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Staff Response to the Nest Thermostat Heat Pump Control Pilot Evaluation

The evaluation of the Nest thermostat heat pump control pilot showed that the Nest is a viable
technology that received high marks from participants and achieved significant energy savings
in homes heated with electric air source heat pumps. The realized electric savings are in line
with engineering estimates for other advanced heat pump controls. Unlike other advanced heat
pump controls, though, installation and setup of the Nest is much simpler and potentially less
expensive. Although the pilot tested the Nest under ideal installation conditions by using a
direct-install model, we believe that contractors, and in some cases homeowners, could be just
as successful when paired with a simple, electronic verification process and customer support.
There were some technical problems encountered early in the pilot, but these were quickly
identified and resolved. In the end, the vast majority of pilot participants were happy with the
Nest thermostat.

With the success of the pilot, the Existing Homes program is now planning to accelerate the
deployment of the Nest and similar advanced thermostats in homes with heat pumps. The
program currently offers an incentive for contractors to install advanced controls on existing heat
pumps, which the Nest qualifies for, but this measure has not seen a lot of uptake. The program

is working with PGE6s contractor network to explo
advanced thermostats with heat pumps. For instance, there is currently an incentive for
contractorstoinstaladvanced controls with new, program qual

and there may be an opportunity to integrate advanced thermostats into this measure. A big
expansion is coming in the form of a new incentive for contractor installed advanced controls
with new, non-program qualifying heat pumps (<9.0 HSPF). This measure could provide
substantial electric savings for less efficient new systems and could reach a large number of
customers that might not otherwise be touched by the program.

An incentive for self-installed advanced thermostats for existing heat pump systems will be
rolled out by the program beginning in 2015. Although self-install has a much lower cost, it may
not always be successful, so some type of verification will be required along with follow up and
technical support from the program or trade ally contractors. This type of incentive has the
added benefit of potentially reaching a larger audience than contractor installs. Direct install by
the program has also been discussed as a potential option to be deployed in strategic market
niches.

Regardless of the delivery method, any future incentives for advanced thermostats should
require customers to pay a portion of the cost, which will help limit participation to those who
really want one and are willing to learn how to use it. This could potentially increase the average
energy savings and customer satisfaction above what was observed in the pilot. Higher savings
may also be realized by targeting electric customers that are more tech savvy and who have
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more opportunity for savings, including those with higher annual usage, lower incomes, or that
live in manufactured homes.

At the time of the pilot, the Nest was the only advanced thermostat that had the ability to
adaptively lockouta heatpumpd s backup el ectric resistance
However, with the rapid development of products in the advanced thermostat market, this is
likely to change. The program should create a measure specification for advanced thermostats
in heat pump applications and develop a process for vetting new products that have similar
capabilities to the Nest and may provide comparable electric savings. Once there are clear
criteria for products to qualify for the incentives, the measure can be expanded as new products
become available.

The success of the Nest in heat pump homes got Energy Trust interested in whether advanced
thermostats could produce energy savings in homes heated with gas furnaces. The opportunity
for savings is lower with gas furnaces because they do not have a control challenge comparable
to a heat pumpds use of backup heat. However
in gas heated homes by setting back the temperature more frequently using strategies like
automated schedule optimization, occupancy sensing, remote control, and feedback on energy
use. A new pilot was launched in October 2014 to test 400 advanced thermostats in gas heated
homes and determine the resulting gas savings and customer reactions. The Nest and

Honeywell Lyric thermostats were selected for the pilot.
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This report details the results of theilJt SYSy (I GA2Y |yR S@LfdzZ GA2y 2F 9y
ThermostatHeat Pump Contrdbilot. The pilot ran from the fall of 2013 through the spring of 2014

covering one entire heating season. A total of 185tNlesrmostats were installedfree-of-charge,in

participating airsource heapump-heated homes. The primary goals of the evaluation were to

determine if installing the Nest thermostat is a viable strategy for properly controlling central electric

heat pump operation in residential settingand how much electricity it saves during the heating season.

In addition, the evaluation effort is being used to help determine how customers interact with the Nest
thermostat, their level of satisfaction with the deej, and its control of the comfort of their homes.

There were three primary components associated with this evaluation effort: staff interviews,
participant surveys, and a billing analysis. Staff interviews were conducted with the goal of collecting
insigh and feedbackrbm those staff members most familiar with the pilot and to supplement the
program summary report compiled by the program implementation contractor, CLEAResult. Interviews
were held with four members of CLEAResatid onewasheld with a nember of the Energy Trust team.
There were two separate participant surveys administered to the entire population of Nest participants,
one in January of 2014 (midpoint of the heating season), with a very high response rate (110 total
completes, 062%) and one at the end of the heating season for thedeo had completed the first

survey & M™% response rale Participant surveys were conducted to understand participant usage,
perceptions satisfactionand reactions to the Nest devicas well as changes these metrics over time

as participants became more familiar with the devic&mnally, a billing analysis was performed to
estimate the impacts of the Nest devioa electricusage The analysisas performed by Energy Trust
evaluation staff and reviead by Apex Analytics.

The key findings associated with this report include the following:

A Thepreliminary, weathernormalized, annual electric savings attributable to the Nest
thermostat were 781 kWh per year or 4. @¥dotal electric usageand 126 ofheating load
Compared to the predicted savings of 836 kWh per year, the realization rate was93per
sub-group analysis showed some interesting trends (some of these findings were based on
relatively low sample sizes atatkedstatistical significace):

b PortlandMetro area homes, which tended to have more and younger occupants, realized
the highest savings
b Manufactured homes, which tended to be smalleayelower householdincome, and use
less energy, appeared to have very high savingarlydouble the overall average.
b Homes where the Nest thermostat replaced a programmable thermostat appeared to save
more energy tharmomeswhere it replaced a noprogrammable thermostatproviding a
RANBOGAZ2Y L AYRAOIFG2NI) GKI (sawngsa 1 Qa4 & OKSRdzf Ay 3
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b The lowest income category, which tended to have more manufactured homes and less
education, had the largest percent savings of any subgrouptiigateamanalyzed. This
income category also had very large and significant differences in séongthe other
two income categories

b The highest usage category, with the most opportunity for reduction, achieved the largest
absoluteelectric savings, nearly double the overall average and statistically significant.

A There were successes and failures dgrihe ecruitment andinstallationphases of the pilot.

b Site visits were conducted at 222 homes, resulting in 185 thermostat installations.-Thirty
seven homes were disqualified site due to various technical issu&devenof the 185
thermostats instakkd were removedt some point during the pilot periodue to technical
issuesand another 22 required a second visit to get them functioning properly.

b The goal was to hav@00 homes participate in the pilpltimately 174 homes had the Nest
installedfor the duration of the pilot studyGiven that there werd,,589 participants
selected as the treatment group population to recrindm, this translaiesto an achieved
installation rate ofL1%.

