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DISCLAIMER
This report was prepared by Navigant Consulting, Inc. (Navigant) for National Grid. The work presented in
this report represents Navigant’s professional judgment based on the information available at the time this
report was prepared. Navigant is not responsible for the reader’s use of, or reliance upon, the report, nor
any decisions based on the report. NAVIGANT MAKES NO REPRESENTATIONS OR WARRANTIES,
EXPRESSED OR IMPLIED. Readers of the report are advised that they assume all liabilities incurred by
them, or third parties, as a result of their reliance on the report, or the data, information, findings and
opinions contained in the report.
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EXECUTIVE SUMMARY
National Grid’s Massachusetts residential customers can contribute toward reducing the system peak
demand by participating in the Residential Wi-Fi Thermostat Demand Response program,
ConnectedSolutions. The ConnectedSolutions program was first offered to National Grid customers in
2016 and continued to grow in 2017 and 2018. In 2018, the program reached 5,228 customers and 7,087
thermostats. The demonstration project tests controllable thermostats as a demand response (DR)
technology and customer acceptance of the DR program offering.
Navigant Consulting, Inc.'s (Navigant’s) evaluation of the 2018 DR season found that the program was
successful both in testing the effectiveness of thermostats as a residential DR technology and in
customer acceptance of the program offering. This study confirmed the technical feasibility of using
thermostats to reduce household peak demands; however, it has not examined whether that control will
be cost-effective for the electric system, program administrators, and/or customers. In 2018, there were 7
events days where the average high temperature was above 90°F compared to 0 event days in the 2017
DR season. The hotter weather conditions in 2018 provided an opportunity to test program performance
in warmer weather compared to prior years.

Program Summary
The ConnectedSolutions program aims to reduce peak demand of residential customers with Wi-Fi
thermostats. The program included eight Wi-Fi thermostat manufacturers: ecobee, Honeywell, Nest,
Alarm.com, Vivint, Lux, Radio Thermostat, and Sensi. National Grid called events between June 1 and
September 30, 2018 on non-holiday weekdays beginning at 2 p.m. with a duration of 3 hours. All
thermostats pre-cooled by 2°F prior to the event and then increased the setpoint 3°F during the event
unless customers chose to opt-out of the event or adjusted their thermostat setpoint. 1 In exchange for
their participation, customers received an annual incentive (with no participation requirement).
Since the program was first offered in 2016, there have been several changes in design and
implementation, summarized in Table 1. The most notable changes to the program in 2018 include: an
expansion to include additional thermostat manufacturers, aligning the incentive mechanisms across
thermostat manufacturers, calling events of the same duration at the same start times, offering and
administering the program through a single provider, EnergyHub, and implementation of Firm Load
Dispatch.2

1

Pre-cooling and event setpoint adjustments are optimized at the thermostat level for Nest thermostats.
Firm Load Dispatch (FLD) flattens the load during the event period by dispatching thermostats over time. Nest thermostats do not
experience FLD; instead Google dispatches its own proprietary algorithm to Nest thermostats during a DR event.
2

©2019 Navigant Consulting, Inc.

Page v

2018 Residential Wi-Fi Thermostat Demand Response
Evaluation
Table 1. Evolution of the DR Program
Program Attributes
DR Platform

2016

2017

2018

• Whisker Labs
(and Nest)

• Whisker Labs
(and Nest)

• EnergyHub

Thermostat
Manufacturers

• ecobee
• Honeywell
• Nest

• ecobee
• Honeywell
• Nest

•
•
•
•
•
•
•
•

Enrollment Incentive

• Yes

• Yes

• Yes

Annual Incentive

• ecobee (>75%
participation)
• Honeywell (>75%
participation)
• Nest

• ecobee (>75%
participation)
• Honeywell (>75%
participation)
• Nest

• Annual incentive
without a participation
requirement

Event Dispatch Criteria /
Number of Events

• ecobee (>$49 MWh)
• Honeywell (>$49 MWh)
• Nest (>$63 MWh)

• Same event dispatch
criteria

• Same event dispatch
criteria

Event Duration

• 2 to 4 hours

• 3 hours

• 3 hours †

Pre-cooling Adjustment

• ecobee 0°F
• Honeywell 2°F
• Nest 2°F

• ecobee 0°F
• Honeywell 2°F
• Nest 2°F

• 2°F for all ‡

Event Adjustment

• ecobee 2°F
• Honeywell 2°F
• Nest 3°F

• 3°F for all

• 3°F for all §

ecobee
Honeywell
Nest
Alarm.com
Lux
Radio Thermostat
Sensi
Vivint

† Firm Load Dispatch (FLD) events dispatch thermostats over time.
‡ Pre-cooling setpoint adjustments are optimized at the thermostat level for Nest thermostats.
§ Event setpoint adjustments are optimized at the thermostat level for Nest thermostats.
Source: Navigant analysis

Evaluation Objectives and Methods
Navigant completed an impact and process evaluation of National Grid’s Residential Wi-Fi Thermostat
Demand Response program in 2016, and an impact evaluation 2017. The 2018 evaluation builds upon
the previous evaluations by further focusing the evaluation objectives and refining the evaluation
approaches.
Navigant, in collaboration with National Grid and the Massachusetts Energy Efficiency Advisory Council
Consultants, identified several key research questions aimed at assessing the effectiveness of the DR
offering, as well as the success of program improvements since 2016; these questions have been placed
into four categories:
•

Technology and Program Offering
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•

Program Design and Implementation

•

DR Impacts

•

Scalability

Table 2 identifies the research questions answered by this evaluation in each category.
Table 2. Evaluation Objectives
Research
Category

Research Questions

Evaluation
Approach

• How does connectivity of Wi-Fi thermostats vary through the
season?
Technology
and Program
Offering

• Are thermostats losing connectivity during the season?

Thermostat usage
assessment

• Have program interventions to address serial connectivity
resulted in higher rates of full participation?
• What are the opt-out rates during DR events and throughout
the DR season?

