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MEMO 
 

Date: October 22, 2014 
  To: Board of Directors 

From: Marshall Johnson, Residential Sector Manager, Existing Homes Program 
Dan Rubado, Evaluation Project Manager 

Subject: 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 PGEôs contractor network to explore a variety of options to boost uptake of 
advanced thermostats with heat pumps. For instance, there is currently an incentive for 
contractors to install advanced controls with new, program qualifying heat pumps (Ó0.9 HSPF) 
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 



 

APEX ANALYTICS, LLC 
 

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 lockout a heat pumpôs backup electric resistance heat based on weather conditions. 
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 pumpôs use of backup heat. However, there may still be some opportunity for savings 
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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1. 9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

This report details the results of the imǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ 9ƴŜǊƎȅ ¢Ǌǳǎǘ ƻŦ hǊŜƎƻƴΩǎ bŜǎǘ 

Thermostat Heat Pump Control Pilot. The pilot ran from the fall of 2013 through the spring of 2014, 

covering one entire heating season. A total of 185 Nest thermostats were installed, free-of-charge, in 

participating air-source heat pump-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 settings, and 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, 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 

insight and feedback from 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 CLEAResult, and one was held with a member 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, or 62%), and one at the end of the heating season for those who had completed the first 

survey (a 79% response rate). Participant surveys were conducted to understand participant usage, 

perceptions, satisfaction and reactions to the Nest device, as well as changes in these metrics over time 

as participants became more familiar with the devices . Finally, a billing analysis was performed to 

estimate the impacts of the Nest device on electric usage. The analysis was performed by Energy Trust 

evaluation staff and reviewed by Apex Analytics. 

The key findings associated with this report include the following: 

Á The preliminary, weather-normalized, annual electric savings attributable to the Nest 

thermostat were 781 kWh per year or 4.7% of total electric usage and 12% of heating load. 

Compared to the predicted savings of 836 kWh per year, the realization rate was 93%. Further 

sub-group analysis showed some interesting trends (some of these findings were based on 

relatively low sample sizes and lacked statistical significance): 

Ƅ Portland Metro area homes, which tended to have more and younger occupants, realized 

the highest savings. 

Ƅ Manufactured homes, which tended to be smaller, have lower household income, and use 

less energy, appeared to have very high savings, nearly double the overall average. 

Ƅ Homes where the Nest thermostat replaced a programmable thermostat appeared to save 

more energy than homes where it replaced a non-programmable thermostat, providing a 

ŘƛǊŜŎǘƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊ ǘƘŀǘ bŜǎǘΩǎ ǎŎƘŜŘǳƭƛƴƎ ŦŜŀǘǳǊŜǎ Ƴŀȅ ōƻƻǎǘ savings. 
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Ƅ The lowest income category, which tended to have more manufactured homes and less 

education, had the largest percent savings of any subgroup that the team analyzed. This 

income category also had very large and significant differences in savings from the other 

two income categories. 

Ƅ The highest usage category, with the most opportunity for reduction, achieved the largest 

absolute electric savings, nearly double the overall average and statistically significant. 

Á There were successes and failures during the recruitment and installation phases of the pilot. 

Ƅ Site visits were conducted at 222 homes, resulting in 185 thermostat installations. Thirty-

seven homes were disqualified on site due to various technical issues. Eleven of the 185 

thermostats installed were removed at some point during the pilot period due to technical 

issues, and another 22 required a second visit to get them functioning properly.  

Ƅ The goal was to have 200 homes participate in the pilot; ultimately 174 homes had the Nest 

installed for the duration of the pilot study. Given that there were 1,589 participants 

selected as the treatment group population to recruit from, this translates to an achieved 

installation rate of 11%. 

Á Participants were very satisfied with the pilot study and the Nest device. 

Ƅ The satisfaction ratings with the installation process were overwhelmingly positive: over 

90% of respondents indicated a satisfaction rating of either a 4 or 5 (out of 5). 

Ƅ Satisfaction with Nest thermostats was relatively high, as 79% of respondents in the first 

survey and 89% in the second provided satisfaction ratings of either 4 or 5 out of 5. Only 4% 

(three ǊŜǎǇƻƴŘŜƴǘΩǎ total) provided a rating score of 2 or below in the second survey 

compared to 9% (nine respondents total) in the first survey. Participants also felt increased 

comfort in their homes. 

Ƅ Over 60% of survey respondents in both the first-round survey (61%) and second-round 

ǎǳǊǾŜȅ όсс҈ύ ŘŜǎŎǊƛōŜŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜƛǊ ƘƻƳŜ ǘƻ ōŜ ŜƛǘƘŜǊ άǎƻƳŜǿƘŀǘ ƳƻǊŜ 

ŎƻƳŦƻǊǘŀōƭŜέ ƻǊ άƳǳŎƘ ƳƻǊŜ ŎƻƳŦƻǊǘŀōƭŜέ ŀŦǘŜǊ ƛƴǎǘŀƭƭƛƴƎ ǘƘŜ bŜǎǘ ǘƘŜǊƳƻǎǘŀǘΦ ¢ƘŜ 

percentage of survey respondents who ŦŜƭǘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ŜƛǘƘŜǊ άƳǳŎƘ ƭŜǎǎ 

comfortŀōƭŜέ ƻǊ άǎƻƳŜǿƘŀǘ ƭŜǎǎ ŎƻƳŦƻǊǘŀōƭŜέ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ мт҈ ǘƻ с҈ ōŜǘǿŜŜƴ ǘƘŜ first 

and second surveys, suggesting that 1) the Nest thermostat participants learned how to 

better utilize the Nest thermostat features and functionality or 2) technical issues 

encountered during first survey had been resolved by the second survey. 

