampleFor example, in the 2010
sample, the high saturation rate of 27% in large part reflected the behavior of one household with
numerous exterior flood CFLs, while the saturation rate in dining roor®81# was accounted

for by one home installing nearly four times the number of CFLs in the dining room than the
next closest respondent.

Table 2-11: CFL Socket Saturation by Room Type
(Base: All onsiteesponden)s

Room Type 2009 2010 2012 2013 As\(laecrgg 585?2' g‘(’)ecrlzgg ;8;%'
Sample Size 100 150 151 150 151 150
Living Room 33% 35% 32% 34% 5.3 5.5
Office 23% 24% 31% 34% 1.1 0.9
Kitchen 30% 28% 35% 33% 5.4 6.2
Utility/Laundry 0% 19% 10% 33% 0.7 0.4
Bedroom 26% 28% 31% 30% 8.1 8.2
Hall 28% 28% 31% 30% 2.7 2.7
Family Room 15% 25% 27% - 1.6 -
Basement 34% 26% 23% 26% 3.8 2.8
Bathroom 18% 27% 23% 24% 5.4 6.0
Den” - - - 23% - 0.3
Exterior 19% 27% 18% 22% 2.6 2.4
Garage 38% 12% 13% 21% 0.6 1.0
Dining Room 20% 10% 17% 20% 3.3 3.3
Foyer 16% 21% 21% 15% 1.1 0.6
Other 0% 14% 21% 25% 1.8 1.9

" Average number of sockets across all rooms of this type in all homes in the study. Note that some homes do not
have all room types, hence averages that fall below one.

“I'n 2013 AFamily Roomd was grouped with ALiving Roomod i
"In2013iDend was an additional room category not |isted i
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In each of thesampledrom 2009 to 2013CFLs were most commonly found in portable fixtures

Pagel6

such adloor lamps andablelamps (73% in 200976% in 201081% in 2012, and 85% in 201L3

(Table 2-12). Use of CFLsfor recessed and track lighting showed marked gains in 2013

compared to all previous years. CFLs also remain popular chimce®iling fans (26%) and
ceiling flush mounts (31%). Across the four yedf&L saturationdeclinedonly in pendant
fixtures (from16% to 14%) and ceiling fans (28% to 26%)

Table 2-12: CFL Socket Saturation by Fixture Type

Sockets Containing| 2009 2010 2012 2013 /;‘(’)irlzgi gg;%' AS‘(’)eCrliegtg ;8;%'
Sample Size 100 150 151 150 151 150
Floor Lamp 38% 35% 44% 48% 21 25
Table Lamp 35% 41% 37% 37% 5.1 5.6
Ceiling Fan 28% 30% 33% 26% 25 3.8
Ceiling Flush Mount 29% 24% 32% 31% 11.7 10.1
Wall Mount 21% 27% 20% 22% 7.1 6.8
Recessed 17% 23% 23% 30% 7.2 5.0
Pendant 16% 18% 15% 14% 5.4 4.0
Track 8% 9% 8% 28% 1.1 0.8
Night Light 0% <1% 0% 0% 0 0.1
Under Cabinet 0% 3% 3% 6% 0.5 1.2
Other 0% 10% 22% 23% 0.3 2.3

" Average number of sockets acrossfiatures of a given typén all homes in the study. Note that some homes do

not have alfixture types hence averages thiall below one.
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Table2-12 above displayed CFL saturation for all fixtures of a given type. In coniralte 2-

13 presents data only on fixtures with CFLs installed in them and shows the frequency of CFL
installations within those fixtures. Twensyx percent of CFLs in 2013 were installed in ceiling
flush mount fixtures, with table lamp fixtures followingl&%. Trackand undeicabinet lighting
represented the lowest percentage of total CFL fixture types installed (2% and 1%, respectively).
The pattern of installation in 2013 is very similar to tha2@12.

Table 2-13: CFL Fixture Type Saturation by CFL Total Fixtures
(Base: All onsiteesponden)s

Sockets Containing 2012 2013
Sample Size 151 150

Number of CFLs 1,754 1,766
Ceiling Flush Mount 32% 26%
Table Lamp 18% 18%
Recessed 14% 13%
Wall Mount 12% 13%
Floor Lamp 8% 11%
Ceiling Fan 7% 8%
Pendant 7% 5%
Track 1% 2%
Under Cabinet 0% 1%
Other 1% 5%
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The saturation of screWwase socketsose to 32% in 2013 afteemairing relatively stable at

28% and 29% in the previous threampleqTable 2-14). However, the saturation of plmase
socketshas been more unstabtiecreamg slightly from 2009 to 201011% to 7%) increasing

to 15% in 2012, and then decreasing to 6% in 2013. Thterpas driven bythe amount of
traditional fluorescent lightingvhich is also pirbasel, that we find in homegTable2-7). One
important change invees GU base socket typésprior to 2012 all the GU base sockets were
filled with CFLs, but the 2013 inventory found 7% were filled with LEDs. This represents a
small number of bulbs but does point to a wider range of LED adoption than has been found in
previous inventories.

Table 2-14: CFL Socket Saturation by Socket Base Type
(Base: All onsiteespondenis

Sockets Containing 2009 2010 2012 2013
Sample Size 100 150 151 150
Screw base (small/medium) 28% 28% 29% 32%
Pin base 11% 7% 15% 6%
GU Base 0% 100% 100% 93%
Other/Unknown 0% <1% 100% 0%

Again looking only at sockets with CFLs, 96% of CFLs were installed in sbem& socket
types (small/medium types), up from 91% in 2012. The remaining CFLs were eitHeaggin

(3%) or GU base (1%{rable2-15).

Table 2-15: CFL Socket Base Saturation by Total CFL Socket Base

(Base: All onsiteespondenis

Sockets Containing 2012 2013
Sample Size 151 150
Number of CFL Sockets 1,754 1,766

Screw base (small/medium)

91%

96%

Pin base

8%

3%

GU Base

<1%

1%

Other/Unknown

<1%

0%

NMR




Massachusetts Onsite Lighting Socket Inventory Report Pagel9

Despite the increased use of specialty CFLs, they stilhbadeen adopted in great numbers at
the time of the 2013 onsitelsooking first at shape, oriith (22%) of flood or spot lamps were
CFLs, and 14% of globe lamps were CFLs, both increases from ZDdide(2-16).2
Alternatively, wheeas 21% of tubshaped bulbs were CFLs in 2012, this number dropped to
9% in 2013* Only four percent of Aine bulb$ the most common bulb shape found in
home® were CFLs, largely reflecting the fact that the spiral CFL is meant to replacdiaa A
incancescent bulb. Looking at specialty contrdlse saturation of threeray bulbsand dimmable
bulbsthat are CFL$as shown a great deal of fluctuation across suévérgsn 6% in 2012 to
19% in 2010 likely reflecting the limited number found in homes. Impotignpoor CFL
dimmability remained a persistent complaint in the telephone survey. In addition to small sample
sizes for some bulb types, theamalsobelieves that mislabeling of lighting technaleg in a
given year or by particular technicians may asdofor some of the larger variations in socket
saturation over timé

Table 2-16: CFL Socket Saturation by Bulb Features
(Base: All onsiteesponden)s

Sockets Containing 2009 2010 2012 2013

Sample Size 100 150 151 150

Flood/Spot 10% 17% 13% 22%
Globe” 11% 40% 8% 14%
Tube 14% 14% 21% 9%
A-line’ 3% 2% 3% 4%
Candelabra 1% 1% 8% 4%
Circline” 44% 2% 5% 0%
Dimmable” 9% 19% 6% 11%
Threeway 17% 27% 23% 19%

"A-line bulbs are the typical shape for standard incandescent lAHlise CFLs are made to look and feel like
traditional incandescent bulbs.

” Differences in the pictures provided to identify CFLs may have influenced whether technicians classified these
prodicts as CFLs or other types of lighting. Moreover, sample sizes for circline bulbs are small.

™ Dimmable and threevay bulbs also fall within shape categories and therefore are not additive.

% We have not shown all Hultypes here, as some are found in fewer than 5% of homes and small variations in use
by just one or two households can greatly alter the reported percentages.

241t may be that the higher than usual percentage in 2012 reflected a large numbeisbap#€FLs in just a few
homes or technician bias in identification of bulb types.

% While our training efforts and quality control procedures limit the frequency of such misidentification, even minor
errors will have a large impact on annual estimates #tess common bulb features, fixture types, and control type
due to small sample sizes.
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The spiralshaped CFL bul® the standard buéb represented the largest number of CFL bulbs
installed (75%)in 2013 (Table 2-17). Flood/spot and Aine CFLs had notable levels of
saturation at 11% and 5%, respectively.

Table 2-17 CFL Feature Saturation by Total CFL Feature Sockets
(Base: All onsitaespondents

Sockets Containing 2012 2013
Sample Size 151 150

Number of CFL Sockets 1,754 1,766
Spiral 71% 75%
Flood/Spot 9% 11%
A-line 3% 5%
Tube 10% 4%
Globe 2% 3%
Candelabra 4% 1%
Bullet/Torpedo 0% 1%
Bug Light 0% <1%
Other 0% <1%
Circline 0% 0%
Dimmable 2% 4%
Threeway 2% 1%

2.2.4 CFL Saturation by Home Size and Type

Previous studies performed by theamsuggest that socket saturation vabg home sizewith

smaller homes often having higher saturation éat@though fewer sockets ovem@lthan larger
homes.This analysisalso helpsto determine ifthe size of homes in the study were skewed
towards larger homes and atrtificially lowering socket saturatidkcewise, we also examined

CFL saturation by home typemeaning single family or multifamiéy and by total number of
sockets. Thesthreeanalyses ot only help us to understand saturation more completely, but they
also provide for an assessment of potential bias in the saturation estimates, particularly those that
may have stemmed from the sample design that increased the proportion of multifanmely ho
included in the 2013 sample.

Table2-18 compares the number of bulbs installed and CFL saturation for onsite homes visited

in 2012 and2013 For each yearhec ol umn A Massachusetts Censuso
homes by the number of rooms in the homkile the second columrii Ma s s acOnsits et t s
Visits s hows the same for the onsite participan
of sockets foud in homes of that size, while the final column shows the average, unweighted
saturation. These data show that each yearthe onsite sampéewere slightly biased toward

larger homesbut the 2013 sample was more similar to the distribution of homs ®read in

the state than was the 2012 sample. This is largely due to the multifamily sampling strategy. In

NMR
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the 2012 effort, NMR noted the possibility that saturation could have been slightly higher than
the 27% due to the inclusion of more large homethat sample. In contrast, given that the
distribution of homes in the 2013 sample is more similar to the state and less biased towards
larger homes.