Program
Design and
Implementation

• What if any impact did the removal of a participation
requirement have on full participation and opt-outs?
• Have opt-out rates increased or decreased compared to
2016 and 2017?

Thermostat usage
assessment
Regression
analysis

• What are the demand impacts before, during, and after the
DR event for each DR offering?
DR Impacts

• What are coincident peak demand savings?

Regression
analysis

• What are the energy impacts from calling a DR event?
Scalability

• After signing up in 2016 or 2017, have customers returned
in 2018?

Analysis of
Enrollment Data

Navigant's evaluation approach relied on several methods:
1. Thermostat usage assessment that combines and analyzes thermostat telemetry data and event
participation data
2. Regression analysis to estimate demand and energy impacts

©2019 Navigant Consulting, Inc.

Page vii

2018 Residential Wi-Fi Thermostat Demand Response
Evaluation

2018 KEY FINDINGS
Participation Status
Figure 1 displays the average participation for each DR season since the launch of the
ConnectedSolutions program. The 2018 season saw an increase in full participants, moving up from 61%
in 2017 to 66% in 2018, which is partially attributed to fewer thermostats in off or heat mode at the start of
the event. The percentage of opt-outs increased from 12% in 2017 to 18% in 2018. This increase may be
the result of the warmer DR season in 2018 and the removal of the participation requirement.
Thermostats in off or heat mode decreased from 21% in 2017 to 15% in 2018—likely attributable to the
warmer summer. Thermostat failure and connectivity issues amounted to only 1% on average in 2018, a
reduction compared to 2017.
Figure 1. Average Participation Across all Events: 2016-2018

Note: This graphic includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

Event Average Demand Savings
Table 3 displays the average impacts (average treatment effect [ATE]) and the full participation impacts
(treatment effect on the treated [TOT]) for each year. The ATE and the TOT increased each year. The
percent savings in 2018 decreased relative to 2017 due to an increase in the baseline kilowatt per
thermostat.
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Table 3. ATE and TOT Summary
2016

2017

2018

1,761

4,719

7,087

Savings per thermostat (kW)

0.39

0.51

0.71

Percent Savings

45%

61%

56%

Baseline per thermostat (kW)

0.86

0.83

1.26

Savings per thermostat (kW)

0.50

0.69

0.91

Percent Savings

60%

77%

71%

Baseline per thermostat (kW)

0.84

0.89

1.29

Enrolled Thermostats on September 30
Average ATE

Average TOT

Note: ATE includes thermostats in the full participant, opt-out, and system off/heat categories. TOT includes only full participants.
Source: Navigant analysis

Table 4 displays the average impacts for Firm Load Dispatch (FLD) versus non-FLD events. There were
only four non-FLD events which all occurred prior to July 10. The timing and frequency may play an
underlying role in the savings estimates due to variations in weather and behavior across the summer.
The savings estimates are higher for FLD events which may be the result of the algorithm dispatching
thermostats over time and flattening the demand for a longer duration.
Table 4. FLD Event Impact Comparison
FLD Event

Non-FLD Event

11

4

Average ATE

0.86

0.76

Average TOT

0.94

0.87

Number of Events

Note: Thermostats began receiving the FLD algorithm on July 10. Nest thermostats do not receive the
FLD algorithm; instead Google dispatches its own proprietary algorithm to Nest thermostats during a DR event.
Therefore, Nest thermostats are not included in this comparison.
Source: Navigant analysis

Total Program Demand Savings
Figure 2 presents the total DR for the Residential Wi-Fi Thermostat DR program by event for
Massachusetts. The maximum kilowatt reduction occurred on August 29, 2018, with a total demand
savings of 6,208 kW. This coincided with the 2018 Independent System Operator-New England (ISO-NE)
system peak day. Higher savings are correlated with higher temperature and the temperature-humidity
index (THI).
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Figure 2. Summary of 2018 Event-Specific Savings

Note: Total savings equals the sum of average demand savings by event x the number of total enrolled thermostats at end of
season for each thermostat type. June 18 savings and savings for thermostat types which enrolled after the randomization are
estimated. Estimated savings on June 18 are calculated using similar event day demand savings. Paired event days can be found in
Appendix A.
Source: Navigant analysis

Program Performance: 2016-2018
The number of enrolled thermostats in the ConnectedSolutions program continued to grow and reached
7,087 by September 30, 2018. Average demand savings per thermostat increased from 0.51 kW to 0.71
kW, likely the result of a combination of factors:
•

The 2018 DR season was warmer than previous years. There were 7 event days where the
average high temperature was above 90°F (compared to 0 in 2017)

•

There was a new implementor, EnergyHub, introduced in 2018

•

Full participation rates were the highest in 2018 at 66%, compared to 61% in 2017

•

A new DR algorithm, FLD, was introduced to thermostats beginning on July 103

Other key comparisons across years are provided in Table 5.

3

Nest thermostats do not experience FLD; instead Google dispatches its own proprietary algorithm to Nest thermostats during a DR
event.
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Table 5. Program Performance Yearly Comparisons
2016

2017

2018

Enrolled thermostats on
September 30

1,761

4,719

7,087

Average ATE demand savings
(kW per thermostat)

0.38

0.51

0.71

Average TOT demand savings
(kW per thermostat)

0.50

0.69

0.91

Full participant percentage

64%

61%

66%

Opt-out percentage

19%

12%

18%

System off/heat percentage

12%

21%

15%

Connectivity/Failed percentage

5%

6%

1%

Note: ATE includes thermostats in the full participant, opt-out, and system off/heat categories. TOT
includes only full participants.
Source: Navigant analysis

CONCLUSIONS
The evaluation of the ConnectedSolutions program resulted in several key findings, considerations, and
recommendations (described in Table 6, Table 7, and Table 8) that should inform future program
planning.
Table 6. Key Findings
Category

Technology and
Program Offering

Key Findings
• Overall thermostat connectivity issues are lower in 2018 (1%) compared to
2017 (6%).
• The full participation rate increased in 2018 to 66%, partially attributable to
a lower rate of connectivity issues.
• Opt-out rates varied by event but averaged 18% throughout the season.

