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ABSTRACT

Evaluations of information-driven social norm megeg programs have demonstrated that
behavioral programs can generate quantifiable greagings. However, few evaluations have succdgsful
documented the behavioral drivers that lead toem®es in energy savings. Past evaluations of kwhavi
based conservation programs rarely move beyond‘itaek box” of estimating reductions in kWh to
provide insight into exactly how program particifmrare saving energy. Without this knowledge,
implementers are deprived of the insight necedsacyeate increasingly innovative program interians.

The Opinion Dynamics Team, with subcontractor NamigConsulting, conducted an evaluation on
behalf of multiple utilities in Massachusetts tsess the impact, value, and scalability of behavior
programs (including OPOWER, Tendril, and Efficien2y) in current and future statewide behavioral
program efforts. This paper will detail how ourrtepaired market research techniques with econocsetri
analysis to examine the behavior changes that @mergy savings for one of these programs, OPOWER.
Specifically, we will describe the methods and iimys from a statewide evaluation of prominent bébrav
programs that draws on multiple market researchnigoes. The goal of this evaluation was to additess
following researchable questions: (1) how are tbbabioral program interventions generating changes
energy saving installations and practices amongetiwsho are touched by the program?; (2) what ae th
unique behaviors that contribute to energy savimgduding but not limited to measure installatiand
conservation behaviors?; and (3) how, if at a, thiese behaviors persisting over time?

I ntroduction

Behavioral programs have become ubiquitous in gnefficiency program portfolios throughout
North America. While many program evaluations haleumented the energy savings value of these
programs, few evaluations to date have soughtterménehow these programs garner savings.

Opinion Dynamics, with subcontractor Navigant Cdtisg, conducted a comprehensive process and
impact evaluation of National Grid’'s electric anasgOPOWER pilot program — called the Home Energy
Reports (HER) program — as part of a larger, stalewvaluation of Massachusetts behavioral progftams
In addition to verifying the savings gained throutle program, the objectives of this evaluationener
determinehow the Home Energy Reports motivate actions amonticgaants,what actions participants are
taking as a result of the report (efficiency, camagon, and non-energy actions), and the extenthih
these actions may battributable to other resource programs. To answer these larger questions, our
evaluation addressed a number of questions to timiker drivers behind the program’s savings gains.

This study is part of a three-year, multi-prograndyg to determine the effectiveness of behavioral
program across multiple programs and utilities. Tasults herein are the first step in answeringéhe

! For the purposes of this evaluation report, werréd the National Grid behavioral program as tHER program.” We refer to
customers receiving Home Energy Reports as “HERdqizants” and to their counterparts as the “cangg@up.” The National
Grid behavioral program evaluated in this repoctuded three waves of program intervention, varyiggarticipant fuel type and
the date of the first report. We will refer to thlectric-only pilot cohort as the “electric pilotfie gas-only pilot cohort as the “gas
pilot,” and the expansion of the electric cohoratbroader geography at a later date as the “Eleotpansion.” We will refer to
National Grid energy efficiency programs availatdeHER participant and control households outsitdthe HER program — e.g.,
rebate and home assessment programs — as “othien&labrid programs.”



qguestions and will inform our future research sadiOur team is scheduled to confirm findings oetiin
this paper drawing on multiple quantitative methods

For the purposes of this evaluation, our team fedusn the OPOWER pilot efforts, implemented
from October 2009 to October 2010, as it was tHg program that was fully active for the first yaafrour
program evaluation. The pilot program set an ansaaings goal of 2.05% kWh savings per participant
household for the electric pilot effort, and 1.048érm savings per participant household for the .
The HER program was delivered to 24,853 electiimt piarticipants and 24,994 gas pilot participahisng
the first year of the pilot program. The HER pragralso retained 24,752 electric and 24,876 ga®mess
to serve as a control group for the program.

The program provides normative comparisons couplgd energy savings recommendations to
educate and motivate participants to take energingaactions and behaviors within their homes. The
program delivers information on household energypsomption, including neighbor comparisons and
historical consumption trends, through monthly Hoereergy Reports (direct mail) and an Energy Insider
website (promoted in direct mail). Residential afgmily homeowners with high energy use are #rget
customers.