NMR



Massachusetts Onsite Lighting Socket Inventory Report

Page22

Table 2-18: Analysis of Saturation by Home Size 2012 and 2013
(Base: Allonsite espondentsdata are unweightgd

2012 2013
Total Rooms Massachusetts| Massachusetts Aveéi?k?s# of CFL Massachusetts| Massachusetts Aveéi?t?s# of CFL
Census Onsite Visits Saturation Census Onsite Visits Saturation
Installed Installed

Sample size 2,520,419 151 151 151 2,799,357 150 150 150

1 2% 2% (3) 21 20% 2% 1% (1) 12 33%
2 3% 1% (2) 10 45% 3% 1% (2) 14 57%
3 10% 6% (9) 30 32% 10% 11%(17) 17 38%
4 15% 9% (14) 29 43% 16% 15%(23) 28 23%
5 18% 10%(15) 35 27% 19% 15%(23) 32 32%
6 18% 22%(33) 40 33% 18% 16%(24) 46 26%
7 13% 10%(15) 58 26% 12% 17%(25) 55 27%
8 10% 17%(24) 58 25% 9% 8% (12) 58 38%
9 120" 8% (12) 70 26% 110 6% (9) 76 18%
10 or more ° 13%(19) 84 18% ° 9% (13) 69 30%
Dondt kno - 2% (3) 118 24% - 1% (1) 31 7%

"Total occupied housing units

” MA Census only reports homes with 9 rooms or more

8 Significanty different from 2012at the 90% confidence level
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As discussed in Sectidhl, the sample design for the HOU study required changes to the onsite
sample. Specifically, the 2013 onsite sample coathia larger proportion of multifamily
households than previous onsiemples. To explore possible effects created by oversampling
multifamily homes, we examined saturation data both weighted and unweighted by home type
and the total sockets number of sockets again weighted and unweighése. analyses also
provide additioal insight into the patterns governing socket saturation

Table 2-19 shows the total sockets, average number of sockets, saturation of-effiergyt

bulbs, and potential for CFLs or LEDs by home type both weighted and unweighted for 2012
and 2013. For single family homekge datawere comparable between 2012 and 2013. While the
unweighted data shad a slight increase in energpfficient bulb saturdon, whenwe applied

the weighting schemethe differerre in saturation was negligible. Similarly, while the
unweighted datalemonstratedsome differences between multifamily saturation in 2012 and
2013, the weighted energgfficient bulb sattation amongnultifamily homes wa 41% in both

2012 and 2013. While nttifamily saturation estimates we relatively higher theywere
statistically simiér to single family estimates.

Finally, examining the influence of multifamily homes on the overall saturationisjeve
multifamily homes accounted for approximately 16% of total weighted sockets in 2012 and
nearly 37% of total sockets in 2018Given the relatively higher saturation levelsiang
multifamily households they have tlgeneral effect of increasing satucati estimatesalbeit
rather slightly

% According to the Census, multifamily housing accounts for 41% of the housing stock in Massachus€tbleSee
A-3.
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Table 2-19: Analysis of Saturation by Home Type
(Base: All onsite respondents)
Weighted Unweighted

Single Family Only 2012 2013 2012 2013
Sample Size 118 69 118 69
Total Sockets 5,525 3,995 6,913 4,131
Average # of Sockets 47 58 59 60
EE Bulb Saturation 35% 37% 35% 40%
Potential for CFLs or LEDs 65% 62% 65% 59%
Dondt Know/ Emj - 1% - 1%
Multifamily Only 2012 2013 2012 2013
Sample Size 32 81 32 81
Total Sockets 1,040 2,346 751 2,451
Average # of Sockets 33 29 24 30
EE Bulb Saturation 41% 41% 45% 41%
Potential for CFLs or LEDs 59% 57% 55% 56%
Dondét Know/ Emj - 2% - 3%
All Homes 2012 2013 2012 2013
Sample Size 150 150 150 150
Total Sockets 6,565 6,341 7,664 6,582
Average # of Sockets 44 42 51 44
EE Bulb Saturation 36% 3% 36% 40%
Potential for CFLs or LEDs 64% 60% 64% 58%
Donét Know/ Emj - 2% - 2%

" EE Bulb Saturation is the percentage of all bulbs that are consideeegy efficient. This includes CFLs, LEDs,

and Fluorescent bulbs.

" Potential for all CFLs and LEDs is the percentage of all bulbs that are halogen or incandescent bulbs.
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Next we examined the total number of sockets by household in 2012 and 2013 bdttedveig
and unweighted. A$able2-20 shows, mean number of sockets in 2012 and 2013 (weighted and
unweighted) are statistically similar. Grouping houdds by total number ofocketsreveals

only two significant differences among the weighted data. In 2012, the proportion of homes with
50 to 74 sockets was significantly lower and the proportion of homes with 100 to 124 sockets
was significantly higher copared to 2013. Examining the unweighted data, there are also two
significant differences, in 2013 there were significantly more homes with 24 or fewer sockets
and there were no homes with 125 or more sockets (compared to eight in T2Hsd).results

also show that the weighting scheme brings the data much closer together for 2012 and 2013
than observed in the unweighted data. In short, the weighting scheme goes a long way to
accomplishing its goal of reducing the impact that any bias in the sample orthesfindings.

Table 2-20: Analysis of Total Sockets 2012 and 2013
(Base: All onsite respondents)

Weighted Unweighted

Total Sockets 2012 2013 2012 2013
Sample size 150 150 150 150

24 or less 33% (49) 31% (47) 19% (28) 29% (44%
25t0 49 43% (64) 36% (54) 41% (62) 33% (50)
50 to 74 10% (15) 22% (33§ 23% (35) 25% (37)
75 to 99 7% (10) 7% (10) 9% (14) 11% (16)
100 to 124 4% (6) 1% (1f 2% (3) 2% (3)
125 or more 4% (6) 3% (5) 5% (8) 8
Mean 44 42 51 44
Median 32 38 44 39
Standard Deviation 38 30 34 25

3 Significantly different from 2012 at the 90% confidence level

Based on the above findings, NMR does not believe oversampling multifamily homes has falsely
lowered the saturation estimafherefore, NMR recommends the estimate of 28% CFL socket
saturation and 39% for all energfficient bulb types, particularly given that we arrived at this
estimate, which is very similar to those for the past few years, using a different sampling scheme
that secured a wider variety of home sizes and more multifamily properties than in past efforts.

2.2.5 Remaining Saturation Potential for Energy-efficient Bulbs

Using the estimate of energyficient bulb saturation (i.e., 39%), optimistically, if each
incandescentand halogen bulb were converted to a CFL, approximately 61% of sockets in the
2013 sample could still be converted to sciewCFLs or LEDs. Specialty sockets (based on
nontA-line bulb shape as well as fixture controls) accound®# of all potential sockets in the
home).It is unlikely that thepotential for CFLs and LEDwill ever be met, howevegs some
consumers will turn to Aine halogen bulbs, stockpiled incandescents, andcstifipliant
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incandescents to fill certain sockefcherebre, the achievable saturation for eneegfjcient
lighting is likely less than 100%. tAthis time we have inadequate data to predict what the

ultimate saturation rate will be, but the Regional Lighting Strategy has a goal 6f 90%

Table 2-21: Percentage of Sockets Filled with Standard or Specialty Bulbs

(Base:All onsite respondenys

Bulb Type All Bulbs Standard Bulbs Specialty Bulbs
Sample size 150 150 150

All Bulb Types 6,342 4,236 2,106
Incandescertulbs 3,501 50% 65%
CFLs 1,766 33% 18%
Fluorescent 568 12% 3%
Halogen 290 1% 12%
LEDs 104 2% 1%

D o hkdhowEmpty socket 113 3% <1%
Potential for CFLs or LEDs 3,791 57% 43%"

" Potential for all CFLs and LEDs is the percentage dballbsthat are halogen or incandescent bulbs.

“ Potential for specialty CFLs and LEDs is the percentagsl dfalogen and incandescent bulbs that are specialty
this includes halogens that are {based,although to replace these bulbs with CFLs or LEDs, the entire fixture
would have to be replaced to accommodate a screw base bulb.

?"Lis, D. and C. Miziolek. 2013Residential ighting Sragegy:2012Update &Future Planning Northeast Energy
Efficiency Partnerships Webinar held on Friday, May 17, 2013.
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The Team also examined potential for subsets of housel#ddgable 2-22 shows, differences

in saturation potential based on demographic characteristics are minor, suggesting that potential
exists among a wide variety of households. However, owners have sighyficaore total
sockets compared to renters and single family households have significantly more sockets
compared to multifamily households. Given the relative number of total fixtures, the majority of

potential exists among owners and single family housgsleven if the remaining potential does
not vary much proportionately

Table 2-22: Overall Saturation Potential by Demographic Characteristics
(Base: All2013onsiterespondenis

Average
Demographic Characteristic n Saturation Average Sockets Saturati_on
Potential per Home Potential
Sockets
Ownership status
Own or buying 97 61% 54 33
Rent or lease 53 56% 22 12
Type of home
Single family 69 62% 58 36
Multifamily 81 57% 29 17
Income status
Low income a7 59% 41 24
Not low income 103 60% 43 26
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Similarly, examining the saturation potential by room type suggests that while substantial
saturation potential (greater than 30%) for CFLs and LEDs exists across all room types, when the
relativenumber of sockets are factored in, the vast majority of saturation potential (70%) exists
among the five rooms with the greatest number of total so¢Katde 2-23). These rooms are:
bedrooms, kitchens, bathrooms, living rooms, and dining rooms.

Table 2-23: Overall Saturation Potential by Room Type
(Base: All2013onsiterespondenis

RoomType Total Sockets Saturation Potential for Saturation Potential
CFLs or LEDs Sockets
Sample Size 150 150 150
Total Sockets 106,219,747 63,495,417 63,495,417
Bedroom 20,581,490 62% 12,806,115
Kitchen 15,694,497 44% 6,895,385
Bathroom 15,141,964 68% 10,339,861
Living Room 13,938,024 60% 8,388,282
Dining Room 8,328,244 76% 6,317,829
Basement 7,042,714 43% 3,023,841
Hall 6,834,668 67% 4,568,224
Exterior 5,920,890 75% 4,422,794
Other 4,660,819 53% 2,462,616
Garage 2,573,639 32% 811,566
Office 2,240,201 61% 1,368,974
Foyer 1,580,588 7% 1,209,590
Utility or Laundry Room 879,844 33% 291,713
Den 802,165 73% 588,627
Sockets per Household 42.3 25.3 25.3
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Finally, one area where saturation potential varies greatly is among specialty sockeableAs

2-24 shows, while the saturation potential for CFLs or LEDs among standard bulbs is 51% it is
77% among specialty bulbs. Because of this disparity in satunati@mtial, even though there

are onehalf as many specialty bulbs as standard bulbs, the saturation potential for specialty
bulbs is more than twbfths of total saturation potential for CFLs and LEDs.

