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STUDY OVERVIEW
About Thermostat Optimization

Study Goal

The summer Seasonal Savings (SS)
program is a thermostat optimization program
offered by Google designed to make
incremental adjustments to scheduled
setpoints over a 3-4-week period to achieve
energy savings and demand reductions
during the summer while maintaining
customer comfort. On average, scheduled
setpoints are adjusted upwards by 1°F-2°F
during the cooling season, with the largest
temperature adjustments taking place when
customers are typically away at work (i.e.,
weekday late mornings to early
afternoons). National Grid has been offering
the program since 2017, Cape Light Compact
since 2018, and Eversource since 2019.

The goal of this year’s thermostat
optimization evaluation was to explore
persistence from thermostat setpoint
schedule adjustments from year to year and
to estimate savings in electric consumption
and peak demand. The evaluation included
both an exploratory persistence analysis of
thermostat setpoints and runtime, and an
impact analysis of energy and demand
savings.
The evaluation also yielded realization rates,
comparing evaluated and vendor-generated
savings; a demand-to-energy factor; and an
on-peak savings percentage.

APPROACH
The evaluation team relied on two analyses for the 2019 evaluation:

Exploratory
Persistence Analysis
• Assessed program eligibility and opt-in
rates, providing insight into customer
acceptance of the thermostat optimization
solution
• Assessed opt-in rates over time for Cape
Light Compact and National Grid, the
program administrators (PAs) in the
program for multiple years

Impact Analysis
• Deployed as a randomized
encouragement design
• Relied exclusively on thermostat
telemetry data to estimate impacts after
converting thermostat runtime to estimated
power
• Estimated summer, summer on-peak, and
summer off-peak energy savings and peak
demand savings for the period while the SS
program was running

• Analyzed setpoint (scheduled and actual)
and runtime changes from 2017 to 2019 for
National Grid (the PA in the program the
longest)

• Investigated persistence of energy and
demand using a model designed to capture
savings over the entire summer (before and
after the 2019 program deployed)

• Compared time differentiated actual and
scheduled setpoints by hour-of-the-day on
weekdays and weekends across all cohorts

• Estimated a realization rate, a demand-toenergy factor, and on-peak and off-peak
savings percentages
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PROGRAM POPULATION & DEPLOYMENT
The summer 2019 SS deployment launched on July 18 and targeted 108,903 thermostats in the
National Grid, Eversource, and Cape Light Compact territories. Of the total targeted population, 23
percent of devices were sorted into a control group. The remaining 77 percent were part of the intent-totreat (ITT) group and could qualify to receive the SS “offer” if they were connected to Wi-Fi and had a
Google Nest account, in cooling mode, and had a cooling setpoint schedule. Overall, 31 percent of
devices qualified and opted into the program, thus receiving the SS treatment (a total of 33,948
devices).

SEASONAL SAVINGS DEVICE POPULATION
All Thermostats
100%
ITT
77%

Control
23%

Qualified
56%

Not Qualified
21%

Treated
31%

Did Not Opt-in
25%

In the first year a device is offered the program, there is approximately a 44% chance that device opts
in; in the second year that percentage increases to 60% if the device was treated in the first year or
drops to 25% if the device was untreated in the first year. In the third year, two-thirds of devices treated
twice already opt-in a third time while just 15% of devices untreated in the first two years opt-in in the
third. This shows that devices are more likely than not to maintain their most recent treatment
status from one year to the next. The effect is stronger for the untreated status likely due to
unqualified devices in the untreated group; approximately three-quarters of devices that don’t qualify
one year don’t qualify the next either.
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KEY FINDINGS
Exploratory Persistence Analysis
The exploratory persistence analysis compared the average daily scheduled cooling setpoints, actual
cooling setpoints, and cooling runtime for the National Grid ITT cohorts from each year relative to their
associated control group. While there is evidence of persistence in scheduled setpoints, there is
no evidence of persistence in actual setpoints or cooling runtime. In the National Grid 2017
cohort, devices that were treated in two or three years of the three-year study period had persistence of
their daily scheduled cooling setpoint changes from previous treatments persist into the 2019 preprogram period (i.e., before the 2019 SS launch). The effect was particularly strong for devices treated
for three years over the three-year study period. However, the persistence effect was much less
pronounced in actual setpoints and runtime. The group treated for three years over the three-year study
period continued to show persistence in these metrics, but the groups treated only one or two years did
not.
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KEY FINDINGS
Impact Analysis
Per-thermostat energy and peak demand savings were estimated by PA and year and combined to
produce a statewide weighted average. The energy and peak demand savings achieved through
September 30, 2019 are as follows:

STATEWIDE PER T-STAT SAVINGS

% OF COOLING LOAD SAVINGS

Energy (kWh)

Energy

Demand (W)

19.7

46

Demand
3.0%

6.7%

The vendor provided Navigant with total energy (kWh) savings estimates based on a weighted average of
PA specific models. The vendor and Navigant’s estimates were very similar with a realization rate of 99%.

ENERGY SAVINGS SUMMARY
PA

Measure Life

# of Participating Thermostats (Vendor)

Vendor kWh Savings

Verified kWh Savings†

Realization Rate‡

Statewide

1

33,941

678,820

668,638

99%

Cape Light Compact

1

2,052

41,040

40,424

99%

Eversource

1

19,802

396,040

390,099

99%

National Grid

1

12,087

241,740

238,114

99%

† Verified total savings are calculated using the statewide per-thermostat savings. For example, to calculate total kWh savings for Eversource,
the statewide per thermostat savings of 19.7 kWh is multiplied by 19,802 participating Eversource thermostats for a total of 390,099 kWh.
‡ Estimated savings are different between Navigant and Google due to small differences in the per-thermostat savings.

The vendor did not provide Navigant with on- and off-peak energy (kWh) savings or peak demand (kW)
savings estimates as they will only be providing daily data in the future, precluding the estimation of
models based on hourly data. Therefore, Navigant calculated on-peak and off-peak savings percentage of
74% and 26% that can be multiplied by total energy savings to get on- and off-peak energy savings, and a
peak demand-to-energy (W to kWh) factor of 2 that can be multiplied by the vendor’s energy savings to
produce peak demand savings.

ON-PEAK, OFF-PEAK, AND PEAK DEMAND SAVINGS SUMMARY
PA

Statewide

Verified kWh On-Peak
Savings†

Verified kWh Off-Peak
Savings‡

Verified kW Savings§

494,792

173,846

1,337

29,914

10,510

81

Eversource

288,674

101,426

780

National Grid

176,204

61,910

476

Cape Light Compact

† Verified on-peak savings are calculated by taking the verified total energy savings and multiplying by the on-peak
savings percentage.
‡ Verified off-peak savings are calculated by taking the verified total energy savings minus the verified on-peak savings.
§ Verified total demand savings (in kW) are calculated by taking the verified total energy savings, multiplying by the
demand-to-energy (W to kWh) factor, and dividing by 1000.
Source: Navigant analysis of Nest thermostat telemetry data
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RECOMMENDATIONS
SAVINGS
For 2019 and future years when an evaluation is not conducted, Navigant recommends the PAs
claim energy savings based on a realization rate of 99% using the following formula:
Claimable energy (kWh) savings by PA = Google’s statewide weighted average per treated thermostat
energy savings (kWh) * Google’s treated thermostat count by PA * 99% (realization rate)

For 2019 and future years, Navigant recommends the PAs claim on-peak and off-peak energy
savings based on an on-peak savings percentage of 74% and an off-peak percentage of 26% using
the following formulas:
Claimable on-peak energy (kWh) savings by PA = Claimable total energy (kWh) savings by PA * 74% (onpeak savings percentage)
Claimable off-peak energy (kWh) savings by PA = Claimable total energy (kWh) savings by PA - Claimable
on-peak energy (kWh) savings by PA

For 2019 and future years, Navigant recommends the PAs claim demand savings based on a
realization rate of 99% and a demand-to-energy (W to kWh) factor of 2 using the following formula:
Claimable demand (kW) savings by PA = (Google’s statewide weighted average per treated thermostat
energy savings (kWh) * Google’s treated thermostat count by PA * 99% (realization rate) * 2 (demand-toenergy factor) ) / 1,000

REALIZATION RATES
The realization rate should be re-assessed within 3-5 years or if new vendors with different
algorithms join the program, Google changes their method of estimating savings, the groups are rerandomized in future deployments, or the PAs want to reduce the size of past control groups.

CONSIDERATIONS
EXISTING DEVICES
For any future summer deployments that utilize the realization rates recommended in this report, the
PAs should maintain the existing control and treatment groups for devices already in the program.

FUTURE RESEARCH
The PAs could seek to better understand savings persistence by running an experiment specifically
designed to measure persistence. To do this, the PAs would randomly choose a subset of the ITT
customers in 2019 to be removed from the program in 2020 (i.e., not offered the program and not
used to estimate program savings). This removed group could be compared to the control group and
to the continued ITT group to see how savings persist in a year after the program was offered.
The PAs could request a mapping of anonymized thermostat IDs that span multiple years from
Google to enable an assessment of the energy savings associated with persistence and further
exploratory analysis research to identify whether thermostats reset schedules at the beginning of
season or let prior setpoints continue.
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1. INTRODUCTION
Some of the Massachusetts Program Administrators (PAs)—National Grid, Eversource, and Cape Light
Compact—partnered with Google in the 2019 summer season to offer the PAs’ customers with an
existing Google Nest thermostat an energy savings opportunity: the Seasonal Savings (SS) program. SS
is a temperature optimization program designed to make small incremental adjustments to scheduled
temperature setpoints over a 3-4-week period (i.e., tune-up period) while maintaining customer comfort
(Figure 1-1). On average, scheduled setpoints are adjusted upward by 1°F-2°F during the cooling season,
with the largest temperature adjustments taking place when customers are typically away from home
(e.g., 8 a.m. to 4 p.m. on weekdays). 1 Because this is the third year of SS deployment for National Grid
and the second year for Cape Light Compact, it is important to note the following for thermostats in the
program for multiple years:
•

When a thermostat goes into cooling mode after being adjusted by the SS algorithm the previous
cooling season, the SS-adjusted schedule from the end of the previous season persists unless
the customer makes manual changes.

•

If a customer signs up for the SS program again, further changes will be made to their
thermostat’s already adjusted schedule.
Figure 1-1. Illustrative Setpoint Schedule Adjustments

Source: Google

Navigant, a Guidehouse company, 2 evaluated the 2019 summer SS program, focusing on the persistence
and customer acceptance of the solution through time, essential factors in determining whether the PAs
should continue to pursue deployment of the SS program. 3 This report presents Navigant’s findings in
several sections:

1

“Learn about Seasonal Savings,” Google Nest Help, https://nest.com/support/article/What-is-Seasonal-Savings.
On October 11, 2019, Guidehouse LLP completed its previously announced acquisition of Navigant Consulting,
Inc. In the months ahead, we will be working to integrate the Guidehouse and Navigant businesses. In furtherance of
that effort, we recently renamed Navigant Consulting, Inc. as Guidehouse, Inc.
3 This evaluation did not examine whether thermostat optimization is cost-effective for the electric system, PAs, or
customers.
2
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•

Section 2 summarizes the evaluation’s methods.

•

Section 3 outlines the data sources and data management used in this evaluation.

•

Section 4 presents results from the exploratory persistence and impact analyses.

•

Section 5 presents findings and recommendations.

1.1 Evaluation Objectives
Table 1-1 lists the objectives of the 2019 summer thermostat optimization evaluation.
Table 1-1. Thermostat Optimization Research Questions
Research Questions

Evaluation Approach

•

What percentage of thermostats in the intent-to-treat (ITT) group enrolled
in the SS program by PA?

•

What percentage of National Grid and Cape Light Compact thermostats
re-enrolled in the SS program?

•

How do scheduled setpoints and runtime differ after multiple years of
treatment for National Grid?†

•

What are the total summer,‡ total summer on-peak, and total summer
off-peak energy impacts§ for customers in the ITT group by PA and
cohort?††

•

What are the new 2019 (excluding persistence) impacts for the National
Grid and Cape Light Compact cohorts from 2017 (National Grid only)
and 2018?