Program Design and
Implementation

• The average opt-out rate was higher in 2018 compared to 2017, when it
averaged 12%. The removal of the participation requirement and a hotter
summer were contributing factors.
• Average savings per event in 2018 were 0.71 kW per thermostat, higher
than the 2017 (0.51) and 2016 (0.38) DR seasons.

DR Impacts

• Average total savings per event were 4,941 kW. The maximum event
savings in 2018 were 6,208 kW.
• Total demand impacts were 5,343 kW during the 2018 ISO-NE annual
peak hour on August 29.
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Category
Scalability

Key Findings
• Enrollment in the ConnectedSolutions program increased to 7,087
thermostats by September 30, 2018, up from 4,719 thermostats at the
same time in 2017.
Table 7. Considerations

Considerations
• Consideration #1: Allow modifications to DR dispatch protocol to allow flexibility in the event hours
• Consideration #2: Consider a metering study due to limitations in the runtime to power conversion
(data quality concerns, uncertainty in AC runtime to thermostat runtime, impact on other end-uses)
• Consideration #3: Refresh program cost-effectiveness calculations with updated impact numbers
• Consideration #4: As other thermostat types are incorporated, continue to examine participation
statuses
• Consideration #5: Consider a model specification which would account for variation in weather
across years to account for unseasonably warmer or cooler summers than usual
Table 8. Recommendations
Recommendations
• Recommendation #1: For 2018, National Grid should claim an average demand savings of 0.71 kW
per thermostat enrolled in ConnectedSolutions in Massachusetts
• Recommendation #2: Remove thermostats that persistently opt-out (i.e., consider implementing
auto-unenroll functionality)
• Recommendation #3: Proactively monitor connectivity issues; remove thermostats with persistent
connectivity issues; consider implementing an auto-unenroll functionality
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1. INTRODUCTION
National Grid offers a diverse, yet complementary, set of demonstration projects targeted to reduce peak
demand and inform the design of future demand response (DR) programs in Massachusetts. The
Residential Wi-Fi Thermostat DR program, ConnectedSolutions, was first offered in Massachusetts in
2016 and by 2018 reached over 5,000 customers and enrolled more than 7,000 thermostats.
The demonstration project tests thermostats as a DR technology and customer acceptance of the DR
program offerings.
In this evaluation report, Navigant Consulting, Inc. (Navigant) presents findings from an impact evaluation
of the 2018 program year, providing considerations for the 2019 program year.
•

Section 1, Introduction, provides an overview of the ConnectedSolutions program and defines key
research questions for the evaluation

•

Section 2, Evaluation Methods, describes the evaluation approach

•

Section 3, Data Sources, describes the data used in the evaluation

•

Section 4, Analysis and Results, presents findings from a thermostat usage assessment and from
the impact evaluation, reporting demand and energy impacts

•

Section 5, Conclusions, presents conclusions and future considerations
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1.1 Program Overview
The ConnectedSolutions program aims to reduce the peak demand of residential and small commercial
customers in National Grid Massachusetts’s service territory using Wi-Fi thermostats. The program
launched in 2016 and expanded in 2017 and 2018, now reaching more than 5,000 customers. The
program relies primarily on a bring your own thermostat implementation approach in which customers
with one of the three thermostat types (ecobee, Honeywell, and Nest) were eligible to participate. The
most notable changes to the program in 2018 include: an expansion to include additional thermostat
manufacturers, aligning the incentive mechanisms and event attributes (duration and frequency), offering
and administering the program through a single provider, EnergyHub, and the implementation of Firm
Load Dispatch (FLD).
Table 1-1. ConnectedSolutions Program Design Summary
All Thermostats
DR season

June 1 to September 30

Potential event days

Weekdays

Potential event times

10 a.m. to 8 p.m.

Pre-cooling duration †

Up to 1.5 hours

Event duration
Pre-cooling temp adjustment

3 hours
†

DR event temp adjustment †
Sign-up and annual incentive ‡

2°F
3°F
$20 sign-up / $25 annual

Participation requirement

None

Number of participants §

5,228

† Pre-cooling and event setpoint adjustments are optimized at the thermostat level for Nest thermostats. Additionally, across all
thermostat types, the intended adjustment and duration may differ from the actual adjustment and duration observed during the precooling and event periods.
‡ In 2016 and 2017, ecobee and Honeywell thermostats received a separate participation incentive for participating in 75% or more
events
§ Enrolled as of September 30, 2018
Source: Navigant analysis

Figure 1-1 shows the timing and duration of each of the 15 events. Events were 3 hours in duration from
2 p.m. to 5 p.m.
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Figure 1-1. Timing of ConnectedSolutions Events
21
19

Hour

17
15
13
11

9
7
Jun 18 Jul 02 Jul 03 Jul 05 Jul 10 Aug 02 Aug 06 Aug 08 Aug 15 Aug 16 Aug 28 Aug 29 Aug 30 Sep 04 Sep 05

Pre-Cooling

Event

Source: Navigant analysis

DR events were called on days when the average high temperature exceeded 80°F. In 2018, there were
7 event days where the average high temperature was above 90°F compared to 0 event days in 2017.
Figure 1-2 shows the average daily temperature range during the 2018 DR season.
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Figure 1-2. Average Daily Temperature Range

Note: Bars represent the weighted daily average high and low outdoor temperature from June 1 to September 30.
Source: Navigant analysis

As of September 30, 2018, there were 5,228 customers and 7,087 thermostats enrolled in the
ConnectedSolutions demonstration project in Massachusetts. Figure 1-3 shows the number of enrolled
thermostats throughout the DR seasons.
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Figure 1-3. Number of Enrolled Thermostats

Source: Navigant analysis

Table 1-2 shows the number of thermostats and customers enrolled in the ConnectedSolutions
Massachusetts program through September 30, 2018.
Table 1-2. Number of Enrolled Thermostats at End of DR Season
Thermostat Type