Á The most cited reason for participation in the Nest thermostat study was to lower energy bills, 

with 88% of respondents listing it among their top three reasons for participating. The next most 

frequent response provided was to save energy (49%), followed by increasing the comfort of the 

home (45%).   

Á The non-energy benefits of the Nest were perceived to be very large, as 34% of all respondents 

believed the Nest thermostat was worth the full retail price, even if no energy savings were 

realized. While the sample size is relatively small (at only 51 survey respondents who answered 
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this question), the results do suggest that many study participants place a good deal of value in 

the Nest thermostatΩǎ features, including remote access and automation. 

Á The vast majority, comprising 92% of all second survey respondents, found operating the Nest 

ǘƘŜǊƳƻǎǘŀǘ ǘƻ ōŜ ŜƛǘƘŜǊ άǎƻƳŜǿƘŀǘ Ŝŀǎȅέ ƻǊ άǾŜǊȅ Ŝŀǎȅ.έ Only 7% of second survey respondents 

found operating ǘƘŜ bŜǎǘ ǘƘŜǊƳƻǎǘŀǘ ǘƻ ōŜ άǎƻƳŜǿƘŀǘ ŘƛŦŦƛŎǳƭǘΦέ  

Á The favorite aspect of the Nest thermostat was the energy savings (45% of all second survey 

respondents); ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ǊŜƳƻǘŜƭȅ όнт҈ύ ŀƴŘ bŜǎǘΩǎ ŀǳǘƻ-learning feature (20%) were 

also popular aspects of the Nest thermostat. 

Á Some of the Nest thermostat features and functionality were used by most of the participants, 

though some features were used more frequently.  

Ƅ The Nest Leaf (94%), AutoSchedule (92%), Energy History (88%), and Early On (83%) features 

were frequently used by the study participants.  

Ƅ More than half of participants, in both the first- and second-round surveys, reported 

adjusting their thermostat with a smart phone or online, as well as using the filter reminder 

feature. 

Á In terms of the perceived usefulness of the various features, the AutoSchedule feature was 

perceived to be the most useful, with 81% of survey respondents in the first survey and 87% in 

the second ǎǳǊǾŜȅ ǊŜǇƻǊǘƛƴƎ ǘƘŀǘ ǘƘŜ ŦŜŀǘǳǊŜ ǿŀǎ ŜƛǘƘŜǊ άsomewhat uǎŜŦǳƭέ ƻǊ άvery uǎŜŦǳƭΦέ The 

Nest Leaf was the next most cited feature (81% first survey, 84% second survey), followed by the 

Energy History feature (74% first survey, 83% second survey). 

Á When the Nest thermostat was installed, the Heat Pump Balance function was preset to άMax 

Savings.έ Only a small minority of respondents (8% first survey, 13% second survey) reported 

changing this setting. Changing this setting has a negative impact on energy savings, as Nest 

Labs confirmed that backup heat runs approximately twice as much when the setting is not 

άaŀȄ {ŀǾƛƴƎǎέ. Furthermore, Nest labs also confirmed that 14% of users switched off the Max 

Savings setting, which is in line with the 13% of the second survey sample. 

Á The AutoAway function, which minimizes heating when no one is home, was preset to άhnέ 

when the unit was installed. In both the first and second surveys, a minority of respondents, 

19% and 20%, respectively, indicated changing this setting. 

2. LƴǘǊƻŘǳŎǘƛƻƴ 

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 Commission with investing in cost-effective energy 

efficiency, helping to pay the above-market costs of renewable energy resources, delivering services 

with low administrative and program support costs and maintaining high levels of customer satisfaction. 

Customers of all four Oregon utilities ς Portland General Electric, Pacific Power, NW Natural and 
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Cascade Natural Gas ς pay a dedicated percentage of their utility bills to support a variety of energy-

efficiency and renewable energy services and programs. 

In the 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 potential cost-effective 

ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ŀŘǾŀƴŎŜŘ ƘŜŀǘ ǇǳƳǇ ŎƻƴǘǊƻƭǎ ƳŜŀǎǳǊŜΣ ǿƘƛŎƘ ǿŀǎ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ŦƛǊǎǘ 

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 

Analytics LLC to conduct an evaluation of their Nest Pilot. This report documents the evaluation 

activities and results for this pilot and is organized into the following several key sections: 

Á The Introduction Section provides a brief introduction and the overall goals and objective for 

this report 

Á The Background Section provides an overview and details about the Nest thermostat and the 

Nest Pilot (including participant selection, recruitment, and thermostat installation) 

Á The Methodology Section provides detailed methodological and analytical approaches used for 

this evaluation 

Á The Findings Section provides the results from the various evaluation activities 

Á The Conclusions and Recommendations Section offers overarching highlights from the findings 

section and coalesces these 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 in residential settings, and to 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, and its control of the comfort of their homes. Ultimately, this evaluation is one component that 

will help determine whether the Nest thermostat can achieve cost-effective electric savings from heat 

pumps and should be incentivized ǘƘǊƻǳƎƘ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ 9ȄƛǎǘƛƴƎ IƻƳŜǎ program. The primary research 

questions are listed with their accompanying tasks in Table 1 below. 

 

Table 1. Primary researchable questions and the associated tasks 

Research Questions:  Task: 

What was the achieved installation rate of Nest thermostats and 

what were the characteristics of participants and their homes? 