A Participants were very satisfied with the pilot study and Mest device

b Thesatisfaction ratingsvith the installation process were overwhelmingly positive: over
90% of respondents indicated a satisfaction rating of either a 4 or 5 (out of 5)

b Satisfaction with Nest thermostatvasrelativelyhigh, as 79% aftspondents in the first
survey and 89% in the second provided satisfaction ratings of eltbeb out of 5 Only 4%
(threeNB & LJ2 yidad) grovideta rating score o2 or belowin the second survey
compared to 9% (nineespondentdotal) in the firg survey Participans also felt increased
comfort in theirhomes.

b Over 60% of survey respondents in both the fimind survey (61%) and secerlind

adzNISe o6cc20 RSAONROSR (GKS GSYLISNI GdzNB 27
O2YF2NIFofSé¢ 2NJ aYdzOK Y2NB O2YF2NItof S¢ |
percentage of survey respondentgioF St & G KS GSYLISNI (dzNB 41 & é
comfortt 6f Sé¢ 2NJ aad2YS6KIG fSaa O2YTF2NI I dGiktSé RS

andsecondsurveys, suggestijthat 1) the Nest thermostat participants learned how to
better utilize the Nest thermostat features and functionality2) technical issues
encauntered during first survey had been resolved by the second survey
A The most cited reason for participation in the Nest thermostat study was to lower energy bills,
with 88% of respondents listing it among th&p three reasons for participating. The nerbst
frequent response provided was to save energy (49%), followed by ifgeas comfort of the
home (45%).
A Thenon-energy benefitof the Nest wereperceived to beverylarge as 34% of all respondents
believed the Nest thermostat was worth the ftettail price,even if no energy savings were
realized. While the sample size is relaljp@mall(at only 51 survey respondentgho answered
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this question) the results do suggest thatanystudy participants place gooddeal of value in
the Nest thermosta® #@atures, including remote access and automation
A The vast majority, comprising 92% ofsatondsurvey respondents, foungperatingthe Nest
GKSNXY2aadlkd G2 0S SAGKSNIOaa72e0EegoKdsuiveySdsppridénts2 NJ & @S
foundoperatingl KS bSaid GKSNX2aGhraG G2 06S aaz2YSeKFG RAT
A The favorite aspect of the Nest thermostat was the energy savings (45%ecatidsurvey
respondent; 1 KS | 6Af A& G2 O2y (NP f-leaMiBgfehtirs @®o) werwet: > 0 | Y
also popular aspects of the Nest thermostat
A Some of he Nest thermostat features and functionalitere usedoy mostof the participants
though some features were used nedrequently.
b The Nest Leaf (94%), AutoSchedule (92%), Energy History (88%), and Early On (83%) features
werefrequently used by the study participants.
b More than halfof participants, in both théirst- and secondround surveys, reported
adjusting thér thermostat with a smart phone or online, as well as using the filter reminder
feature.
A Interms of the perceived usefulness of the various features, the AutoSchedule feature was
perceived to be the most useful, with 81% of survey respondents ifirdtesurvey and 87% in
thesecondd dzZNJ@S& NB LI NI A Y 3 ( Ksbmewhat6aSS Frdsietyiui2NES the kbd S A (
Nest Leaf was the next most cited feature (81% first survey, 84% second survey), followed by the
Energy History feature (74% first survey¥@8econd survey)
A When the Nest thermostat was installed, the Heat Pump Balance function was preéaxo
Savings. Only a small minoritgf respondents&% first surveyl3% second survey) reported
changing this settingChanging this settinigas anegative impact on energy savin@s Nest
Labs confirmed that backup heat runs approximately twice as much when the setting is not
Gal E { [Fdthenibee Nest labs also confirmed that 14% of users switched off the Max
Savings setting, whidk in Ine with the 13% of the second survey sample.
A The AutoAway function, which minimizes heating when no one is home, was presdigo
when the unit was installed. In both the first and second survaysinorityof respondents
19% and20%, respectivelyindicated changing this setting.

2. LY dNRRdzOUA2Z2Y

The Energy Trust of Oregon (ETO) is an independent nonprofit organization dedicated to helping utility
customers benefit from saving energy and generating renewable power. The Energy Trust was formed in
March 2002, charged by the Oregon Public Utilities@@ssion with investing in cosiffective energy
efficiency, helping to pay the abowearket costs of renewable energy resources, delivering services

with low administrative and program support costs and maintaining high levels of customer satisfaction.
Cuwstomers of all four Oregon utilitiesPortland General Electric, Pacific Power, NW Natural and

APEX ANALYTICS, LLC 2-3 October , 2014
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Cascade Natural Gggpay a dedicated percentage of their utility bills to support a variety of energy
efficiency and renewable energy services and programs.

Inthe fall of 2014 the Energy Trust, as part of their energy efficiency efforts, decided to launch the Nest
Thermostat Heat Pump Control Pilot. The Nest Pilot was proposed as a potentieffeosve

Fft GSNYIFGAGS (2 9ySNHE ¢ Riza YS& adRBEY @&R OKS gl & LIgzy ISIN.
effort to achieve energy savings by preventing backup resistance heat at temperatures in which the heat

pump compressor could effectively operate. In November 2014, the Energy Trust contracted with Apex
AnalyticsLLC to conduct an evaluation of their Nest Pilot. This report documents the evaluation

activities and results for this pilot and is organized ithi® followingseveral key sections:

z

A ThelntroductionSectionprovides a brief introduction and the overallaje and objective for
this report

A TheBackgroundsectionprovidesan overview and details abotite Nest thermostat anthe
Nest Pilot(including participant selection, recruitment, and thermostat installation)

A The Methodology Section provides detailed imadiological and analytical approaches used for
this evaluation
A The Findings Section provides the results from the various evaluation activities
A The Conclusions and Recommendations Section offers overarching highlights from the findings
section and coalesseahese findings into actionable recommendations
2.1 Evaluation Goals and Objectives

The primary goals of the evaluation are to determine if installing the Nest thermostat is a viable strategy

for properly controlling central electric heat pump operation isidential settingsandto determine

how much electricity it saves during the heating season. In addition, the evaluation effort is being used

to help determine how customers interact with the Nest thermostat, their level of satisfaction with the

device, ad its control of the comfort of their homes. Ultimately, this evaluation is one component that

will help determine whether the Nest thermostat can achieesteffective electric savings from heat

pumps and should bimcentivizedi K NR dzZ3 K 9y SNH& ¢ piddgani Tha priddtyiréséaicly 3 | 2 Y
guestions are listed with their accompanying task$aiblel below.