•

What are the total demand
and cohort?††

•

What are the energy and demand realization rates based on a
comparison of Google-reported savings values and evaluated savings
values for total energy and demand by PA and cohort?

impacts‡‡

Exploratory persistence
analysis

Impact analysis

for customers offered SS by PA

† Navigant used National Grid for this analysis because it has been in the program the longest.
‡ Total includes both new savings from SS treatment in 2019 and persisting savings from SS treatment in previous years.
§ Summer includes all hours June 1 through September 30. Summer on-peak includes non-holiday weekdays from 7 a.m. to 11
p.m. June 1 through September 30. Summer off-peak includes all other hours from June 1 through September 30 including
weekends and holidays.
†† Energy and demand impacts were estimated for Cape Light Compact (two cohorts starting in 2018 and 2019), Eversource (one
cohort starting in 2019), and National Grid (three cohorts starting in 2017, 2018, 2019). Navigant estimated all impacts both for the
entire summer and just while the SS program was active.
‡‡ Average demand savings on non-holiday weekdays from 1 p.m. to 5 p.m., June 1 through August 31. Total includes both new
savings from SS treatment in 2019 and persisting savings from SS treatment in previous years.
Source: Navigant
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1.2 Nest Thermostat Population
There were approximately 108,903 Nest thermostats in the SS program offering in the summer of 2019.
Figure 1-2 shows the number of thermostats by PA and annual cohort. The annual cohort indicates the
year that a device first entered the program (i.e., was randomly placed into the ITT or control group). 4 The
figure breaks the ITT group into those who did not qualify, those who qualified but did not opt in, and
those who qualified and opted-in to be treated; this breakdown is discussed further in the next section.
The SS program first launched with National Grid in the summer of 2017, Cape Light Compact joined in
the summer of 2018, and Eversource joined for the 2018-2019 winter season. All three PAs were in the
program in the summer of 2019.
Figure 1-2. Thermostat Counts by PA and Annual Cohort, Summer 2019

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
Note: The Eversource cohort formally launched in 2019 but is referred to as
All because approximately 20% of the devices in this cohort were in the
program in 2017 and/or 2018 and assigned to National Grid. This issue is
discussed in detail in Section 3.1.
Source: Navigant analysis of Nest thermostat device data

1.3 Program Enrollment
The SS program is implemented as a randomized encouragement design (RED). In 2017 and 2018,
Google assigned 70% of devices to the ITT group and 30% to the control group. In 2019, to increase

4

The cohort assignment is fixed for both groups and does not change for ITT devices depending on whether they opt
into the program in any given year.
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participation, Google assigned 80% of devices to the ITT group and 20% to the control group. 5 Only
thermostats in the ITT group could qualify and enroll in the program. In 2019, of the 108,903 thermostats
targeted for the program, 84,221 (77%) were in the ITT group and 24,682 (23%) were in the control
group.
The summer 2019 SS program launched on July 18, 2019 and 33,948 thermostats enrolled. This was
40% of all ITT thermostats and 56% of qualified ITT thermostats. 6 Figure 1-3 shows the 2019 qualification
and opt-in percentages of each cohort. For National Grid, the opt-in percentage has remained steady at
approximately 40% across the 3 years. Cape Light Compact’s opt-in percentage has remained steady at
approximately 30% across the 2 years. Eversource had 2019 opt-in rates similar to National Grid at just
over 40%.
Qualification percentages have dropped slightly each year for National Grid and Cape Light Compact;
Navigant did not find any evidence that this was related to customers in the treated group becoming
unqualified by, for example, removing their setpoint schedules after being in the program. The falling
qualification percentage may be due to shifts in the type of customer buying a Nest thermostat over time.
For example, customers buying a thermostat in 2019 may be less likely to set a schedule than those who
bought in 2017; however, the evaluation team does not have data to confirm this. Cape Light Compact
has lower qualification rates and lower opt-in rates than Eversource and National Grid, which is likely due
to different home usage (e.g., more vacation or seasonally occupied homes) and cooling needs (e.g.,
more temperate weather) on the Cape compared to mainland Massachusetts.
Figure 1-3. ITT Group 2019 Enrollment Comparison

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
Source: Navigant analysis of Nest thermostat enrollment data

5

The shifting PA assignment described in Section 3.1 caused some devices to switch between the ITT and control
groups from 2018 to 2019. This occurred because Google randomized the 2019-assigned Eversource devices
without considering which group they were assigned to for National Grid in 2017 or 2018. Approximately 7% of the
Eversource devices switched between the ITT and control groups. After conferring with Google, Navigant kept these
devices in its analysis to ensure consistency between the evaluation methods.
6 Qualification requirements are discussed in Section 2.1.
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1.4 Summer 2019 Weather
The average temperature in 2019 was comparable with the 20-year average across Massachusetts
during the pre-program and program periods, with July being slightly hotter than average and the other
months slightly milder. A monthly comparison of the 2019 average temperature and cooling degree days
(CDD) to the 20-year average is shown in Figure 1-4.
Figure 1-4. Average Summer (June-September) Temperatures and CDD, All Massachusetts

Source: Navigant analysis of the monthly/seasonal climate summary tables for Massachusetts available from the Northeast
Regional Climate Center
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2. EVALUATION METHODS
This section describes the methods used to evaluate the 2019 summer SS program deployment.

2.1 Experimental Design
Google deployed the SS program using a RED, in which all customers in a PA’s service territory with a
Nest thermostat were randomly assigned into one of two groups. 7 These two groups are the ITT group
(where participants are randomly assigned to receive the program offering) and the control group (where
participants are randomly assigned to not receive the program offering). 8 Prior to conducting the
evaluation, Navigant verified the balance of the new 2019 ITT and control groups across key variables
(e.g., scheduled setpoints and runtime). 9
Some thermostats in the ITT group do not qualify to participate in the program. Qualification requirements
include the following:
•

A Nest thermostat is installed and connected to Wi-Fi.

•

The customer has an online Google Nest account.

•

The thermostat is set to cooling mode.

•

A cooling setpoint schedule is programmed.

The program offering was provided to all qualified customers on the thermostat itself and through a
mobile app. A small majority of qualified ITT customers chose to opt in and enroll into the program (56%),
while others did not (44%). Throughout this report we refer to customers that opted in as treated and the
treated group. 10 Thermostats that were part of the ITT group but either did not qualify or did not opt in are
referred to as untreated or the untreated group. Navigant evaluated SS savings by comparing the ITT
group (both treated and untreated thermostats) to the control group. The savings estimate was then
scaled by the opt-in rate to calculate savings from 2019 treated thermostats. 11

7

For National Grid and Cape Light Compact devices in the program in 2017 and/or 2018, assignment to the ITT and
control groups remained the same in 2019. As mentioned, devices that shifted from National Grid to Eversource were
randomized without considering the group the device was assigned to for National Grid.
8 For each PA, in 2019, 80% of thermostats were randomly assigned to the ITT group while the remaining 20% were
assigned to the control group. In 2017 and 2018, 70% of thermostats were randomly assigned to the ITT group and
30% to the control group.
9 Appendix B contains the results of the post-deployment balance checks for the new 2019 cohorts. Cohorts from
2017 and 2018 had their randomization verified in previous evaluations.
10 Note that when we discuss devices that are treated in multiple years of the three year study period we do not
observe whether the device’s schedule is changed or reset between seasons (this data limitation is further discussed
in Section 2.2). Thus we are not able to distinguish, for example, between a device that was treated three
consecutive years and had the adjustments building on one another with no resets to the schedule and one that was
treated three consecutive years but reset the schedule between each season such that the adjustments are not
building year-over-year.
11 This scaling assigns all savings to thermostats treated in 2019, even if some savings come from persistence from
devices treated in previous years.
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Figure 2-1 illustrates the RED for the SS program.
Figure 2-1. RED Illustration

Source: Navigant

Table 2-1 tallies the thermostats assigned to the control and ITT groups, including the number of
thermostats that did not qualify or did/did not opt in. Within the ITT group, approximately 28% of the
assigned thermostats did not qualify and another 32% chose not to opt into the SS program. The
remaining 40% of ITT thermostats were enrolled in the program.
Table 2-1. 2019 Summer SS Program Implementation Summary
Nest
Thermostats

Percentage of
All

Percentage of
ITT

Percentage of
Qualified

108,903

100%

-

-

Control

24,682

23%

-

-

ITT

84,221

77%

100%

-

Not Qualified

23,301

21%

28%

-

Qualified

60,920

56%

72%

100%

Did Not Opt In

26,972

25%

32%

44%

Treated

33,948

31%

40%

56%

All Thermostats

Source: Navigant analysis of Nest thermostat enrollment data
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Table 2-2 shows device counts in the ITT and control groups, as well as the qualification and opt-in rates
by PA. Qualification rates for National Grid and Cape Light Compact were almost identical to 2018, and
the percentage of qualified customers who opted-in also remained very similar.
Table 2-2. 2019 Summer SS Program Implementation Summary by PA
2019 Status

Qualification

Treatment

All ITT

ITT

Control

All ITT
Treated
Qualified
Untreated
Not Qualified
Untreated
Qualification Percentage of ITT
Opt-In (Treated) Percentage of
Qualified
Control
Total

30,154
12,089
9,547
8,518
72%

Cape
Light
Compact
6,538
2,054
2,091
2,393
63%

84,221
33,948
26,972
23,301
72%

56%

56%

50%

56%

11,926

10,463

2,293

24,682

59,455

40,617

8,831

108,903

Eversource

National
Grid

47,529
19,805
15,334
12,390
74%

All

Source: Navigant analysis of Nest thermostat enrollment data

2.2 Exploratory Persistence Analysis
Navigant analyzed thermostat-level participation data and thermostat telemetry data to identify the
likelihood of devices opting into the SS program over multiple years. We also conducted a time
differentiated analysis by comparing actual and scheduled setpoints differences across hours-of-the-day
for weekdays and weekends for each cohort. Using National Grid data only, 12 the team also analyzed this
data to:
•

Compare first-year scheduled setpoint changes across the 2017, 2018, and 2019 cohorts.

•

Compare first-year scheduled setpoint changes with second-year (for 2017 and 2018 cohorts)
and third-year (for 2017 cohort) scheduled setpoint changes.

•

Compare each annual cohort’s aggregate scheduled setpoint changes in 2019.

•

Compare aggregate scheduled setpoint, actual setpoint, 13 and runtime changes in 2019 for
devices treated one, two, or three years over the three-year study period.

•

Compare the time differentiated actual and scheduled setpoints by hour-of-the-day on
weekdays/weekends in 2019 across the annual cohorts and between devices treated one, two, or
three years over the three-year study period.

For the exploratory analysis, the control group is the basis of comparison and serves as the
counterfactual for the combined treated and untreated groups (the ITT group)—i.e., what would have
happened had the thermostats in the ITT group not been deployed as part of the SS program?
Comparing the treated and untreated groups may lead to false conclusions because the characteristics
12

Navigant used National Grid for this analysis because it has been in the program the longest.
The actual setpoints are the setpoints that dictate the temperature the home is cooled to. Actual setpoints can differ
from the setpoint schedule when customers make manual adjustments to their thermostat or if customers have
occupancy detection activated.
13
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that influence whether a thermostat ends up in the treated group (e.g., connectivity, mode, schedule) may
also influence the setpoints and runtime of the thermostat. The differences between the treated and
untreated groups may be a result of preexisting characteristics, not necessarily from enrollment in the SS
program.
It is important to note that for this exploratory persistence analysis we can only observe devices’
scheduled setpoints, their actual setpoints, and their runtime in the 2019 cooling season. Due to data
unavailability, we are not able to link thermostats across seasons. For example, we do not know if a
customer who opted into the program in 2017 reset their device’s schedule at the beginning of the 2018
season. We also cannot readily observe when customers are making manual changes to their setpoints
during the 2019 season. While differences between scheduled and actual setpoints may be indicative of
manual overrides there are several reasons that scheduled and actual setpoints differ (for example, use
of Nest’s Home/Away Assist feature).

2.3 Impact Analysis
Navigant conducted the impact analysis to estimate the energy savings and peak demand savings from
temperature optimization for the ITT group and treated subgroup in each cohort. 14 The impact analysis
consisted of a runtime to power conversion, econometric modeling to calculate savings, and a realization
rate comparison to Google’s calculated savings.