CLEAResult report, Staff 

Interviews, Participant Survey 

What is the staff/installer perspective on the pilot? Are there 

issues with eligibility or installation challenges (e.g., issues with 

CLEAResult report, Staff 

Interviews, Participant Survey 



 

 

APEX  ANALYTICS, LLC  2-3 October , 2014  
 

eligibility, or Wi-Fi connection problems)? Do customers seem 

engaged and committed?  

How do customers use and interact with the thermostats? Which 

functions do they use? 

Participant Survey 

Are customers satisfied with the Nest thermostat and the comfort 

of their homes? Do customers seem engaged and committed? 

Participant Survey 

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 

behavior? Does it reduce heat pump run time in customer 

homes? Does it reduce cutover to resistance heat? 

Participant Survey and Billing 

Analysis 

To what degree do customers change the efficiency/comfort 

settings in the Nest thermostat (control for the heat pump 

cutover) and what is the impact on energy savings? 

Participant Survey and Billing 

Analysis 

Which Nest functions appear to be the most important in saving 

energy? 

Billing Analysis 

How much energy does the Nest thermostat save when installed 

in homes with whole house electric heat pump systems? 

Billing Analysis 
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3. .ŀŎƪƎǊƻǳƴŘ 

¢ƘŜ bŜǎǘ tƛƭƻǘ ǿŀǎ ŎƻƴŎŜƛǾŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ Ŧŀƭƭ ƻŦ нлмо ōȅ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ 9ȄƛǎǘƛƴƎ IƻƳŜǎ 

program, which is operated by the program management contractor, CLEAResult. The Nest Pilot was 

proposed by CLEAResult as a potential cost-ŜŦŦŜŎǘƛǾŜ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ŀŘǾŀƴŎŜŘ ƘŜŀǘ ǇǳƳǇ 

controls measure. The original heat pump advanced controls measure (HPAC, which transitioned from 

pilot to provisional statǳǎ ƛƴ WŀƴǳŀǊȅ нлмоύ ǿŀǎ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ŦƛǊǎǘ ŜŦŦƻǊǘ ǘƻ ŀŎƘƛŜǾŜ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ 

associated with proper installation of an outdoor temperature sensor and setting the thermostat to 

lockout energy-intensive backup resistance heat at temperatures in which the heat pump compressor 

could effectively operate. Unfortunately, contractor uptake of the initial HPAC measure was low even 

ǘƘƻǳƎƘ ǘƘŜ ƳŀǊƪŜǘ ǎƛȊŜ ƛǎ ǇƻǘŜƴǘƛŀƭƭȅ ƭŀǊƎŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ bƻǊǘƘǿŜǎǘ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ !ƭƭƛŀƴŎŜΩǎ 

2005 analysis of heat pump performance, which served as the motivation for a heat pump control 

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

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

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

thermostat that actually could be installed and lock out the resistance heat without the installation of an 

outside temperature sensor1. Furthermore, 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 was assessed 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 

ōŀƭŀƴŎŜ Ǉƻƛƴǘ ǿŀǎ ƛƴƛǘƛŀƭƭȅ ǎŜǘ ōȅ ǘƘŜ ƛƴǎǘŀƭƭŜǊ ǘƻ άaŀȄ {ŀǾƛƴƎǎΣέ ǘo minimize reliance on backup heat to 

achieve the target temperature and participants were asked not to change this setting. However, 

ŎǳǎǘƻƳŜǊǎ Ŏŀƴ ŜƛǘƘŜǊ Ǝƻ ƻƴƭƛƴŜ ƻǊ ŘƛǊŜŎǘƭȅ ŀŘƧǳǎǘ ǘƘŜ ŘŜǾƛŎŜ ŀƴŘ ǎŜǘ ǘƘƛǎ ŎƻƴǘǊƻƭ ŦƻǊ άaŀȄ /ƻƳŦƻǊǘΣέ 

ά.ŀƭŀƴŎŜΣέ ƻǊ άhŦŦ2έ ŀƴŘ ǘƘŜ bŜǎǘΩǎ ǘƻƭŜǊŀƴŎŜ ŦƻǊ ǳǎƛƴƎ ǘƘŜ ōŀŎƪǳǇ ǊŜǎƛǎǘŀƴŎŜ ƘŜŀǘŜǊ ŎƘŀƴƎŜǎ 

accordingly. This set point may significantly impact the realized savings.  

The Nest has a number of other potentially valuable energy management features, including the ability 

to leaǊƴ ǘƘŜ ƻŎŎǳǇŀƴǘΩǎ ǎŎƘŜŘǳƭŜ ŀƴŘ ŀ Ƴƻǘƛƻƴ ǎŜƴǎƻǊ ǘƘŀǘ ŘŜǘŜŎǘǎ ƛŦ ƻŎŎǳǇŀƴǘǎ ŀǊŜ ŀǿŀȅΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ 

the Nest thermostat has a dial that allows the user to interact with it similar to a manual thermostat. 

There are additional features that can be accessed using a smart phone-based application, or online, 

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

                                                           
1 Energy Trust anticipates that other thermostats that are coming to market may have this functionality too. 
2 When the heat pump balance is set to άƻŦŦέ ŀ balance point temperature must be entered manually and Nest no 
longer attempts to optimize compressor versus backup heat run times. In this mode it acts exactly like a standard 
heat pump lockout control. 
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running. The following list details the additional potential energy saving features (with description) that 

the Nest thermostat offers: 

Á AutoAway: This function minimizes heating when no one is home. When the thermostat was 

installed, this function was turned on.  