Table 2-24: Saturation Potential for CFLs and LEDs by Standard or Specialty Bulbs
(Base: All2013onsiterespondenis

Saturation Average Saturation
RoomTvpe Potential for Socketsg or Potential
yp CFLs or Homep Socketsper
LEDs Home
n 150 150 150
All bulbs 60% 42 25
Standard Bulbs 51% 28 14
Specialty Bulbs 7% 14 11

2.2.6 Socket Saturations and Remaining Potential by Selected Characteristics

The remainingtables in this sectio(ilrable 2-25 to Table 2-34) provide detail on saturation for

all bulb types and estimate the remaingaguratiorpotential for CFLsand LEDs The results for
saturationpotential are presented a subsequent table hsth percentages and the number of
bulbs (sockets) It is important tonote that the stated potential serves as a best case scenario.
Actual saturationpotential will be lower due to limitations fixture shapelighting application,

and the preferences of themeownerAnother issue of note is the apparent 6.1 milli@crease

in the total number of sockets estimated to be in Massachusetts (foone4.12.3 million in

2012 to 106.2 million in 2013)The Team does not believe such a decrease actually occurred,;
instead, the lower number of sockets is one of the clear implications of using the new sampling
scheme that targeted a greater number of muliiyamomes. As shown ifable2-18 above, the
current sample had a greater percentage of smaller homes and they had fewer sockets than found
in the 20128

As illustrated inTable2-25, households had an average of 42.3 sockets across the entire sample,
which were most often filled with incandescent bulbs (23.3 bulbs pee lmmaverage) and
CFLs (11.8 bulbs per home on averageddi®oms and bathrooniead the largest number of
bulbsof all typesinstalled in the2013 sample. CFLs and incandescent bulbs ac&ulfior 89%

of installed bulbs in bedrooms an@®% of bulbs in battooms. Halogen bulbs were mostly
installed in exterior spaceBpme offices and kitchens. Fluorescent bulbs represetdarge

|t is important to recognize that chasg®e the estimated number of sockets in a home do not affect estimates of
saturation as long as the weight is evenly applied to each socket in the home and a consistent weighting scheme is
used. Alterations to the weighting scheme or a scheme that weiglstscket type will affect saturation rates, but

this report relied on a comparable scheme to prior years and weighed each socket in the home equally.
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percentage abulbs installed in basements, garages, and utility or laundry rooms. The remaining
saturationpotential to instdla CFL or LED where it was less likely to be found was highest in
dining rooms 76%), dens 3%), exterior spaces (75%nd foyers (77%).2° LEDs have only
begun to gain adoption in kitcher4 of bulbs) and living roomsl%o of bulbs) and these tend

to beundercabinet lights and spot lamps, Woline LEDs; the majority of roombad very small
numbers oLEDs installed.

% Remaining saturation potential is calculated as the number of incandescent and halogen bulbs wigch can
replaced with CFLs or LEDs.
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(Base: All2013 onsiterespondents, weighted to the population of households in the state)
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Potential for
Room Type All Sockets CFL Fluorescent Halogen Incandescent LED CFLs or
LEDs

Sample Size 150 150 150 150 150 150 150
Total Sockets 106,219,747 29,580,284 9,513,876 4,851,693 58,643,722 1,739,499 63,495,417
Bedroom 19% 30% 4% 3% 59% <1% 62%
Kitchen 15% 33% 14% 10% 34% 8% 44%
Bathroom 14% 24% 5% 3% 66% <1% 68%
Living Room 13% 34% 3% 6% 54% 1% 60%
Dining Room 8% 20% 2% 1% 75% <1% 76%
Basement 7% 26% 31% 3% 40% <1% 43%
Hall 6% 30% 3% 2% 64% <1% 67%
Exterior 6% 22% 1% 11% 64% 1% 75%
Other 4% 25% 21% <1% 53% <1% 53%
Garage 2% 21% 46% 0% 31% 1% 32%
Office 2% 34% 3% 8% 53% 1% 61%
Foyer 1% 15% 3% 1% 76% 1% 7%
Utility or Laundry Room 1% 33% 35% 0% 33% 0% 33%
Den 1% 23% 2% 2% 71% 0% 73%
Sockets per Household 42.3 11.8 3.8 1.9 23.3 0.7 25.3
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As illustratedin Table 2-26, flush-mount, wall-mount, table lampand recessed fixture types represented the most prevalent fixture
types found in the 2@Llsample of onsite homes (24 16%, 13%and 2%, respectively)Overall, portable fixtures (table and floor

lamps, and nightlights) accounted for 25% of all sockets, with permanent fixtures making up the remainipgndaiit, ceiling fan,

and wall mount type fixtures tended to be primarily filled with incandescelshlore than me-quarter ofundercabinet type

fixtures (29%)were filled with fluorescentsas were one out of fiviush-mounttype fixtures. Undecabinetfixtureswere filled with

a notable amount of LED@s36%. Halogen bulbs tended to fill almost hed6%) of the track lighting fixtures andne out of five

(22%) of the undercabinet fixtures. Incandescent bulbs were prevalent throughout all fixture types and were greatest in pendant type
fixtures (78%). The only exception was undeabinet lighting 7%). The saturationpotential to replace incandescent and halogen
bulbs with CFLs or LEDs was greatest in pend@@¥), ceiling fan {0%), track lighting 71%), and recesse®{%) type fixtures.

Table 2-26: Socket Saturation i Fixture Types by Number of Sockets 2013
(Base: All2013 onsiterespondents, weighted to the population of households in th state

Potential for
Fixture Type All Sockets CFL Fluorescent Halogen Incandescent LED CFLs or
LEDs
Sample Size 150 150 150 150 150 150 150
Total Sockets 106,219,747 29,580,284 9,513,876 4,851,693 58,643,722 1,739,499 63,495,417
Flush Mount 24% 31% 21% 1% 46% <1% 47%
Wall Mount 16% 22% 11% 5% 60% 1% 65%
Table Lamp 13% 37% 2% 2% 57% 1% 5%
Recessed 12% 30% 2% 9% 55% 1% 64%
Pendant 10% 14% 5% <1% 78% <1% 7%
Ceiling Fan 9% 26% <1% 1% 69% 0% 70%
Floor Lamp 6% 48% 3% 2% 45% 0% 48%
Other 5% 23% 4% 9% 61% 1% 70%
Under Cabinet 3% 6% 29% 22% 7% 36% 29%
Track 2% 28% 0% 46% 24% 0% 71%
Night Light <1% <1% 0% 0% 100% 0% 100%
Sockets per Household 42.3 11.8 3.8 1.9 23.3 0.7 25.3
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As illustrated inTable 2-27, the socket saturation of scrdase type sockets in 2Bvas &8%. Almost all GU base sockets were
CFLs (93%), while all incandescent bulbs were scrbase types. More thamehalf of thepin-base type sockets were fluorescent
bulbs 66%), while halogen bulbs represented anoth@2Since the majority of socket types were sebase, the greatesaturation
potential for CFLs and LEDs was with these types of soc&e®8%.

Table 2-27: Socket Saturation i Socket Types by Percent of Sockets 2013
(Base: All 20B onsiterespondents, weighted to the population of households in th state

Potential for
Socket Type All Sockets CFL Fluorescent Halogen Incandescent LED CFLs or
LEDs
Sample Size 150 150 150 150 150 150 150
Total Sockets 106,219,747 29,580,284 9,513,876 4,851,693 58,643,722 1,739,499 63,495,417
Screwbase (small/medium) 84% 32% 0% 2% 65% 1% 68%
Pin-base 14% 6% 66% 20% 0% 8% 20%
Other / Unknown 1% 0% 0% 0% 0% 0% 0%
GU base <1% 93% 0% 0% 0% 7% 0%
Sockets per Household 42.3 11.8 3.8 1.9 23.3 0.7 25.3

As illustrated inTable2-28 on the next pagehe most prevalent bulb shape for all sockets observed in tBe@f@8ite surveys was the
A-line bulb (35%). Spiral(21%)and floodspotshaped bulb$14%) were also populdoulb shapesUnsurprisingly, 8 spiratshaped
bulbs were CFLs, while the majority of incandescent bulbs Weliee bulbs (%%), with most of the remainder being CFLs. Bulbs
located on dimmable circuits tended to be primarily incandes6@é#)(or haloge bulbs (5%), but CFLs also accounted for 11% of
dimmable circuits (up from 6% in 2012)hifieeway bulbs tended to be incandesceéd@®4) or CFLs (9%). Specialty bulbs were
primarily incandesceniGlobeshaped §5%) and candelabra types5#) were almostll incandescent bulbsvhereas alkircline
bulbswerefluorescent. Given that the largeajority of A-line bulbs were incandescent, the greasastiratiorpotential for CIEs and
LEDs lies in replacement of this bulb shap&¥). Candelabra bulbs (95%hd globe-shaped bulb$85%) also had higtsaturation
potential for replacement with CFLs and LEDsut the total number of these bulbs in homes is much smaller AHare

incandescents
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Table 2-28: Socket Saturation i Bulb Features by Percent of Sockets 2013

(Base: All 20B onsiterespondentsweighted to the population of households in the ftate

Page34

Potential for
Bulb Shape All Sockets CFL Fluorescent Halogen Incandescent LED CFLs or
LEDs
Sample Size 150 150 150 150 150 150 150
Total Sockets 106,219,747 | 29,580,284 9,513,876 4,851,693 58,643,722 1,739,499 | 63,495,417
Candelabra 9% 4% <1% 0% 95% 1% 95%
Globe 6% 14% 0% 0% 85% 1% 85%
A-line’ 35% 4% 0% <1% 95% <1% 95%
Spiral 21% 100% 0% 0% 0% 0% 0%
Flood/Spot 14% 22% 0% 22% 54% 2% 76%
Tube 12% 9% 70% 10% 1% 9% 12%
Bullet/Torpedo 1% 34% 0% 36% 30% 0% 66%
Circline 1% 0% 100% 0% 0% 0% 0%
Bug Light <1% 100% 0% 0% 0% 0% 0%
Other <1% 100% 0% 0% 0% 0% 0%
Dimmable’ 10% 11% 2% 15% 67% 4% 82%
Threeway” 2% 19% 1% 0% 80% 0% 80%
Sockets per Household 42.3 11.8 3.8 1.9 23.3 0.7 25.3

"A-line bulbs are the typical shape for standard incandescent Bullve CFLs are made to look and feel like traditional incandescent bulbs.
“Dimmable and threavay bulbs also fall within shape categories and therefore are not additive; f@ftobulbs types, dimmability was determined by
the control type, not by the bulite.
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The number of sockets per fixture stood at about 1.5 overall and for the most common bulb types (e.g. incandescents, CFLs,
fluorescents, and haloger@jable2-29). Fixtures with LEDs had nearly three sockets, on average, largely because most of the bulbs
are undeithe-cabinet fixtures.Track lighting, pendant fixtures (including chandeliers), andngeifans tended to have the largest
number of sockets per fixture overall and for both CFLs and incandesiténtslso worth noting that 4% of all fixtures contain both

a CFL and an LED.