2.3.1 Runtime to Power
The evaluation relied exclusively on thermostat telemetry data to estimate impacts after converting
thermostat runtime to power for the SS program participants (ITT and control), 15 as described by Equation
2-1.
Equation 2-1. Conversion of Runtime to Power 16
�𝒊𝒊𝒊𝒊 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 + 𝟎𝟎. 𝟖𝟖𝟖𝟖 ∗
𝒌𝒌𝑾𝑾

% 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 ∗ 𝟑𝟑𝟑𝟑, 𝟎𝟎𝟎𝟎𝟎𝟎
+ 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∗ 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 +
𝟏𝟏𝟏𝟏. 𝟕𝟕 ∗ 𝟏𝟏, 𝟎𝟎𝟎𝟎𝟎𝟎

𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∗ 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 ∗

% 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 ∗ 𝟑𝟑𝟑𝟑, 𝟎𝟎𝟎𝟎𝟎𝟎
𝟏𝟏𝟏𝟏. 𝟕𝟕 ∗ 𝟏𝟏, 𝟎𝟎𝟎𝟎𝟎𝟎

Navigant converted thermostat runtime to power based on an analysis of metering data from Phase 2 of
the 2017 Massachusetts Baseline Study (n=92). The evaluation team based its assumptions regarding
average size (3.0 tons) and efficiency (10.7 energy efficiency ratio) of air conditioners on a field study
(n=52) of residential Wi-Fi thermostat demand reduction program participants it conducted in October
2017.

14 The savings estimate for the ITT group represents an unbiased estimate of the effect of encouragement on energy
use; the savings estimate for the treated group represents an unbiased estimate of the effect of the program
intervention on energy use.
15 Google’s data includes the runtime of the thermostat but not the energy consumed.
16 For example, for an hour with 100% runtime at 80°F, the estimated power is 2.95 kW.
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2.3.2 Econometric Modeling
Navigant used linear fixed effects (or difference-in-difference) regression models to estimate energy and
demand savings. These savings are associated with the thermostats randomly assigned to receive the
program offering; the respective savings estimates are the average effect of being randomly assigned to
be offered the SS algorithm. This savings value is then scaled by the program opt-in rate to estimate the
savings per treated thermostat. 17 Table 2-3 below details the calculations of the various savings
estimates.
Equation 2-2 specifies the model the evaluation team used to estimate energy (kWh) savings during the
program period. Navigant aggregated the converted and formatted Nest thermostat telemetry runtime
data up to the daily level for each thermostat for all models using the specification in Equation 2-2.
Equation 2-2. Linear Fixed Effects Model – Energy Savings
𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊𝒊𝒊 = 𝜶𝜶𝒊𝒊 + 𝜸𝜸𝒕𝒕 + 𝜷𝜷(𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝒕𝒕 ∙ 𝑰𝑰𝑰𝑰𝑰𝑰𝒊𝒊 ) + 𝜺𝜺𝒊𝒊𝒊𝒊

Where,
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖

is the estimated daily usage in kWh by thermostat i on day t.

𝛼𝛼𝑖𝑖

is a thermostat-specific fixed effect for thermostat i; this picks up all thermostatspecific characteristics that do not change through time like household square
footage.

𝛾𝛾𝑡𝑡

is a time-specific fixed effect for day t; this picks up temporal differences across
days like weather and daylight hours.

𝛽𝛽

is the average daily per-thermostat kWh impact of participating in the ITT group
after July 18, 2018.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡 ∙ 𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖

𝜀𝜀𝑖𝑖𝑖𝑖

is a binary variable taking a value of 1 when thermostat i is in the ITT group and
day t is on or after the start of the SS program (July 18, 2019).

is the cluster-robust error term for thermostat i during day t; cluster-robust errors
account for heteroskedasticity and autocorrelation at the thermostat level.

Navigant used the model specification in Equation 2-2 to develop energy savings estimates under a
variety of guidelines:
•
•
•

Total summer energy savings from July 18 through September 30, 2019 where 𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 includes all
hours from June 1, 2019 through September 30, 2019.

Summer on-peak energy savings from July 18 through September 30, 2019 where 𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 includes
hours on non-holiday weekdays between 7 a.m. and 11 p.m. from June 1 through September 30.

Summer off-peak energy savings from July 18 through September 30, 2019 where 𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 includes
hours between 11 p.m. and 7 a.m. plus all hours on weekends and holidays from June 1 through
September 30.

17 This scaling assigns all savings to thermostats treated in 2019, even if some savings come from persistence from
devices treated in previous years.
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Navigant used a modified version of Equation 2-2 that leveraged hourly rather than daily observations to
estimate demand savings. This model used similar linear fixed effects, but cooling degree hours (CDH)
were added as a regressor. Equation 2-3 describes the model used to estimate demand savings.
Equation 2-3. Linear Fixed Effects Model – Demand Savings
𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊𝒊𝒊𝒊𝒊 = 𝜶𝜶𝒊𝒊 + 𝜸𝜸𝒕𝒕 + 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒊𝒊𝒊𝒊𝒊𝒊 + 𝜷𝜷(𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝒕𝒕 ∙ 𝑰𝑰𝑰𝑰𝑰𝑰𝒊𝒊 ) + 𝜀𝜀𝑖𝑖𝑖𝑖ℎ

Where,
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖ℎ

is estimated hourly demand in kW by thermostat i during day t and hour h.

𝛼𝛼𝑖𝑖

is a thermostat-specific fixed effect for thermostat i; this picks up all thermostatspecific characteristics that do not change through time like household square
footage.

𝛾𝛾𝑡𝑡

is a time-specific fixed effect for day t; this picks up temporal differences between
days like weather and daylight hours.

𝐶𝐶𝐶𝐶𝐶𝐶70𝑖𝑖𝑖𝑖ℎ

is the average CDH experienced by thermostat i during day t and hour h; this
value is determined through temperature records from an assigned Quality
Controlled Local Climatological Data weather station based on a thermostat’s ZIP
code.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡 ∙ 𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖

is a binary variable taking a value of 1 when thermostat i is in the ITT group and
day t is on or after the start of the SS program (July 18, 2019).

𝛽𝛽

𝜀𝜀𝑖𝑖𝑖𝑖ℎ

is the average hourly per-thermostat kW impact of participating in the ITT group
from July 18, 2019 through August 31, 2019 between 1 p.m. and 5 p.m.
is the cluster-robust error term for thermostat i during day t and hour h; these
cluster-robust errors account for heteroskedasticity and autocorrelation at the
thermostat level.

Navigant used the model specification in Equation 2-3 to develop the demand savings estimates on nonholiday weekdays from 1 p.m. to 5 p.m., June through August, while the SS program is active (from July
18, 2019 through August 31, 2019).
The evaluation team estimated energy and demand impacts for each PA and annual cohort separately.
To calculate total program energy savings resulting from treatment, the team multiplied average daily
energy savings by the appropriate number of program days (after the first program start date) and the
number of thermostats in the ITT group. Similarly, to calculate total demand savings, the team multiplied
average hourly demand savings by the number of thermostats in the ITT group. Table 2-3 identifies the
various savings statistics and calculations.
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Table 2-3. Savings Statistics and Calculations
Savings Type

Statistic
Average daily savings
per treated
thermostat
Total savings

Energy

Average total savings
per treated
thermostat
Average savings
(percentage of
cooling load)
Average daily
demand per treated
thermostat

Demand

Total demand
savings
Average demand
savings
(percentage of
cooling load)

Source: Navigant

Calculation
𝛾𝛾� =

−𝛽𝛽̂
𝑆𝑆𝑆𝑆 𝑂𝑂𝑂𝑂𝑂𝑂 𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

−𝛽𝛽̂ × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝐼𝐼 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆t
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝛾𝛾�
(𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛾𝛾�)
𝛾𝛾� =

−𝛽𝛽̂
𝑆𝑆𝑆𝑆 𝑂𝑂𝑂𝑂𝑂𝑂 𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

−𝛽𝛽̂ × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝐼𝐼 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝛾𝛾�
(𝐴𝐴𝐴𝐴𝐴𝐴 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛾𝛾�)

The impact evaluation’s key outputs (listed in Table 2-4) detail the energy and demand savings achieved
through September 30, 2019. Navigant generated all outputs for each cohort (PA and year), meaning
each cohort was individually modeled. The evaluation team found statewide impacts by taking weighted
averages across the cohorts. 18

18 Navigant did not run models combining cohorts due to the change in ITT-to-control group ratio between 2017/2018
and 2019.
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Table 2-4. Summary of Key Outputs
Type

Energy

Demand

Period

Definition

Summer

All hours June 1 through September 30 while the SS
program is active

Summer On-Peak

Non-holiday weekdays from 7 a.m. to 11 p.m. June 1September 30 while the SS program is active

Summer Off-Peak

All other hours from June 1 through September 30
including weekends and holidays while the SS program
is active

Summer On-Peak

Non-holiday weekdays from 1 p.m. to 5 p.m. June 1August 31 while the SS program is active

Source: Navigant

2.3.2.1 Persistence Impacts
Navigant also modeled energy savings for the entire summer using a post-only specification 19 (Equation
2-4). This savings estimate captures all savings that occurred during the 2019 deployment period (July
18-September 30, 2019) and any savings during the pre-deployment period (June 1-July 17, 2019) from
thermostats enrolled in 2017 and/or 2018 that have savings persistence into 2019. Table 2-5 shows
savings calculations with persistence.
Equation 2-4. Linear Fixed Effects Model – Energy Savings with Persistence
𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊𝒊𝒊 = 𝜸𝜸𝒕𝒕 + 𝜹𝜹𝜹𝜹𝜹𝜹𝑻𝑻𝒊𝒊 + 𝜺𝜺𝒊𝒊𝒊𝒊

Where,
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖

is the estimated daily usage in kWh by thermostat i on day t.

𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖

is a binary variable taking a value of 1 when thermostat i is in the ITT group.

𝜀𝜀𝑖𝑖𝑖𝑖

is the cluster-robust error term for thermostat i during day t; cluster-robust errors
account for heteroskedasticity and autocorrelation at the thermostat level.

𝛿𝛿

is the average daily per-thermostat kWh impact of participating in the ITT group
for the entire 2019 summer.

19 Navigant is not able to use a difference-in-difference specification for this analysis because the evaluation team is
not able to link Google’s thermostat data from one year to the next and thus do not have true pre-program period data
from before the program was first deployed.
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Table 2-5. Savings Calculations with Persistence
Savings Type

Statistic
Average daily savings
per ITT thermostat

Total savings
Energy
Average total savings
per ITT thermostat
Average savings
(percentage of
cooling load)
Source: Navigant

Calculation
−𝛿𝛿̂
−𝛿𝛿̂ × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝐼𝐼 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝐼𝐼 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
−𝛿𝛿̂

(𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐼𝐼𝐼𝐼𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 − 𝛿𝛿̂ )

2.3.3 Realization Rate
Google estimated energy and demand savings in parallel with Navigant’s estimation of energy and
demand impacts. For its evaluation, Google used two model specifications: a one-way fixed effects model
that included weather data (CDD), and a two-way fixed effects model identical to Navigant’s. The best
model—considered the one with the narrowest confidence interval on the impact estimate—was selected
by Google for each analysis. Google estimated all models on converted runtime using the following
equation: 𝑘𝑘𝑘𝑘 = 1.36 + 0.02 ∗ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒. The Google team estimated models by PA and
produced statewide values based on a weighted average of the PA models and a single pooled model. 20
Navigant developed a statewide realization rate, calculated as the ratio of Navigant’s savings estimate to
the weighted average statewide savings reported by Google. These values are shown in Section 4.2.3.
Navigant also developed a statewide demand-to-energy factor and on-peak/off-peak energy savings
percentages for use in future years as Google will be providing daily rather than hourly usage in the
future, precluding direct estimation of these items. The demand-to-energy factor is demand (W) savings
divided by energy (kWh) savings. The on-peak and off-peak percentages are energy savings during these
times divided by total energy savings.
Note that the SS program is one example of a temperature optimization offering. Other vendors have
different algorithms that may result in somewhat different performance within 1 year and in subsequent
years. The realization rate Navigant developed for the Google-implemented program would not be
applicable to any new vendors.

20 To deal with the ITT-to-control group ratio changing over the years, Google weighted the control group cases to
reflect the relative control group sampling fraction from each cohort year. The resulting weights for the PA-specific
models were as follows: National Grid – 0.88 for 2017 cohort, 0.89 for 2018 cohort, and 1.26 for 2019 cohort; and
Cape Light Compact – 0.87 for 2018 cohort and 1.26 for 2019 cohort.
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3. DATA SOURCES
For this program evaluation, Navigant used data from two sources:
•

Google-provided hourly telemetry data for June 2019 through September 2019 and
accompanying thermostat-specific information.