2018 Participants

2018 T-Stats

ecobee

330

453

Honeywell

889

1,278

3,836

5,082

Alarm.com

77

141

Lux

22

28

Radio Thermostat

20

33

Sensi

54

72

Vivint

0

0

Total

5,228

7,087

Nest

Source: Navigant analysis

National Grid implemented the ConnectedSolutions demonstration project in 2018 using an experimental
design which randomly assigned customers enrolled in the program on June 28 to group A, B, or C. The
DR algorithm was initiated to group C for every event while groups A and B alternated being called for
events. Customers who enrolled following June 28 were assigned to a default group and called for every
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event. From July 10 forward, thermostats began receiving the FLD algorithm. 4 Table 1-3 presents the DR
dispatch protocol.
Table 1-3. DR Dispatch Protocol
DR Event

Treatment

Control

FLD †

Jun 18

All

None

Non-FLD

Jul 2

A, C

B

Non-FLD

Jul 3

B, C

A

Non-FLD

Jul 5

A, C

B

Non-FLD

Jul 10

B, C

A

FLD

Aug 2

A, C

B

FLD

Aug 6

B, C

A

FLD

Aug 8

A, C

B

FLD

Aug 15

B, C

A

FLD

Aug 16

A, C

B

FLD

Aug 28

B, C

A

FLD

Aug 29

A, C

B

FLD

Aug 30

B, C

A

FLD

Sep 4

A, C

B

FLD

Sep 5

B, C

A

FLD

† Nest thermostats do not receive the FLD algorithm; instead Google dispatches their own proprietary algorithm to Nest thermostats
during a DR event.
Source: Navigant

Figure 1-4 presents the location of thermostats enrolled as of September 30, 2018. The
ConnectedSolutions program includes thermostats from most of the communities served by National Grid,
with the communities in MetroWest Boston having the most participating thermostats. Westford has the
most participating thermostats in total (285).

4

Nest thermostats do not experience FLD; instead Google dispatches its own proprietary algorithm to Nest thermostats during a DR
event.
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Figure 1-4. Geographic Distribution of ConnectedSolutions

Source: Navigant analysis

1.2 Evaluation Objectives
The 2018 evaluation identified several key research questions aimed at assessing the effectiveness of
the DR offering, as well as the success of program improvements since 2016; these questions have been
placed into four categories:
•

Technology and Program Offering

•

Program Design and Implementation

•

DR Impacts

•

Scalability

Table 1-4 identifies the research questions answered by this evaluation in each category.
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Table 1-4. Evaluation Objectives
Research
Category

Research Questions

Evaluation
Approach

• How does connectivity of Wi-Fi thermostats vary through
the season?
Technology
and Program
Offering

• Are thermostats losing connectivity during the season?

Thermostat usage
assessment

• Have program interventions to address serial connectivity
resulted in higher rates of full participation?
• What are the opt-out rates during DR events and
throughout the DR season?

Program
Design and
Implementation

• What if any impact did the removal of a participation
requirement have on full participation and opt-outs?
• Have opt-out rates increased or decreased compared to
2016 and 2017?

Thermostat usage
assessment
Regression
analysis

• What are the demand impacts before, during, and after the
DR event for each DR offering?
DR Impacts

• What are coincident peak demand savings?

Regression
analysis

• What are the energy impacts from calling a DR event?
Scalability

• After signing up in 2016 or 2017, have customers returned
in 2018?

©2019 Navigant Consulting, Inc.
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2. EVALUATION METHODS
Navigant's evaluation approach relied on several methods:
1. Thermostat usage assessment that combines and analyzes thermostat telemetry data and event
participation data
2. Regression analysis to estimate demand and energy impacts
Each of these are described further below.
Thermostat usage assessment. Using thermostat telemetry data and event participation data, Navigant
analyzed thermostat participation status on event days for customers assigned to an experimental group
that was called for an event, identifying key trends.5 To analyze the thermostat telemetry data, Navigant
first categorized all enrolled thermostats by event into one of five participation status categories:
•

Full participant: Thermostat used the DR setpoint or a more efficient setpoint for the full event

•

Opt-out: Thermostat actively opted out of an event, either before or during the event

•

System off/heat: The HVAC system was in off or heat mode at the start of the event

•

Failed: Thermostat likely did not participate during the event because the event notification was
not received or did not correctly initiate the event

•

No connectivity: Thermostat data indicates there was no connectivity during the DR event

Impact analysis. Navigant used a regression-based modeling approach in which customers assigned to
an experimental group called for an event were compared to the control group (the experimental group
that was not called for the event). Because advanced metering infrastructure data was unavailable,
Navigant relied exclusively on thermostat telemetry data to estimate impacts after converting thermostat
runtime to power.6,7 Formally, the model specification is:8
̂
𝑘𝑊
𝑖𝑡 = 𝛼𝑖 + 𝜆𝑡 + 𝛽1𝑖 𝑇𝑖𝑡 + 𝛽2𝑖𝑡 (𝑃𝑟𝑒𝑐𝑜𝑜𝑙𝑡 ∗ 𝑇𝑖𝑡 ) + 𝛽3𝑡 (𝐸𝑣𝑒𝑛𝑡𝑡 ∗ 𝑇𝑖𝑡 ) + 𝛽4𝑡 (𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦𝑡 ∗ 𝑇𝑖𝑡 ) + 𝛾𝑊𝑒𝑎𝑡ℎ𝑒𝑟𝑖𝑡 + 𝜀𝑖𝑡
Where,
̂
𝑘𝑊
𝑖𝑡
𝛼𝑖
𝜆𝑡

is estimated power draw by thermostat i during period t
is a customer-specific fixed effect for thermostat i; this picks up all
customer-specific characteristics that do not change through time, like
household square footage
is a time-specific fixed effect for period t; this picks up temporal
differences, such as occupancy and daylight hours