M ethodology

The Opinion Dynamics Evaluation Team used a mudtthrad approach for this evaluation, including
the following techniques: (1) survey research; {il)ng analysis; and (3) channeling analysis. Weefty
describe these methods below.

» Behavior Change Survey: Opinion Dynamics conducted a telephone survey @2 National Grid
electric and gas pilot customers in late Noveml@&t02 These customers represent four groups,
defined by two dimensions: National Grid behavigpabgram pilot cohort (electric or gas) and
behavioral program treatment (participant or cdhtr@ur primary goals for the survey research
included the following: (1) to determine what an8gparticipants are taking over and above control
groups; (2) to determine the proportion of actidhat are equipment efficiency-based versus
conservation behavior-based; and (3) to assesdfisplg which behaviors are contributing to
program savings. This survey effort used an aiggaach to measuring 42 energy saving actions
between the treatment and control groups.

» Billing Analysis. Navigant Consulting conducted a billing analysisagsess changes in energy
consumption attributable to behavioral programs. W&imated annual electric savings per
household for the National Grid electric-only piemid annual therm savings per household for the
National Grid gas-only pilot, using a linear fixedfects regression (LFER) analysis to estimate
program effects, and customer billing dataFER analysis provides a Difference-in-Difference
(DID) estimate of program savings. It essentiallpmpares the average change in energy
consumption between pre- and post-periods amongpéngcipant group to the average change
among the control group to assess what participamsumption would have been in the absence of
the program, i.e., program savings.

» Channeling Analysis: Opinion Dynamics conducted a channeling analysthe cross-participation
in National Grid programs. The HER behavioral pemgrsometimes promotes other National Grid
energy efficiency programs — particularly rebatedzh programs — in program materials, and
directs customers to National Grid resources tm sig for these programs. If HER program
materials are effective, we would expect to sebftd th participation in other National Grid eneyg
efficiency programs among HER participants — ia.higher rate of participation among the
treatment group, compared to the control. If inazatal participation exists, the savings estimad¢ th

% Savings estimates for the National Grid Electoip&hsion cohort will be provided later in 2011, wtgelonger billing history
(e.g., full heating and cooling season data) islawi@ for program participants.



we observed in billing analysis may be higher tlagtual program savings, because the program

treatment effect (the sum of all coefficients withe program treatment term) may include

incremental savings achieved through the jointotfééd OPOWER and other National Grid programs

(through deemed savings in their tracking datal)aBexause these incremental savings are already

counted by other National Grid programs, we carcmint them as net program savings. The

purpose of channeling analysis is therefore to ansle following two questions:

*  What isthe participation lift due to the HER?: To determine whether the behavioral program
treatment generates lift in other energy efficienqmpgrams, we compared the numbers of
treatment and control groups members who initigi@dicipation in other National Grid energy
efficiency programs after the start of the behaliggrogram. For both treatment and control
groups, we cross-referenced the databases of tlfe bdfBavioral program with the 2008-2010
databases of other National Grid residential eneffigiency programs available to the customer
base targeted by the behavioral program (singleianstandard-income Massachusetts
residentsj. Through this database review, we determined (lgtkdr each HER program
household participated in any program after the sefahe HER program, and (2) the date of first
participation in each non-behavioral energy efficie program. The difference in treatment and
control participation rates is participation lif/e also looked at participation rates in the year
prior to the behavioral program to ensure thatelveere no pre-existing differences in program
participation rates between treatment and control.

* What savings are potentially double-counted?: As mentioned above, savings from measures
installed in other National Grid programs may belae-counted by the HER program and other
National Grid programenly if these savings from measure installations are nmen¢éal — that is,
if savings from measure installations are higheomgnparticipants than the control group. If
incremental savings from measure installationstegi®gram savings estimated through billing
analysis must be adjusted to reflect only direcbgpam savings — i.e., savings through
conservation behaviors or measures installed autefdan energy efficiency program. The
objective of the savings adjustment component @fnokling analysis is to determine what
portion of HER savings detected in billing analysie also captured in other program databases,
and adjust HER savings to reflect only direct sgsinfo estimate HER Direct Savings, we first
estimate total HER program savings from billing lgsia, and then estimate HER channeled
savings as the difference between savings fronr gitoegrams achieved by the HER participant
group compared with the control group.