Tablel. Primaryresearchable questionand the associated tasks

What was the achieved installation rate of Nest thermostats ar CLEAResult report, Staff
what were the characteristics of participants and their homes? Interviews,Participant Survey
What is the staff/installer perspective on the pilot? Are there | CLEAResult repiiStaff

issues with eligibility cinstallation challenges (e.dssues with Interviews, Participant Survey

APEX ANALYTICS, LLC 2-2 October , 2014
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eligibility, or WiFi connection problems)? Do customers seem

engaged and committed?

How do customers use and interact with the thermostats? Whi Participant Survey

functions do they use?

Are customers satisfied with the Nest thermostat and the comi Participant Survey

of their homes? Do customers seem engaged @mdmitted?

What do customers like or dislike about the Nest thermostat? = Participant Survey

Were customers motivated by the potential energy savings? @ Participant Survey

Does the Nest thermostat cause customers to change their Participant Survey and Billing
behaviof? Does it reduce heat pump run time in customer Analysis

homes? Does it reduce cutover to resistance heat?

To what degree do customers change the efficiency/comfort | Participant Survey and Billing
settings in the Nest thermostat (control for the heat pump Analysis

cutover) and what is the impact on energy savings?

Which Nest functions appear to be the most important in savin Billing Analysis

energy?

How much energy does the Nest thermostat save when install Billing Analysis

in homes withwhole house electric heat pump systems?

APEX ANALYTICS, LLC 2-3 October , 2014
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3. . O1 ANR dzy R

¢tKS bSaid tAft20 ¢l a O2yOSAOSR YR AYLX SYSY(iSR Ay i
program, which is operated by the program management contra@bEAResult. The Nest Pilot was

proposed by CLEAResult as a potential-&o$t¥ SOG A FS | f i SNY I GAGBS G2 9ySNHE@
controls measure. The original heat pump advanced controls measure (HPAC, which transitioned from

pilot to provisional stadza Ay WI ydzZ- NB HnamoO 61 & 9ySNHE ¢NHzaGQa 7
associated with proper installation of an outdoor temperature sensor and setting the thermostat to

lockout energyintensive backup resistance heat at temperatures in which tret pemp compressor

could effectively operate. Unfortunately, contractor uptake of the initial HPAC measure was low even
GK2dzaAK GKS YIFIN)]SG aAl S Aa LRGSYGALIfte 1 NABSP® CdzNI
2005 analysis of heat pump performze, which served as the motivation for a heat pump control

measure, showed that many residential HYAC contractors did not install proper heat pump controls (or

did not set them properly) to switch over to backup resistance heat at the appropriate temperat

At the time of the pilot study, the Nest thermostat was the ootynmercially available programmable

thermostat that actually could be installed and lock out thastsice heat withouthe installation é an

outside temperature sensérFurthermore the Nest uses learning algorithms to optimize the

compressor runtime so as to minimize the use of backup resistance heat which is more advanced

feature than a straight lockout temperature threshold. There is also a behavioral component to the Nest

that wasassessed as a component of the pilot. The Nest thermostat has a heat pump balance point

setting, which controls how frequently the heating system cuts over to backup resistance heat. The
oFLtFyOS LRAYUG 6Fa AYyAGALlff &miaidize rebadice anko&ckup yeat bl £ £ S NJ
achieve the target temperature and participants were asked not to change this setting. However,
Odzai2YSNBR OFy SAGKSNI 32 2ytAyS 2NJ RANBOGfte& | Ra2dzi
G. FfFHyOSIg R2ZNIKEhHBAG QA (G2t SN yOS F2NJ dzaAy3d GKS ot
accordingly. This set point may significantly impact the realized savings.

QX

The Nest has a number of other potentially valuable energy management features, including the ability
toleaN}) (G KS 200dzLJ yiQada &O0OKSRdzS yR | Y2(A2y &aSyaz2NJ
the Nest thermostat haa dial that allows the user to interact with it similar to a manual thermostat.

There are additional features that can be accessedgusismart phondased application, or online,

allowing homeowners to adjust their thermostat remotely and monitor how often their heat pump is

! Energy Trusanticipatesthat other thermostats that are coming to market may have this functionality too

2Whenthe heat pump balance iset tod 2 T Bafancé point temperature must be entered manually and Nest no
longer attempts to optimize compressoensusbackup heat run times. In this mode it acts exactly like a standard
heat pump lockout control.

APEX ANALYTICS, LLC 3-1 October , 2014
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running. The following list details the additional potential energy saving features (with description) that
the Nest thermostat offers:

A AutoAway: Thigunction minimizes heating when no one is home. When the thermostat was
installed, this functiowasturned on.

A Early On: This functicstarts heating or cooling early sioe home will be at the requested
temperatureat the time specified

A Filter Reminders: This functisemindsthe userto changetheir air filter based on how many
hourstheir heating system has been running

A AutoSchedule: This functimemembers what temperatures kedpe usercomfortable and
creates acustom schedule fotheir home

A Energy History: This function allows the uses¢e exactly whetheir system was on and see a
summary oftheir entire month's energy use

A bSad [SITY appedrswhSiadiusedrnStheMiest thermostat to a temperature
that will save energy

The Regional Technical Forum (RTF) has approved heat pump commissioning measures, but there is still
significant uncertainty around the savings and cost effectiveness. Savings estimates fér Eriefdtza G Q &
heat pump advanced controls measure were developed by Ecotope and were applied to the Nest
thermostat pilo. The weighted average savings were estimated to be about 836 kWh per year in

Climate Zone 1 and 1,541 kWh per year in Climate Zone 2nVWhbtallations are weighted 3:1 by

climate zone to account for more projects expected in Climate Zone 1 than Climate Zone 2, the weighted
average savings are 1,012 kWh. The measure is marginally not cost effective in Climate Zone 1 (the B/C
ratio to two dgits is .94), but promotion as a pilot only in Climate Zone 2 would be problematic due to
scale. Furthermore, the unit may be found to be cost effective in Climate Zone 1 under alternative cost
and savings scenarios.

The cost of the previous heat punaplvanced control measure with the outdoor temperature sensor
installation was approximately $400 for the thermostat and labor. The cost of the Nest thermostat and
installation were approximately $600 per home for the purposes of this study (approxingelyfor

the Nest thermostat and another $350 for the installatiprA directinstall implementation model was

3 Ecotope reportREVISED Blessing Memo for Heat Pénaivanced Controls Pilot (HPAC) including web enabled
thermostats

4This cost includes pilot and program costs that would not exist under a contractor direct install model. So, given a
contractor incentive, plus fewer technical issues, the installatist wwuld likely be lower.
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of the heating season and ensure bease scenario installations. Should the pilot be successful,

expansion is possible through a contractor incentive, similar to the current heat pump advanced control
measure, or through a retail incentive for seitall. A retail incentive could signifiaghnreduce costs

but may also impact the rate of successful installations. Costs may also go down over time due to

competition and technology maturation.

