Proceedings of the International Association of Ermgy Economists’ 1998 Conference
Québec City, Canada

Persistence and Spillover/Market TransformatioMaasured for
Boston Edison Company’s Energy Efficiency Progrémnghe Last 7 Years

by
Lori Megdal, Ph.D.Megdal & Associates, and
Karen Pedersen, P.[Boston Edison Company

Introduction and Overview

The Boston Edison Company (BECo) has been offatgmgand-side management (DSM) programs for overcadde
These programs serve all of BECo's retail custopeetors: commercial, industrial, residential, andtirfiamily. Such
programs have incorporated energy efficiency edmatfinancial incentives in the form of rebatesdadirect
installation, contractor arranging services, andessments of efficiency potential and cost-effeciass. BECo
invested over $289 million from 1986 through 19950SM programs to produce estimated savings of dvar
gigawatt hours.

The persistence of DSM program effects basicalhsisis of energy conservation measures (ECMs) rénggin place

and operational as they are anticipated to beheis immediate effects were measured. In othedsothe research
reported here answers the question of how mucheeffects change over the lifetime of the ECM&isTmplies that

the primary requirement for a persistence studheésdetermination of what percentage of the progrestalled ECMs

have persisted. This work provides estimates afiahpersistence rates for up to seven years iafitllation of the

ECMs. (Other research, annual and biennual impaaduations, measure the actual szvings obtainatkdiately after

installation as compared to expected savings.)

An additional area of research in this project wessurement of long-term spillover or market trarmsation for these
program participants. There are energy efficieeqyipment that appears to be cost-beneficial fdividuals and firms

to invest in that do not have market acceptancee @ the theories as to this lack of acceptanteaisthe transaction
costs of gathering the information and the risk®lved in trying new technology are such that tineestment is not
made. It is hypothesized that subsidy programeif@rgy efficiency could overcome these marketiéarby providing

information and incentives to cover the risk invadvin an initial trial. Overcoming this market bar for these

customers in future purchasing is termed long-tepitlover or market transformation for these custosn

The research found significant persistence impautssignificant spillover/market transformation esgs.
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Methodology

Telephone surveys were the primary data colledimhnique because they could reach many more ipartis for a
given expenditure as opposed to site visits. Bhimwed for larger samples for greater disaggregaliy particular
programs offered by BECo.

Telephone surveys, however, do not offer the objégtoffered by a non-utility site visit. Site sits provide a more
objective review of the presence of the equipment @n ascertain its condition and function. Aldetcheck for the
telephone survey was provided in this study bypxdormance of a large number of persistence sty

Both the telephone surveys and site visits gathéata to answer the primary questions of whethentbasure(s) (what
proportion of the installations) are still in plaaed whether those in place are still operatioaam(at proportion are
still operational). A follow-up question for meass that have been removed or replaced concerreedetiel of
efficiency of the replacement equipment as comp&vedhat was installed through the program, andtwies there
prior to the program. These questions were as&ednfined in the site visit) by end-use in ordeatbieve end-use
information and assure accuracy in obtaining tfi@mation on the appropriate equipment.

Four telephone surveys were constructed for thigept. These were designed for each of the foligwsectors of
customers:

Q Commercial/industrial;

O Residential;

Q Multi-family; and

Q Commercial customers who moved into retrofittelittes.

Each survey contained many survey loops construoyednd-use. This allowed the survey questionsetspecific

regarding the measure relevant for each parti@daticipant. The telephone survey sample was t&eldoom program

databases with the end-uses annotated that theipant received incentives for within a progranare The amount of
data collected from a contacted participant wasimiaed by inquiring whether the participant hadaiged BECo

assistance for other end-uses in other progransyetirthey had received other assistance, theg wso asked the
survey loops for those end-uses. This increasediformation received, the cost-effectivenesshaf persistence
survey, and its accuracy concerning participartaltagion information.