Evaluation Results

The evaluation team found that the HER programth@gpotential to generate savings through three
primary mechanisms: (1) through conservation asti¢®) through direct measure installations outsitie
rebate programs; and (3) through existing Natidgaatl programs. The first two savings mechanisms are
unique to the HER program, while the third mechanrissavings through existing National Grid programs—
reflects savings that are already counted by gihegrams. From this first phase of our study, tewation
results indicate that the majority of energy sasiage direct (outside of other programs) and mayg bk
generated through more equipment installation traginally thought.

Through all three sources, we found that electiliot fnousehold verified savings averaged 184.1
kWh and 1.61% kWh savings per participant amongtetepilot participants, for a total of 4,575 MWh
across all households, representing 78.5% of tl€gfirst-year percent savings goal. Gas pilottiggpants

% Programs under evaluation includassSave Home Assessment (Electric electric autit raeasures; gas audigNERGY
STAR® Appliances (electri¢)CoolSmart HVAC (electrig)Appliance Recycling (electricMassSave Weatherization (gaahd
high-efficiency heating & hot water (gas).



averaged 9.93 therms and 0.77% therms savings gécipant for a total of 260,437 therms across all
households. These estimates represent 74.3% gathpilot’s first-year percent savings goal.

Sour ce of Direct Savings

While overall savings estimates for the pilot peogrmay not have met the program targets, our
research suggests that the effective useful liflhhe$e savings may be greater than originally eséchand
requires additional investigatidrOf unique savings gained through the HER prograots{de of other
programs), we estimate that many of these savirggdwe to measure installations. Electric pilotipgrants
were more likely than control group members to-sgbort installing at least one measure in eacthef
following measure groups: high-efficiency consuneectronics (e.g., ENERGY STAR Televisions),
building envelope measures (e.g., insulation), Emwdcost measures (e.g., weather stripping). Gést pi
participants were more likely than control groupnmbers to self-report installing at least one measar
these measure groups: building envelope measuddggan fixtures (indoor and outdoor) (Table 1).

Table 1. Measure and Behavior Composites of Energy Saving Actions Taken by HER Participant and
Control Groups (At least 1 of each group)®”

National Grid National Grid National Grid Lift in Uptake
(Electric) (Gas) (All Fuels) (Treatment % -
M easur e Group Treat. Cntl. [Treat. Cntl. [Treat. Cntl. Control %)
High-Efficiency Measures
Building Envelope (3) 18.0**%  10.7% |13.9**% 7.3% 16.0**% 9.0% 7.0%**%
Consumer Electronics (4) 22.8x* 14.0 17.9 13.2 | 20.4** 13.6 6.8%**
Low-Cost Measures 49.6** 40.6 41.0 37.6 |45.3** 39.1 6.2%**
Appliances (3) 28.2 22.8 21.5 16.8 |24.8" 19.8 5.0%"
Light Fixtures (2) 9.3 9.2 10.8" 6.5 10.0 7.8 2.2%
Heating / Cooling (5) 11.9 8.6 8.6 8.1 10.2 8.4 %.9
Behaviors
Consumer electronics (5) 41.2 37.8 45.4 40.4 43.3 39.1 4.2%
Hot water usage (5) 41.2 35.1 39.8 37.6 40.5 36.3| .2%4
Lighting (4) 34.0 375 39.8 34.8 36.9 36.1 0.8%
Space heating and cooling (3) 27.2 28.7 34.7 31.6 093 30.1 0.8%
Refrigerator maintenance (3) 20.0 19.1 21.3 23.§ .720 21.4 -0.7%
HVAC maintenance (5) 22.1 26.3 24.4 29.6 23.2 2190 -4.7%"
Home Energy Audit
Home Energy Audit 3.7 4.9 8.2 7.3 5.9 6.1 -0.2%

®Measures metric: Purchased or installed at leastemergy efficient item in measure group in pastr yas % of eligible base).
Note that this metric does not imply positive retings from these measures, as some could be@uitinits.