Á Early On: This function starts heating or cooling early so the home will be at the requested 

temperature at the time specified. 

Á Filter Reminders: This function reminds the user to change their air filter based on how many 

hours their heating system has been running 

Á AutoSchedule: This function remembers what temperatures keep the user comfortable and 

creates a custom schedule for their home 

Á Energy History: This function allows the user to see exactly when their system was on and see a 

summary of their entire month's energy use 

Á bŜǎǘ [ŜŀŦΥ ¢ƘŜ bŜǎǘ ά[ŜŀŦέ appears when the user turns the Nest 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 for Energȅ ¢ǊǳǎǘΩǎ 

heat pump advanced controls measure were developed by Ecotope and were applied to the Nest 

thermostat pilot3. 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 2. When installations 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 digits 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 pump advanced 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 (approximately $250 for 

the Nest thermostat and another $350 for the installation4). A direct-install implementation model was 

                                                           
3 Ecotope report: REVISED Blessing Memo for Heat Pump Advanced Controls Pilot (HPAC) including web enabled 
thermostats 
4 This 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 installation cost would likely be lower. 
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ǎŜƭŜŎǘŜŘ ƻǾŜǊ ŀƴ άƻǇŜƴέ ŎƻƴǘǊŀŎǘƻǊ ƳƻŘŜƭ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǇŜŘƛǘŜ ǘƘŜǊƳƻǎǘŀǘ ƛƴǎǘŀƭƭŀǘƛƻƴ ǇǊƛƻǊ ǘƻ ǘƘŜ ǎǘŀǊǘ 

of the heating season and ensure best case 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 self-install. A retail incentive could significantly reduce 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 catching the 

attention of many electric utility programs. However, there are few utility-based 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 of previous other Energy Trust program participants 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 use and satisfaction with the Nest thermostat, Energy Trust also requested that participants 

complete two surveys. The pilot occurred during the duration of the 2013-2014 heating season, from 

November 2013 through May 2014. A more detailed description regarding the 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 Energy Trust program participants. The selection criteria for this list included a past Home 

Energy Review (HER) or free manufactured home service; a heat pump as the primary heat source with 

electric resistance heat backup; a single-family detached, site-built or manufactured home with no 

Energy Trust program activity for the last 12 months and a location along the I-5 corridor in Oregon. This 

selection process produced several thousand candidate homes, from which approximately 1,600 were 

randomly selected to be the sampling frame for the treatment group. The remaining 299 homes made 

up the comparison group. Neither CLEAResult nor Energy Trust contacted homes in the comparison 

groupΤ ǘƘŜǎŜ ƘƻƳŜǎΩ ŜƴŜǊƎȅ ǳǎŀƎŜ ǿŀǎ compared with the energy usage of the treatment group to help 

determine the savings associated with the Nest installation. 

Participation requirements for the treatment group also included the following:   

Á No plans for a large remodel, weatherization, or heat pump upgrade during the study period 

Á Existing Wi-Fi connection 

Á Willingness to allow Nest Labs to share thermostat settings data with Energy Trust 

Á Willingness to participate in a study to test a new technology 
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Recruitment was initially conducted via randomized outbound phone calls to homes in the sampling 

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 updated to better screen potential candidates. 

After approximately six weeks of outbound calling, CLEAResult developed and mailed a recruitment 

letter to all remaining candidates in the sampling frame who had not spoken with a representative on 

the phone. The letter 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 outbound calling and the recruitment letter provided approximately 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 that completed an online 

Home Energy Profile (HEP). Although the data collected by the HEP is slightly different than that 

collected during the HER, the data sets were similar enough to allow the same selection criteria to be 

applied. The resulting group of HEP candidates then received recruitment letters for installations 

beginning in December 2013. 

CLEAResult field staff installed the thermostats starting in late Q3 of 2013. All Nest installations were 

completed in Q4 of 2013, so that energy usage during the 2013-2014 heating season could be evaluated 

in the spring. At the time of basic installation, the following activities also occurred: 

Á The heat pump balance point setting was set to άƳŀȄƛƳǳƳ savingsΦέ 

Á The homeowner was instructed on how to adjust the other thermostat settings. 

Á CLEAResult developed standardized instructions to leave behind with the homeowner. 

Before the installers arrived on site, CLEAResult sent out additional letters and placed calls to help 

educate the customers who had agreed to participate, explain the details (the what/why/how of the 

pilot study), and to ensure customer buy-in. These calls lasted at least 10 minutes. This was denoted as 

ǘƘŜ άǇǊŜ-education phaseΦέ 

CƻǊ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴΣ /[9!wŜǎǳƭǘ ǇǊƻǾƛŘŜŘ ǘƘŜ ƛƴǎǘŀƭƭŜǊǎ ǿƛǘƘ ŀ άbŜǎǘ hƴ-Site ChecklistΣέ which included 

the following items: 

Á Homeowner reviews and signs agreement 

Á Verify and gather site information 

Á Verify heat pump operation 

Á Power off heating equipment at breaker panel 

Á Remove old thermostat, put in Ziploc bag, and leave with homeowner 

Á Install Nest thermostat 
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Á Power on heating equipment at breaker panel 

Á Affix electrical permit sticker to breaker panel 

Á Connect to the Internet (router name and Wi-Fi password needed) 

Á Verify equipment type, wiring, location, and temperature sensor accuracy 

Á Set heat pump balance to Maximum Savings 

Á Gather technical information 

Á Homeowner creates Nest account 

Á Link thermostat to Nest account 

Á Educate homeowner on controlling Nest 

Á Leave Nest packaging and information about Nest support with homeowner 

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

onsite visits: 

Á All data required to estimate home heat loss was collected. 