(Base: All 2013 onsite respondents)

Table 2-29: Average Number of Sockets by Predominant Bulb Type by Fixture Type

Page35

Fixture Type Al Eixtures _CFL Fluprescent H'alogen Incagdnleyscent .LED Unknown Empty
Fixtures Fixtures Fixtures Fixtures Fixtures Bulb Type Fixtures
SampleSize 150 150 150 150 150 150 150 150
Total Fixtures 71,129,808 | 22,477,786 | 6,500,779 3,191,078 37,574,841 602,146 511,905 271,272
Track(n=35) 3.62 6.00 - 2.98 3.49 - - -
Pendan{n=225) 2.68 1.84 1.87 1.00 3.10 1.33 - -
Ceiling Fan(n=239) 2.38 2.42 1.00 1.00 2.48 - 1.13 1.00
Wall Mount(n=572) 1.79 1.91 1.38 2.18 1.82 2.28 - 1.00
Under Cabine{n=104) 1.76 1.00 1.15 1.34 1.00 16.80 - -
Floor (n=259) 1.47 1.53 1.00 1.60 1.45 - 1.00 1.00
Flush Mount(n=1,038 1.46 1.38 1.56 1.89 1.47 1.00 1.00 1.00
Table(n=786) 1.07 1.08 1.03 1.06 1.08 1.00 - 1.00
Recessenh=718) 1.04 1.02 3.00 1.04 1.03 1.00 1.00 1.00
Night Light (n=15) 1.00 - - - 1.00 - - -
Other(n=258) 1.32 1.15 1.38 1.61 1.37 1.50 1.00 -
All Fix Types(n=4,249 1.49 1.40 1.46 1.53 1.54 2.92 1.03 1.00
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2.3 Current Storage of CFLs*

During onsite visis, technicians also counted the CRbsindin storage. The top dfable2-30

shows thathe percentage of homes storing CFLs increased between 2009 and 2010, but has
remained fairly stable since that tinMost households stored just one to five CFhd the
percentage storing six or more CFLs has been slowly but steading increasiridl#oim 2009

to 13% in 2010 and 2012andagain t014% in 2013 The mean number of CFLs in storage
fluctuated between 1.4 in 2009 and 2.5 in 2010, @ithn storage ir013.

Table 2-30: Current Storage of CFLs by Households
(Base: All onsiteesponden)s

All CFLs 2009 2010 2012 2013
Sample Size 100 150 151 150
Zero 72% 63% 629" 65%
One to five 18% 24% 25% 21%
Six tofifteen 9% 9% 12% 13%
Sixteen or more 2% 4% 1%° 1%
CFL Storage

Total number of households 100 150 151 150
Total CFLs in storage 139 380 247 310
Mean number of CFLs in storage 1.4 2.5 1.6 2.1

~Significanty different from 200t the 90% confidence level
® Significanty different from 2010at the 90% confidence level

%We include a discussion of incandescent storage and stockpiling in Sk&tiond SectiorB.5.
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Table 2-31 showsfluctuation in the percentage of stored CFLs found in homes that store the
bulbs. In 20092012and 203, the majority of stored CFLs were found in homes that stoxed si

to fifteen CFLs while in 2010 the majority were in homes that stored sixteen or more GRLSs.
combination with the results shownTiable2-30, these findings suggest that a fewlieus from

the 2010 sample are likely responsible for the different CFL storage patterns apparent in that
year compared tthe other years of the study

Table 2-31: Current Storage of CFLs by Percentage of CFLs in Storage
(Base: All onsitaespondents

All CFLs 2009 2010 2012 2013
Sample Size 100 150 151 150
Number of CFLs in storage 139 380 247 310
One to five 28% 21% 36%° 28%
Six to fifteen 50% 28%" 5596 5994
Sixteen or more 229% 519%" 994° 1394°

ASignificanty different from 200t the 90% confidence level
® Significanty different from 2010at the 90% confidence level

Looking at all bulbs in storage in 2012 and 2013 reveals that incandescent bulbs account for the
majority (66%) of stored bulbéTable 2-32). However, whereas halogen bulbs accounted for
almost one in ten stored bulbs in 2012 (8%) that number dropped to only 3% inr26d3trast,

CFL storagencreasedrom 24%of all stored bulbsn 2012 to 31% in 2013.

Table 2-32: Stored Bulbs

(Base: All onsiteespondenis

2012 2013
Number of households 151 150
Total Stored Bulbs 17,140,727 16,573,821
Incandescent 66% 66%
CFL 24% 31%
Fluorescent 1% 1%
Halogen 8% 3%
LED <1% <1%
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Onsiterespondents who had CFLs or incandescent bulbs in storage also indicated what type of
bulbs those stored bulbs would be used to replBoth CFLs andincandescents in storage
followed a similar trendas follows

1 Across all bulbs in storage (1,182) the majority (60%) would be used to replace

whichever type oturrently installedoulb burned out first. In other words, most stored
bulb would be installedbased on needdowever one out of fivestored bulbg21%)
would specifically replace incandescents and one out of ten (9%) wspétifically
replace CFLs.

Looking only at CFLs in storage (357), again, the majority would be used to replace
whichever type of bulb needed to be replaced first (68#)vever,one out of foulCFLs

in storage(27%) would replace currently installed CFLs, with only 2% of stored CFLs
replacing installed incandescents.

For incandescents founih storage (785), more than chalf (59%) would replace
whichever type of currently installed bulb burned out first. But the remaining stored
incandescents were more likely to replace curremityailed incandescents (31%) than

currently installed CFLs (<1%).

Table 2-33: Type of Bulb Stored Bulb will Replace
(Base: Allstored bulbs

Bulbs in Storage

Type of Bulb to be Replaced AIIBSutlob;ed CFLs Incandescents Other’
Number of bulbs 1182 357 785 40
CFL 9% 27% <1% 0%
Incandescent 21% 2% 31% 3%
Both/Whichever needs replacing first 60% 68% 59% 9%
Same type of bulb as stored bulb 2% - - 75%
Do not plan to use/ plan to throw out/recy 2% 0% 3% 3%
Other 3% 3% 3% 0%
Donét know 4% <1% 5% 9%
"iot hero bulb type includes all stored halogen, fluores

and only 6 were fluorescent.
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2.4 Satisfaction with Installed CFLs

Throughout the 2011 and 2012 consumer survey and onsite inventory studies, the Team has been
exploring CFL satisfaction in some depth. Part of this exploration involves trackingrifger of

CFLs installedand purchaséd by selfreported CFL satisfaction. As shown (ifable 2-34), the

87 respondents who noted they were satisfied with CFLs had an averd§eCéiLs installed
compared to 18. CFLs among those who were less satisf@though this difference was not
statistically significant.The same trend emerged for both average saturation rates and average
CFL purchases. Although satisfied CFL users showed higher saturation rates (33% vs. 27%) and
purchase rates (4.5 CFLs vs. 2.4 CFLs) than less satisfied resgritientlifferences did not

reach significanceFurther,the average saturation rate among less satisfied respondents also
increased from 22% in 2012 to 27% in 2013, but s increase was not significass a result

of the small sample sizes across bygghrs (30 and 21 respondents, respectively).

Table 2-34: Satisfaction with CFLs Compared to Those Installed CFLs
(Base: telephone survey current or past Q5¢rs, onsite respondents)

2012 2013
Average # Average Average Average # Average Average
Satisfaction of CFLs Saturation CFL of CFLs Saturation CFL
n Installed Rate Purchases | n Installed Rate Purchases
Satisfied 85 14.1 35% 3.6 87 15.0 33% 4.5
Everyone else | 30 123 22% 1.3 21 12.5 27% 2.4

" Significantly different from satisfied at the 90% confidence level

31 See SectioB for more on lighting purchase behavior.
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3 Purchases of Lighting Products

In order to ascertain lighting purchase behavior,326xsite respondents indicated when they
had obtained any of the CFLs found installed or stonetheéir homes. Time periods included
early 2013 (January and Februaryjuly to December 2012, January to JU®12, and before
2012. Here, howevewe report the results fall bulb purchases relevant to the current survey
waved that is, 2012 and early 283 together’?> We alsocompare the results presented here to
those fronthe previous inventory

3.1 Number and Type of CFLs and LEDs Purchased

Table 3-1 on the next pagesummarizes the number of CFLs 204nd 203B onsite households
recalled purchasing ithe year prior to the inventors? More thanone out of three onsite
respondenty36%) reported obtainingone or moreCFLs in the previousyear Households
buying CFLs in 202 and 2038 usually purchased 15 or fewer CFlathough respondents in
2013 were less likely to report buying only one to five standard CFLs compared to 2012
respondentsMost of the CFLs purchasdyy 2013 onsite respondem®re standard CFLsBE%

of 2013 respondentbought specialty CFLsPurchasers typically bought fewer than five
specialty bulbs.

%2 Onsite households purchased very few CFLs and LEDs in 2ati§ (67 in total); thigs similar to early 2012,

and reviewers to that effort suggestédt, in the future, we combine the small nhumber of bulbs purchased in the
first few months of the new year with those from the previous year.

3 While selfreported, onsite households recalled when they bought these CFLs while looking at the specific bulb
with the onsite techniciamlthoughstill subject to seffeporting error, the Team has found this approach to provide
more reliable estimates of the number of CFLs purchased in a time period than asking about number of bulbs
purchased during a telephosigrvey.
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Table 3-1: CFLs Purchased in Previous Year by Household and Type
(Base: All onsitaespondenis

Onsite

2012 2013
Sample Size 151 150
All CFLs
Zero 62% 64%
One to five 16% 17%
Six to fifteen 16% 14%
Sixteen or more 4% 5%
Standard CFLs
Zero 65% 70%
One to five 22% 149
Six to fifteen 10% 12%
Sixteen or more 2% 4%
Specialty CFLs
Zero 80% 84%
One to five 16% 10%
Six to fifteen 2% 5%
Sixteen or more 1% 1%

3 Significanty different from 2012at the 90% confidence level
Onsite respondentgpurchased an average 8f4 CFLs in 2012 and early 2018Table 3-2).

Standard CFLs accoued for 71% of themost recent purchases, whipecialty CFLs accounted
for 29%. These percentages are equivalent to purchasing rates from the 2012 sample.