®Behaviors metric: Started or increased at leastobitems in behavior group in past year (as %ligilge base)

** Difference between treatment and control stat#ty significantly greater than zero at 95% cdefice level

" Difference between treatment and control stadliy significantly greater than zero at 90% coafide level

* We will further investigate these findings in @@11 program evaluation, which will explicitly expé the persistence of the HER
program.



Notably, HER participants did not report an ovecilange in conservation behaviors that surpassed
the control group in our survey research. Natidhadl HER participants were no more likely to sedport
taking new actions or increasing existing energgirgabehaviors over the control group. When we exam
differences by unigue behaviors (as opposed to ositgs), we see a few differences between thecpzatit
and control groups, but these differences do nowvsh clear trend in favor of the program — i.eg tontrol
group was slightly more likely to change some corat#on behaviors than the treatment group.

Figure 1. lllustration of Potential Measure Life Range of HER Installation and Behavioral Savings

Liftin Uptake?® Measure Life (Years)®
(Treatment % - Control %) Average and Range® Average
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Chart ordered from highest to lowest liftin Range bands represent minimum and maximum
uptake by treatment group measure life of measures within each group

#Source: Measure and behavior composites of enengggactions taken by HER participant and corgrouips. Note this
figure represents overall lift, not net positiveanges (e.g. installations minus additions of addél or more energy
intensive equipment)

®Source: Massachusetts Technical Reference ManualRésidential Electric Efficiency Measures (Effeeti Date
1/1/2011) — Estimate of average, minimum and marinfar each measure group based on measures withasure
group. Note that measure life calculations weightdiative uptake of measures by control group, @mchot attempt to
account for savings.

¢ Range bands represent minimum and maximum mehfsuoé measures within each group

4 Note that “Light Fixtures” group excludes CFLs,iathare in Low-Cost Measures group

** Significantly higher than other treatment groap95% confidence level

A Significantly higher than other treatment groaf®@% confidence level

Savings Through Participation in Other Programs

Our channeling analysis results further supporsehfndings. While the evaluation team found that
the HER program is facilitating program participatiin other National Grid programs, most of the of



participation lift appears to occur between two &hwé months after the reports were delivered to
participants and was relatively small (see

Figure 2 and Figure 3).

The HER program has channeled 88 incremental &legilot participants into existing National
Grid programs. However, the differences in paratign did not result in incrementally higher deemed
savings from program measures installed by prograrticipants compared to those of the control gsoup
(based on the statistical significance of diffeebetween treatment and control savings from dtfagional
Grid programsj.Estimates of incremental savings gained throughpgagrams were greater: We estimate
that 4.7% of per household gas savings detectedlimg analysis were gained through program chéinge
(i.e., the joint effect of the HER and other progs.

While we did not find evidence of incremental chaled savings among electric pilot households,
there appears to be variation in program partimpaby treatment group (a higher participation rawterall
and a higher participation rate in the Home Assesgnprogram), indicating there is no universal
relationship in the HER’s channeled savings. Ngtablr initial review of the expansion electric ooh
found that participation in other programs is geedahan the pilot estimates, indicating a potertia@hd
towards greater incremental program participatio0d10 for electric customers.

Figure 2. Trended Electric Program Participation Rate for Electric Pilot Cohort®
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#Monthly participation rate captures the number ofigeholds thafirst initiated participation in a National Grid energy
efficiency program in that month. A participatingusehold is only counted once, in the month thittiated participation
in any of the programs under evaluation. The cutivdgarticipation rate captures the proportiorhofiseholds that had
initiated participation in any program on or beftiiat month.

® Our data found that the program may have gaineatiditional 1.07 kWh savings per household throuitjer electric
programs — the difference between average saviogs éther programs achieved among participant Hmide compared
with control group households — but these incremiesavings were not statistically significant (dueof 0.7184 in a two-
tailed test).