The Nest thermostat has received a relatively significant amount of press and appears to be chtehing t
attention of many electric utility programs. However, there are few utliised studies available on
realized energy savings. To assess the savings associated with Nest, Energy Trust attempted to recruit
200 homes randomly selected from a subset @viousother Energy Trust prograparticipants to

receive a free Nest thermostat (coupled with free installation) and compare their energy consumption
to a comparison group selected from the same population of homes. To gather feedback regarding
customer e and satisfaction with the Nest thermostat, Energy Trust also requested that participants
complete two surveys. The pilot occurred during the duration of the 2Z80B4 heating season, from
November 2013 through May 2014. A more detailed description diggrthe methodology and

analysis used for this evaluation follows in the next section.

3.1 Participant Selection, Recruitment and Installation

Recruitment for the Nest Pilot Study began by selecting a list of potential candidate homes from
previous Energyriist program participants. The selection criteria for this list included a past Home
Energy Review (HER) or freanufacturechome servicea heat pump as the primary heat source with
electric resistance heat backupsinglefamily detachedsite-built or manufacturedhome with no

Energy Trust program activity for the last 12 months and a location alongbtlerridorin Oregon This
selection process produced several thousand candidate homes, from which approximately 1,600 were
randomly selected tte the sampling frame fathe treatment group. The remainirg@9homes male

up the comparison groupNeither CLEAResutior Energy Trustontacted homes in the comparison

groupT G KSA&S K2YSaonpyré&dNihihe efisigy ds8ge dhk #eatmentgroup to help
determine the savings associated with the Nest installation.

Participation requirements for the treatment group also included the following:

No plans foralarge remodel, weatherizatigror heat pump upgrade during the study period
ExistingWi-Fi connection

Willingnesdo allow Nest Labs to share thermostat settings data with Energy Trust
Willingness to participate in a study to test a new technology

> P > >
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Recruitment was initially conducted via randomized outbound phone calls to hiontles samiing

frame. CLEAResult developed a list of qualifying questions to ensure eligibility as well as a standard
voicemail message when calls went unanswered. As installations began and additional issues were
identified, the list of qualifying questions was w@ytdd to better screen potential candidates.

After approximately six weeks of outbound calling, CLEAResult developed and mailed a recruitment
letter to all remaining candidates in tlampling framevho had not spoken with a representative on

the phone. Thdetter was mailed to approximately 1,400 homes and, similar to the talking points,
explained the benefits of the study. Prominent on the letter was the value of the installation and contact
information to call and schedule an appointment.

Together the oubound calling and the recruitment lettgrrovidedapproximately 80% of targeted
installations. To complete the remaining 20% of installations, in consultation with Energy Trust,
CLEAResult reached beyond the initial treatment group to include homes timgieted an online
Home Energy Profile (HEP). Although the data collected by thesHligfhtly different han that
collectedduring the HERhe datasets were similar enough to allow the same selection criteria to be
applied. The resulting group of HEdhdidates then received recruitment letters for installations
beginning in December 2013.

CLEAResult field staffistalled the thermostatstarting in late Q3 of 2013. All Nest installations were
completed in Q4 of 2013, so that energy usage during th&-201.4 heating season could be evaluated
in the spring. At the time of basic installation, the following activities also occurred:

A The heat pump balangaoint settingwassetto & Y | E A Savday ¢
A The homeowner was instructed drow to adjustthe other themostat settings.
A CLEAResult developed standardized instructions to leave behind with the homeowner.

Before the installers arrived agite, CLEAResult sent out additional letters and placed calls to help
educate the customerg’ho had agreed to participatexplain the details (the what/why/how of the
pilot study), and to ensure customer biry. These calls lasted at led€i minutes. This was denoted as
0 KS -atluchidh phase ¢

C2NJ 0KS AyadrttrdAazysz /[ 9! wS a-SikeCheckliBich RAQUBed(i KS Ay a
the following items:

Homeowner reviews and sigagreement

Verify and gather site information

Verify heat pump operation

Power off heating equipment at breaker panel

Remove old thermostat, put in Ziploc hagd leave with homeowner
Install Nest thermostat

p oI W I I <

APEX ANALYTICS, LLC 3-4 October , 2014



A AREX |

ANALYTICS, e

Power on heating equipment at breaker panel

Affix electrical permit sticker to breaker panel

Connect to thdnternet (router name and WFi password needed)

Verify equipment type, wiring, location, and teenature sensor accuracy
Set heat pump balance to Mimxum Savings

Gathertechnical information

Homeowner creates Nest account

Link thermostat to Nest account

Educate homeowner on controlling Nest

Leave Nest packaging and information about Nagport with homeowner

polD D I b b PP I i o

CLEAResult also used a standardized data collection tool to gather the following information from the
onsite visits:

A All data required to estimate home heat loss was collected.
A Capacity of the heat pump was recorded.
A Verificationwas madeof heatpump fan and compressor functionality.

For the study comparison group, a random sampl23¥home comparison group members were

selected from the same pool as the participants. The comparison group was not contacted or

interviewed. Homes in the comparis@roup were confirmed thiave notimplemented anyenergy

Al @gAy3 YSIFadiNBa Ay (GKS LI ad &28SFNE oFaSR 2y 9ySNHe

Quality-control activities were greatly simplified due to pilot desigisingle technician waable to
completethe installation andtollecton-site data, though as the study progressed it was deemed
necessary to add a second installer to assist with installations. The second installer reopipéste
training and background on the pilot to ensure avoided issug(as described in detail later in this
report) encountered by the initial installer early in the pilot.
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There were three components, or primary data collection efforts, associated with this evaluation study:
staff interviews, participant surveys, and a billing analysis. In addition to the three primary data
collection efforts, the evaluation team also leveraged an existing summary report compiled by
CLEAResult that detailed many of the findings associated witimgblernentation of the pilot. A more
detailed discussion regarding the methodology used for data collection and analysis for the primary
components is found below.

4.1 Staff Interviews

Apex developed amterview guide (see Appendix foy program staff at EneggTrust and CLEAResult
who were involved in the design, managemgad implementation of the pilot. A draft interview guide
was prepared for review by Energy Trasaluation staff prior to finalizing it. Toward the end of the

Nest Pilot Study, in Aprib24, the evaluation team interviewed four CLEAResult key staff and one
Energy Trusstaff member. Each interview lasted approximately one hour. It was critical to debrief staff
to get their perspectives on selection of the participant sample, installai@hsetup challenges,
participant attrition, logistical and communication issues, customer reactions to the device, customer
commitment to saving energy, and ideas for successful deployment of Nest in the market.