•

Hourly weather data across Massachusetts for 2019, retrieved from the National Oceanic and
Atmospheric Administration (NOAA).

3.1 Google Nest Thermostat Data
Navigant relied on thermostat telemetry data for the 2019 season from Google for all Nest thermostats in
the 2019 deployment for its exploratory persistence and impact analyses. 21 With input from the PAs,
Navigant took several steps to filter and clean the thermostat telemetry data to prepare it for the
regression analysis.
•

Closed account: Any thermostat that appeared in the data but had a closed Google Nest
account was marked invalid and made ineligible for savings.

•

Invalid ZIP code: Any thermostat that had a customer-reported ZIP code 22 outside of
Massachusetts was marked invalid and made ineligible for savings.

•

No telemetry data: If a thermostat present in the thermostat-specific information file did not
appear within the telemetry file, it was marked invalid and made ineligible for savings.

•

No weather station: Any thermostat without a weather station identifier, which occurred when a
thermostat’s assigned weather station had fewer than 50 devices assigned to it. 23 These devices
were still eligible for savings.

•

No usable runtime: Any thermostat that had telemetry data but did not have any available
cooling runtime information (i.e., all records were N/A for cooling runtime) was removed from the
final modeling data; however, these thermostats were still eligible for savings.

•

No complete days: Because the impact analysis requires data aggregated to the daily level,
Navigant could not include aggregated daily observations that did not have numeric runtime
information during all 24 hours of the day. Some thermostats were completely removed from the
modeling data due to this step; however, they were still eligible for savings.

•

No pre-/post-period data: If a thermostat did not have any records in either the pre- or postperiods, it was removed from the analysis; however, these thermostats were still eligible for
savings.

Table 3-1, Table 3-2, and Table 3-3 show the number of thermostats Navigant removed from the analysis
data for Cape Light Compact, Eversource, and National Grid, respectively; approximately 3% of

21

Due to anonymized thermostat IDs, Navigant is unable to link the telemetry data to previous seasons.
Google and Navigant do not have access to device location information other than customer-supplied ZIP codes
and cannot definitively determine which PA a device gets its electric service from.
23 Google did not share this data due to customer privacy concerns.
22
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thermostats were excluded from the analysis for each PA. Only the remaining thermostats and their data
were used in the exploratory persistence and impact analyses.
Table 3-1. Data Management, Cape Light Compact
ITT

Control

Total

Cleaning Step
Count

Percent

Count

Percent

Count

Percent

6,538

100.00%

2,293

100.00%

8,840

100.00%

Closed account

-

-

-

-

9

0.10%

Invalid ZIP code

6

0.09%

0

0.00%

6

0.07%

No telemetry data

51

0.78%

20

0.87%

71

0.80%

6,481

99.13%

2,273

99.13%

8,754

99.03%

No weather station

17

0.26%

13

0.57%

30

0.34%

No usable runtime

0

0.00%

0

0.00%

0

0.00%

No complete days

1

0.02%

2

0.08%

3

0.03%

No pre-/post-period data

91

1.39%

17

0.74%

108

1.22%

6,372

97.46%

2,241

97.73%

8,613

97.43%

Thermostats in device

Participating

Remaining

file†

thermostats‡

thermostats§

† Separate from telemetry data; contains information specific to each thermostat (e.g., assigned weather station, opt-in date, etc.).
‡ Number of thermostats eligible for savings (treated only).
§ Number of thermostats included in the final modeling data.
Source: Navigant analysis of thermostat enrollment and telemetry data

Table 3-2. Data Management, Eversource
ITT

Control

Total

Cleaning Step
Count

Percent

Count

Percent

Count

Percent

47,529

100.00%

11,926

100.00%

59,629

100.00%

Closed account

-

-

-

-

174

0.29%

Invalid ZIP code

49

0.10%

22

0.18%

71

0.12%

No telemetry data

516

1.09%

162

1.36%

678

1.14%

46,964

98.81%

11,742

98.46%

58,706

98.45%

No weather station

197

0.41%

60

0.50%

257

0.43%

No usable runtime

2

0.00%

0

0.00%

2

0.00%

No complete days

30

0.06%

9

0.08%

39

0.07%

No pre-/post-period data

676

1.42%

164

1.38%

840

1.41%

46,059

96.91%

11,509

96.50%

57,568

96.54%

Thermostats in device file†

Participating

Remaining

thermostats‡

thermostats§

† Separate from telemetry data; contains information specific to each thermostat (e.g., assigned weather station, opt-in date, etc.).
‡ Number of thermostats eligible for savings (treated only).
§ Number of thermostats included in the final modeling data.
Source: Navigant analysis of thermostat enrollment and telemetry data
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Table 3-3. Data Management, National Grid
ITT

Control

Total

Cleaning Step
Count

Percent

Count

Percent

Count

Percent

30,154

100.00%

10,463

100.00%

40,700

100.00%

Closed account

-

-

-

-

83

0.20%

Invalid ZIP code

66

0.22%

18

0.17%

84

0.21%

No telemetry data

301

1.00%

113

1.08%

414

1.02%

29,787

98.78%

10,332

98.75%

40,119

98.57%

No weather station

114

0.38%

41

0.39%

155

0.38%

No usable runtime

1

0.00%

1

0.01%

2

0.00%

No complete days

16

0.05%

8

0.08%

24

0.06%

No pre-/post-period data

424

1.41%

118

1.13%

542

1.33%

29,232

96.94%

10,164

97.14%

39,396

96.80%

Thermostats in device file†

Participating thermostats‡

Remaining thermostats§

† Separate from telemetry data; contains information specific to each thermostat (e.g., assigned weather station, opt-in date, etc.).
‡ Number of thermostats eligible for savings (treated only).
§ Number of thermostats included in the final modeling data.
Source: Navigant analysis of thermostat enrollment and telemetry data

Navigant applied savings estimates to treated devices that had an open Google Nest account, a valid ZIP
code, and both telemetry and device data. Table 3-4 shows the number of devices eligible for savings
through the SS program.
Table 3-4. Devices Eligible for Savings
Cleaning Step

Cape Light
Compact

Eversource

All

National Grid

Count

Percent

Count

Percent

Count

Percent

Count

Percent

2,054

100.00%

19,805

100.00%

12,089

100.00%

33,948

100.00%

0

0.00%

0

0.00%

0

0.00%

0

0.00%

Invalid ZIP code

1

0.05%

21

0.11%

25

0.21%

47

0.14%

No telemetry data

0

0.00%

3

0.02%

2

0.02%

5

0.01%

2,053

99.95%

19,781

99.88%

12,062

99.78%

33,896

99.85%

Treated thermostats
in device file
Closed account

Treated thermostats
eligible for savings

Source: Navigant analysis of Nest thermostat device and telemetry data

As PAs have joined the program, Navigant has observed the PA assignment of some devices has shifted,
particularly from National Grid to Eversource. 24 The evaluation team understands that this shift is because
Google has primary and secondary PAs assigned to ZIP codes where PA territories overlap. In 2017 and
2018, before Eversource joined the program, Google assigned all devices to National Grid regardless of
the respective primary or secondary roles of Eversource and National Grid; however, when Eversource

24 Google and Navigant do not have access to device location information other than customer-supplied ZIP codes
and cannot definitively determine which PA a device gets its electric service from.
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joined the program in 2019, these devices were reassigned to Eversource in ZIP codes where
Eversource was the primary PA.
This changing assignment led to some devices showing up as SS participants before their 2019-assigned
PA joined the program. Almost 20% of Eversource customers appear in the program in 2017 and/or 2018,
and 1% of Cape Light Compact customers appear in 2017. Navigant dealt with this issue by assigning
devices to a PA based on the 2019 assignment provided by Google and to the annual cohort based on
the earlier year between when a device first appeared in the program and when the device’s 2019assigned PA first joined the program. This resulted in the following assignments:
•

Cape Light Compact devices that appeared in 2017 were assigned to the Cape Light Compact
2018 cohort

•

All Eversource devices were assigned to a single cohort referred to as All rather than with a year
to acknowledge that almost 20% of the devices in this cohort joined the program prior to 2019. 25

3.2 NOAA Temperature Data
To produce energy estimates from thermostat telemetry runtime data and estimate demand savings,
Navigant used 2019 temperature data from NOAA for 22 Quality Controlled Local Climatological Data
weather stations across Massachusetts. The evaluation team pulled and cleaned the data then calculated
CDH (base 70°F) for all intervals. To link the weather data to individual thermostats, Google assigned
each thermostat to a single weather station based on its geographic location using a ZIP code to weather
station map created by Navigant.
Eight of the 22 stations had complete data, and none of the stations were missing more than 5% of the
data overall. For gaps where 4 or fewer consecutive hours were missing, Navigant used linear
interpolation to fill in the missing hours. When more than 4 consecutive hours were missing, the team
filled in the gap with a nearby weather station with similar weather patterns (Table 3-5).

25

Appendix A shows the 2017, 2018, and 2019 status of all devices by PA.
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Table 3-5. Missing Weather Data Summary
Missingness Summary

Replacement Station

Barnstable Municipal Airport

One gap of 7 hours

Chatham Municipal Airport

Blue Hill Meteorological
Observatory

One gap of 20 hours and one
of 5 hours

Norwood Memorial Airport

Fitchburg Municipal Airport

One gap of 126 hours

Orange Municipal Airport

Nantucket Memorial Airport

One gap of 9 hours, two of
8 hours, and one of 7 hours

Barnstable Municipal Airport

Norwood Memorial Airport

One gap of 7 hours

Blue Hill Meteorological
Observatory

Otis Air National Guard Base

One gap of 9 hours, one of
6 hours, and one of 5 hours

Barnstable Municipal Airport

Provincetown Municipal Airport

One gap of 53 hours

Marshfield Municipal Airport

Taunton Municipal Airport

One gap of 29 hours

Plymouth Municipal Airport

Weather Station

Source: Navigant analysis of NOAA weather data

Page 19

2019 Massachusetts Summer Thermostat Optimization
Evaluation

4. ANALYSIS RESULTS
This section presents results from Navigant’s exploratory persistence and impact analyses, including
realization rates.

4.1 Exploratory Persistence Analysis
The exploratory persistence analysis includes findings from the evaluation team’s analysis of enrollment
rates, setpoints, and thermostat cooling runtime. 26 Key findings include the following:
•

Customers are more likely than not to maintain their most recent treatment status from one year
to the next.

•

In the first year a device is offered the program, there is an approximately 44% chance that
device opts in; in the second year that percentage increases to 60% if the device was treated in
the first year or drops to 25% if the device was untreated in the first year. In the third year, twothirds of devices treated twice already opt in a third time, while just 15% of devices untreated in
the first 2 years opt in for the third year. Clear evidence of at least some persistence exists in the
2019 pre-program period (i.e., before the 2019 SS launch) in scheduled setpoints for the National
Grid ITT devices from one year to the next, especially for those treated in multiple years of the
three-year study period. For devices treated in three years of the three-year study period,
scheduled setpoints pre-SS launch are approximately 1.25°F above the control group, while
those treated twice over the three-year study period are 0.25°F above the control group.

•

There is also evidence of persistence in actual setpoints and runtime in the devices treated in
three years of the three-year study period; however, based on the entire pre-period there is no
evidence of persistence in actual setpoints and runtime for those opting in twice over the threeyear study period. For devices treated in for three years of the three-year study period, actual
setpoints pre-SS launch are approximately 0.75°F above the control group and runtime pre-SS
launch is approximately 3 minutes less. For devices treated twice over the three-year study
period, there is essentially no difference in actual setpoints compared to the control group pre-SS
launch and runtime pre-SS launch is almost 10 minutes more than the control group.

•

The time differentiated setpoint analyses provide further evidence of pre-period persistence and
that the persistence of setpoint adjustments is largest in the group treated for three years. The
difference in setpoints across the groups is larger on weekdays than on weekends.

•

The time differentiated setpoint analyses and the runtime both suggest that the devices treated
three years over the three-year study period are manually overriding their thermostat setpoints on
the hottest days of the summer. This suggests that these customers may be reaching the limits of
what is comfortable in their homes on these very hot days.