The surveys also contain numerous survey loopsmitte end-use loops. These were required beazube nested
questions within the persistence study. Thesedted the following nested question pattern:
» Isthe equipment installed as indicated in the mogdatabase?
+ If not indicated, did they ever receive BECo assise to install equipment for this end-use?
¢ If so, when was the first year they received BE€sistance for energy efficient equipment for thid-ese?
e sitstillin place?
¢ If still in place, is it operational?
= If notin place and operational, has it been regd&c
= If replaced, how efficient was the replacement carag to what was installed through the program or
what was there prior to the program?
¢ For those in place and operational, how are theyd us comparison to how they were used shortlyr afte
installation (the one year post-installation usaghin the earlier evaluations)?

After persistence of each of the end-uses is exahnithe second section of the telephone survey #sks
spillover/market transformation questions. Therremtwo types of spillover/market transformatiorestions asked:
general, and end-use specific questions concertit@l post-participation decisions. In other vgpmdid the subsidies
offered in the program allow participants to tryeggy efficiency equipment whereby the participdatsned about the
benefits of making energy efficiency investmenifsthis occurred, then participants would incretssr investment in
energy efficiency in the future without the usesobsidies, and this should be seen in post-paatioip decisions.
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The sampling pools for this study consisted of progdatabases, or randomly selected program déatacexfor the
larger program databases, provided by Boston Edidtumerous databases were provided, with sepdedédases by
program and program year for each BECo DSM prograen the last several years. A few of the oldealases were
not available for this study. However, all progemsectors, and the program years with the greasashgs were
included. Given the diversity within what was dahle in the databases and their forfhagampling procedures and
surveys were designed to accommodate this divergigimplifying to common denominators. This sifoiy was then
supplemented and doubled-checked through the teteplsurvey by inquiring about prior BECo DSM pragra
participation by end-use.

The overall completed samples include over 1,2Gpt®wne surveys, and over 200 site visits. Thepiagpools for

the telephone surveys consisted of random sampl@sdgram and program yéarThe site visit sampling pools were
randomly selected subsets of the telephone surapling poot. The number of telephone surveys and site visits
completed by sector and program are given in Table

Findings

A consistent methodology and presentation style wgzsl for estimating persistence across all BE@grams. Five
tables were produced for each program displayiegréisults of the research for that program. Tist fable in each
was derived from the persistence analysis of thepl®ne survey results. The second table presenéedersistence
analysis from the site visit data. The third tabl@mines by end-use the level of replacementsabeatr and the
efficiency of those replacements. The fourth taddsesses the responses to the specific end-ustoqaeregarding
installation decisions as they relate to self-regmbrspillover/market transformation effects fromioprprogram

participation. The fifth table summarized the fiparsistence factor estimates for that programsimilar process and
presentation was used to examine end-uses acsidental, and again across commercial and indlgirograms.

The telephone survey results were considered tiheapy persistence results, as these had the laegeple sizes. The
persistence findings were compared to those foand 995 as the survey was in 1996 and the inigasigtence factor
was already incorporated in the annual impact ewmlos. (Double-counting would occur if an immedipersistence
loss, i.e., for non-installation or immediate remb¥f counted in both the annual impact evaluatod in this mid-term
persistence study.) The next step was in devajppitrend estimate based upon the by-year findiftgs comparison
to the findings for 1995 participants. This pracassumes that the differences across participalhtsounter-balance
one another and that the persistence rates faciparits from prior years reflects the persisterates expected for its
time since program participation. In other worttiés analysis assumes they are no cohort effects.

The preliminary persistence estimate was a combimatf the findings from the telephone survey aitd gisits, with
the greatest weight given to the telephone suresylts.