4.2 Participant Surveys

The evaluation team deloped two survey instruments and fielded two rounds of surveys to obtain
feedback from participants. A core set of questions remained consistent in both surveys to gauge
whether participants changed their opinions of the device during the heating sebsaddition, a

number of the survey questions were similar to those used in other evaluations of smart thermostat
initiatives so that the results could be compared. The team provided a draft of each survey instrument
to Energy Trustvaluation staff for eview prior to finalizing it.

The evaluation team decided, with Energy Trust support, to administer the survey via onlinease
survey software. A webased survey was deemed the best approach due to knowing that all

participants hadnternet accesga requirement for the Nest installation), and assuming that participants
had at least some degree of familiarity with technology due to the-tegh nature of the Nest

thermostat. The team had experience with, recommended using, and ultimately usedS8ogy

Software, an online tool that allows users to develop, administer, and analyze participant responses.
After an initial draft survey instrument in Microsoft Word was reviewed and approved by Energy Trust,
the team programmed the survey into the ordisurvey tool and tested the functionality to ensure the
invitations to take the survey were fully functional and that survey responses were properly saved to the
system.
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The first participant survey (Round 1 Surgesee Appendix B) was targeted for adistration during

the mid-heating seasonPRarticipant recruitment and actual implementation of the web survey occurred
in late January 2014. This survey focused on customer motivations for participating in the pilot,
installation and setup of the device taides about the device, valued features of the thermostat, home
comfort, use of the device, commitment to saving energyd satisfaction with the pilot. The entire

pilot participant population (at the time of reaitment N=177)wvas invited to take theifst survey,
whereas only thosgho completed the first survey (N=110) were selected to take the second survey.

The evaluation team developed and mailed recruitment letters to enlist participants for both web survey
efforts. In order to encourage custongeto open the letters and trust the source of the online survey,

the letters and envelopes displayed the Energy Trust logo, letters included personal salutations, and
envelope addresses were handwritten, stamped, and delivered via U.S. Postal ServidheAégers

were mailed, the team waited two week&fore sending followup emailto those participants who

had not yet completed the survey to encourage them to take the survey. This fopaemail reminder
proved to be very successful and helgmgh the number of survey completes well over the targeted

goal of 70. A timeline of the number of completed Round 1 surveys is shown below in Figure 1.

Figurel. Round 1survey completedy date
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Survey Completion Date

The second patrticipant survey (see Appendix C) was targeted for administration during the end of the
heating season. The evaluation team recruited the same participaimbgesponded to the Round 1
survey for a second surveylay 2014. The main objectivd the second survey was to identify any
changes in metriceelativeto those collected during the first survey. In addition, the surveys explored
which participant characteristics and behaviors might be related to the amount of energy savings and
which features of the device might have the largest impact on savings. A timeline of the number of
completedRound 2Zsurveys is shown below Figue 2.
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Figue 2. Round ZXsurvey completedy date
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4.3 Billing Analysis

4.3.1 Data Sources

Energy Trustvaluation staffconstructed the billingnalysis datset using a number of data sources.

Basic home characteristics and recent program participation information were retrieved from Energy
CNHzZAGQa ClFHadeNI Ol RFEGFEOFAS F2NJ 020K LI NIAOALI YOG |
at participant homes during the implementation of théqgb were also retrieved, including heat pump
characteristics and information about thpgevious thermostat and Nest installation. Data from two

surveys of Nest pilot participantgasalso collected and added to the analysis dstg contributing

information on participant demographics and sedported interaction with the Nest thermostat

Monthly electric usage datwasNB i NA SGSR FNBY 9y SNHE& ¢NHZAGQA dziAf Ad
based on the USPS address barcode. Daily weather data from neaathyewstationsvasretrieved

from NOAA and matched to homes based on zip code.

4.3.2 Electric Utility Data

Once electriity usage data was matched to the pilot hom@svascleanedto facilitate analysisThe

primary data cleaning tasks were to identify andwe duplicats, estimatesand readings with bad or
suspect dataDuplicate readings were defined as readings taken at the same meter, on the same day,
with the same value. When duplicate readings were identified where one value was equal to zero and
the other was noreero, the zero values were removed. If more than ane-zero reading was

identified at the same meter on the same day, then the readings were flagged as bad data and later
removed.In a given billing period, if an estimated meter reading was encounténedeamsimply
extended the billing period until ghnnext actual reading and removed the estimate. For all readings, if a
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billing period had fewer than 16 days or more than 66 days, it was assumed to contain baahdatae
reading was flagged and later dropped.

Someaddresses had more than one electmeter associated with them. In these cases, multiple
electric meters were aggregated together to obthiouselevel electric usagdf all of the meter

readings at an address were taken on the same day of the month, then the metengsackere simply
summed together. However, a number of homes contained meters where readings were occasionally
taken on different days of the month. To aggregate electric usage for these htmasamfirst
normalized the meter readings to a regular interval. This was aplisined by distributing the usage
associated with each meter reaudjto the calendar months contained in the billing period, on a pro rata
basis. Once metdevel usage datwasassigned to a month in this wayneter-level datawassummed

to obtain the total monthly usage for each home. Monthly electric ustigeall homesvas divided by

the number of days in each billing period to arrive at the average daily usage in kWh. This was used as
the unit of analysis.

Annual electricity usage statistics for 2042d 2013were calculatedor sites with at leashine readings
in a given year. These are summarized in

Table2. T-testswere performed to test for dferences in annual usage between participant and
comparison homes, but none were fourmbnfirmingthat the two groups were comparabl&xtreme

outliers in 2012 annual usage were identified and flagged using histograms and distribution percentiles
(Figures 3 and 4Average monthly electric usage for 2012 and 2013 was also calculated and compared
between participant and comparison homes (

Table2). In a few isolated months, borderline significant differences in average monthly usage were
identified between participant and comparison homes, but there was no clear patiaththe
differences may have been due to random fluctuations over tigatistics for the change in annual
electric usage at each home from 2012 to 2@ e calculatedto identify homes that experienced
large yeatover-year changes. These are summarize@iable3 andFigure5. At-testwas performed to
test the difference in the average yeaveryear change between the participant and goanison

groups, but none was found. Outliers in change in annual usage were identified and flagged using
histograms and distribution percentiles.
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Table2. Average annual electricity usage in Nest pilot homes by year, 20122048

Group [\ Mean Std. Err.  Difference in Std. Err. of | p-value*
Means Difference
2012 | Treatment 150 | 17,277 577 - - -
Comparison 226 | 16,799 582 478 855 0.577
Total 376 | 16,990 418 - - -
2013 | Treatment 152 | 17,594 565 - - -
Comparison 240 | 16,780 568 814 843 0.335
Total 392 | 17,096 411 - - -

* Two sample tests assuming equal standard errors were used to calculate tredye of the difference in

means.