4.1.1 Opt-In Likelihood through Time
The first part of the exploratory persistence analysis looked at how likely customers are to opt in
across program years. Figure 4-1 shows the likelihood of opting in each year of the program, contingent

26 The RED for the program was not designed to explicitly test persistence and thus there are confounding factors in
trying to measure it.
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on whether the customer opted into the program in previous years. In this figure, “untreated” includes
both unqualified devices and those that did not opt into the program. In the first year a device is offered
the program, there is an approximately 44% chance that device opts in; in the second year that
percentage increases to 60% if the device was treated in the first year or drops to 25% if the device was
untreated in the first year. In the third year, two-thirds of devices treated twice already opt in a third time,
while just 15% of devices untreated in the first 2 years opt in for the third year. These results show that
devices are more likely than not to maintain their most recent treatment status from one year to
the next. The effect is stronger for the untreated status than treated, likely due to unqualified devices in
the untreated group—approximately three-quarters of devices that do not qualify one year do not qualify
the next either.
Figure 4-1. Opt-In Likelihood through Time

Note: Untreated includes thermostats that did not qualify or did not opt-in to Seasonal Savings.
Source: Navigant analysis of Nest thermostat device data

The average number of years of treatment in Navigant’s 2019 analysis is 0.6 years across all PAs. 27 The
older cohorts have a higher average treatment value than the newer cohorts. Figure 4-2 shows the
percentage of devices treated in zero, one, two, and three years of the three-year study period in each
cohort. The National Grid 2017 cohort is split almost in quarters between these four groups.

27

The average number of years of treatment captures the average number of years devices within each cohort opted
into the program. For example, the NG-2017 ITT cohort has 10,806 customers and 21% of devices opted in all three
years, 26% opted in twice, 25% opted in once, and 29% never opted in. For this cohort, the average number of years
treated is

(10,806∗21%∗3)+(10,806∗26%∗2)+(10,806∗25%∗1)+(10,806∗29%∗0)
10,806

= 1.4
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Figure 4-2. Years Treated by Cohort

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
Source: Navigant analysis of Nest thermostat device data

4.1.2 Setpoint and Runtime Analysis
This section presents graphical depictions of setpoint schedules, actual setpoints, and runtime for
the various National Grid cohorts from 2017 to 2019. Navigant used National Grid for this analysis
because it has been in the program the longest. Throughout this section, many graphics show information
relative to the control group, which is represented by the x-axis. Additionally, many graphics show
information through time, with dashed vertical lines representing the program start date in each year (July
18, 2017; July 2, 2018; and July 18, 2019). The pre-program period for each year is to the left of the
vertical lines showing the program start date while the program period is to the right. 28
Figure 4-3 presents the average daily scheduled cooling setpoints relative to their control group for each
National Grid cohort in their first year participating in the program (e.g., the 2017 cohort in 2017). In the
program period, the 2019 cohort had the highest setpoints relative to the control group while the 2017
cohort had the lowest. Considering the small differences compared to the control group in the preprogram period, the three groups had relatively similar setpoint changes in their first year.

28

Appendix C includes supporting tables and additional graphics.
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Figure 4-3. Average Daily Scheduled Cooling Setpoints in First Year by Cohort, National Grid

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-4 presents the average daily scheduled cooling setpoints relative to their control group for the
2017 National Grid cohort in each year of participation in the SS program (i.e., the 2017 cohort in 2017,
2018, and 2019). The difference between the average scheduled setpoints of the ITT and the control
devices increased in the pre-program period each year the cohort was in the program, providing
evidence of persistence of scheduled setpoints. In the program period, the scheduled setpoint
difference also increased, which makes sense as devices join the program and the scheduled setpoint
changes compound over time.
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Figure 4-4. Average Daily Scheduled Cooling Setpoints in Each Year for 2017 Cohort, National
Grid

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-5 presents the average daily scheduled cooling setpoints relative to their control group for the
2018 National Grid cohort in each year of participation in the SS program (i.e., the 2018 cohort in 2018
and 2019). The findings for the 2018 cohort are consistent with the 2017 cohort shown in Figure 4-4—the
difference between average scheduled setpoints of the ITT and control devices increased each year the
cohort was in the program.
Figure 4-5. Average Daily Scheduled Cooling Setpoints in Each Year for 2018 Cohort, National Grid

Source: Navigant analysis of Nest thermostat telemetry data
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Figure 4-6 presents the average daily scheduled cooling setpoints relative to their control group for each
National Grid cohort in the 2019 program year. The average daily scheduled setpoints relative to the
control group of each cohort are higher the longer the cohort has existed in both the pre-program period
and the program period. This suggests evidence of persistence in the scheduled setpoints through
time and shows the compounding of setpoint increases over time for those who join the program
more than once.
Figure 4-6. Average Daily Scheduled Cooling Setpoints in 2019 by Cohort, National Grid

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-7 shows the average hourly scheduled cooling setpoints for each National Grid cohort in the
2019 program year, even more clearly illustrating the compounding increases over time. The 2017 cohort
has scheduled setpoints throughout the summer that are 2°F-4°F higher than the 2019 cohort. The hourly
data also shows the effect of persistence in scheduled setpoints for devices in the 2017 and 2018
cohorts, as scheduled setpoints for these cohorts are higher than the 2019 cohort in the 2019 preprogram period.
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Figure 4-7. Average Hourly Scheduled Cooling Setpoints in 2019 by Cohort, National Grid

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-8 shows the average daily scheduled cooling setpoints relative to the control group for the 2017
National Grid cohort. The data is separated into groups representing the number of years each device
was treated over the three-year study period. 29 Note that when we discuss devices that are treated in
multiple years of the three year study period, due to data limitations we do not observe whether the
device’s schedule is changed or reset between seasons. Thus we are not able to distinguish, for
example, between a device that was treated three consecutive years and had the adjustments building on
one another with no resets to the schedule and one that was treated three consecutive years but reset
the schedule between each season such that the adjustments are not building year-over-year. A clear
correlation exists between the number of years a device was treated and the average scheduled cooling
setpoints relative to the control group in both the pre-program period and the program period.

29

Navigant also grouped customers based on years treated over the two-year study period of 2017 and 2018. These
plots tell a similar story and are included in Appendix C. We also provided plots in Appendix C which show every
grouping of years treated (e.g., 2017 only, 2018 and 2017, 2018 only, etc.).
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Figure 4-8. Average Daily Scheduled Cooling Setpoints in 2019 by Years Treated (2017 Cohort),
National Grid

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-9 shows the average hourly scheduled cooling setpoints for the 2017 National Grid cohort,
separated into groups based on the number of years each device was treated over the three-year study
period. The number of years a device was treated from 2017 through 2019 directly affects the average
absolute scheduled cooling setpoints. This graphic shows the compounding of setpoint changes for
devices that opted into the program in multiple years.

Page 27

2019 Massachusetts Summer Thermostat Optimization
Evaluation
Figure 4-9. Average Hourly Scheduled Cooling Setpoints in 2019 by Years Treated (2017 Cohort),
National Grid

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-10 shows the average daily actual cooling setpoints relative to the control group for the 2017
National Grid cohort, separated into groups based on the number of years each device was treated over
the three-year study period. Correlation exists between the actual cooling setpoints relative to the control
group and the number of years a device was treated; however, the magnitude of the impact is lower
than the impact observed in the scheduled cooling setpoints. This lower magnitude means there is
less persistence in actual setpoints than in scheduled, suggesting that customers may be overriding their
scheduled setpoints when their home gets too hot for comfort. 30

30 Navigant cannot readily distinguish manual thermostat overrides from other reasons that actual setpoints may differ
from scheduled setpoints (such as the Nest Home/Away Assist feature).
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Figure 4-10. Average Daily Actual Cooling Setpoints in 2019 by Years Treated (2017 Cohort),
National Grid

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-11 presents the average daily cooling runtime relative to the control group for the 2017 National
Grid cohort. The data is separated into groups based on the number of years each device was treated
over the three-year study period. The cooling runtime is correlated to the number of years a device was
treated, with runtime decreasing as years treated increase, though the correlation is not as strong as with
scheduled setpoints. In runtime, only the group treated for three years shows lower runtime in the
pre-program period than the control group; the groups treated one and two years both have
higher runtime. As runtime is converted to power for the impact analysis (as discussed in Section 2.3.1),
the low persistence in runtime aligns with the lack of persistence in savings the evaluation team found in
the impact analysis (see Section 4.2.1.1).
The runtime, especially for the group treated for three years, also shows spikes on some days throughout
the summer. Examining temperatures reveals that these spikes occur on some of the summer’s hottest
days, suggesting customers may be overriding their schedule on these days when their home is too hot
for comfort (particularly among the group treated for three years, which has the highest absolute
scheduled setpoints).
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Figure 4-11. Average Daily Cooling Runtime in 2019 by Years Treated (2017 Cohort), National Grid

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

4.1.3 Time Differentiated Analyses
Figure 4-12, Figure 4-13, and Figure 4-14 present a comparison of average hourly scheduled cooling
setpoints for each cohort for Eversource, Cape Light Compact, and National Grid, respectively, for all
hours across two weeks in 2019 (July 11-17 during the pre-period and August 15-21 during the post
period) 31 for both the treated and control groups. The treated group for each cohort represents
thermostats treated in 2019. Throughout these graphics, we see that the control group has almost no
changes in scheduled setpoints pre to post and for the 2019 cohorts we see that the treatment and
control groups are very similar in the pre-period. The SS program is designed to make the largest
adjustments when customers are away from home (e.g., weekday daytime hours) and smaller
adjustments when customers are home and awake (e.g., overnight, weekday evenings,
weekends). Based on the comparisons in these figures, the evidence suggests scheduled
setpoints are being adjusted as expected.

31

July 11-17 is the last week of the pre period and August 15-21 is the first week after the tune-up period. The preperiod week was hotter than the post-period week (a total of 1,202 cooling degree hours in base 70 in the pre-period
week compared to 893 in the post-period week). However, any changes in setpoints due to the weather should be
seen in differences in the control group pre and post.
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Figure 4-12. Hourly Scheduled Cooling Setpoints in 2019 by Cohort, Eversource

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-13. Hourly Scheduled Cooling Setpoints in 2019 by Cohort, Cape Light Compact

Source: Navigant analysis of Nest thermostat telemetry data

For the National Grid cohorts, shown in Figure 4-14, it is also possible to see the impacts of persistence
over time. The 2017 cohort in the top panel and the 2018 cohort in the middle panel both show
scheduled setpoint differences compared to the control group during the pre-period suggesting
persistence of setpoints from previous years’ SS adjustments. For weekdays, we see that the 2017
cohort’s treatment group has the highest scheduled setpoints (peaking at approximately 78°F in the post
period), followed by the 2018 cohort (peaking at approximately 77°F in the post period), followed by the
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2019 cohort (peaking at approximately 76°F in the post period). On weekends, we see much less
variation in the post period setpoint across the three cohorts.
Figure 4-14. Hourly Scheduled Cooling Setpoints in 2019 by Cohort, National Grid

Source: Navigant analysis of Nest thermostat telemetry data

For the National Grid 2017 cohort we also separated the 2019 ITT group into subgroups representing the
number of years each device was treated over the three-year study period. The control group and the
one, two, and three years treated subgroups are shown in Figure 4-15 (note that the never treated subset
of the treatment group is not shown). As with Figure 4-8 and Figure 4-9, we see evidence of pre-period
persistence in scheduled setpoints for the subgroups treated for two and three years over the
three-year study period, and the effect is higher for the three years treated subgroup.
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Figure 4-15. Hourly Scheduled Cooling Setpoints in 2019 by Years Treated (2017 Cohort),
National Grid

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-16. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
Eversource All Cohort

Source: Navigant analysis of Nest thermostat telemetry data
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Figure 4-17 through Figure 4-21 show the actual versus scheduled setpoints by hour of day for the control
and treated group of each cohort across two weeks in 2019 (July 11-17 during the pre-period and August
15-21 during the post period). 32 The treated group for each cohort represents thermostats treated in
2019. The summer SS program increased both the scheduled and actual setpoints during the post
period for every cohort. As expected, the control groups show almost no setpoint changes (scheduled
or actual) between the pre and the post period and in the 2019 cohorts the treated groups show very
similar pre-period scheduled and actual setpoints compared to the control group. Again, these graphics
show that the treatment groups for the 2017 and 2018 National Grid cohorts (Figure 4-19 and Figure
4-20) have higher pre-period setpoints than the control groups suggesting persistence, with a
larger effect in the 2017 cohort than the 2018 cohort and a larger effect in scheduled setpoints
than in actual setpoints.
Figure 4-16. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
Eversource All Cohort

Source: Navigant analysis of Nest thermostat telemetry data

32 July 11-17 is the last week of the pre period and August 15-21 is the first week after the tune-up period. The preperiod week was hotter than the post-period week (a total of 1,202 cooling degree hours in base 70 in the pre-period
week compared to 893 in the post-period week). However, any changes in setpoints due to the weather should be
seen in differences in the control group pre and post.