Table 3-2: Number of CFLs Purchased in Previous Year by Type
(Base: All onsiteespondenis

Onsite

2012 2013
Sample Size 151 150
All CFLs
Total CFLs purchased 468 504
Mean number of CFLs purchased 3.1 3.4
% of all CFLs purchased 100% 100%
Standard CFLs
Total CFLs purchased 342 356
Mean number of CFLs purchased 2.3 2.4
% of all CFLspurchased 73% 71%
Specialty CFLs
Total CFLs purchased 127 149
Mean number of CFLs purchased 0.8 1.0
% of all CFLs purchased 27% 29%

NMR



Massachusetts Onsite Lighting Socket Inventory Report Page4?2

In order to extrapolate these purchases to all households in Massachusditsntivecighted

the purchases of CFLs to the population of all households in the state. This extrapolation
suggests that onsite households purchaggmoximately8.4 million CFLs in 2012 and early
2013(Table 3-3). Standard spiral CFLs accounted $0® million of the CFLs purchasedhile
households purchased a total 26 million specialty CFLsover the same time period@he
estimated increase in CFLs purchased in 2012 what we observed for 2011 suggests that the
first year of EISA implementation did not boost CFL purcha$bss conclusioncoincides with
findings from the telephone survey that at least some consumers were able T00NEtt
incandescent bulbs on stoshelvedate in 2012. It may be that the impacts of EISA on CFL
purchases have been delayed as stores sell through their siditkWtt incandescents or that
EISA may not have a great impact on CFL purchase rates; continued tracking of this éneasure
asa well as evaluati on ofod wilhelptdPchshotheseempactsia r k e t

Table 3-3: Estimates of all CFLs Purchased in Massachusetts
(Base: All onsite respondents)

Products Campie) | sample)
Total CFLs Purchased 7,957,295 8,445,249
Standard CFLs

Total CFLs Purchased 5,779,861 5,954,987
% of All CFLs Purchased 73% 71%
Specialty CFLs

Total CFLs Purchased 2,177,435 2,490,262
% of All CFLsPurchased 27% 29%

The number of LEDs purchased in 20d4nd early 202 was less than that of CFL purchases in

the same time period. OnBb LEDs were purchased by onsite respondew&s this time period.

The sample sizes are too small to extrapolaterébelts to the population, as doing so would
exaggerate potential bias in the estimaltais. likely that sales of LEDs will continue to increase

over the coming years if the price continues to decrease and resolves some of the persistent
concerns with CEs such as mercury, light quality, slowness to brighten, and dimmability.

3.2 Tracking CFLs Over Time

The Team has been involved in tracking Clide, storage, purchases, and shipméortshe
Massachusetts PAs since 200%.addition, the Team performed a asere life study for PAs
throughout New England that allow for the estimation of annual failure rates forl§2iSks on
how long the bulbs have been install@dgether, thesdataallow us b exploretrends in the
CFL market,including thepossibilitythat numerous CFLs purchased2f12could bereplasng
CFLs that haveecentlyburned out.The analysis helps to answer the question of why CFL
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saturation has not increased much since 2009 despite the fact that program -anograom
CFLs sales have numbered in the millions.

Figure 3-1 compaes estimates of prografievel sales, markdevel sales, national CFL
shipments and CFLs found installed or in storage in honfes 2005 through 2012QFL use
estimates for 2006 and 2008 are extrapolated, hence the use-fifedomarkers on therend
line). The data suggest that the number of CFLs found in homes and estimates oflewarket
sales in Massachusetts tend to mirror trends in national shipments, while psugnaonted
sales follow a separate trend. The differ&neind line for programsupported sales is to be
expected, as the memoranda of understanding (MOUSs) between program partners badePAs
placeal limits on programsupported sale®ote that prograrsupported sales accounted for 73%
of total CFL sales in 2011 and 2012.

We also exammed thechangein the number of CFLs across years in terms of marked
programlevel sales as well as CFLs installed and in storage in hgRigsre 3-2).>* This

analysis also suggests that the change in the number of pregmparted bulbs does not mirror

the change in the number of CFLs found in homes. In factmost yearswhen program
supported sales were higher, the total number of CFLs tdndéecrease, and vice versaly

2012 stands in contrast to this trend, and this could be due to an actual change in the pattern or be
an artifact of the new sampling approadmother important observation relates to CFLs in
storage: they tend to cyclejth increases in prior time periods being offset fairly closely by
decreases in subsequent time cycles; moreover, the installation of stored CFLs has tended to be
associated with an overalecreasan the number of CFLs in the home, suggesting that at least
some of these stored bulbs have been replacing previously installed CFLs.

34 Note that some of the periods cover two years due to the availability cimtitaur desire not to distort results by
using the extrapolated estimatk®wn inFigure3-1 above
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Figure 3-1: CFL Use, Sales, and Shipment Estimates 2005 to 2012
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Sources: Total CFLs in homes, markatel sales, and progratavel sales for 2005 to 2010 as compiled for the 2010 Delphi Pafetal CFLs in homes and
marketlevel sales for 2011 an®012 from the onsite visitdiscussed in this reporProgramevel sales in 2011 and 20J2ovided by the PAs or their data
tracking vendorsNational shipment data as compiled from the Department of Commerce.

% N MR .Estifinating the Neto-Gross Ratio for the 2068010 Massachusetts ENERGY STAR Lighting Program: Delphi Panelist Response Summary.
Appendix G inMassachusetts ENERGY STAR Lighting Program 2010 Annual R&mitered June 16, 2011.
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Figure 3-2: Change in CFLs Sales and CFLs Found in Homes 2005 to 2012
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Beginning with the 2012 onsite report, the Team alsabédgacking the possible number of
CFLs purchased in a given year that could be replacing CFLs that have recently burned out.
Table 3-4 summarizes this approach for possible CFL failures in 20tZonsidersthe
installation ratesand the failure rates of CFLs as estimated in the 2B@8idential Lighting
Measure Life Studyovering thefirst six years of a CFa 8fe and extrapolatefailure rates for

the seventh througfifteenth years based on the previous rates of failure {sdxe 3-4; in this

table, cells with empirically observed or derived data are shown in white, and cells with
extrapolated data are shaded griwloreover,this appoachtakes the history ofmarketlevel

CFL purchases in Massachusdittween1998 and 202 into account with purchase data for

2005 to 202 reported in prior studies delivered to the PAsmnd data for 1998 extrapolated from
programlevel sales relative toational shipment trendsee Table 3-4). At this point having

both installation and failure rates, we estimated the total number of bulbs installed by year as
described inrable3-4. We applied the failure rates to those installations, allowing us to estimate
the burnouts per yeailthis approach estimates 20CFL burnouts to be about&million.
Moreover this method suggests that a totaB&t1 million CFLs have burned out since the start

of the PAs®6 | i ghlfthisigthepas® and ibhouseholds ard répdading these
burned out CFLs with newly purchased LGB this analysis helps to explain why the large
number of CFLs salesalie not translated into increased socket saturation.

% NMR and RLW.Residential Lighting Measure Life Studyelivered to the New England Residential Lighting
Program Sponsors, June 10, 2008.

3" Nexus Market Research (now NMR), RLW Analytics, Inc. (now KEMA), and Dorothy CoNtarket Progress
and Evaluation Report (MPER) for the 2007 Massachusetts ENERGY®S$Tgkfing Program.Delivered to the
Program Administrators on July 1, 2008. NM®arket for CFLs 2009. NMR .Market for CFLs 2010.
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Table 3-4: Estimating CFLs Replacing Other CFLs

Year after Purchase Failure Rate' Year M;rket Level Newly Installe*gl in Burned out in a Given
urchases Given Year Year
First 4% 1998 305,216 235,016 9,039
Second 9% 1999 554,077 457,161 38,674
Third 8% 2000 530,006 494,034 79,202
Fourth 15% 2001 979,811 862,863 149,326
Fifth 10% 2002 892,859 838,483 241,637
Sixth 8% 2003 3,565,495 2,932,698 397,649
Seventh 10% 2004 4,565,862 3,961,549 715,159
Eight 5% 2005 6,308,402 5,670,605 1,110,896
Ninth 5% 2006 10,426,466 9,115,805 1,842,610
Tenth 1% 2007 13,330,771 11,938,180 2,815,756
Eleventh 3% 2008 4,248,761 5,647,270 3,675,034
Twelfth 3% 2009 8,447,382 8,262,437 4,385,247
Thirteenth 2% 2010 10,870,314 9,639,756 5,292,905
Fourteenth 2% 2011 6,611,870 7,022,909 5,483,572
Fifteenth 2% 2012 7,370,732 7,423,682 5,827,452
Cumulative 79,008,024 74,502,450 32,064,157

" Derived from VIR and RLW.Residential Lighting Measure Life Stud®008.This column does not correlate with the columns to the right of the table, but
factors into the burout rate for each year; we show the failure rates in this table in order to have all the components of the calculatipfeca on

™ Sum of 77% of the current year marketel purchases and 10% of each of the two previous Gemrketlevel purchases.

*** Sum of the burnouts occurring in that year based on all installations occurring prior to that year. To use a simpe theampmber of burned out CFLs in
2000 includes 4% of the CFLs obtained in 2000 plus 9% of the CFhameHdtin 1999 and 8% of the CFLs obtained in 1998.
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3.3 Manufacturers of CFLs and LEDs Obtained in 2011 and 2012

The Teamcollected information othe manufactursrof the CFLs and LEDsobtained in2012
and early 2013and also repor@sbut does not highlight this sameinformation for bulbs
obtained in2011.

Table 3-5 lists the number ostandard CFLs, special@@FLs and LEDspurchased for each
manufacturerWe report he unweightechumberof bulbs purchasetiecause othe relatively
small sample sizes gqfurchases for each manufacturEcosmart (94 total CFLs; the current
Home Depot brand nameagcounted for the largest number of CFLs that respondents reported
purchasing in 204. Sylvania(59 total CFLs) andrCP (56 total CFLs) were the second and third
largest manufacturers, respectively. Additionafbgneral Electriaccounted foB5 total CFLs,
andGreenliteaccounted for an additionaB total CFLs.

When reviewing the purchase of LEDs in 2pPhilipsis the leading manufacturer of LEDs at

11 bulbs purchased or B4 of the total Like total CFLs Ecosmart alsded the number of
specialty CFLs purchased in ZDAt 39 bulbs. This was followed by General Electric (17
specialty CFLs)andGreenlite and FEIT (12 specialty CFLs eadhis important to nte that the
seltreporteddate of purchase is subject to respondent error, and the date of actual purchase may
differ. However, the onsite technician determines manufacturer by looking at the actual bulb;
therefore, the manufacture data are more relidfiale the date of purchase.
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Table 3-5: Total Purchases by Manufacturer
Total Number of Bulbs

Manufacturer . 2011 (by 2012 sample) ' 2012 (by 2013 sample)

Special. | Stand. LED Total Special. | Stand. LED Total
Ecosmart 65 0 0 65 53 41 0 94
Sylvania 25 0 8 33 48 21 5 74
TCP 29 0 0 29 38 18 1 57
Feit 20 1 29 50 27 19 2 48
Earthmate 1 12 0 13 33 3 0 36
Greenlite 2 0 2 20 12 0 32
GE 72 1 80 12 19 0 31
Philips 42 1 44 3 11 11 25
Helical 0 0 0 20 0 21
Maxlite 9 0 9 9 10 19
N:Vision 18 0 18 15 18
Utilitech 2 0 2 10 17
Not Available 3 41 44 13
Harmony 14 14
Energetic

Bright Effects

Lights Of America

Clearlite

Great Value

Spring Light

Sunlite

CDL

Commercial Electric

lkea

ConserveEnergy

Globe

ECO

ECS

Living Solutions

Niagara

Panasonic

Ottlite

Tospo

LG

Westinghouse

Broada

Fresh

Hampton Bay
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3.4 Types of Stores where Respondents Shop for Light Bulbs

The onsiterespondents were askelde date and locatiothat they had purchasethe CFLs
installed in their homesCFL bulb counts were then extrapolated to the larger Massachusetts
population to provide an estimate of likely bulb sales statewadere 3-3 shows the proportion

of bulbs purchased by type of store amdble 3-6 provides additional details obulb
manufacturers by store typMearly onehalf (48%) of the CFLs purchased in 2BJand early
2013(254bulbs) were bought at home improvement stores.