5

Refer to Appendix A for a summary of the population of thermostats analyzed in the thermostat usage assessment.
Navigant converted thermostat runtime to power based on an analysis of metering data from Phase 2 of the 2017 Massachusetts
Baseline Study (n=92) and assumptions regarding average size (3.0 tons) and efficiency (10.7 Energy Efficiency Ratio) of air
conditioners based on a field study (n=52) of DR program participants conducted by Navigant in October 2017. For example, for a
15-minute interval with 100% runtime at 80°F, the estimated power is 2.95 kW.
7
Refer to Section 3.1 for a summary of the population of thermostats included in the impact analysis.
8
Navigant estimated quarter-hourly and hourly impacts for the pre-cooling, event, and recovery periods. In these models, Pre-cool,
Event, and Recovery are a set of binary covariates corresponding to each hour or quarter-hour of the period. Navigant estimated
event-specific impacts by interacting an event-specific binary variable with the time-specific fixed effect, treatment variable, and
treatment interacted with Pre-cool, Event, and Recovery.
6
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𝑇𝑖𝑡
𝑃𝑟𝑒𝑐𝑜𝑜𝑙𝑡
𝐸𝑣𝑒𝑛𝑡𝑡
𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦𝑡
𝑊𝑒𝑎𝑡ℎ𝑒𝑟𝑖𝑡
𝜀𝑖𝑡

is a binary variable taking a value of 1 when thermostat i is in the
treatment group during period t
is a binary variable taking a value of 1 when t is in the 3 hours preceding
an event and 0 otherwise
is a binary variable taking a value of 1 when t is in the hours during an
event and 0 otherwise
is a binary variable taking a value of 1 when t is in the 3 hours following
an event and 0 otherwise
is a series of weather controls specific to thermostat i in period t
is the error term for thermostat i during period t

Navigant modeled both the average treatment effect (ATE), in which impacts are modeled for thermostats
in the following categories—full participant, opt-out, and system off/heat, and the treatment effect on the
treated (TOT), in which impacts are modeled for only thermostats in the full participant category.
Due to the delayed implementation of the experimental design,9 savings on June 18 (prior to the
deployment of the experimental design) were estimated using the modeled results of the closest matching
event day based on average temperature and the temperature-humidity index (THI) during the pre-event
and event periods, as well as the percentage of thermostats in cool mode at the beginning of the event.10

9

The experimental design was implemented on June 28, 2018.
Refer to Appendix BAppendix A for the list of paired event days.

10
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3. DATA SOURCES
For the program evaluation, Navigant used data from two sources:
•

Thermostat enrollment information and 15-minute telemetry data for the months of June through
September 2018; provided by EnergyHub

•

Hourly weather data across Massachusetts for 2018; retrieved from the National Oceanic and
Atmospheric Administration (NOAA) database

3.1 Thermostat Data
Navigant relied on thermostat telemetry data from all thermostats enrolled in the 2018
ConnectedSolutions for the exploratory and impact analyses. The program included eight thermostat
types, but only three were modeled as part of the impact analysis (only thermostats enrolled prior to June
28 were included in the analysis).
For the evaluation, Navigant received a list of enrolled thermostats and corresponding telemetry data.
Navigant validated the data and removed observations using the following steps:
•

Not Enrolled Before Event Day: Customer was not enrolled prior to the event day

•

Non-Massachusetts Customer: The analysis only included Massachusetts customers

•

Commercial Account: The analysis only included residential customers

•

Not in Valid Group: The analysis only included customers in group A, B, or C

•

Missing Runtime Data: Telemetry data was missing for more than 10% of the event period

•

Missing Thermostat ID or ZIP Code: Customer was missing an ID or ZIP code

•

Multiple or Missing Structure IDs: The analysis only included devices assigned to a unique
structure

•

Thermostat Assigned to Multiple Stations: Customers who were paired to weather stations
were dropped if they were assigned to multiple in the data received

•

Missing Participation Status: The analysis only included customers with a participation status

Table 3-1 outlines the number of thermostats dropped from the analysis with each cleaning step.
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Table 3-1. Telemetry Data Cleaning
Drop Reason

Thermostats Dropped

Not Enrolled Before Event Day

2.22%

Non - Massachusetts Customer †

22.95%

Commercial Customer

0.01%

Not in Valid Group ‡

9.15%

Missing Runtime Data

1.51%

Missing Thermostat ID or ZIP Code

0.00%

Thermostat Assigned to Multiple Stations

0.26%

Missing Participation Status

0.00%
Total Remaining % | Count

76.37% | 5,275

Thermostats Included in Impact Analysis (Group A)

1,745

Thermostats Included in Impact Analysis (Group B)

1,733

Thermostats Included in Impact Analysis (Group C)

1,797

† Data for thermostats located in National Grid’s service territory in both Massachusetts and Rhode Island was provided, hence the
large percentage of thermostats excluded due to being located outside of Massachusetts.
‡ Thermostats enrolled following the deployment of the experiment, June 28, were assigned to a default group and called for every
event. These devices were not included in a valid experimental group (A, B, or C) and were excluded from the analysis.
Source: Navigant analysis

Navigant modeled impacts for event days on which the experimental design was deployed, seen in Table
3-2. Summer average impacts only include modeled event days. For June 18, impacts were estimated by
selecting the most similar modeled event day. The paired event day is included in Appendix A.
Table 3-2. Events in the Thermostat Usage Assessment and Impact Analysis
DR Event

TUA

Impact Analysis

Jun 18

Included

Estimated

Jul 2

Included

Modeled

Jul 3

Included

Modeled

Jul 5

Included

Modeled

Jul 10

Included

Modeled

Aug 2

Included

Modeled

Aug 6

Included

Modeled

Aug 8

Included

Modeled

Aug 15

Included

Modeled

Aug 16

Included

Modeled

Aug 28

Included

Modeled

Aug 29

Included

Modeled

Aug 30

Included

Modeled

Sep 4

Included

Modeled

Sep 5

Included

Modeled

Source: Navigant analysis

©2019 Navigant Consulting, Inc.