Page 34

2019 Massachusetts Summer Thermostat Optimization
Evaluation
Figure 4-17. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
Cape Light Compact 2018 Cohort

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-18. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
Cape Light Compact 2019 Cohort

Source: Navigant analysis of Nest thermostat telemetry data
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Figure 4-19. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
National Grid 2017 Cohort

Source: Navigant analysis of Nest thermostat telemetry data

Figure 4-20. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
National Grid 2018 Cohort

Source: Navigant analysis of Nest thermostat telemetry data
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Figure 4-21. Hourly Actual vs. Scheduled Cooling Setpoints in 2019,
National Grid 2019 Cohort

Source: Navigant analysis of Nest thermostat telemetry data

For the National Grid 2017 cohort we also separated the 2019 ITT group into subgroups representing the
number of years each device was treated over the three-year study period. The control group and the
one, two, and three years treated subgroups are shown in Figure 4-22 (note that the never treated subset
of the treatment group is not shown as it parallels the control group). Several points about this graphic
deserve comment:
•

Looking at the pre-period (the left column) for each treated subgroup compared to the control
group shows that the one year treated subgroup is quite similar to the control group while
the two and three year treated subgroups show higher pre-period cooling setpoints
(scheduled and actual) than the control group aligning with the other graphics in
suggesting persistence for these groups. 33

•

The scheduled and actual setpoints both increase with years treated. This is true in both the
pre and the post periods. The difference is larger for weekdays than for weekends.

•

The treated subgroups have larger increases in scheduled setpoints from pre to post than in
actual setpoints. The scheduled setpoints are closest to the actual setpoints for the three
years treated subgroup and they get further apart as there are fewer years of treatment. In

33

Figure 4-22 shows some persistence in both actual and scheduled setpoints for the subgroup treated in two years
of the three year study period. However, keep in mind that this graphic is for one specific week of the pre-period.
Figure 4-10 in Section 4.1.2 shows actual setpoints for the entire pre-period and shows no consistent persistence for
that subgroup.
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the cooling season, we expect that the actual setpoints will be above the scheduled setpoints 34
and the two being more similar may indicate manual overrides of the scheduled setpoints to bring
them lower.
Figure 4-22. Hourly Actual vs. Scheduled Cooling Setpoints in 2019 by Years Treated,
National Grid 2017 Cohort

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

34 Driven at least partially by the Home/Away Assist feature which raises the actual setpoint when it detects the
occupants are away.
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We also reviewed actual and scheduled setpoints for the National Grid 2017 cohort treated years
subgroups on the hottest day of the post period, which was August 19. 35 Figure 4-23 shows the actual
and scheduled setpoints for this date by subgroup. The three-year treated subgroup shows evidence
of manual setpoint overrides during the several hours when the actual setpoint falls below the
scheduled setpoint. This can be compared to the post period graphic for the three years treated
subgroup in Figure 4-22, above, where the scheduled and actual setpoints are similar but do not cross.
This is evidence that at least on the hottest days those customers treated three times over the
three-year study period are reaching the limit of a comfortable temperature in their home.
Figure 4-23. Hourly Actual vs. Scheduled Cooling Setpoints on August 19 by Years Treated,
National Grid 2017 Cohort

Note: Years treated is over the three-year study period from 2017 to 2019.
Source: Navigant analysis of Nest thermostat telemetry data

35 We defined hottest as having the highest maximum temperature. The maximum temperature on this day was
approximately 90°F.
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4.2 Impact Analysis
The results of Navigant’s impact analysis—energy and demand savings across all cohorts—are
presented in this section. Key findings include the following:
•

Although some subgroups (e.g., the three years treated subgroup in the National Grid 2017
cohort) may have persistence in savings, Navigant is unable to estimate the effect for two
reasons:
o

The lack of persistence in some subgroups (especially for untreated devices that make
up a large part of each cohort) pulls the per-thermostat savings down.

o

There are preexisting differences between the ITT and control groups that the evaluation
team cannot control for with only one season of data (and the team is unable to tie device
data from one year to the next using the data provided by Google).

o

As there may be some savings during the 2019 pre-period that we are unable to capture,
the savings estimates provided are likely conservative.

•

Average program period energy savings per treated thermostat are 19.7 kWh (3.0% of cooling
load) across all PAs and cohorts. Demand savings per treated thermostat are 46 W (6.8% of
cooling load).

•

The realization rate compared to Google’s estimated savings is 99%, the demand-to-energy (W
to kWh) factor is 2, and 74% of savings occur on-peak and 26% off-peak.
o

•

This realization rate should be reassessed every 3-5 years or if new vendors join the
program, Google changes its method of estimating savings, or the PAs want to reduce
the size of past control groups.

Table 4-1 summarizes the SS program’s summer 2019 savings by PA where all PAs have been
assigned the statewide average savings per treated thermostat.
Table 4-1. Cooling Savings Summary
Measure
Life

No. of
Participating
Thermostats
(Google)†

Total
Energy
(kWh)
Savings‡

On-Peak
Energy
(kWh)
Savings§

Off-Peak
Energy
(kWh)
Savings††

Total
Demand
(kW)
Savings‡‡

Cape Light
Compact

1

2,052

40,424

29,914

10,510

81

Eversource

1

19,802

390,099

288,674

101,426

780

National
Grid

1

12,087

238,114

176,204

61,910

476

Statewide

1

33,941

668,638

494,792

173,846

1,337

PA

† Where participating is defined as treated with SS. These counts are taken from Google’s savings estimates.
‡ Total energy savings are calculated using the statewide weighted average per treated thermostat energy savings
and the statewide realization rate.
§ On-peak energy savings are calculated using the statewide weighted average on-peak savings percentage.
†† Off-peak energy savings are calculated as total energy savings minus on-peak energy savings.
‡‡ Total demand savings are calculated using the statewide weighted average per treated thermostat energy
savings, the statewide realization rate, and the statewide demand-to-energy factor.
Source: Navigant analysis, Google savings estimates
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•

In future years, PAs should claim savings based on the following equations:
o

Claimable total energy (kWh) savings by PA = Google’s statewide weighted average per
treated thermostat energy savings (kWh) * Google’s treated thermostat count by PA *
99% (realization rate)

o

Claimable on-peak energy (kWh) savings by PA = Claimable total energy (kWh) savings
by PA * 75% (on-peak savings percentage)

o

Claimable off-peak energy (kWh) savings by PA = Claimable total energy (kWh) savings
by PA - Claimable on-peak energy (kWh) savings by PA

o

Claimable demand (kW) savings by PA = (Google’s statewide weighted average per
treated thermostat energy savings (kWh) * Google’s treated thermostat count by PA *
99% (realization rate) * 2 (demand-to-energy factor)) / 1,000

4.2.1 Energy Savings
Navigant estimated total energy savings of 669 MWh from July 18 through August 31, 2019. This total
represents average daily energy savings of 19.7 kWh per treated thermostat, or approximately 3% of the
cooling load for treated thermostats post program launch. Figure 4-24 summarizes these findings for all
devices and by cohort. Percent savings are mostly not statistically different across the different cohorts,
and the evaluation team did not see trends of growing or falling savings across the years for the National
Grid and Cape Light Compact cohorts.

Avg. Seasonal %kWh Savings per Treated Device

Figure 4-24. Average Summer 2019 Energy Savings as a Percentage of Cooling Load†

10.0%

4.80%,
3.02%,
18.8 kWh
0.0%

31.4 kWh

3.61%,
2.32%,

24.1 kWh

13.5 kWh

2.84%,

3.00%,

18.9 kWh

19.7 kWh

-0.66%,
-3.9 kWh

-10.0%

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
† Bars represent the 90% confidence interval; a confidence interval is not provided for All because All is the weighted average of
other results rather than a separate model.
Source: Navigant analysis of Nest thermostat telemetry data
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Navigant estimated energy savings for three different sets of hours between July 18 and September 30,
2019: all, on-peak, and off-peak. Table 4-2 details the energy savings for each period for each cohort.
Savings during the on-peak hours make up most (74%) of the season’s savings because the SS
algorithm makes the most aggressive setpoint changes during these hours. Note that the total savings in
Table 4-2 are based on the per-thermostat energy savings for each cohort unlike the values in Table 4-1,
which are based on the statewide per-thermostat energy savings.
Table 4-2. Summer 2019 Energy Savings Summary†
NG-2017

NG-2018

NG-2019

CLC2018

CLC2019

EVS-All

All‡

Number of
thermostats in
control group

4,417

2,716

3,199

1,505

768

11,742

24,347

Number of
thermostats in ITT
group

10,614

6,597

12,231

3,495

2,925

46,432

82,294

Number of
thermostats in
treated group

4,358

2,656

5,047

1,114

939

19,781

33,895

0.256 ±
0.137

0.266

2.84% ±
1.52%

3.00%

18.9 ±
10.1

19.7

373

669

0.302 ±
0.104

0.285

Statistic

Summer Program Period (July 18-September 30)§
Average daily
energy savings per
0.254 ±
0.426 ±
0.328 ±
-0.053 ±
0.184 ±
treated thermostat
0.220
0.290
0.285
0.546
0.766
(kWh)
Average energy
3.02% ±
4.80% ±
3.61% ± -0.66% ± 2.32% ±
savings (% of
2.62%
3.26%
3.14%
6.84%
9.68%
cooling load)
Average total
18.8 ±
31.4 ±
24.1 ±
-3.91 ±
13.5 ±
energy savings per
treated thermostat
16.3
21.4
21.0
40.4
56.4
(kWh)
Total energy
82.1
83.4
122
-4.35
12.7
savings (MWh)
On-Peak (Non-Holiday Weekdays 7 a.m.-11 p.m., July 18-September 30)
Average daily
0.244 ±
0.377 ±
0.284 ±
0.084 ±
0.160 ±
energy savings per
0.174
0.227
0.216
0.432
0.610
treated thermostat
(kWh)
Average energy
savings (% of
cooling load)
Average total
energy savings per
treated thermostat
(kWh)
Total energy
savings (MWh)

3.72% ±
2.65%

5.50% ±
3.31%

4.02% ±
3.06%

1.34% ±
6.91%

2.61% ±
9.93%

4.44% ±
1.53%

4.21%

12.5 ±
8.92

19.3 ±
11.6

14.5 ±
11.0

4.30 ±
22.2

8.19 ±
31.2

15.4 ±
5.31

14.7

54.6

51.3

73.1

4.79

7.69

305

497
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Statistic

NG-2017

NG-2018

NG-2019

CLC2018

CLC2019

EVS-All

All‡

Off-Peak (All Other Hours Including Weekends and Holidays, July 18-September 30)
Average daily
energy savings per
treated thermostat
(kWh)

0.087 ±
0.120

0.166 ±
0.158

0.119 ±
0.158

-0.104 ±
0.286

0.071 ±
0.397

0.049 ±
0.077

0.069

Average energy
savings (% of
cooling load)

2.25% ±
3.11%

4.04% ±
3.84%

2.84% ±
3.79%

-2.84% ±
7.81%

1.95% ±
10.86%

1.14% ±
1.80%

1.65%

6.43 ±
8.90

12.3 ±
11.7

8.73 ±
11.6

-7.66 ±
21.1

5.24 ±
29.2

3.59 ±
5.68

5.08

28.0

32.6

44.1

-8.54

4.93

112

172

Average total
energy savings per
treated thermostat
(kWh)
Total energy
savings (MWh)