Interestingly, PA programs served as the next most common source ofoBfised in 2012

and early 2013accounting for 12% of the bulbs (the Team found a similar percentage in the

2012 onsite) Another major source of CFL purchases in this time period was hardware stores

and warehouse stores.&de establishments sold 19% (12bs) of the total CFLs fahe year

Importantly, smallerquantities were purchasexhline or at bargain stores, and grocery stores.
Twentyni ne of the bulbs in the current sampl e v
building management.

Figure 3-3: Types of Stores where Bulbs Were Purchased

1% 3%
6%

B Home Improvement

6% m Energy Efficiency Program
m Hardware
m Warehouse

48%
m Online

8%
m Landlord/building management

m Bargain/Grocery/Discount

M Drug-store/Home Furnishing/Other

Don't know
11%

12%
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Table 3-6: Types of Stores where Bulbs Were Purchased
(Base: All onsite respondeat

Store Type Ir|n_||:())rrg\(/ee ProEg*IrEam Tvi{?e- Y]voaggé Online Lli?g' Bargain Gsrageerr},/ I\_/I'vtle?;?/ Zig?e Fﬂ?r?iqseh Other Ilzn?)vxr/] 0
-ment market | Discount

Sample Size 150 150 150 150 150 150 150 150 150 150 150 150 150
ﬁlj’:cﬁggj | 254 63 59 43 32 29 11 8 8 7 2 1 16
Ecosmart 89 0 5 0 0 0 0 0 0 0 0 1 0
Sylvania 32 2 10 6 13 0 2 4 2 0 0 0 2
TCP 22 27 1 0 7 0 0 0 0 0 0 0 0
Feit 21 2 4 20 0 0 0 0 0 0 0 0 0
Earthmate 1 4 2 0 0 29 0 0 0 0 0 0 0
GE 12 5 13 0 0 0 0 1 1 0 0 0 0
Greenlite 16 0 2 0 0 0 6 0 0 0 0 0 0
Philips 7 2 5 0 5 0 0 2 2 0 0 0 0
Helical 17 0 0 0 2 0 0 1 0 0 0 0 1
N:Vision 5 0 1 13 0 0 0 0 0 0 0 0 9
Utilitech 4 10 0 3 0 0 0 0 0 0 0 0 0
Maxlite 1 5 0 0 0 2 0 0 0 0 0 0
DK 3 0 3 0 1 0 0 0 0 0 4
Other 25 10 8 1 2 0 0 0 3 2 2 0 0

" Results subject to rounding error
" Energy Efficiency Provider Programs mentioned by onsite participants inclidieskSave, Cool Energy Education Program, National Grid Program,
WeatherizationandNSTAR Energy Program
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3.5 EISA and Possible Stockpiling

As mentioned earlier, EISAncluded new efficiency standards for lighting produciBhe
legislation begarits implementatiorin January2012 when 108Watt incandescent busbcould

no longer be manufactured or imported into the United Stadesiary 2013 usheredtime phase
out of 75Watt incandescent bulbsEISA has naturally raised some concerns about the
stockpiling of incandescent bulliBarlier telephoe survey results suggested that approximately
one-quarterof respondents were likely to stockpile 1@fatt incandescertulbs andhat about
onefifth were likely to stockpike 75Watt incandescent bulb&espondents likely to stockpile
also indicated thathey had, indeed, bought more 10@tt incandescents in the months
preceding the survey than those who were not likely to stockpiflewever,when asked about
their actual stockpiling of 1060Watt incandescentqnly 9% of respondents reported having
actually stockpiled those bulbsGiven the concern about stockpiling and the -sgorted
tendency of some telephone survey respondents to stockpile, an important aspect of the onsite
inventory was to search for evidence of actual stockpiling of incanddsakust Becauseactual
stockpiling behavior may differ from sealéported behavior, the Team believes that onsite
verified evidence of stockpiling is a more valid indicator @ thehavior.

3 NMR, Massachusetts Consumer Survey Res2lt$2.
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During the onsite visit, th@eamsearched for stored incandescbuatbs and explored whether
selfreported likelihood to stockpile related to actual stockpiling behavior verified onsite. We

found approximately four incandescent bulbs betwé@watts and100-Watts in storage in

onsite homes on averagehich iscomparable to what we found last ye&alfle3-7). However,

in 2012 households that reported being most likely to stockpile incandescent bulbs had more
incandescentudbs in storage than househsttiatsaid they were less likely to stockpila 2013

actual incandescent stockpiling was not related terepbirted tendencyrhoserespondentg/ho
reported being Avery unli kel yo thulbsisdstoagelopi | e a
average (4.5) than those who indicated bein
examination, these results are largely influenced by a small number of respondents who reported
being very unlikely to stockpile, buwho actualy had a large number of incandescents in

storage. One respondent who reported being very unlikebtockpilehad 51 incandescents

between 40and 106Watts stored, while two other respondents had 44 and 41, respectively.
Further, of those three respontierroughly one out of four of their stored bulbs were over 75

Watts.

Table 3-7: Likelihood of Buying and Saving Extra 40- to 100-Watt Incandescent Bulbs
after Phase-out

(Base: All Respondents)

2012 2013
0 0,

Resmoﬁ;ents Ave. 40 to ClﬁggtndA" Res/oogtjents Ave. 40 to Cﬁég;g”
Likelihood PONAeNtS) 4 po-watt ' PONCAENTS| 1 5o watt '

(sample size Stored Stored (sample size Stored Stored

unweighted) (weighted) | unweighted) (weighted)
Overall 151 4.0 594 150 3.8 648
Very likely 8% (10) 8.6 98 9% (13) 1.3 21
Somewhat likely 14% (20) 4.6 93 9% (14) 4.7 75
Somewhat unlikely 17% (24) 3.5 87 11% (16) 2.0 48
Very unlikely 58% (95) 3.6 316 69% (104) 4.5 496
Dondt know 4% (2) - - 2% (3) 1.9 8
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In an attempt to addresthe possibility that EISA was driving incandescent storage, the
technician asked all households storing-¥@att and 75Wattincandescent bulbs why they were
doing so. The most popular respoms013 for 100Watt incandescentgited byl2 out of the

20 respondents, wasking to have extra®n hand An additionalthreerespondents mentioned

that they had 1060Vatt bulbs in storagas a baclup to replacel00-Watt incandescenthat

burned outAs with storage of 10@Vatt bulbs, the mostommonresponse for storing 7@/att
incandescents was to have extras, cited by 11 of the 20 respondents stoffiatf Bolbs. An
additional seven revealddey were storing them for when their currentWatt bulbs burn out.

All responses are showim Table 3-8. Therefore, it seems as if households do stockpile
incandescent bulbs but, at this time, they are not explicitly tying this behavior to EISA. Of
course it is possible that consumers are being
which are EISA driven, even if the consumer does not realize it. Unfortunately, because we have
only started tracking incandescent storage, the Team does notvidemce to confirm or deny

that stockpiling behavior now differs from what occurred prior to 2012.

Table 3-8: Why Respondents Purchased and Stored 75 and 100-Watt Incandescents
(Base:Respondents with 18@/att Incandescents in Storgge

Reason 2012 2013
100 Watt Bulbs | 100 Watt Bulbs | 75 Watt Bulbs

Total 18 20 20
As a backup/to replace burned out 100 Watt bulbs 7 3 -
As a backup/to replace 75 Watt bulbs - - 7
| like to have extras 4 12 11
For the wattage 1 - -
They were there when we moved in 1 - -
Because they will stop being made/EISA 1 - -
Other 1 2 0
Donét know/ no reason 3 4 2
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4 Novices and Experts

The Winter 2012 telephone survayted several interesting differences between respondents
categorized as CFL novices (thas®t aware of CFLs or sefeporting current household use of

four or fewer CFLs) and CFL experts (those reportiegrrent household usef five or more
CFLs)>° Key differences includetighting and purchas behavior and likely reactions to EISA

but also a generally higher level of knowledge about lightetgted issues and conceptahat

we have cal | edGivan thegohcernsabgut teeaaccurgicy afel-reportedCFL
use,however, we include analyses here to elucidate how accurasglgndents cited the number

of CFLs installedln support of the proposed differences in lighting savvy, nearly all (26%)

the onsite respondentsho hadindicatedthatthey had five or more CFLs installeide(, experts)
actually had that many CFLs install€fable4-1). Conversely, less than chalf (46%) ofthose

who reported having four or less CFLs installe@.( novices) actually hadhat few CFLs
installed intheir homesThe error in selfeporting among CFL novices is in part explained by
respondents who said they were not aware of CFLs actuallpdh&KLs installed in fact, on
average unaware respondents who took part in the onsite had an average of 10 CFLs in the
home Table4-2 on the next pageMoreover, because experts have made a conscious decision
to change numerous sockets to CFLs, they may pay greater attention to lighting than novices do,
resulting in more ecurate recall of the number of CFLs they have instalDespite the error in
selfreported use, the analysis doesfam that, while respondentaay not be able to report the

exact number, they still tend to have a pretty good idea of whether theyitavel ot 6 or A a
CFL installed

Table 4-1: Self-Reported vs. Installed CFLs
(Base: All onsite respondents)

CFL Novices
(selfreported not aware of CFLs or four
or fewer installed)

CFL Experts
(selfreported five or more installed)

Sample Size 66 83
Actual % with seffeported # of[ Actual | Actual % with selfeported # of | Actual
CFLs installed Mean CFLs installed Mean

Four orfewer

9 0
(including no CFLS) 46% 2 4% 3
Five or more 54% 9 96% 18
Overall N 5 - =

"One respondent reported not knowing how many CFLs were installed

% Delivered by NMR to the PAs on May 30, 2013.
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Table 4-2: Installed CFLs in Households of Novices Not Aware of CFLs
(Base: Onsite respondents who were not aware of @lelesl or unaided; unweighted)

Novices Not Aware of CFLS(n=10)

Actual count with self

Actual Mean of Installed

reported # of CFLs installef Bulbs
Four orfewer (including no CFLS) 3 3
Five or more 7 12
Overall 10 10

Page56

Not surprisingly, socket saturation was higher among CFL experts (41%) than among CFL
novices (22%), indicating that experts havgreater portion ofheir home sockets filled with

CFLs than novicegTable 4-3). In addition, LED saturation (2%) was also higher for experts
than novices (<1%)although the sample sizes of LED rtssare small, thisinding refutes the
hypothesis that LEDs will more readily be adoptedchbuseholds that dislike CFLs and instead
supports the hypothesis that households that already embrace CFLs will also be more likely to

give LEDs a try.