Figure3. Histogram of average annual electricity usageNest pilot homes, 2012 and 2013
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Figure4. Average monthly electricity usage in Nest pilot homes, 2012 and 2013
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Table3. Average percent change in annual electricity usage in Nest pilot hofra® 2012 to 2013

Std. Err. of  p-value*

Difference
Treatment 148 | +2.24%| 0.98% -- -- --
Comparison 224 | +2.87%| 1.20% -0.63% 1.68% 0.708
Total 372 | 2.62% 0.82% -- -- --

* Two sample tests assuming equal standagedrors were used to calculate theyalue of the difference in
means.

Figure5. Histogram of percent change in annual usage from 2012 to 2013 by group

Histogram of Change in Annual kWh Usage by Group

Comparison Treatment

80
L

40
1

20
L

© T T T T T T T T T T
-100 -50 0 50 100 -100 -50 0 50 100
Percent Change in Annual kWh Usage

Graphs by Group

4.3.3 Attrition during Analysis
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Nest pilot homes were removed from the analysis if they were not successfully matched to electric
usage billing recordg.his was one of the largest sources of attrition in the analygsisg Energy Trust
project tracking data, a number of homes with sdR/ systemwere identified These were removed

from the analysis due to the difficulty in analyzing electric usage immatered homes with solar PV.
Additionally, mt all homes that were matched to electric billing data had a long enough time series of
meter readings to be used in the analysis. Homes were removed if they did not have at least one reading
prior to the pilot implementationperiod (before 8/12/2013and at least one reading in thgost-
implementation period (after 12/15/2103Yhis also aased significant attrition. Energy Trust project
tracking data was used to identify homes that received an Energy Trust incentive or service during the
analysis period (1/1/2012 to 5/31/2014) that resulted in more than 300 kWh per year of electric savings.
These homes were removed from the analysis, causing significant attrition. Next, homes were removed
that did not have valigquarefootage oryearbuilt data. Outliers in electric use were excluded from the
analysis if their 2012 annual usage was lesa th@00 kWh per year or greater than 55,000 kWh per

year. In addition, homes that had lar§iactuations in usage ovehe 2012 through 2018meframe

were dropped from the analysis. These included sites yatir-to-yearincreases in consumption of

more than 100% or decreases of more than 50%&addition to these criteria, homes were also excluded

if the teamhad information that the Nest thermostat had been removed duringftilow-up period
(12/16/2013 to 5/31/2014).

Of the 177 homes that received a Nest thermostat in 2013, 122 had sufficient electric billing data and
did not participate in other Energy Trust prograchsing the analysis periodfter the oddities and
outliers were removedhere were 113f these homeremairing, leaving 644 of the participant homes

to be analyzedOf the 299 comparison homes that were initially selected, 220 had sufficient electric
billing data and diahot participate in other Energy Trust programs during the analysis peiftat the
oddities and outliers were removefl11 of these homes remainelkaving 71% of the comparison

group homes to be analyze@ihe sample attrition is summarizedTable4.

Table4. Sample attrition for Nest pilot homes
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Phase of Analysis Participants Comparison
N % N %

All Nest pilot sites 177 | 100% | 299 | 100%

Sites matched to billing data 159 90% 251 84%

Sites removed with solar PV 154 87% 249 83%

Sites with sufficient valid billing data 145 82% 234 78%

(1 or more records in both pr@nd posttreatment periods)

Sites removed with Energy Trust projects between 1/1/2012 a| 122 69% 220 74%

5/31/2014

Sites with valid square footage data 117 66% 215 72%

Sites with valid year built data 117 66% | 215 | 72%

Outliers removed with low annual electric use 116 66% 215 72%

(< 1,000 kWh per year)

Outliers removed with high annual electric use 116 66% 214 72%

(> 55,000 kWh per year)

Outliers removedvith large change in annual electric use 116 66% 211 71%

(More than 100% increase or 50% decrease)

Sites removed where Nest uninstalled during follow up 113 64% 211 71%

Total sites available for analysis 113 64% 211 71%

4.3.4 Billing Analysis Methodology

To determine thepreliminary energy savingderivedfrom usingthe Nest thermostat, a regression

model of the Nest pilot homewas createdising weather variables, home characteristics, time period,

and treatment group to predict theutcomevariable,average daily electricity usage. Interaction terms

were also added to the model to compare the pamd postpilot implementation periods between

LI NOAOALI yiG YR O2YLI NRaA2Y K2YSad ¢KS NBadzZ GAy3 a
calculae the average annual electricity savings attributable to the Nest thermostat.

The analysis time frame was from 1/1/2012 to 5/31/2014 and was separated into two parts: a pre
implementation period, defined as prior to 8/12/2013, and a pimsplementation period, defined as
after 12/15/2013. Billing periods that overlapped with pilotglementation were excluded from the
analysisTheanalysis datasewvas organizeihto a longitudinal format with a series of repeated
observations on each home representing the billing periods. Billing periods varied in length but were
typically about onenonth. The datavere unbalanced, with a different number of observations per
home.Homeswere excludedthat did not haveat least one observation in the piplementation

period and one observation in the peishplementation period.

5This analysis is deemed preliminary due to only having a single eg@son worth of billing data. A more
complete analysis willinclude O2 YLJ SGS &SI NB& &nd may MElude PREIMeMethddd y 3 R G |

8 The finalanalysis datasetquired at least fiv@bservations
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The home charactéstic variables available for both the participant and comparison groups were square
footage, year built, home typesite-built or manufactured), and geographic region. Average daily
temperature data from the weather station nearest to each home was usedlculate the heating
degreedays (HDD) and cooling degréays (CDD) for each billing period. HDD variables were computed
for reference temperatures ranging from 50 to°65 CDD variables were computed for reference
temperatures ranging from 65 to 8. The HDD and CDD values were then divided by the number of
days in each billing period to obtain average daily HDD and average daily CDD variables, so that the units
were directly comparable to the average daily electricity usage. An indicator variablereeisd to

show whether each observation in the series occurred in theipmementation or post

implementation period. Another variable indicated whether a home was part of the participant or
comparison group.