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource; confidence interval range (indicated by ±) is 90%.
† Navigant modeled each period separately; thus, individual period results are not additive.
‡ The All column is a weighted average of the cohorts. Confidence intervals cannot be provided for this combination.
§ The first offer date for the SS program occurred on July 18, 2019. The SS program continues operation if the cooling system stays
in cooling mode. The energy impact evaluation relies on data through September 30, 2019.
Source: Navigant analysis

4.2.1.1 Energy Savings Persistence
Navigant also estimated models to try to capture savings persistence in the pre-program period (June 1,
2019-July 17, 2019) for cohorts that had devices treated in previous years: National Grid 2017 and 2018,
Cape Light Compact 2018, and Eversource All. As Figure 4-25 shows, the models with persistence have
large confidence bounds and show lower savings for the season than the post program models, which
only capture savings during the program period (i.e., the same results as shown in Figure 4-24). Navigant
posits that there are two reasons savings are not seen in the models capturing persistence:
•

As shown in the exploratory persistence analysis, only the group treated for three years over the
three-year study period within the National Grid 2017 cohort had lower pre-program period
runtime 36 than the control group (see Figure 4-11). The three years treated group makes up a bit
less than 25% of this cohort. The lack of runtime persistence in the other groups (treated one
year, treated two years, and never treated) likely overwhelms the persistence for the three years
treated group. 37

•

Although the ITT and control groups are randomly assigned, (random) pre-program period
differences exist between the groups (see Figure 4-3 where, for example, the 2017 cohort has
scheduled setpoints slightly below the control group in the 2017 pre-program period). Navigant

36

Runtime is converted to power for use in Navigant’s models (described in Section 2.3.1).
As the subgroups (e.g., three years treated) are self-selected, Navigant is not able to run models on these subsets
of customers compared to the entire control group because the results would be biased by self-selection. Without
data from the true pre-program period (i.e., from before the 2017 SS launch for the National Grid 2017 cohort), which
Google does not provide, the evaluation team is not able to construct quasi-control groups via matching to run
models by subgroup.

37
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cannot control for these differences in its model with only one season of data. 38 Thus, only cases
where the ITT group has lower runtime than the control group in the 2019 pre-program period are
picked up as savings to the Navigant model. Cases where the difference in runtime has shrunk
compared to the true pre-program period (even if the ITT group is still higher than the control
group) would be picked up as savings in a difference-in-difference model, which would require
true pre-program data.
The PAs could seek to better understand savings persistence by running an experiment specifically
designed to measure persistence. To do this, the PAs would randomly choose a subset of the ITT
customers in 2019 to be removed from the program in 2020 (i.e., not offered the program and not used to
estimate program savings). This removed group could be compared to the control group and to the
continued ITT group to see how saving persist in a year after the program was offered.

Avg. Seasonal %kWh Savings per Treated Device

Figure 4-25. Average Summer 2019 Energy Savings with and without Persistence as a Percentage
of Cooling Load†

10.0%

4.80%,
3.02%,
18.8 kWh
0.0%

-0.64%,
-6.3 kWh

31.4 kWh
0.65%,
6.7 kWh

2.84%,
0.43%,
4.6 kWh

0.42%,
3.8 kWh

18.9 kWh

-0.66%,
-3.9 kWh

-10.0%

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
† Bars represent the 90% confidence interval; a confidence interval is not provided for All because All is the weighted average of
other results rather than a separate model.
Source: Navigant analysis of Nest thermostat telemetry data

4.2.2 Demand Savings
Navigant estimated peak demand impacts from 1 p.m. to 5 p.m. on program period non-holiday weekdays
through August. Figure 4-26 summarizes these findings for all devices and by cohort. Navigant estimated
average daily demand savings of 46 W per treated thermostat, or approximately 7% of the cooling load
for treated thermostats post program launch. All cohorts have statistically significant demand savings, and
38

Note that Navigant is not able to tie data across years using the data provided by Google.
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there are no statistically significant differences across them. Navigant did not see trends of growing or
falling savings across the cohort years for the National Grid and Cape Light Compact cohorts.

Figure 4-26. Average Summer 2019 Demand Savings as a Percentage of Cooling Load†

Avg. %kW Savings per Treated Device

20.0%

15.0%

12.37%,
0.095 kW
10.0%
7.60%,

7.60%,

0.052 kW

0.053 kW

5.0%

8.11%,
6.89%,
0.051 kW

0.06 kW

6.01%,
0.039 kW

6.77%,
0.046 kW

0.0%

NG = National Grid; CLC = Cape Light Compact; EVS = Eversource
† Bars represent the 90% confidence interval; a confidence interval is not provided for All because All is the weighted average of
other results rather than a separate model.
Source: Navigant analysis of Nest thermostat telemetry data

4.2.3 Realization Rates
Navigant developed a realization rate for electric energy savings, calculated as the ratio of Navigant’s
savings estimate to the savings reported by Google. 39 Table 4-3 lists these values. The evaluation team
has shown values by PA but recommends adopting the statewide realization rate of 99% for all PAs
because Cape Light Compact does not have statistically significant savings as an individual PA.

39

SS is an example of a temperature optimization offering. Other vendors have different algorithms that may result in
somewhat different performance within 1 year and in subsequent years. The realization rate Navigant developed for
the Google-implemented program would not be applicable to any new vendors.
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Table 4-3. Summer 2019 Realization Rates – Energy
PA

National Grid
Cape Light
Compact
Eversource

Annual
Cohort
2017
2018
2019
2018
2019
All

All

Per Treated Device Energy Savings (kWh)
Navigant
Google
Navigant
Comparison§
(by Cohort) (by PA)† (by PA)‡
18.8
31.4
24.1
-3.90
13.5
18.9
19.7

23.8

23

103%

4.10

5

81%

18.9

19

99%

19.7

20

99%

† Navigant’s by PA numbers are a weighted average of its cohort-specific models for each PA. Navigant’s All
numbers are the weighted average of its cohort-specific models (where the weights are the number of customers
attributed savings by cohort).
‡ Google’s by PA numbers come from PA-specific models weighted to account for the changes in the ITT-to-control
group ratio over time. Google’s All numbers are the weighted average of its PA models (where the weights are the
number of customers attributed savings by PA).
§ Estimated savings are different between Navigant and Google due to small differences in the models and the
runtime-to-energy conversion.
Source: Navigant analysis, Google savings estimates

Google did not estimate demand savings in 2019, and they do not intend to do so in the future as they will
work with daily, rather than hourly, data for estimation. Using daily data will preclude direct estimation of
demand savings. Therefore, Navigant calculated a demand-to-energy factor that can be multiplied by the
energy savings in future years to estimate demand savings. The demand-to-energy factors for each
cohort are shown in Table 4-4. The 2019 average across all cohorts is 2.34, but this value is driven
significantly by the outlier values for Cape Light Compact. In 2017 and 2018, the demand-to-energy
factors were 1.87 and 1.76, respectively. Because the demand-to-energy factor is so much higher in 2019
than previous years, Navigant recommends rounding down to 2 when claiming savings.
Table 4-4. Summer 2019 Demand-to-Energy Factor
PA

National Grid
Cape Light
Compact
Eversource
All‡

Annual
Cohort
2017
2018
2019
2018
2019
All

Demand (W) per
Treated Device
(by PA)
52
53
51
60
95
39

Energy (kWh) per
Treated Device
(by PA)
18.8

Demand-toEnergy
Factor†
2.77

31.4
24.1
-3.90

1.69
2.12
-15.38

13.5
18.9

7.04
2.06

46

19.7

2.34

† The demand-to-energy factor is the demand (W) savings divided by the energy (kWh) savings.
‡ The All numbers are the weighted average of Navigant’s cohort-specific models (where the weights are the
number of customers attributed savings by cohort).
Source: Navigant analysis

Using daily data to estimate savings will also preclude estimating on-peak and off-peak energy savings in
future evaluations. Navigant reviewed the percentage of savings occurring during on-peak and off-peak
hours for each cohort (shown in Table 4-5). Overall, on-peak savings are 74% of total and off-peak
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savings are 26%. This result aligns with most setpoint schedule changes being made on weekdays during
peak hours. These percentages remained fairly stable from 2018 when on-peak savings were 78% of the
total and off-peak savings were 22%. 40 Therefore, Navigant recommends the PAs assume 74% of the
total savings are on-peak and 26% are off-peak if needed in future years.
Table 4-5. 2019 Summer On-Peak and Off-Peak Energy Savings Percentages
PA

National Grid
Cape Light
Compact
Eversource
All‡

Annual
Cohort
2017
2018
2019
2018
2019
All

Energy (kWh) per
Treated Device
(by PA)†
18.8
31.4
24.1
-3.90
13.5
18.9
46

On-Peak
Percentage

Off-Peak
Percentage

66%
61%
60%
-110%
61%
81%
74%

34%
39%
36%
196%
39%
19%
26%

† Because the on-peak, off-peak, and overall savings are estimated in separate models, the on-peak and offpeak percentages do not sum to exactly 100% for each cohort.
‡ The All numbers are the weighted average of Navigant’s cohort-specific models (where the weights are the
number of customers attributed savings by cohort).
Source: Navigant analysis

40

Navigant did not calculate on-peak and off-peak savings as part of the 2017 evaluation.
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5. FINDINGS AND RECOMMENDATIONS
Navigant’s evaluation found the summer 2019 SS program was successful in achieving energy savings
through temperature optimization and in customer acceptance of the offering. Given the stability of opt-in
rates and savings over 3 years of evaluating the summer SS program, it is reasonable for the PAs to
claim savings for the next several years using a realization rate approach before evaluating again in 3-5
years. Table 5-1 summarizes Navigant’s key evaluation findings, and Table 5-2 lists the evaluation team’s
recommendations while Table 5-3 shows considerations.
Table 5-1. Key Findings
Key Findings
• 40% of ITT thermostats and 56% of qualified ITT thermostats enrolled in the program.
• Enrollment and qualifications rates are lower for Cape Light Compact than National Grid and
Eversource (~30% compared to ~40%), likely due to different home usage and cooling needs on
the Cape.
• Enrollment rates have been steady across years for National Grid (~40%) and Cape Light Compact
(~30%). Customers are more likely than not to maintain their most recent treatment status from one
year to the next.
• Clear evidence of persistence exists in early summer 2019 in scheduled setpoints for the National
Grid ITT devices from one year to the next. This is especially true for those treated for multiple
years of the three-year study period: 1.25°F for three years treated and 0.25°F for two years
treated.
• There is also evidence of persistence in actual setpoints and runtime for the devices opting in for
three years over the three-year study period: 0.75°F in actual setpoints and approximately 3
minutes less runtime. However, based on the entire pre-period no evidence of persistence exists in
actual setpoints and runtime for those treated two years of the three-year study period.
• The time differentiated setpoint analyses and the runtime both suggest that the devices treated
three years over the three-year study period are manually overriding their thermostat setpoints on
the hottest days of the summer. This suggests that these customers may be reaching the limits of
what is comfortable in their homes on these very hot days.
• The average energy savings per treated thermostat was 19.7 kWh (3% of electric cooling load)
between July 18 and September 30, 2019.
• The average demand savings per treated thermostat was 46 W (7% of electric cooling load)
between July 18 and September 30, 2019.
• The program achieved 669 MWh of total energy savings (495 on-peak and 174 off-peak) and 1.3
MW of total demand savings between July 18 and September 30, 2019.
• Compared to vendor-reported savings, the program achieved 99% of electric energy savings.
• The demand-to-energy (W to kWh) factor was 2, the on-peak savings percentage was 74%, and
the off-peak savings percentage was 26%.
Source: Navigant analysis
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Table 5-2. Recommendations
Topic
Savings

Recommendations
• The PAs should claim the electric energy and demand savings listed in Table
4-1.
• For 2019 and future years when an evaluation is not conducted, Navigant
recommends the PAs claim energy savings based on a realization rate of 99%.
o PAs should claim energy savings using the following formula:
Claimable total energy (kWh) savings by PA = Google’s statewide weighted
average per treated thermostat energy savings (kWh) * Google’s treated
thermostat count by PA * 99% (realization rate)
• For 2019 and future years, Navigant recommends the PAs claim on-peak and
off-peak energy savings based on an on-peak savings percentage of 74% and
off-peak savings of 26%.
o PAs should claim on-peak and off-peak savings using the following
formulas:
Claimable on-peak energy (kWh) savings by PA = Claimable total energy
(kWh) savings by PA * 74% (on-peak savings percentage)

Realization
Rate

Claimable off-peak energy (kWh) savings by PA = Claimable total energy
(kWh) savings by PA - Claimable on-peak energy (kWh) savings by PA
• For 2019 and future years, Navigant recommends the PAs claim demand
savings based on a realization rate of 99% and a demand-to-energy (W to
kWh) factor of 2.
o PAs should claim demand savings using the following formula:
Claimable demand (kW) savings by PA = (Google’s statewide weighted
average per treated thermostat energy savings (kWh) * Google’s treated
thermostat count by PA * 99% (realization rate) * 2 (demand-to-energy
factor)) / 1,000
• The realization rate should be reassessed within 3-5 years or if new vendors
join the program, Google changes its method of estimating savings, the groups
are re-randomized in future deployments, or the PAs want to reduce the size of
past control groups.