Table 4-3: Socket Saturation by CFL Experience and Home Ownership Status
(Base: All onsite respondents)

Overall CFL Novices CFL Experts
Sample Size 149 66 83
CFL Saturation 31% 22% 41%
LED Saturation 1% <1% 2%

One respondent reported not knowing how many CFLs were installed
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5 Conclusions and Recommendations

Based on the onsite analysis, the Team concludes that most households in Massachusetts use
CFLs, even if some of them are dissatisfied with the products or are not aware that they are using
them. Despite high rates of penetration (i.e.,detwlds using CFLs), the number of CFLs in use

and the percentage of sockets in which they are installed appears to have leveled over the past
three years, and there is evidence that recently purchased CFLs are largely being used to replace
installed CFLghat have burned out. Between 2009 and 2010, statistically significant gains were
made in increasing the number of specialty CFLs in homes, but this increase was not repeated
between 2010 and 2013. LEDs remain an emerging technology in Massachusettsyyvigw

homes using any LEDs bulbs; most of the LED bulbs in use do not adhere tditigepfofile

and are installed in track lighting or under cabinets. When considering the mosteffierggt

bulbs typed CFLs, LEDs, and fluorescent tul@esaturationcurrently stands at around 40%.

Most sockets in the state could still be converted to CFLs and LEDs using bulb shapes and sizes
already availabl@ and often program support@dat stores where consumers buy most light
bulbs.

Use of incandescent bulbs haxmased, but this trend started well before the January 1, 2012,
implementation of the first phase of EISA. The rate at which sockets are being comveated

from incandescents will likely accelerate with later stages of EISA, particularly the 2014
implementation of the 6@att phaseout. The question remains: what bulbs will consumers
adopt in place of incandescent bulbs? The saturation results suggest that, even while CFL
saturation has stagnated, households have increased the number and proporticetofibed

with halogens, although virtually none of those found in onsite homes were the more recently
introduced Aline variety; instead, consumers used-pase and flooghaped halogens. Yet, the
Team expects that the use ofiAe halogen bulbs wilincrease as incandescents become scarce
simply because they look so much like traditional incandescent bulbs; consumers may not even
realize that they are buying halogens. Continued incentives for all types of CFLs and LEDs,
lower prices and greater aatility of LEDs and increased education focusing chn& CFLs

coul d hel p of f set consumer s dline malogef’ Whethea r d t h
increasing the saturation of energfficient lighting remains a challenge for the program will
depend on dw consumers respond to EISA over the next few years. Therefore, continuation of
incentives for all types of CFLs and LEDs should be paired with continued regular tracking of
saturation to understand if and how saturation shifts in the coming years.

Finaly, we found some mixed and inconclusive evidence of incandescent stockpiling; in 2012,
households who sefeported being likely to stockpile actually had more incandescents in
storage. In 2013, incandescent storage rates did not vary significantlyf-ogpseted likelihood

% Focus groups held in Connecticut in fall 2011 suggested that consumers wary of CFLs for certain applications
enjoyed the shape and light quality ofliAe CFLs that were included in a light bulb demtration. See NMR

Group, Inc. 2011.Connecticut Lighting Focus Groups: Exploration of Changes in the Lighting Market and
Reactions to Various Efficient Lighting ChoicEglivered to the Energy Efficiency Board in December 2011.
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to stockpile. Overall, onsite households are storing, on average, about four incandescents, the
size of one typical pack of these bulbs, although it should be noted that some households had
dozens of incandescents stored for future s short, stockpiling is occurring, but is unclear if

this is due to EISA or reflects normal storage behavior. However, it is possible that EISA
induced stockpiling may increase with the impending 2014 pbatsef the popular 6QVatt

bulb, but, for now it appears that stockpiling rates are likely to remain low and confined to a
small but important subset of consumers.

Based on the results of the onsite inventory, the Team suggests the following recommendations
and considerations.

Recommendation 1: Continue trackinghe Massachusetts lighting market through regular
consumer surveys, onsite saturation studies, shelf stocking surveys, and supplier interviews.
The regular tracking often annual or bannuad of the Massachusetts residahtlighting

market since the late 1990s has yielded a time series of lighting market trends that exists for no
other jurisdiction in the nation. Continued tracking through at least 2015 and possibly beyond
will help the PAs understand the effect of EISAnafully and design programs that respond to
these impacts. It will also help them to prepare for the second phase of EISA that goes into effect
in 2020. Tracking of standard and specialty styles of all bulb types should be an integral part of
these studis.

Recommendation2: The PAs should perform a neb-gross study as one has not been
performed since 2010. This study would help to clarify whether current progsamported

sales are helping to prevent backsliding to incandescents or incandescent halmgiés or
whether they represent a high amount of free ridershiphe Team completed a comprehensive
NTG study in 2010 but no further NTG studies have been completed since that time. Given the
implementation of EISA and the stagnation in enefiicient lighting saturation, a new NTG
study may be needed in order to understand the current impact of the PAs-eadficieyt
lighting programs.

Considerationl: Consider revisions to program design to reinvigorate adoption of standard

and specialty CFLs. Theserevisions should include updated marketing strategies to boost use

of energyefficient bulbs in standard and specialty applications.high-volume program would

need to continue with the PAs®6 current wupstre
for other creative approaches. NMR understands that the PAs will soon pilot a market lift
strategy to promote CFLs and LEDs, and the program design incorporates an evaluation strategy
that will facilitate determining program impact. It may be worth caeréid some new
approaches in addition to marketdifperhaps some approaches that are untried and could be
explored. NMR does not have evidence of the efficacy of these approaches; they are offered
simply for PAs &6 consi der alore tbenfeasibllity of speng of thee wo r |
following approaches, perhaps in the form of pilots:

1 The Team has been told that the PAs will be applying greater suppotirte GFLs
and will be treating them differently than other specialty CFLs. We support this
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strategy and careful evaluation of whether it contributes to a reinvigoration of CFL
adoption in previously unconverted sockets.

1 Bulb buyback program$ Either buying working incandescents back at slightly
below their retail value or offering to replaiceandescentaith CFLs.This ould be
accomplishedat store kiosks oanothercentral locationThe incandescent buyback
could also be tied to a program that encourages consumers to install all of the CFLs
and LEDs they buy in a multipack rather storingéR@&ras in a multipack until a bulb
burns out. A buyback program may make them feel more comfortable about
removing fia bulb that still workso than

1 Consider crospromotion of CFLs and LEDs with other residential programs. For
exampe, the PAs could offer a discounted pack of en&figient bulbs to
households that take part in appliance recycling program or who purchase incented
energyefficient appliances or consumer electronics.

1 Incenting retail partners to reduce their stockirafandescents and incandescent
halogens. While this may initially appear to be outside the normal toolkit of program
options for the PAs, in reality, the market lift approach likely leads to the same action
of partners reducing their stock of less efintidulbs to meet CFL and LED sales
targets.

Consideration 2: Continue working with the residential retail products and other residential
evaluation Teams as well as program implementers to understand the dynamics of consumer
satisfaction with CFLs and LEB more fully The telephone survey demonstrated that
respondents who say they are satisfied with CFLs often have similar concerns about the
technology as those who are dissatisfied with CFLs. The onsite analysis suggested that
dissatisfied households usadd purchased fewer CFLs, on average, than did those that were
satisfied with CFLs although, unlike the 2012 onsite report, the differences were not statistically
significant. The telephone survey analysis of CFL experts and novices revealed the igterestin
insight that both groups dislike the same things about CFLs and at the same rates. However, CFL
experts were willing to overlook the things they did not like to benefit from the energy and bill
savings and the long bulb life; novices were not willingdto so* Future research should
continue to explore the dynamics of CFL and LED satisfaction and what makes some
respondents ficross overo to being users and
lighting.

Consideration 3: Continue efforts to edate consumers about their bulb choices p&3SA,
helping them to make the most efficient choices possible for their lighting neddss
recommendation echoes those made in the telephone survey report, but its importance is

1 As explained in the tephone survey repoftielivered on May 30, 2013jovices were more likely than experts to
have lower education levels, to rent, and to live in multifamily homes, but none of these characteristics seem to
explain differences in CFL satisfaction.
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highlighted by the fact thabasumers currently have little awareness dingé halogens but are
fairly aware of CFLs. The opportunity exists now to help them understand the benefits of using
CFLs and LEDs over halogens in most applications in the home.

Consideration 4: The PAs maylso consider conducting a technical review of specialty CFLs

and LEDs and Aline CFLs and LEDs to determine which warrant program suppdgjpecialty
sockets represent 38% of all sockets in homes in Massachusetts. Consumers still use very few
specialty CFLs(8%) and the consumer survey as well as anecdotal evidence suggest that
dimmable CFLs do not work properly and that reflector CFLs tend to burn out prematurely. A
line CFL quality also remains a concern to some commentators. Consumers are just naw startin
to use specialty LEDs, and the jury is still out on whethdind LEDs and specialty LEDs will

meet consumer demands for dimmability and other specialty socket needs. If the PAs want
consumes to switch to energefficient bulbs in these sockets, they must make certain to
promote high quality bulbs that will meet consumer demands for dimmability and bulb life. This
assessment should also weigh the benefits and costs of shifting program seBoorcecialty

CFLs to Aline LEDs and specialty LEDs.

Consideration 5: Work with evaluators to identify reliable ways of distinguishing between
incandescent and incandescent halogen bullisxcept for the clear class styles, it is very
difficult to distinguish between incandescent and incandescent halogen bulbs just by looking at
them. Stated wattage provides a possible way to tell the bulbs apart, but not all bulbs have
wattage stamped on them. In order to track saturation of these bulb types acouthelyears

to come, the PAs and evaluators will have to settle on a reliable method of identifying them.
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Appendix A Onsite Respondents6Characteristics

In order to determine any potential sources of biasT#amalso examined how closely onsite
household resembled those responding to the telephone survey as well as the state population.
Key indicators examined included awareness and familiarity with ersenggg light bulbs,
housing characteristics, and social attributes.

A.1 Awareness of and Familiarity with Energy-Efficient Bulbs

The current sample of onsite respondents resembled the telephreag respondents in reported
CFL awarenessalthough the onsite sample showed slightly higher awareness(€ablsA-1).
Similarly, the onsite sample in 2013 reported similar but in some cases, slightly higher levels of
familiarity with energy efficient bulb typegTableA-2).