Page 12

2018 Residential Wi-Fi Thermostat Demand Response
Evaluation

3.2 NOAA Temperature Data
To produce kilowatt estimates for telemetry data observations, Navigant pulled in 2018 temperature data
from the NOAA database for a select number of Quality Controlled Local Climatological Data weather
stations across Massachusetts. Navigant scraped and cleaned the data, then calculated cooling degreehours (base 70°F) for all intervals. Using a ZIP code to weather station map, each thermostat was
assigned to a single weather station based on its location. Thus, location-specific temperature data was
combined with thermostat runtime to produce kilowatt estimates at the quarter-hourly level.
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4. ANALYSIS AND RESULTS
4.1 Program Event Participation
Navigant analyzed thermostat telemetry data on event days to characterize thermostat-level participation
statuses. Figure 4-1 represents the average participation across all events in the ConnectedSolutions
program for the 2016, 2017, and 2018 DR seasons. In 2018, 66% of thermostats fully participated in
events on average. As shown, customers have several reasons for not participating in DR events,
including opting out of an event, the AC system being in either off or heat mode, the thermostat failing to
receive the DR signal, or a connectivity issue. Opt-outs are the primary reason for thermostats not
participating in events, which may be due to the warmer weather during the 2018 DR season and the
removal of the participation requirement.
Figure 4-1. Average Participation Across all Events: 2016-2018

Note: This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

Figure 4-2 shows the average participation across the 2018 DR season by thermostat type. The
thermostat type is masked to anonymize results. Thermostat types 1 through 3 were eligible to enroll prior
to the 2018 DR season and were therefore included in the impact evaluation. Many of these thermostats
participated in prior DR seasons. Thermostat types 4 through 7 were part of the ConnectedSolutions
program expansion and became eligible to enroll midway through the 2018 DR season. These thermostat
types were not included in the impact evaluation.
Thermostat types 1, 2, and 3 all had average full participation rates greater than 65%. Across the DR
season, these first three thermostat types had lower rates of non-connectivity, dispatch failures, opt-outs,
and AC systems in an incompatible mode. Thermostat types 4 through 7 had lower rates of full
participation, ranging from 28% to 59%. Most notably, the rate of opt-outs and AC systems in an
incompatible mode were much higher for these thermostat types.
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Figure 4-2. Average Participation Across All Events by Type

Note: Thermostat type 8 had no enrollment in the 2018 DR season.
Source: Navigant analysis

Figure 4-3 shows the average participation by DR group.11 Participation status by group was relatively
consistent across the 2018 DR season which indicates that the groups are well-balanced with no
apparent systematic differences. Even though group C participated in every event, they showed
consistent opt-out rates with Group A and Group B which indicates that there was limited event fatigue.

11

Refer to 5.Appendix B for participation status by event.
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Figure 4-3. Average Participation Across All Events by Group

Note: n represents the total instances of thermostat participation during the DR season for each group.
Group A and Group B participated in 8 events each. Group C participated in 15 events.
Source: Navigant analysis

Figure 4-4 displays the average participation status across event type. FLD events had slightly higher full
participation and fewer opt-outs compared to non-FLD events on average.
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Figure 4-4. Average Participation by Event Type

Note: n represents the total instances of thermostat participation during the DR season for each event type.
Thermostats began receiving the FLD algorithm on July 10. Nest thermostats do not receive the FLD algorithm; instead
Google dispatches its own proprietary algorithm to Nest thermostats during a DR event. Therefore, Nest thermostats
are not included in this comparison.
Source: Navigant analysis

Figure 4-5 shows the percentage of serial cases for each participation status. For example, 100% of
failure cases were caused by thermostats failing for only a quarter of the events (gray bar). In other
words, no thermostat repeatedly failed for more than 25% of events. Of cases of full participants, 89%
were thermostats that were full participants for over half of the events (red, yellow, and blue bars). Half of
the cases of connectivity issues were caused by thermostats repeatedly facing connectivity issues for
over 75% of the events (red and yellow bars). Of cases of system off or heat mode, 26% were caused by
thermostats in system off or heat mode for 100% of the events (red bar).
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Figure 4-5. Percentage of Serial Cases

Note: n represents the total number of cases during the DR season for each participation status. This graphic includes thermostats
that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

4.2 Program Impacts
This section presents the results of Navigant’s impact analysis.

4.2.1 2018 Program Savings
Figure 4-6 presents the total DR for the Residential Wi-Fi Thermostat DR program by event for
Massachusetts. The maximum kilowatt reduction occurred on August 29, 2018, with a total demand
savings of 6,208 kW. This coincided with the 2018 ISO-NE system peak day. Higher savings are
correlated with higher temperature and the THI.
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Figure 4-6. Summary of 2018 Event-Specific Savings

Note: Total savings equals the sum of average demand savings by event x the number of total enrolled thermostats at end of
season for each thermostat type. June 18 savings and savings for thermostat types which enrolled after the randomization are
estimated. Estimated savings on June 18 are calculated using similar event day demand savings. Paired event days can be found in
Appendix A.
Source: Navigant analysis

Table 4-1 shows the summary of program impacts for the 2018 DR season, assuming end-of-season
enrollment. The table contains average and maximum impacts for the entire season, as well as energy
savings.
Table 4-1. Summary of 2018 Program Savings
Total
Average demand reduction per event

4,941 kW

Maximum demand reduction per event

6,208 kW

ISO-NE peak hour demand reduction

5,343 kW

Average energy savings per event

6,337 kWh

Source: Navigant analysis

4.2.2 Average Impacts
Figure 4-7 shows the participation statuses included in the ATE versus the TOT. Navigant estimated the
ATE per thermostat, which included all enrolled thermostats that were called for the event and did not
have connectivity issues.
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Figure 4-7. Treatment Effects