Source: Navigant
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Table 5-3. Considerations
Topic
Existing
Devices

Future
Research

Considerations
• For any future summer deployments that utilize the realization rates
recommended in this report, the PAs should maintain the existing control and
treatment groups for devices already in the program.
• The PAs could seek to better understand savings persistence by running an
experiment specifically designed to measure persistence. To do this, the PAs
would randomly choose a subset of the ITT customers in 2019 to be removed
from the program in 2020 (i.e., not offered the program and not used to
estimate program savings). This removed group could be compared to the
control group and to the continued ITT group to see how saving persist in a
year after the program was offered.
• The PAs could request a mapping of anonymized thermostat IDs from Google
that span multiple years to enable an assessment of the energy savings
associated with persistence and further exploratory analysis research to
identify whether thermostats reset schedules at the beginning of season or let
prior setpoints continue.

Source: Navigant
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APPENDIX A. PROGRAM ENROLLMENT
Table A-1 shows the program enrollment status counts by program administrator (PA) for 2017, 2018,
and 2019. Cells shaded red indicate combinations where Navigant expected to find zero devices;
however, these cells were not zero due to PA assignments shifting over time (switching between the
intent-to-treat [ITT] and control groups—see Section 3.1 for more detail) and devices going in and out of
existence (not existing means they did not have an online account with Google Nest in the indicated
year).
Table A-1. Status Counts by PA: 2017, 2018, 2019
2017 Status

2018 Status

Did Not Exist

Did Not Exist
ITT

Did Not Exist
Control
ITT
ITT

Control
Did Not Exist
ITT

Control

Control
Did Not Exist

12,597

Cape
Light
Compact
2,998

54,279

9,662

3,239

780

13,681

ITT

4,390

6,748

3,464

14,602

Control

1,133

11

2

1,146

ITT

1,970

3

2

1,975

486

2,744

1,485

4,715

1,216

10,176

61

11,453

308

62

3

373

Eversource

National
Grid

ITT

38,684

Control

2019 Status

Control
ITT
Control

All

ITT

5

0

0

5

Control

7

48

8

63

ITT

610

453

9

1,072

Control

152

95

3

250

1

11

1

13

ITT
Control

2

0

0

2

ITT

447

2

0

449

Control

136

4,209

12

4,357

ITT

206

164

3

373

Control

40

55

0

95

Total

59,455

40,617

8,831

108,903

2019 ITT

47,529

30,154

6,538

84,221

2019 Control

11,926

10,463

2,293

24,682

Note: Red cells indicate combinations where Navigant expected zero devices.
Source: Navigant analysis of Nest thermostat device data
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APPENDIX B. RANDOMIZATION VERIFICATION
Table B-1 summarizes the percent difference in mean cooling runtime for the ITT and control groups for
each of the new 2019 cohorts analyzed. Table B-2 shows the same information for mean scheduled
cooling target setpoints. None of the groups had statistically significant differences in scheduled cooling
target, but the Cape Light Compact 2019 cohort did have statistically significant differences in runtime.
This result is likely because the Cape Light Compact 2019 cohort is relatively small, such that a random
split can randomly result in differences between the ITT and control groups. Navigant’s difference-indifference modeling approach accounts for small differences in pre-program period usage between the
ITT and control groups.
Table B-1. Randomization Verification– Cooling Runtime
Mean Cooling Runtime
(Hours)
ITT
Control

Cohort

PA

2019

National Grid

55.5

2019

Cape Light Compact

All

Eversource

All

% Difference

P-Value

56.6

2.03%

0.347

28.6

33.4

15.3%

0.003**

61.6

61.3

0.40%

0.728

57.1

56.5

1.16%

0.163

Source: Navigant analysis of Nest thermostat telemetry data

Table B-2. Randomization Verification – Scheduled Cooling Target
Mean Scheduled Cooling
Target (⁰F)
ITT
Control

Cohort

PA

2019

National Grid

73.1

2019

Cape Light Compact

All

Eversource

All

% Difference

P-Value

73.1

0.03%

0.786

73.2

73.4

0.16%

0.472

74.0

74.0

0.06%

0.286

73.9

73.8

0.01%

0.779

Source: Navigant analysis of Nest thermostat telemetry data
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APPENDIX C. ADDITIONAL EXPLORATORY PERSISTENCE ANALYSIS
Table C-1 through Table C-3 show the average daily scheduled cooling setpoints and runtime for the
control, ITT, and treated and untreated subgroups for each National Grid cohort in 2019 (see Figure 4-6).
Navigant’s exploratory analysis compares the scheduled cooling setpoints and runtime between the preprogram period and program period for each group within each cohort. The analysis found that the
Seasonal Savings (SS) program made the intended adjustments to scheduled cooling setpoints in the
program period for each cohort. Differences between the ITT and control group were not large in the preprogram period, though they are largest for the 2017 cohort and smallest for the 2019 cohort.
Table C-1. Summary of Exploratory Scheduled Setpoint and Runtime Analysis –
National Grid 2017 Cohort in 2019
Δ

SS Impact

69.22

July 18September 30
68.56

-0.66

-

Control
ITT
Treated
Untreated

74.36
74.65
75.11
74.18

74.52
75.10
75.79
74.37

0.16
0.45
0.68
0.19

0.29
0.52
0.02

Control

178.19

172.86

-5.33

-

ITT
Treated
Untreated

179.94
176.52
182.35

171.98
166.55
175.83

-7.96
-9.97
-6.52

-2.63
-4.64
-1.19

Period Dates

June 1-July 17

Avg. Daily Outdoor Temp (°F)
Avg. Daily
Scheduled Cooling
Setpoints (°F)

Avg. Daily Cooling
Runtime (min)

Pre-Program
Period

Program Period

Group

Source: Navigant analysis of Nest thermostat telemetry data
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Table C-2. Summary of Exploratory Scheduled Setpoint and Runtime Analysis –
National Grid 2018 Cohort in 2019
Δ

69.33

July 18September 30
68.65

-0.69

73.86
74.12
74.50

74.06
74.56
75.16

0.20
0.44
0.67

0.25
0.47

Untreated

73.73

73.90

0.17

-0.03

Control
ITT
Treated
Untreated

180.77
182.01
182.77
181.50

176.24
174.37
172.90
175.37

-4.52
-7.65
-9.87
-6.13

-3.12
-5.35
-1.60

Period Dates

June 1-July 17

Avg. Daily Outdoor Temp (°F)
Avg. Daily
Scheduled Cooling
Setpoints (°F)

Avg. Daily Cooling
Runtime (min)

Pre-Program
Period

Program Period

Group

Control
ITT
Treated

SS Impact

Source: Navigant analysis of Nest thermostat telemetry data

Table C-3. Summary of Exploratory Scheduled Setpoint and Runtime Analysis –
National Grid 2019 Cohort in 2019
Group

Pre- Program
Period

Program Period

Δ

SS Impact

-0.73

-

Avg. Daily Outdoor Temp (°F)

69.39

July 18September 30
68.66

Control
ITT

73.19
73.30

73.53
73.98

0.34
0.68

0.35

Treated
Untreated

73.55
73.00

74.41
73.44

0.85
0.44

0.52
0.10

Control
ITT
Treated
Untreated

183.50
179.55
192.96
170.05

177.31
170.25
179.19
163.86

-6.19
-9.30
-13.78
-6.19

-3.11
-7.59
0.00

Period Dates

Avg. Daily
Scheduled Cooling
Setpoints (°F)

Avg. Daily Cooling
Runtime (min)

June 1-July 17

Source: Navigant analysis of Nest thermostat telemetry data

Table C-4 shows the average daily scheduled cooling setpoints and runtime for the control group and the
once, twice, thrice, and never treated subgroups over the three-year study period for the National Grid
2017 cohort (see Figure 4-8 and Figure 4-11). Navigant’s exploratory analysis compares the scheduled
cooling setpoints and runtime between the pre-program period and program period for each group. The
analysis found that the SS program had the largest pre-program period and program period differences
for the subgroups treated for three years over the three-year study period.
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Table C-4. Summary of Exploratory Scheduled Setpoint and Runtime Analysis –
National Grid 2017 Cohort by Years Treated
Pre-Program
Period

Program Period

Δ

SS Impact

69.39

July 18September 30
68.66

-0.73

-

Control
Treated 3 Years
Treated 2 Years

74.36
75.67
74.69

74.52
76.32
75.08

0.16
0.65
0.39

0.49
0.23

Treated 1 Year
Never treated

74.07
73.63

74.40
73.95

0.33
0.32

0.17
0.16

Control
Treated 3 Years
Treated 2 Years
Treated 1 Year
Never treated

178.19
174.89
187.56
192.51
166.11

172.86
164.44
180.01
182.89
161.27

-5.33
-10.45
-7.55
-9.62
-4.84

-5.12
-2.22
-4.29
-0.49

Group
Period Dates

June 1-July 17

Avg. Daily Outdoor Temp (°F)

Avg. Daily
Scheduled Cooling
Setpoints (°F)

Avg. Daily Cooling
Runtime (min)

Source: Navigant analysis of Nest thermostat telemetry data

Figure C-1 through Figure C-3 show setpoint schedules, actual setpoints, and runtime, respectively, for
the control group (in black) and each ITT subgroup (by year(s) treated) of the National Grid 2017 cohort.
Like Figure 4-8, Figure 4-10, and Figure 4-11 in the main body of the report, these figures illustrate the
higher persistence in scheduled setpoints compared to actual setpoints or runtime. That is, fewer ITT
subgroups have actual setpoints above the control group or runtime below the control in the 2019 preprogram period than scheduled setpoints above the control group in the same timeframe.
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Figure C-1. Scheduled Setpoints in 2019 by Subgroup for 2017 National Grid Cohort

Source: Navigant analysis of Nest thermostat telemetry data

Figure C-2. Actual Setpoints in 2019 by Subgroup for 2017 National Grid Cohort

Source: Navigant analysis of Nest thermostat telemetry data
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Figure C-3. Runtime in 2019 by Subgroup for 2017 National Grid Cohort

Source: Navigant analysis of Nest thermostat telemetry data

Figure C-4 through Figure C-7 show the same information as Figure 4-8 through Figure 4-11 in the main
body of the report but with years treated grouped before rather than after the 2019 season (i.e., over the
two year study period from 2017 to 2018 rather than the three year study period from 2017 to 2019).
These figures tell a similar story to those in the main body of the report.
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Figure C-4. Average Daily Scheduled Cooling Setpoints in 2019 by Years Treated Before 2019
Season (2017 Cohort), National Grid

Note: Years treated is over the two-year study period from 2017 to 2018.
Source: Navigant analysis of Nest thermostat telemetry data

Figure C-5. Average Hourly Scheduled Cooling Setpoints in 2019 by Years Treated Before 2019
Season (2017 Cohort), National Grid

Note: Years treated is over the two-year study period from 2017 to 2018.
Source: Navigant analysis of Nest thermostat telemetry data
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Figure C-6. Average Daily Actual Cooling Setpoints in 2019 by Years Treated Before 2019 Season
(2017 Cohort), National Grid

Note: Years treated is over the two-year study period from 2017 to 2018.
Source: Navigant analysis of Nest thermostat telemetry data

Figure C-7. Average Daily Cooling Runtime in 2019 by Years Treated Before 2019 Season (2017
Cohort), National Grid

Note: Years treated is over the two-year study period from 2017 to 2018.
Source: Navigant analysis of Nest thermostat telemetry data
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