Table A-1: Awareness of CFLs
Base: All respondents)

Awareness Winter 2011 20120nsite Winter 2012 20130nsite
TelephoneSurvey Sample Telephone Survey Sample
Sample size 582 150 600 150
Yes 93% 94% 87% 93%
No 8% 6% 13% 7%
Dondét know 0% 0% 0% 0%
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Table A-2: Familiarity with Energy-Saving Bulb Types 2011
(Base: All respondents)

PageA2

Familiarity with CFLs Winter 2011 20120nsite Winter 2012 2013 Onsite
Telephone Survey Sample Telephone Survey Sample
Sample size 582 150 600 150
Very familiar 29% 349% 32% 39%
Somewhat familiar 40% 38% 37% 39%
Not too familiar 17% 16% 13% 12%
Not at all familiar 6% 6% 4% 4%
Not aware of CFLs 8% 6% 13%Y 7%
Dondt know |/ <1%’ 0% <1% <1%
Familiarity - LEDs Winter 2011 20120nsite Winter 2012 2013 Onsite
Telephone Survey Sample Telephone Survey Sample
Sample size 582 150 600 150
Very familiar 16% 14% 17% 21%
Somewhat familiar 24% 30% 29% 34%
Not too familiar 25% 23% 24% 21%
Not at all familiar 34% 33% 30% 25%
Donét know / <1% 1% <1% 0%
Familiarity 7 Halogen Winter 2011 20120nsite Winter 2012 20130nsite
Bulbs Telephone Survey Sample Telephone Survey Sample
Sample size 582 150 600 150
Very familiar 32% 38% 29%3 34%
Somewhat familiar 3™% 40% 35% 38%
Not too familiar 12% 11% 17% 15%
Not at all familiar 1% 10%’ 19%° 13%
Donét know / <1% 0% <1% 0%

Y Significanty different fromWinter 2011telephone survegt the 90% confidence level
$Significanty different from theWinter 2012telephone survegt the 90% confidence level

$ Significanty different from 2012at the 90% confidence level
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A.2 Housing and Social Characteristics

By design, approximately or®alf (50%) of 2013 respondentssided in singkéamily detached
homes or singkdamily attached homesTéble A-3), with the remaining ondalf residing in
multifamily homes.

Table A-3: Type of Home
(Base: All Respondents)

Tvpe of home Massachusetts V_\|/_|2|teerh20?llel 20120nsite Vill.'greerh%?]tz 20130nsite

yp Census P Sample P Sample

Survey Survey
Sample size 2,512,552 582 150 600 150
Singlefamily detached house 52% 54% 55% 40% 41%
Singlefamily attached house
(townhouse, row house, or 5% 16% 12% 10% 9%
duplex)
ﬁﬁgtment building with 24 21% 13% 19%
—— . 49% 54%

Apartme_mbundlng with 5 or 21% 14% 13%
more units
Mobile home or house trailer 1% <1% 0% 1% 0%
Other 0% 1% 2% 1% 0%
Donét know/ Re - <1% 0% - 0%

Total occupied housing units

About four out of five onsite respondentg3) reported that their homegere smaller than
2,000 square feeThe homes were smaller in general in 2013 than previous years because we
sampled more muliamily homegqTableA-4).

Table A-4: Size of Home
(Base: All Respondents)

Square Feet Winter 2011 20120nsite Winter 2012 20130nsite
Telephone Survey Sample Telephone Survey Sample
Sample size 582 150 517 150
Less than 1,400 36% 40% 32% 32%
1,400i 1,999 32% 24% 36% 41%
2,000i 2,499 15% 17% 15% 18%
2,500i 3,499 11% 8% 13% 7%
3,500i 3,999 3% 5% 2% 1%
4,0007 4,999 1% 1% 1% 1%
5,000 or more 2% 4% 2% 0%
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The 2013 respondents were more likely to live alone than were respondents in previous years,
but the number is closer to Massachusetts overablé A-5). Agan, this likely reflects the
multifamily sampling strategy. The most common household size among respondents across all

years was two.

Table A-5: Number of Persons Living in Home
(Base: All Respondents)

Number of Massachusetts Vill_lglteeghi?]lel 20120nsite V.\Il.lglteegh%?llez 20130nsite
householdmembers Census Survey Sample Survey Sample
Sample size 2,512,552 582 150 600 150

1 29% 17% 18% 26% 26%

2 32% 35% 31% 37% 38%

3 16% 20% 24% 15% 16%

4 14% 16% 17% 15% 16%

5 6% 7% 6% 5% 2%

6 or more 3% 4% 3% 2% 1%
Dondét knov - <1% 1% 1% 0%
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Appendix B Onsite Data Collection Form i Lighting

Regional Hours of Use Study

Onsite Data Collection Formi Massachusetts

Customer Name: Customer ID:

Customer Address:

Date: Time: Technician:

Introduction
AHel | o, my name is _ _ : and | am wortkel ng
MassachusettsEnergy Efficiency Program Administrators | 6 m here t o meet
mentioned on the phone, Il 6m here to walk throc
and bulbs installed in each socket. [ Cust omer

be installinga few lighting loggers to capture hours of use [show customer a logger]. In six months
another technician will return to collect the loggers that | install. The loggers can only tell when a light
is turned on and off, they do not record anything elsaplpreciation for your time, on behalf tife
Massachusetts Energy Efficiency Program Administratorge are offering you a $150 gift card today
and $100 gift card when we return in six months to remove the loggers. Do you have any questic
regardingmy\g i t ? 0

Homeowner Verification of Receipt of Gift Card

My signature below is provided only to verify that | did receive a $150 gift card from the visiting inspector, as
previously agreed upon, on the date indicated.

Customer Name:

Signature:

Date:
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Data Collection

1.

Installed bulbs Exterior.

Y Walk around the outside of the home in a clockwise direction.

Y Record information on all exterior lighting sockets.

Installed bulb- Interior.

Y Next, proceed through the inside of the home in a clockwise idinect

Y Begin with foyer (entry way).

Y Go through each room and part of the home systematically, in a clockwise direction (or as clockwis
as is possible).

Stored Bulbs

Y Ask:fi No w, I would Iike to see all instajjed.tThidb ul b's
would include those you have bought and not yet installed as well as those that were installed and
then removed. O

Y Record information on all bulbs in storage.

Logger Installation

Y Consult logger installation instructions.

Y Installloggersos el ected fixtures (with customerds af

After Data Collection

Y Thank the customer for his/her time

Give him/her the $150 gift card.

Remind the customer that when we return in six months to retrieve the loggers we will provide then

with a gift card for $100.

Have the customer sign off on your data collection form to indicate that you visited their home and

provided him/her with a $150 gift card.

Leave with the customer the fLoggepageBheatt i ci p

v
v
¥
¥
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Home Schematic
- Sketch a simple dimensionless diagram of home layout. = Circle the floor drawn on this page:
- Label rooms. 1% Floor 2" Floor 3 Floor

- Clearly indicate the locations of the fixtures with a logger.  Basement Attic Other:

NMR
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Have you participated in any programs that replaced bulbs in your house with energy efficient bi§{Bis€le response) YES NO

If YES, which programs?

CFL & LEDs ONLY
Primary | Fixture Wall-Mounted | Fixture When What Where
Room? | Group | Control Type Control? # Fixture Type Bulb Type Bulb Shape Socket Type| wattage | Manufacturer| Model # Purchased | Replaced | Purchased
T=Twist/Spiral
R=Recessed G=Globe

lOF=0rOff P=Pendant  PF=Floor I=Incandescent QTSL?IZSTW odo

Dim-Dimmable FM=Flush mountEP=Porch CFL=CFL Bug=Bug Iigl?t (If purchased

BW=3way T=Track EPM=Post mounF=Fluorescent S=Spot/Reflector/Flood S=Screw in past year)

MS=Motion senso CF=Ceiling Fan EW=Walkway |LED=LED C=Circline P=Pin 1=2013 1=Incandescer

None=None W=Wall mount U=Under cabinefH=Halogen Tub=Tube G=GU 2=Jul to Dec 2012=Halogen

B=Breaker N=Night light | = In cabinet E=Empty Socket |Can=Candle Can=Candelabrg [3=Jan to Jun 2013=CFL Store Name

Room Y/N #  |0=Other[Specify] Y/N #  |PT=Table O=0Other [SpecifyO=Other [Specify]|0=Other [Specify] O=Other [Specify # Name Name/# |4=Before 2012 [4=LED Type Notes
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Onsite Saturation Forng Additional Pages

CFL & LEDs ONLY
Primary | Fixture Wall-Mounted | Fixture When What Where
Room? | Group | Control Type Control? # Fixture Type Bulb Type Bulb Shape Socket Type | wattage | Manufacturer| Model # Purchased | Replaced | Purchased
T=Twist/Spiral
R=Recessed G=Globe

IOF=0OrOff P=Pendant PF=Floor I=Incandescent gfg'?ImST "

DimDimmable FM=Flush mountEP=Porch CFL=CFL B;g:Big ”(;rﬁte ° (If purchased

BW=3way T=Track EPM=Post mounF=Fluorescent S=Spot/Reflector/Flood S=Screw in past year)

MS=Motion senso CF=Ceiling Fan EW=Walkway |LED=LED C=Circline P=Pin 1=2013 1=Incandescer

None=None 'W=Wall mount U=Under cabinefH=Halogen Tub=Tube G=GU 2=Jul to Dec 2012=Halogen

B=Breaker N=Night light | = In cabinet E=Empty Socket |Can=Candle Can=Candelabra [3=Jan to Jun 2013=CFL Store Name

Room YIN # |O=0Other[Specify] Y/IN # PT=Table O=0ther [Specif§O=0ther [Specify]|O=Other [Specify] (O=Other [Specify] # Name Name/# |4=Before 2012 [4=LED Type Notes
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Onsite Stored Bulbs Form

CFL & LEDs ONLY 100w & 75w ONLY CUSTOMER SURVEY| Notes
Package Where
Group Bulb Type Bulb Shape Base Type Wattage Manufacturer Model # When Purchased Purchased | Why Purchased/ Stored Type of bulb it will replace]
T=Twist/Spiral
G=Globe 1=CFL
Qfg‘:ﬁg 1[/)Tor odo 1= As a backp/to replace | 2= Incandescent
I=Incandescent Bug=Bug Iigr?t 100w bulbs 3= Bot_h/wr_uchever needs
CFL=CFL S=SpotReflector/Flood S=Screw 2= As a backip/to replace | replacing first
F=Fluorescent C=Circline P=Pin 1=2013 75w bulbs 4=Replace same type of bulb g
LED=LED Tub=Tube G=GU 2=Jul to Dec 2012 3= Tohave extras stored bulb
H=Halogen Can=Candle Can=Candelabra 3=Jan to Jun 2012 4= DK/no Reason 5= NA
#or NA |O=Other [Specify] 0=0ther [Specify] 0O=0Other [Specify] # Name/# 4=Before 2012 Store Name/ Typ|5=Other [Specify] 6= Other [Specify]
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