Once the longitudinal datset was prepard, a first level of regression analysigs conductedn

Stata/SE v12.1 (StataCorp LP, College Station, B¥gito building a model that fit the datAlinear
fixed-effectsregression modelvas createdtreating each observation as a repeated measurenoen
each home. The maximum likelihood method was selected to calculate the parameter estiragigs

an unstructured covariance matriAverage daily electric usage was modeled as a function of average
daily HDD and CDD with base 65, the pre/gogilemertation flag, the participant/comparison group
flag, and square footage. Interaction terms between the pre/dogblementation,
participant/comparison groupand HDD variables were added to model the effect of the intervention
between the participant and eoparison homes the difference in differences in electric usa@mnce

the basidixed-effects model was created, random effestsre addedand their impact on the fit of the
modelwas estimatedising the likelihood ratio test. First, a random intercepttevas added to model
the clustering of observations within each home, which significantly improved the fit. Then a random
slope term for HDD was added to model the relationship between HDD and usage for each home, which
also significantly improved the fithe followingformuladescribes theesulting linear mixed effects
modeld dzi Ay 3 GKS WYAEBRQ LINRBOSRdAINB Ay {dGF dl

i OQ [ 'O00 1 600 1T Ol E€6h 0VET & "YROO 606 Qoo
I Ol €6Q&i O O € OO [ 0Eiz8000 | O € 89 € {28000 0O
6 000 T
Where:
Yi & "(%xhe average daily electric usage fmme "Qluring billing periodQ
I s the fixed intercept for ahomes
"0O0 Ois the Heating DegrePaysfor home‘@uring month’'Q
6 'O Ois the Cooling DegreBaysfor home '@luring month'Q
"Oi ¢ 6mp is a dummy variable where 1 indicates thame Qs part of theparticipantgroup,
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0 ¢ i fifp isa dummy variable where 1 indicates that billing peri@tcurred during the

follow-up period,

"Yr| "@®the square footage of honi@

0 6 "Qa the year that hom&was built,

0 is the random intercept for sit€and is independent from

0 is the random slope coefficient of HDD for s{@&nd is independent from

i is the model error for sit&uring billing periodQ

This modeprovidestwo keyparameter estimate$or computing savings: the interaction term
coefficientss andf . Together, these coefficientiescribe thedifference between the treatment

groups in their change in consumption from the fi@ postimplementation periodor a given number

of HDD, while controlling for CDD, square footaa@ year built.In other words, the sum of these
coefficients is theverage daily electric savings linear combination of these two coefficients was

O2YLJzi SR o6dzaAy3
savingsattributable to the Nest thermostat

0¢ ¢ 0@BIDYO UL Qe &P o

Where:

{ardl Qa

0 'Y’00071

Unfedthgrad@nyalizxed@eede lanhabeledir

I s the coefficient of théOi ¢ & f £ i idteraction term,
0 'Y OO0 QOis thelongrun average annual HDD for each weatkation, derived from the
Typical Meteorological Year 3 (TMY3) dataset and averaged over the sample sites,

I is the coefficient of th&Oi ¢ & f ¢ i z60°0 Ointeraction term.

Next, this model was reun for different combinations of HDD a@DD reference temperatures. The
resulting log likelihood, Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) fit
statistics were compare@nd the model that best fit the data was selected. The best fit was achieved

using a HDD ference temperature of 5% and a CDD reference temperature of Fableb).

Although these reference temperatures are not standard, they fit the data better avduge savings
estimates with a lower standard error than the typical reference temperatures.

Table5. Nest model fit statistics for various HDD and CDD reference temperatures

Reference Temperatures ‘ Log Likelihood AIC BIC
HDD50 /CDD65 -25404.6 50839.2 50941.6
HDD50 / CDD70 -25379.9 50789.8 50892.3
HDD50 / CDD75 -25362.1 50754.2 50856.7
HDD50 / CDD80 -25370.1 50770.3 50872.7
HDD55 / CDD65 -25121.5 50273.0 50375.5
HDD55 / CDD70* -25109.7 50249.4 50351.9
HDD55 / CDD75 -25118.5 50267.1 50369.5
APEX ANALYTICS, LLC 4-10
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Reference Temperatures Log Likelihood AIC

HDD55 / CDD80 -25161.1 50352.2 50454.6
HDD60 / CDD65 -25155.8 50341.5 50444.0
HDD60 / CDD70 -25204.1 50438.1 50540.6
HDD60 / CDD75 -25270.0 50569.9 50672.4
HDD60 / CDD80 -25359.4 50748.7 50851.2
HDDG65 / CDD65 -25298.5 50627.0 50729.5
HDD65 / CDD70 -25442.6 50915.2 51017.7
HDD65 / CDD75 -25585.6 51201.2 51303.6
HDD65 / CDD80 -25728.7 51487.5 51589.9

L A higher log likelihood value indicates a model that better fits the data.

2 Among a group of models fitting the same data, a lower AIC value indicates a preferable model.
3 Among a group of models fitting the same data, a lower BIC value indicates a preferable model.
* HDD55 / CDD70 reference temperatures resulted in the bestdidel.

To determine if there were any major issues with the modetHit, teamcreated several residual plots.

A look at the residual plots Figure6 reveals thathe model residuals were not quite normally
distributed but were pretty well randomly scattered with respect to the fitted values. The issues with
the residuals appeared to be fairly minor and did not necessitate major changes or transformations to
the model.

Figure6. Residual plots for the best fit electricity usage model
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5. CAYRAYy3a

The following findings are based on research conducted by CLEAResult, Apex Analytics, and Energy
Trust. As mentioned previously, CLEAResult served as the implementer and designed the pilot for Energy
Trust. Findings frol@LEAResUstpilot summary repor{the complete report can be found in Appendix

D) are included throughout this section and supplemented with information compiled during@gex
interviews with implenentation and program staff. Apex led the development and analysis of the staff
and participant surveys and also assisted with compiling the analysis and results across the various
actors and drafting this evaluation report. Energy Trust staff were resplenfsir and developed the
energysavingsestimates based on a billing analysis, with additional support and quality assurance
reviews fromboth Apexand Nest LabdsEach section below reviews the findings from each of the
distinct primary researchable guisns of the pilot study and leverages findings from each of the
various pilot study sources to help inform the results.

What was the achieved installation rate of Nest thermostats, and what
were the characteristics of participants and their homes?

According to CLEAResult staff, installation appointments were budgeted for 1.5 hours, which was more
than sufficient for most homes. Each installation took between 45 minutes at a minimum to two hours
for the most complicated installations, with the majyrof installations taking approximately oheur.

Some homes required revisits, where installers had to go through online setup of the Nest account and
link the account with the thermostat. Some homes had slower speeds or connectivity issues since the
Wi-Fi router location was far away, #tose homeowner$iad to schedule another followp

appointment. To maintain consistency and ensure that any disqualifying factors were identified before
thermostats were installed, CLEAResult installers followed a stdrsgé of procedures during each

visit. According to the installers, the longest aspect of installation was connecting the Nest to-Hie Wi
signal In generallie hardware installation was a relatively straightforward process.