Source: Navigant

A yearly ATE comparison is shown in Figure 4-7. This estimate reflects actual impacts, acknowledging a
portion of thermostats will opt-out, or have their air conditioning systems in off or heat mode. Average
demand savings per thermostat increased from 0.51 kW to 0.71 kW, likely the result of a combination of
factors:

•

The 2018 DR season was warmer than previous years. There were 7 event days where the
average high temperature was above 90°F (compared to 0 in 2017)

•

There was a new implementor, EnergyHub, introduced in 2018

•

Full participation rates were the highest in 2018 at 66%, compared to 61% in 2017

•

A new DR algorithm, FLD, was introduced to thermostats beginning on July 1012

The average demand savings per thermostat by thermostat type ranged from 0.69 kW to 0.91 kW.
Variations in participation status and full participation rates influence the average DR impacts across
vendors. The rate of thermostats with connectivity issues, thermostats in off or heat mode, and thermostat
opt-outs vary by thermostat type, contributing to the variation in impacts seen during the 2018 DR
season. Additionally, each thermostat interacts and responds differently to the DR signal from
EnergyHub, which can affect savings values. For example, the length of the effective pre-cool period and
the extent of the effective thermostat setpoint adjustment vary across thermostats.13

12

Nest thermostats do not experience FLD; instead Google dispatches its own proprietary algorithm to Nest thermostats during a
DR event.
13
Additional analysis of thermostat setpoints before and during DR events revealed differences in average setpoint adjustments
across thermostat types.
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Figure 4-8. ATE per Thermostat for All Events by Year

Note: Years 2017 and 2018 use the same runtime to power conversion to estimate kW, whereas the results from 2016
relied on a different equation. This figure includes thermostats that were enrolled prior to the randomization on June 28 for
the 2018 estimate.
Source: Navigant analysis

Navigant also estimated the TOT per thermostat, which only includes thermostats in the full participant
category. Figure 4-9 displays the TOT per thermostat impact across each year. The average TOT
demand savings per thermostat was 0.91 kW in 2018. TOT demand savings by thermostat type ranged
from 0.84 kW to 1.00 kW. The variation across TOT impacts by thermostat type is smaller and driven
primarily by how each thermostat interacts and responds to the DR signal from EnergyHub, since the
TOT analysis only includes fully participating thermostats.
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Figure 4-9. TOT per Thermostat for All Events by Year

Note: Years 2017 and 2018 use the same runtime to power conversion to estimate kW whereas the results from
2016 relied on a different equation. This figure includes thermostats that were enrolled prior to the randomization on
June 28 for the 2018 estimate.
Source: Navigant analysis

Table 4-2 displays the average impacts (ATE) and the full participation impacts (TOT) for each year. The
ATE and TOT increased each year. The percent savings in 2018 decreased relative to 2017 due to an
increase in the baseline kilowatt per thermostat.
Table 4-2. ATE and TOT Summary
2016

2017

2018

1,761

4,719

7,087

Savings per thermostat (kW)

0.39

0.51

0.71

Percent Savings

45%

61%

56%

Baseline per thermostat (kW)

0.86

0.83

1.26

Savings per thermostat (kW)

0.50

0.69

0.91

Percent Savings

60%

77%

71%

Baseline per thermostat (kW)

0.84

0.89

1.29

Enrolled Thermostats on September 30
Average ATE

Average TOT

Note: ATE includes thermostats in the full participant, opt-out, and system off/heat categories. TOT includes only full participants.
Source: Navigant analysis

Table 4-3 displays the average impacts for FLD versus non-FLD events. There were only four non-FLD
events which all occurred prior to July 10. The timing and frequency may play an underlying role in the
savings estimates due to variations in weather and behavior across the summer. The savings estimates
are higher for FLD events which may be the result of the algorithm dispatching thermostats over time and
flattening the demand for a longer duration.
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Table 4-3. Average Impacts by Event Type
FLD Event

Non-FLD Event

11

4

Average ATE

0.86

0.76

Average TOT

0.94

0.87

Number of Events

Note: Thermostats began receiving the FLD algorithm on July 10. Nest thermostats do not
receive the FLD algorithm; instead Google dispatches its own proprietary algorithm to Nest
thermostats during a DR event. Therefore, Nest thermostats are not included in this comparison.
Source: Navigant analysis

4.2.2.1 Average Hourly Impacts
The previous section presented average impacts—i.e., the average of hourly impacts over the duration of
the event. In this section, Navigant presents the hourly impacts for both the event period and for the precooling and recovery periods. The pre-cooling period included the two hours preceding an event,14 while
the recovery period covered the three hours immediately following an event. Figure 4-10 displays average
hourly impacts across the 2018 DR season. Impacts during the event were largest during the first hour
and steadily degrade on average. This is a common feature of thermostat DR programs where indoor air
temperatures increase throughout the duration of the event, resulting in increased cooling loads. FLD
attempts to smooth the impact during the event period by dispatching thermostats at different times. This
effect can be seen in Figure 4-11.
Figure 4-10. Average Hourly Impacts for All Events, ATE

Note: This graphic includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

14

One thermostat type had a feature that anticipated the pre-cooling setback. Therefore, Navigant allowed 4 hours of pre-cooling for
this thermostat type.
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Figure 4-11. Average Hourly Impacts, ATE (FLD Comparison)

Note: Thermostats began receiving the FLD algorithm on July 10. Nest thermostats do not receive the FLD algorithm;
instead Google dispatches its own proprietary algorithm to Nest thermostats during a DR event. Therefore, Nest
thermostats are not included in this comparison.
Source: Navigant analysis

Table 4-4 summarizes the average impacts during each period. Navigant also reports energy impacts,
which show a reduction in energy usage during the pre-cooling, event, and recovery periods.
Table 4-4. Summary of Seasonal Impacts by Period
Pre-cooling
(kW)

Event
(kW)

Recovery
(kW)

Energy
(kWh)

Average hourly impact

0.24

-0.71

0.23

-0.94

Maximum hourly impact (average)

0.41

-0.82

0.36

Maximum hourly impact (maximum)