The spillover effects were a combination of thecpatage that have made subsequent energy equipieasions, the
self-reported program effect on these decisiond,the combination of these responses across ersd-Udgs estimate
was approximated as a percentage of expected sastings to be combined with the persistence féata final long-

term persistence factor.
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Table 1 Telephone and Site Visit Samples

Telephone Site
Surveys Visits
Multi-Family Programs (Measured by contacts/compgex
many customers served per complex) 22 11
Residential Programs
High Use Program 1991 - 1993 202 11
High Use Program 1994 - 1995 135 34
Home Energy Rebate (HER), 1994-1995 59 12
HVAC Rebate Program 1993-1994 42 25
Energy Eff. Lighting 1990-1993 99 *
Energy Eff. Lighting 1994-1995 53 *
RESIDENTIAL TOTALS 590 82
Large Commercial & Industrial, New Construction,
Remodeling, Equipment Replacement
Large C/l 1990-1993 30 15
Large C/l 1994-1995 26 22
Equipment Replacement, 1993-1995 6 5
New Construction 1992-1995 9 7
Remodeling 1994 - 1995 3 2
C&I (Non-small) Totals 74 48
Small C/I
Small C/l 1990-1993 294 50
Small C/l 1994-1996 243 28
Small C/l Totals 537 78
Commercial customers that moved into retrofittedlitées 24
COMMERCIAL TOTALS 635 126
TOTALS 1,24 21¢

* Customers voiced resentment when asked fovsits for simple lamps & CFL rebates.
Therefore, priority placed elsewhere given #rid their smaller energy savings per site.

As an example for this paper, the findings for ofi¢he ten program areas are presented. Thegbearesults for the
Small Commercial/Industrial Retrofit Program result

There were 537 Small Commercial/Industrial Retr&fibgram participants who responded to the teleptmmvey.
Participants were initially asked about measurstalled and if other end-uses had measures installether program
years. This maximized the information we couldlgabtain from the participant.

Persistence questions on the survey were askedhthyise. The responses for these were then aggdegafbe
telephone survey persistence results for the Stmatimercial/Industrial Retrofit Program are preseriteTable 2.
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The program level estimates are 98% for 1995 ppaiits, 91% for 1994 participants, 84% for 1993ipigants, 86%
for 1992 participants, 85% for 1991 and 1990 pagudicts, and 80% for 1989 participants. Given tthis, trend and
persistence estimate compared to the 1995 resal®386 in 1994 and decline to 82% in 1989.

Table 2 Small C/I Retrofit Telephone Survey Peesise Findings

Program Year N* Overall Trend Comp. to 1995

1995 170 98% NA

1994 186 91% 93%
1993 22 84% 89%
1992 146 86% 88%
1991 62 85% 87%
1990 64 85% 87%
1989 24 80% 82%

*  Sample size is sum of counts of participants hy-ese, as persistence is calculated.
With multiple end-use and multiple year participatisample size can be greater than number otjpantits surveyed.

There are 78 site visits for this program. Of seurthe sample size for any one year is still inglbt small. The
persistence findings from the site visits are highan those found in the telephone survey exaapbfie year, 1989,
for which they are significantly lower. These résare presented in Table 3.

Table 3 Small C/I Retrofit Site Visit Persisteriiadings

Program Year N* Overall Trend Comp. to 1995

1996 10 90% NA

1995 21 90% NA

1994 7 100% 100%
1993 12 94% 100%
1992 21 99% 100%
1991 9 92% 100%
1990 17 56% 75%

*  Sample size is the sum of the counts of pauéiots by end-use, as persistence is calculateth Miltiple end-use and
multiple year participation, the sample size cagteater than number of participants surveyed.

The telephone survey's replacement examinationtfer Small Commercial/Industrial Retrofit Programfésind in

Table 4. As shown there, over one-quarter (309panficipants by end-use have made replacemeRtcognize that a
replacement could be many lamps or only one ouemfor 100.) However, there are no persistenceffof these
replacements due to the fact that over 80% of thepkcements are at least as efficient as thepewpuit installed
through the program. Additionally, there is almastequal balancing humber of replacements thammare efficient
than was installed through the program compargtieécaumber of replacements where the efficiendybfetk to what
was there prior to the program. From this, it wascluded that there were no effects from replacer& program

installed equipment.

The examination of subsequent energy equipmentpaieg decisions for this program is presentedabld 5. Only a
very small percentage of customers make energypewgrit decisions in any year. Therefore, the péagenof
customers with subsequent decisions in only uget@rs years after program participation is also kmas would be
expected, the percentage is smaller for those sad4uaving equipment with longer expected lives.