Á Capacity of the heat pump was recorded. 

Á Verification was made of heat pump fan and compressor functionality. 

For the study comparison group, a random sample of 299 home comparison group members were 

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

interviewed. Homes in the comparison group were confirmed to have not implemented any energy-

ǎŀǾƛƴƎ ƳŜŀǎǳǊŜǎ ƛƴ ǘƘŜ Ǉŀǎǘ ȅŜŀǊΣ ōŀǎŜŘ ƻƴ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ǘǊŀŎƪƛƴƎ ŘŀǘŀōŀǎŜΦ 

Quality-control activities were greatly simplified due to pilot design. A single technician was able to 

complete the installation and collect on-site data, though as the study progressed it was deemed 

necessary to add a second installer to assist with installations. The second installer received complete 

training and background on the pilot to ensure he avoided issues (as described in detail later in this 

report) encountered by the initial installer early in the pilot.  
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4. 9Ǿŀƭǳŀǘƛƻƴ aŜǘƘƻŘƻƭƻƎȅ 

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 with the implementation 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 an interview guide (see Appendix A) for program staff at Energy Trust and CLEAResult 

who were involved in the design, management, and implementation of the pilot. A draft interview guide 

was prepared for review by Energy Trust evaluation staff prior to finalizing it. Toward the end of the 

Nest Pilot Study, in April 2014, the evaluation team interviewed four CLEAResult key staff and one 

Energy Trust staff member. Each interview lasted approximately one hour. It was critical to debrief staff 

to get their perspectives on selection of the participant sample, installation and setup 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 developed 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 season. In addition, 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 Trust evaluation staff for review prior to finalizing it.  

The evaluation team decided, with Energy Trust support, to administer the survey via online web-based 

survey software. A web-based survey was deemed the best approach due to knowing that all 

participants had Internet access (a requirement for the Nest installation), and assuming that participants 

had at least some degree of familiarity with technology due to the high-tech nature of the Nest 

thermostat. The team had experience with, recommended using, and ultimately used Sogo Survey 

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 online survey 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 Survey ς see Appendix B) was targeted for administration during 

the mid-heating season. Participant 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, attitudes about the device, valued features of the thermostat, home 

comfort, use of the device, commitment to saving energy, and satisfaction with the pilot. The entire 

pilot participant population (at the time of recruitment N=177) was invited to take the first survey, 

whereas only those who 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 customers to 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 Service. After the letters 

were mailed, the team waited two weeks before sending a follow-up email to those participants who 

had not yet completed the survey to encourage them to take the survey. This follow-up email reminder 

proved to be very successful and helped push 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. 

Figure 1. Round 1 survey completes by date 

 

The second participant survey (see Appendix C) was targeted for administration during the end of the 

heating season. The evaluation team recruited the same participants who responded to the Round 1 

survey for a second survey in May 2014. The main objective of the second survey was to identify any 

changes in metrics relative to 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 

completed Round 2 surveys is shown below in Figure 2. 
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Figure 2. Round 2 survey completes by date 

 

4.3 Billing Analysis 

4.3.1 Data Sources 

Energy Trust evaluation staff constructed the billing analysis data set using a number of data sources. 

Basic home characteristics and recent program participation information were retrieved from Energy 

¢ǊǳǎǘΩǎ Cŀǎǘ¢ǊŀŎƪ ŘŀǘŀōŀǎŜ ŦƻǊ ōƻǘƘ ǇŀǊǘƛŎƛǇŀƴǘ ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ ƘƻƳŜǎΦ 5ŜǘŀƛƭŜŘ Řŀǘŀ ŜƭŜƳŜƴǘǎ ŎŀǇǘǳǊŜŘ 

at participant homes during the implementation of the pilot were also retrieved, including heat pump 

characteristics and information about the previous thermostat and Nest installation. Data from two 

surveys of Nest pilot participants was also collected and added to the analysis data set, contributing 

information on participant demographics and self-reported interaction with the Nest thermostat. 

Monthly electric usage data was ǊŜǘǊƛŜǾŜŘ ŦǊƻƳ 9ƴŜǊƎȅ ¢ǊǳǎǘΩǎ ǳǘƛƭƛǘȅ ŘŀǘŀōŀǎŜ ŀƴŘ ƳŀǘŎƘŜŘ ǘƻ ƘƻƳŜǎ 

based on the USPS address barcode. Daily weather data from nearby weather stations was retrieved 

from NOAA and matched to homes based on zip code.  

4.3.2 Electric Utility Data 

Once electricity usage data was matched to the pilot homes, it was cleaned to facilitate analysis. The 

primary data cleaning tasks were to identify and remove duplicates, estimates, and readings with bad or 

suspect data. Duplicate 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 non-zero, the zero values were removed. If more than one non-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 encountered, the team simply 

extended the billing period until the next 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 bad data, and the 

reading was flagged and later dropped. 