Figure 3. Trended Gas Program Participation Rate for Gas Pilot Cohort
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Table 2. National Grid Program Participation among HER Participants and Control Group

Cohort

Group size (n)
Before Behavioral Program

Participants in other EE prograins

Participation Rate

Difference in Participation Rate
p-value of difference

Incremental Participants

After Behavioral Program (PY 1)

Participants in other EE programs

Participation Rate

Difference in Participation Rate
p-value of difference

Incremental Participants

Electric Pilot Gas Pilot
Control Treatment Control
24,752 24,853 24,876
467 457 796
1.89% 1.84% 3.20%
-0.05% -0.14%
0.693 0.386
n/a n/a
956 1,048 798
3.86% 4.22%** 3.21%
0.35%** 0.64%**
0.045 0.0001
88 160

Treatment
24,994

766
3.06%

962
3.85%**

#Participationin other EE programs specific to fuel type—i.er, thee electric pilot, this is the number that iaitid participation in

any electric EE program during the analysis period.

** Significantly higher than other treatment groap95% confidence level
~ Significantly higher than other treatment groa®@% confidence level




Table 3. Home Energy Report Net Savings and Perfor mance against Goals, PY1

Electric Pilot Participants Gas Pilot Participants

Average %  Average kWh Average % Average

Reduction in  Savings per 'gg’ahMgWh Reduction in  Therm Saving: 'Sl'gtlai\LTgerm

kWh Household 9 Therm per Household 9
Program Goal® 2.05% 228.78 5,825 1.04% 13.10 334,280
R'g}npéﬂﬁgzﬂﬁg‘g}gs’ 1.61% 184.07 4,575 0.81% 10.42 260,437
Incremental savings
from other programs - - - 0.04% 0.49 12,180
Net Program Savings, Final 1.61% 184.07 4,575 0.77% 9.93 248,257

Of those who were aware of the HER program, owesuresearch found that participants are self-
reporting installing more measures that are elkgibr rebates when compared with the control gré\s.
indicated in the table below, our survey found tiaile HER participants are taking more rebateHeley
actions as a result of the HER program (top rohgytare only seeking out rebates for about one-ibiir
these energy efficiency purchases (middle row).s€éhindings further suggest that the program saving
obtained through rebate programs are primarilyctliir®ased on self-report, at least two-thirds ef $avings
from incremental rebate-eligible items are likelgt counted by rebate programs, and there may be
incremental savings from incremental measures phdicipants are installing that are not rebatgielie
(e.g., lift in low-cost measure installation ral®®n in Figure 1).

Table 4. Rebatesfor Energy Efficient Measures

National Grid National Grid National Grid
(Electric) (Gas) (All Fuel)
Part. Cntl. Part. Cntl. Part. Cntl.

Purchased any rebate-eligible item
(as % of total n)

Used rebate

(as % of people with at least one eligibl29.8% 33.7% | 34.8% 28.6%| 32.0% 31.4%
purchase)
Used rebate o 0 0 o
(as % of total n) 13.5% 11.6% [12.8%" 8.0% |13.2%" 9.8%

Total n 250 251 251 250 501 501

45.4%** 34.4% |36.8%** 27.9% |41.1%** 31.1%

Note: Please refer to questions PE9a-PE9t in tipdirfeoResults document for the rebate-eligible gem
** Significantly higher than other treatment groap95% confidence level.
~ Significantly higher than other treatment grot®@% confidence level.

Participant Characteristics as Potential Predictors of Action

In addition, our data suggest that a number ofofactincluding but not limited to baseline energy
consumption, may correlate with greater energy rgpvi In addition to baseline consumption (widely
understood to predict savings potential), we fodhdt household composition, and demographic and
ideological differences play a role in the likeldibto take actions across National Grid pilot comcs
(including the control group), indicating potentaedispositions to take different types of enesgying
actions>

® We classified survey respondents as falling absvévelow the median (within their cohort) in terofs(1) measure uptake: the
number of high-efficiency measures purchased daliesl in the past year (adjusted for householdpenent / capacity to install
measures); and (2) behavior change: the numbeetopasitive behavior changes made in the past (ghusted for household
equipment/capacity to make changes).



Specifically, National Grid pilot customers withghi measure uptake (relative to other customers)
were significantly more likely to be white, live ansingle-family detached home, and describe thimeseas
liberal or moderate compared with customers with ineasure uptake. There is also a slight difference
the income distribution, with slightly more custasevith high measure uptake having annual household
income over $100,000. These differences may béeckta ability to purchase high-efficiency equiprinfem
the home. Notably, there were not differences insktold composition (such as number of occuparts an
children) for this group, with the exception of hé prevalence of living in single-family homes.