Table 4 Small C/I Retrofit Telephone Survey Reptagst Examination
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Total
CFL 156
LAMPS 387
AC 30
HEAT 4
MINWTR 14
BLDG 2
BALLAST 177
MOTORS 3
VSD 1
EMS 6
CUSTOM 7
TOTALS 787
PERCENT
Table 5 Smal
End-Use Decision %
since Yes
Part.
#Yes
Lighting 68 14%
AC 25 5%
Heating 18 4%
Water
Heating 14 3%
Motors 13 3%
Process 4 1%
EMS 13 3%
Other 14 3%

* “Do not know”

not in

Replaced  More
Efficient
40 5
128 12
3
2 1
60 4
1
2
1
237 22
30.1% 2.8%

Same

Less
Efficiency Efficient

Same as before
the Program

as Program than Program

22
73
1
1
43 2
1
1
1
140
17.8%

0.9%

15

27

3.4%

| C/I Retrofit Responses for Subsegieetgy Equipment Decisions (Spillover)

More
Efficient
Earlier

24%
27%
33%

8%
15%
25%
23%
42%
cluded.

More Same
Efficient Efficienc
Same Time vy Earlier

21%
9%
17%

5%
5%

15%
23%
50%
8%

8%

8%

Same Same Less Less No
Efficiency Efficiency Efficient Efficient Effect
Same Later Same Later

Time Time

2% 2%

6%

8% 8%

8%

2%
5%

45%
55%
44%

7%
46%
25%
23%
50%

8%

The effects of the program on subsequent energypegmt decisions was smallest for customers in $heall
Commercial/Industrial Retrofit Program than for atlier BECo program. This is not unexpected adl srmmmercial
and industrial customers are more often those winemeediate cash flow issues may outweigh longanteenefit/cost

investment decisions.

The final long-term net persistence factors for BEECSmall Commercial/Industrial Retrofit Prograne &7% in 1994
and fall to 86% in 1989. These include a spilléwarket transformation effect of four percent. sTprogram has
contained primarily lighting measures: lamps, ts#iaand CFLs, and serves many smaller busine&gsn this, these
persistence factors, though lower than that founchast of the other BECo programs examined, alleysite positive.

The persistence factors are presented in Table 6.

Table 6

Results for the Small C/I Retrofibgam
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Program Preliminary Spillover* Final
Year Persistence Long-Term
Net

1994 93% 4% 97%
1993 89% 4% 93%
1992 88% 4% 92%
1991 87% 4% 91%
1990 87% 4% 91%
1989 82% 4% 86%

* Overall estimate, not performed on an annualdasi

Boston Edison Company’s (BECo’s) long-term net igégace factors found in this study for each ofirti@SM
programs are presented in Table 7. These netspeise factors are quite strong, with and withbatgpillover/market
transformation impacts seen from these participdnting this medium-term follow-up. The net peaeise factors
vary in the out-years from a low of 86 percent foe Small C/I Retrofit Program to a high of 112% fhe CI/I
Remodeling Program.

Table 7 Final Long-Term Net PersisteRaetor Results
for Boston Edison Company’s DSM Programs

Program -- Years post- 1994 1993 1992 1991 1990 1989
participation 2years | 3years| 4years| 5years| 6years| 7years
Large C/I Retrofit 110% 110% 110% 110% 110% 110%
C/l Remodeling 112% 112% 112% 112% 112% 112Pb
C/I New Construction 103% 103% 1039
C/l Equipment
Replacement 102% 102% 102% 102% 102% 102%
Small C/l Retrofit 97% 93% 92% 91% 91% 86%4
High Use Program
(Residential) 100% 100% 95% 95% 90% 90%
Home Energy Rebate
(HER) Program 101% 101% 101% 101% 101% 101%
HVAC Rebate Program
(Residential) 101% 101% 101%
Energy Efficient Lighting
(Residential) 96% 96% 96% 96% 96% 96%
Multi-Family Programs
(Multi-Family, Boston
Housing Authority
(BHA), and Public
Housing Authority (PHA)
Programs)

99% 99% 99%

The out-year net estimates for C/l end-uses seeansyafter program participation (1989 participaticange from a
low of 61% for hot water conservation measuresi{agwater heater tank wraps and low flow showel)et a high
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of 102% for heating equipment and VSDs. Theref@ue end-uses in the C/I sector with persistenssde by the sixth
and seventh years that are significant enough texbenined as part of future program planning atebrated resource
management efforts. These are: water conservatiasures, 61%; energy management systems, 77%s,|&3%;
and compact fluorescent lamps, 86%.