 

Some addresses had more than one electric meter associated with them. In these cases, multiple 

electric meters were aggregated together to obtain house-level electric usage. If all of the meter 

readings at an address were taken on the same day of the month, then the meter readings were 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 homes, the team first 

normalized the meter readings to a regular interval. This was accomplished by distributing the usage 

associated with each meter reading to the calendar months contained in the billing period, on a pro rata 

basis. Once meter-level usage data was assigned to a month in this way, meter-level data was summed 

to obtain the total monthly usage for each home. Monthly electric usage for all homes was 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 2012 and 2013 were calculated for sites with at least nine readings 

in a given year. These are summarized in  

Table 2. T-tests were performed to test for differences in annual usage between participant and 

comparison homes, but none were found, confirming that the two groups were comparable. Extreme 

outliers in 2012 annual usage were identified and flagged using histograms and distribution percentiles 

(Figures 3 and 4). Average monthly electric usage for 2012 and 2013 was also calculated and compared 

between participant and comparison homes ( 

Table 2). In a few isolated months, borderline significant differences in average monthly usage were 

identified between participant and comparison homes, but there was no clear pattern, and the 

differences may have been due to random fluctuations over time. Statistics for the change in annual 

electric usage at each home from 2012 to 2013 were calculated to identify homes that experienced 

large year-over-year changes. These are summarized in Table 3 and Figure 5. A t-test was performed to 

test the difference in the average year-over-year change between the participant and comparison 

groups, but none was found. Outliers in change in annual usage were identified and flagged using 

histograms and distribution percentiles. 
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Table 2. Average annual electricity usage in Nest pilot homes by year, 2012 and 2013 

Year Group N Mean Std. Err. Difference in 
Means 

Std. Err. of 
Difference 

p-value* 

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 t-tests assuming equal standard errors were used to calculate the p-value of the difference in 

means. 

Figure 3. Histogram of average annual electricity usage in Nest pilot homes, 2012 and 2013 

  

Figure 4. Average monthly electricity usage in Nest pilot homes, 2012 and 2013 
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Table 3. Average percent change in annual electricity usage in Nest pilot homes from 2012 to 2013 

Group N Mean Std. Err. Difference in 
Means 

Std. Err. of 
Difference 

p-value* 

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 t-tests assuming equal standard errors were used to calculate the p-value of the difference in 

means. 

 

Figure 5. Histogram of percent change in annual usage from 2012 to 2013 by group 
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Nest pilot homes were removed from the analysis if they were not successfully matched to electric 

usage billing records. This was one of the largest sources of attrition in the analysis. Using Energy Trust 

project tracking data, a number of homes with solar PV systems were identified. These were removed 

from the analysis due to the difficulty in analyzing electric usage in net-metered homes with solar PV. 

Additionally, not 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 implementation period (before 8/12/2013) and at least one reading in the post-

implementation period (after 12/15/2103). This also caused 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 valid square-footage or year-built data. Outliers in electric use were excluded from the 

analysis if their 2012 annual usage was less than 1,000 kWh per year or greater than 55,000 kWh per 

year. In addition, homes that had large fluctuations in usage over the 2012 through 2013 timeframe 

were dropped from the analysis. These included sites with year-to-year increases in consumption of 

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

if the team had information that the Nest thermostat had been removed during the follow-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 programs during the analysis period. After the oddities and 

outliers were removed there were 113 of these homes remaining, leaving 64% of the participant homes 

to be analyzed. Of the 299 comparison homes that were initially selected, 220 had sufficient electric 

billing data and did not participate in other Energy Trust programs during the analysis period. After the 

oddities and outliers were removed, 211 of these homes remained, leaving 71% of the comparison 

group homes to be analyzed. The sample attrition is summarized in Table 4. 

Table 4. 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 
(1 or more records in both pre- and post-treatment periods) 

145 82% 234 78% 

Sites removed with Energy Trust projects between 1/1/2012 and 
5/31/2014 

122 69% 220 74% 

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 
(< 1,000 kWh per year) 

116 66% 215 72% 

Outliers removed with high annual electric use 
(> 55,000 kWh per year) 

116 66% 214 72% 

Outliers removed with large change in annual electric use 
(More than 100% increase or  50% decrease) 

116 66% 211 71% 

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 the preliminary5 energy savings derived from using the Nest thermostat, a regression 

model of the Nest pilot homes was created using weather variables, home characteristics, time period, 

and treatment group to predict the outcome-variable, average daily electricity usage. Interaction terms 

were also added to the model to compare the pre- and post-pilot implementation periods between 

ǇŀǊǘƛŎƛǇŀƴǘ ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ ƘƻƳŜǎΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ άŘƛŦŦŜǊŜƴŎŜ ƛƴ ŘƛŦŦŜǊŜƴŎŜǎέ ŎƻŜŦŦƛŎƛŜƴǘǎ ǿŜǊŜ ǳǎŜŘ ǘƻ 

calculate 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 post-implementation period, defined as 

after 12/15/2013. Billing periods that overlapped with pilot implementation were excluded from the 

analysis. The analysis dataset was organized into 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 one month. The data were unbalanced, with a different number of observations per 

home. Homes were excluded that did not have at least one observation in the pre-implementation 

period and one observation in the post-implementation period6.  

                                                           
5 This analysis is deemed preliminary due to only having a single heating-season worth of billing data. A more 
complete analysis will include ŀ ŎƻƳǇƭŜǘŜ ȅŜŀǊǎΩ ǿƻǊǘƘ ƻŦ ōƛƭƭƛƴƎ Řŀǘŀ and may include PRISM-like methods. 
6 The final analysis dataset required at least five observations. 
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The home characteristic variables available for both the participant and comparison groups were square 

footage, year built, home type (site-built or manufactured), and geographic region. Average daily 

temperature data from the weather station nearest to each home was used to calculate the heating 

degree-days (HDD) and cooling degree-days (CDD) for each billing period. HDD variables were computed 

for reference temperatures ranging from 50 to 65oF. CDD variables were computed for reference 

temperatures ranging from 65 to 80oF. 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 variable was created to 

show whether each observation in the series occurred in the pre-implementation or post-

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

comparison group. 