The story is slightly different for behaviors —gtilcustomers who made a relatively high number of
behavior changes have more people in the housdBdlyl compared with households who made a low
number of behavior changes (2.9 people in the hofitey are also relatively more likely to have drein
in the household (47% have children under 18 inhitnesehold), be younger (54% are between the dges o
35-54), be female, and be non-white. These faciaggest that household composition may play a géon
role in adoption of behavior changes compared higher-cost measure installation.

Table 5. Demographic and Housing Characteristics of Respondents with Low and High Measure
Uptake and L ow and High Behavior Change

L ow Low Behavior | High Behavior
Measure High Measure Uptake Uptake Uptake
Uptake
Demographics
under 35 3.0 3.5 1.6 4.9
Age 35-54 45.3 48.2 40.0 53.5%*
55+ 51.7 48.2 58.4 41.7**
Household size g‘ggbg“mber P 3.1 2.9 3.1%*
Children in household éigesfst T 44.3 36.8 46.9+*
Education of Bachelor's or
respondent higher 62.1 65.2 65.6 61.6
under 50K 21.0 16.8 19.2 18.6
50-100K 40.7 36.6 " differencein 41.4 36.1
Household Income overall income
100-200K 31.2 36.6 distribution 31.0 36.5
200K or higher 7.1 10.1 8.4 8.8
Gender Female 56.8 52.1 514 57.6"
Race White 90.5 95.0** 94.2n 91.2
Housing
Homeownership Own 97.1 98.4 98.4 97.0
Housing type Single-family
detached 92.1 95.5%* 94.4 93.2
Home size Avg. square feet 3,339 3,355 3,310 3,384
Before 1960 55.5 51.9 55.3 52.1
Age of house 1960-1990 31.5 34.8 33.0 33.2
1990 or later 13.1 13.4 11.7 14.7
Changesin past year
Increase in
occupancy 7.7 8.3 6.6 9.4
Household occupancy Decrease in
occupancy 14.9 114 13.2 13.2
No change 7.4 80.3 80.2 77.5
Employment status of Increase in
people in household employment 4.7 51 4.4 5.4
Daecreaace in

17.7 19.6 16.8 20.4



employment

No change 77.6 75.4 78.8 74.2
Other

Liberal or
Politics moderate 64.1 69.6" 65.4 68.2

Conservative 3B 30.4 34.6 31.8
Total n 509 493 500 502

** Statistically significant increase over otheogp at 95% confidence level
N Statistically significant increase over otherupat 90% confidence level

Note: All figures are percentages, unless denatedag.” (average). Significance testing based bisgjuared test (if more than
two categories) or z-test (if two categories; amig shown).

There is a relationship between high and low measptake and the overall income distribution a@%3onfidence level based
on a chi-squared test for joint significance.

Conclusions

Our findings indicate that National Grid’'s HER pram is generating savings. Our survey data
indicate that, when asked, participants and cogi@mlip members perform similarly on conservatiotioas
both in terms of new behavioral adoption and immterof intensity of actions taken. This finding is
meaningful in that it calls into question exactlyav types of behaviors are generating program gavin
Further, our survey research and channeling arsaysth indicate that HER participants are instglimore
energy efficient measures compared to our contr@lg and that these installations were takenaigéd
part, outside of existing National Grid programbu$, a greater proportion of HER participant saviwgre
gained through direct measure installations (coegbéw changes in conservation behaviors) than puely
thought. While these results are preliminary ant be verified through future evaluations, the fimgs
indicate that it may be necessary to revisit tifiective useful life assumptions of the HER program.

As part of the 2011 evaluation efforts, our teartl e integrating these survey results with billing
data to estimate the weighted average of savingadnsure. This analysis will provide greater insigto
the source of the savings and will allow us to deiee if increases in the estimate of the potermtitdctive
useful life of the HER program are warranted dugh® magnitude and persistence of savings due to
measure installations.

In addition, our data also suggests that the tyfpgadicipants who take conservation compared to
efficiency actions may be different. This findingggests that program targeting and planning mayibeer
refined to maximize savings by targeting househaddnographic characteristics rather than relying on
housing stock and baseline energy use alone.