The out-year net estimates for residential end-Usas to seven years after program participatio@8@ - 1992
participation) range from a low of 61% for watemservation measures to a high of 104% and 105%hdating
equipment and lamps, respectively. There are taneeuses in the residential sector with persigtdéosses by the out-
years that are significant enough to be examinguhetsof future program planning and integrate@uese management
efforts. These are: water conservation measufé$; @ater heating, 67%; and compact fluorescenp£mo%.

Significant out-year persistence losses are founddter conservation measures and compact fluaresmmps cross
both the C/I and residential sectors. The smaltgential savings per measure and their ease dfvanmake these
measures more vulnerable to persistence loss. highest persistence for compact fluorescent larapsithin the
Energy Efficient Lighting Program. This suggestattcustomers whose participation is guided by siredor these
types of lamps, rather than their being a “side”sas part of a larger program, may have bettesigtence results.

Generally, there are still small proportions oftonsers that have additional energy equipment datiseven as much
as six years after program participation. Thisstaitiates that the eligible population for anyipment decision is a
small percentage of the total customer population.

Of those participants making subsequent equipmeaisibns, overall more than half report installimgre efficient
equipment due to their earlier participation in BESCDSM programs. This may be one of the firstgiderm
examinations of spillover/market transformation amoprior participants. We have found significambgram
spillover/market transformation occurring.

As would be expected, spillover/market transfororais lower for end-uses not addressed within Bréiggpant’s prior
participation. For example, the Energy Efficieigtting Program obtained significant spillover amdighting but not
for heating equipment or other non-lighting equipmeSimilarly, these participants have the lowegtorting that the
program taught them about energy conservation appities they were unaware of before participatmthe program.
This is also consistent with the targeted naturta@fprogram.

In summary, there appear to be both advantageslisadvantages to having end-use targeted progrargrgeted
program appears to obtain greater measure persiskern also obtains less spillover.

In an innovative inquiry of customers that movetb ifacilities retrofitted by prior occupants (thgiuBECo’s DSM

programs) found very high persistence of these umeas This finding is much better than we gengtadllieved would

be true. Most of the firms that moved into theskdfitted facilities had moved from elsewhere lie BECo service
territory. Any customer moving into this facilityould receive the benefits from these efficiencyestments, and by
moving there would be BECo customers. Yet, the flat all of those moving in were previously BEQastomers

means that these new beneficiaries were previgastyof the non-participant customers that subelithis investment
through their prior utility bills. This adds anethlevel of benefits to “non-participants” than hpikviously been
considered in standard DSM benefit/cost analys€hat is, the participant bill savings are sharetivben current
participants residing at the facility and those #panticipants who would move into the facility late
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Endnotes

1. The telephone survey and site visit numbers arersrof magnitude larger than the sample sizes carynused in
annual DSM evaluations at BECo and most US uslitie

2. Databases were in D-Base, Excel, Paradox, rfeulsipreadsheets, differing files by program yeéfemrent fields
by program year, and other complications.

3. The random samples were for participants withtvetppeared to be valid telephone numbers. Statistifference
of means tests were performed by program thatigdrithat participants with valid telephone numbars
participants without valid telephone numbers ditidifer significantly in their expected savings.

4. Site visit personnel were instructed that mawstamers would be receiving both a telephone suanelya site visit.
They were given instructions on how to explain wlayh were occurring and that the site visit way \aief for the
purpose of examining the equipment on-site, andtsesage and application.