 

Once the longitudinal data set was prepared, a first level of regression analysis was conducted in 

Stata/SE v12.1 (StataCorp LP, College Station, TX) to begin building a model that fit the data. A linear 

fixed-effects regression model was created, treating each observation as a repeated measurement on 

each home. The maximum likelihood method was selected to calculate the parameter estimates using 

an unstructured covariance matrix. Average daily electric usage was modeled as a function of average 

daily HDD and CDD with base 65, the pre/post-implementation flag, the participant/comparison group 

flag, and square footage. Interaction terms between the pre/post-implementation, 

participant/comparison group, and HDD variables were added to model the effect of the intervention 

between the participant and comparison homes τ the difference in differences in electric usage. Once 

the basic fixed-effects model was created, random effects were added and their impact on the fit of the 

model was estimated using the likelihood ratio test. First, a random intercept term was 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 fit. The following formula describes the resulting linear mixed effects 

model όǳǎƛƴƎ ǘƘŜ ΨƳƛȄŜŘΩ ǇǊƻŎŜŘǳǊŜ ƛƴ {ǘŀǘŀ):  

 

ὟίὥὫὩ‍ ‍ὌὈὈ ‍ὅὈὈ ‍Ὃὶέόὴ‍ὖέίὸ‍ὛήὊὸ‍ὄόὭὰὸ

‍Ὃὶέόὴzὖέίὸ‍ὋὶέόὴzὌὈὈ ‍ὖέίὸzὌὈὈ ‍ ὋὶέόὴzὖέίὸzὌὈὈ ό

όὌὈὈ ‭   

Where:  

ὟίὥὫὩ is the average daily electric usage for home  Ὥ during billing period Ὦ, 

‍ is the fixed intercept for all homes, 

ὌὈὈ is the Heating Degree-Days for home Ὥ during month Ὦ, 

ὅὈὈ is the Cooling Degree-Days for home Ὥ during month Ὦ, 

Ὃὶέόὴ πȟρ is a dummy variable where 1 indicates that home Ὥ is part of the participant group, 
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ὖέίὸ πȟρ is a dummy variable where 1 indicates that billing period Ὦ occurred during the 

follow-up period, 

ὛήὊὸ is the square footage of home Ὥ, 

ὄόὭὰὸ is the year that home Ὥ was built, 

ό  is the random intercept for site Ὥ and is independent from ‭ ,  

ό  is the random slope coefficient of HDD for site Ὥ and is independent from ‭ , 

‭  is the model error for site Ὥ during billing period Ὦ. 

This model provides two key parameter estimates for computing savings: the interaction term 

coefficients ‍ and ‍ . Together, these coefficients describe the difference between the treatment 

groups in their change in consumption from the pre- to post-implementation period for a given number 

of HDD, while controlling for CDD, square footage, and year built. In other words, the sum of these 

coefficients is the average daily electric savings. A linear combination of these two coefficients was 

ŎƻƳǇǳǘŜŘ όǳǎƛƴƎ {ǘŀǘŀΩǎ ΨƭƛƴŎƻƳΩ ŎƻƳƳŀƴŘύ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ weather-normalized average annual electric 

savings attributable to the Nest thermostat:  

ὃὲὲόὥὰ ὯὡὬ ὛὥὺὭὲὫίσφυz‍ ὒὙὌὈὈz ‍   

Where: 

‍ is the coefficient of the Ὃὶέόὴzὖέίὸ interaction term, 

ὒὙὌὈὈ is the long-run average annual HDD for each weather station, derived from the 

Typical Meteorological Year 3 (TMY3) dataset and averaged over the sample sites, 

‍  is the coefficient of the ὋὶέόὴzὖέίὸzὌὈὈ interaction term. 

Next, this model was re-run for different combinations of HDD and CDD reference temperatures. The 

resulting log likelihood, Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) fit 

statistics were compared, and the model that best fit the data was selected. The best fit was achieved 

using a HDD reference temperature of 55oF and a CDD reference temperature of 70oF (Table 5). 

Although these reference temperatures are not standard, they fit the data better and produce savings 

estimates with a lower standard error than the typical reference temperatures. 

Table 5. Nest model fit statistics for various HDD and CDD reference temperatures 

Reference Temperatures Log Likelihood1 AIC2 BIC3 

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 
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Reference Temperatures Log Likelihood1 AIC2 BIC3 

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 

HDD65 / 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 
1 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 best fit model. 

 

To determine if there were any major issues with the model fit, the team created several residual plots. 

A look at the residual plots in Figure 6 reveals that the 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. 

 

Figure 6. Residual plots for the best fit electricity usage model 
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5. CƛƴŘƛƴƎǎ 

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 from CLEAResult's pilot summary report (the complete report can be found in Appendix 

D) are included throughout this section and supplemented with information compiled during ApexΩǎ 

interviews with implementation 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 responsible for and developed the 

energy savings estimates based on a billing analysis, with additional support and quality assurance 

reviews from both Apex and Nest Labs7. Each section below reviews the findings from each of the 

distinct primary researchable questions 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 majority of installations taking approximately one hour. 