Educating the participant &t the use of the Nest device was a critical comporedrihe installation

procedure. The education component was performed througttbatentire installation (approximately

half-hour total time educating participant). The total time and level of intekested by homeowner

The installer had aEnergy Trusbranded informational handout that was developed by CLEAResult,

and within halfanhour explained how to usthe Nest. Participard iQitial reaction to the Nest device

during installation was overwhelmingly positjas one of the primary installers noted, participants

GSNBE GUKNRffSR yR 3SydaAaySte KFLILR G2 3ISG GKS RSO

"Nest Labs offered feedback on this report and provided supplemental participant usage data, including heat
pump balance settings arrdin timesfor both the heat pumpgompressor and aiitiary heat system.
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frequently raised durig installation was whether they would still have heat if theRlVsignalvere lost
in the home with the response being affirmative, they would continue to have heat

Achieved Installation Rate

The original recruitment plan for thailot was to make otbound calls to the group of identified

candidates and schedule installations from these calls. During the first month of recrujiraiatwere
made to 28% of candidates resulting in only 22% of needed installations. The two major barriers to
recruitingwere skepticism of people on the phone (concern this was a sales call or scam) and a lack of
awarenes®f the Nestthermostat Interestingly, CLEAResult reported that the vast majority of people
did not know anything about the Nest and had never heard@faY | NI (dkeSNX¥ 2 a i | G

The CLEAResult team ultimately decided to distribute an introductory letter that helped describe the
pilot program to potential participants. After the letters were mailed, CLEAResult schedulers were able
to say they were calling tmflow up on the letter and ask if the candidate had thought about
participating. Anecdotal accounts from schedulers suggest that the initial suspicion of the study was
much lower after the letters were sent. Many candidates were still not interested iticjgating, but

most had opened the letter and were now making an informed decision.

The total number of customers contacted to participate in the pilot was 1,SB8.visits weraltimately
conducted at 222 homes, resulting in 185 thermostatallations. Thirtyseven homes were disqualified
on site due to various technical issu&devenof the 185 thermostats installed were removed due to
technical issuesand another 22 required a second visit to get them functioning properly. Therefote, o
of the original 1,589 population to be recruited participate in the pilot and serve as the treatment
group in the billing analysis, there were ultimatély4 homes that had the Nesuccessfullynstalled
translating to an achieved installation ra®&11%. An overview of the recruitment, installation, and site
visits is included below ihable6.
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Table6. Nest Pilot Studyecruitment, installation and site visits summarg

Date Aug Sep Oct N[0} Dec ‘ Jan Totals
CALLS
Outbound 454 482 404 1,340
Inbound Calls 207 152 359
LETTERS
Outbound Letters 1,410 690 337 2,437
NestsOriginally Installed 44 48 79 0 14 185
Uninstalls 2 6 3 11
Onsite DNQ 5 11 14 0 7 37
Revisits 9 12 1 22
Total Site Visits: 252
Elg;ls(::ount of Installed 174

Characteristics of Participants and their Homes

CLEAResult collected tAeK I NI O S NA a (i AhGndes & the bedinhdy bf @hi hilbt tudghie
participantdemographic questions were included in the Round 1 participant suiakye? through
Table9 provide a summary of Nest pilot data and characteristics of the participant and comparison
group homesTablelOandTablell provide a summary of additional Nest participant information and
survey responses, including heat pump characteristics and participant demographics.

Table7: Summary of Nest pilot home characteristics

Mean Mean % Site
Square Year Built Built
Footage
Participants 177 1,793 1979 84%
Comparison 299 1,793 1977 75%
Total 476 1,793 1978 78%

8 Many of these summary points of contact are repeated attempts, total unique contacts was 1,589
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Table8: Nest pilot homes with solar PV system or a recent Energy Trust efficiency project

Solar PV Recent Projects
% of N % of

Homes Homes
Participants 6 3.4% 25 14%
Comparison 3 1.0% 15 5%
Total 9 1.9% 40 8%

* These homes are included in the total of 476 pilot homes listed above, but were later rerfrovednalysis.
1 Solar photovoltaic systems present on pilot homes that were installed at any point from 2002 to May 31, 2014

and received an incentive from &y Trust.
2Home efficiency measureasstalledin pilot homes betweeri/1/2012 and5/31/2014that saved a total of 300 or

more kWh per yeaand received an incentive from Energy Trust.

Table9: Geographic distribution of Negtilot homes

Portland Metro Willamette Valley Southern Oregon

% of % of % of

Participants 104 59% 28 16% 45 25%
Comparison 150 50% 48 16% 101 34%
Total 254 53% 76 16% 146 31%

Table10: Additional characteristics of Nest pilot participant homgi=170)

Characteristic Mean Std. Dev.
or
% of Homes

Heat pump capacity (tons) 3 0.7
Heat pump lackup heapower (kW) 15 4.0
Heat pump age (years) 12 7.9
Multi-stage heat pump 4% --
Good or Average \Aki Connection 95% --
Prior thermostat was programmable 75% --
Prior thermostat had backupeat lockout 6% --
House Heat Loss Rate (UA) 531 172
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Tablell: Summary of demographic information from Nest pilot participant surviy=110)

Characteristic % of
Respondents

Education

No College Degree 36 33%

College Degree 45 41%

Graduate Degree 28 26%
Income

Less than $50,000 30 33%

$50,000 to $90,000 29 32%

$90,000+ 32 35%
Childrenliving in home

No 83 76%

Yes 26 24%
Age

Less than 50 30 29%

50 to 64 37 36%

65+ 35 34%
Occupants

1 person 16 15%

2 people 56 51%

3+ people 37 34%

What is the staff/installer perspective on the pilot? Are there
installation challenges, issues with eligibility, or Wi-Fi connection
problems?

Staff/Installer Perspective on Pilot

Staff members at both Energy Trust and CLEAResult overwhelminghafahe pilot was a worthwhile

and successful endeavor. The speed with which the initial pilot design was proposed and then executed
was unanimously the quickest that both teams had ever experienced, and the design of the pilot, with
the direct-install canponent, was critical to the expeditious launch of the pilot in time for the winter
heating season. Though the pilot did encounter some challenges, mostly centered on installation issues
and flaws with the internal technical functioning of the Nest, staéimbers agreed that the quick

response time, flexibilityand adaptability to resolve these issues proved to allay most participant
frustration and fear about the functioning of the device. This is particularly evident in the high

participant satisfactiomatings reviewed and discussed below in the report.

From proposed pilotancept to buyin andkickoff,the project had fastrackdevelopmentMost of all,
the pilot was a allaborative effortfrom start to finish which required constant and effective
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