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, so those homeowners had to schedule another follow-up 

appointment. To maintain consistency and ensure that any disqualifying factors were identified before 

thermostats were installed, CLEAResult installers followed a standard set of procedures during each 

visit. According to the installers, the longest aspect of installation was connecting the Nest to the Wi-Fi 

signal. In general the hardware installation was a relatively straightforward process. 

Educating the participant about the use of the Nest device was a critical component of the installation 

procedure. The education component was performed throughout the entire installation (approximately 

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

The installer had an Energy Trust branded informational handout that was developed by CLEAResult, 

and within half an hour explained how to use the Nest. ParticipantǎΩ initial reaction to the Nest device 

during installation was overwhelmingly positive; as one of the primary installers noted, participants 

ǿŜǊŜ άǘƘǊƛƭƭŜŘ ŀƴŘ ƎŜƴǳƛƴŜƭȅ ƘŀǇǇȅ ǘƻ ƎŜǘ ǘƘŜ ŘŜǾƛŎŜ ƛƴǎǘŀƭƭŜŘΦέ ¢ƘŜ ǉǳŜǎǘƛƻƴ ƻǊ ŎƻƴŎŜǊƴ Ƴƻǎǘ 

                                                           
7 Nest Labs offered feedback on this report and provided supplemental participant usage data, including heat 
pump balance settings and run times for both the heat pump compressor and auxiliary heat system.  
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frequently raised during installation was whether they would still have heat if the Wi-Fi signal were lost 

in the home, with the response being affirmative, they would continue to have heat.  

 

Achieved Installation Rate  

The original recruitment plan for the pilot was to make outbound calls to the group of identified 

candidates and schedule installations from these calls. During the first month of recruitment, calls were 

made to 28% of candidates resulting in only 22% of needed installations. The two major barriers to 

recruiting were skepticism of people on the phone (concern this was a sales call or scam) and a lack of 

awareness of the Nest thermostat. Interestingly, CLEAResult reported that the vast majority of people 

did not know anything about the Nest and had never heard of a άǎƳŀǊǘ ǘƘŜǊƳƻǎǘŀǘΦέ  

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 to follow 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 in participating, 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 1,589. Site visits were ultimately 

conducted at 222 homes, resulting in 185 thermostat installations. Thirty-seven homes were disqualified 

on site due to various technical issues. Eleven of the 185 thermostats installed were removed due to 

technical issues, and another 22 required a second visit to get them functioning properly. Therefore, out 

of the original 1,589 population to be recruited to participate in the pilot and serve as the treatment 

group in the billing analysis, there were ultimately 174 homes that had the Nest successfully installed, 

translating to an achieved installation rate of 11%. An overview of the recruitment, installation, and site 

visits is included below in Table 6. 
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Table 6. Nest Pilot Study recruitment, installation and site visits summary8 

 Date Aug Sep Oct Nov Dec Jan Totals 

CALLS               

Outbound 454 482 404       1,340 

Inbound Calls   207 152       359 

 LETTERS               

Outbound Letters   1,410 690 337     2,437 

Nests Originally Installed 44 48 79 0 14   185 

Uninstalls   2   6   3 11 

On-site DNQ 5 11 14 0 7   37 

Re-visits     9 12 1   22 

 Total Site Visits:              252 

Final Count of Installed 
Nests: 

            174 

 

 

Characteristics of Participants and their Homes 

CLEAResult collected the ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ homes at the beginning of the pilot study, while 

participant demographic questions were included in the Round 1 participant survey. Table 7 through 

Table 9 provide a summary of Nest pilot data and characteristics of the participant and comparison 

group homes. Table 10 and Table 11 provide a summary of additional Nest participant information and 

survey responses, including heat pump characteristics and participant demographics. 

Table 7: Summary of Nest pilot home characteristics 

Group N Mean 
Square 
Footage 

Mean 
Year Built 

% Site 
Built 

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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Table 8: Nest pilot homes with solar PV system or a recent Energy Trust efficiency project*  

Group Solar PV1 Recent Projects2 

N % of 
Homes 

N % of 
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 removed from analysis. 
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 Energy Trust. 
2 Home efficiency measures installed in pilot homes between 1/1/2012 and 5/31/2014 that saved a total of 300 or 

more kWh per year and received an incentive from Energy Trust. 

 

Table 9: Geographic distribution of Nest pilot homes 

Group Portland Metro Willamette Valley Southern Oregon 

N % of 
Homes 

N % of 
Homes 

N % of 
Homes 

Participants 104 59% 28 16% 45 25% 

Comparison 150 50% 48 16% 101 34% 

Total 254 53% 76 16% 146 31% 

 

Table 10: Additional characteristics of Nest pilot participant homes (N=170) 

Characteristic Mean 
or 

% of Homes 

Std. Dev. 

Heat pump capacity (tons) 3 0.7 

Heat pump backup heat power (kW) 15 4.0 

Heat pump age (years) 12 7.9 

Multi-stage heat pump 4% -- 

Good or Average Wi-Fi Connection 95% -- 

Prior thermostat was programmable 75% -- 

Prior thermostat had backup heat lockout 6% -- 

House Heat Loss Rate (UA) 531 172 
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Table 11: Summary of demographic information from Nest pilot participant survey (N=110) 

Characteristic N % 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% 

Children living 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 overwhelmingly felt that the 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 component, 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, staff members agreed that the quick 

response time, flexibility, and 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 satisfaction ratings reviewed and discussed below in the report. 

From proposed pilot concept to buy-in and kickoff, the project had fast-track development. Most of all, 

the pilot was a collaborative effort from start to finish, which required constant and effective 




















































































































































