0.54

-1.07

0.48

N/A

Source: Navigant analysis

Navigant also estimated impacts at the customer-level. Customer-level ATE and TOT impacts by event
are in Appendix D. Impacts at the customer-level account for cases where a participant has more than
one thermostat.
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5. CONCLUSIONS
Navigant’s evaluation of the ConnectedSolutions program found it was successful in testing the
effectiveness of thermostats as a residential DR technology and customer acceptance of the program
offering. The evaluation shows promise for thermostats as a residential DR technology.
The evaluation of the ConnectedSolutions program resulted in several cross-cutting key findings,
considerations, and recommendations (described in Table 5-1, Table 5-2, and Table 5-3) that should
inform future program planning.
Table 5-1. Key Findings
Category

Technology and
Program Offering

Key Findings
• Overall thermostat connectivity issues are lower in 2018 (1%) compared to
2017 (6%).
• The full participation rate increased in 2018 to 66%, partially attributable to
a lower rate of connectivity issues.
• Opt-out rates varied by event but averaged 18% throughout the season.

Program Design and
Implementation

• The average opt-out rate was higher in 2018 compared to 2017, when it
averaged 12%. The removal of the participation requirement and a hotter
summer were contributing factors.
• Average savings per event in 2018 were 0.71 kW per thermostat, higher
than the 2017 (0.51) and 2016 (0.38) DR seasons.

DR Impacts

• Average total savings per event were 4,941 kW. The maximum event
savings in 2018 were 6,208 kW.
• Total demand impacts were 5,343 kW during the 2018 ISO-NE annual
peak hour on August 29.

Scalability

• Enrollment in the ConnectedSolutions program increased to 7,087
thermostats by September 30, 2018, up from 4,719 thermostats at the
same time in 2017.
Table 5-2. Considerations

Considerations
• Consideration #1: Allow modifications to DR dispatch protocol to allow flexibility in the event hours
• Consideration #2: Consider a metering study due to limitations in the runtime to power conversion
(data quality concerns, uncertainty in AC runtime to thermostat runtime, impact on other end-uses)
• Consideration #3: Refresh program cost-effectiveness calculations with updated impact numbers
• Consideration #4: As other thermostat types are incorporated, continue to examine participation
statuses
• Consideration #5: Consider a model specification which would account for variation in weather
across years to account for unseasonably warmer or cooler summers than usual
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Table 5-3. Recommendations
Recommendations
• Recommendation #1: For 2018, National Grid should claim an average demand savings of 0.71 kW
per thermostat enrolled in ConnectedSolution in Massachusetts
• Recommendation #2: Remove thermostats that persistently opt-out (i.e., consider implementing
auto-unenroll functionality)
• Recommendation #3: Proactively monitor connectivity issues; remove thermostats with persistent
connectivity issues; consider implementing an auto-unenroll functionality
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APPENDIX A. LIST OF PAIRED EVENT DAYS
Estimated days were paired to modeled event days based on average temperature and THI during the
pre-event and event periods, as well as percent of thermostats in cool mode at the beginning of the event.
Table A-1. Estimate and Paired Event Days by Thermostat Type
Estimated Day
6/18/2018

Day Type

Paired Event
Day

Event
Temperature
(Est | Pair)

Event THI
(Est | Pair)

% Cool Mode
(Est | Pair)

Event

8/30/2018

84.9 | 84.7

78.5 | 78.4

63 | 80

Source: Navigant analysis
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APPENDIX B. PARTICIPATION PER EVENT
In section 4.1, Navigant provided the average participation across the DR season by year. This section
provides the average participation by event.
Figure B-1 displays participation by event during the 2018 DR season. Failure and connectivity issues
were minimal throughout the summer. Full participation rates generally stayed in the mid to upper sixties,
averaging 66%. The event on June 18 before the experimental design was deployed had the lowest rate
of full participation (59%) and the highest rate of thermostats in system off or heat mode (25%). The high
percent of thermostats in the wrong mode may be attributable to less extreme weather in early summer.
Opt-out rates ranged from 14% (Aug 15) to 22% (Jul 3 and Aug 29), averaging 18% across the season.
Figure B-1. Average Participation by Event

Note: This graphic includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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APPENDIX C. EVENT-SPECIFIC IMPACTS
Figure C-1 displays the average temperature during the event period for each event day during the 2018
DR season. The impact analysis found that higher savings were correlated with warmer event days.
Figure C-1. Event Period Temperature

Source: Navigant analysis

Figure C-2 displays the average impacts (ATE) by event. Average impacts (ATE) ranged from 0.54 kW to
0.89 kW. Lower average impacts are attributed to differences in temperature, and differences in the
percent of full participation during each event.
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Figure C-2. Average ATE Event Impacts (Thermostat Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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Figure C-3 displays the average impacts (ATE) as a percent of cooling load by event. Average impacts
(ATE) ranged from 51% to 63%.
Figure C-3. Average Percent ATE Event Impacts (Thermostat Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

Figure C-4 presents the TOT impacts by event, representing the impacts of full participants only (i.e.,
excluding thermostats that opt-out, where the AC system is in off or heat mode, and thermostats with
connectivity or failure issues). These ranged from 0.70 kW to 1.10 kW. Similar trends are observed as
with the ATE, impacts track temperature. The largest impacts are estimated on hotter event days when
more cooling is occurring.
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Figure C-4. Average TOT Event Impacts (Thermostat Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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Figure C-5 displays the TOT impacts as a percent of cooling load by event. TOT impacts ranged from
64% to 80%.
Figure C-5. Average Percent TOT Event Impacts (Thermostat Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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Figure C-6 presents the maximum hourly ATE impacts by event. Maximum hourly impacts ranged from
0.57 kW to 1.05 kW.
Figure C-6. Maximum Hourly Event Impacts (ATE) (Thermostat Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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APPENDIX D. CUSTOMER-LEVEL IMPACTS
The results presented thus far represent thermostat-level impacts, but often one customer has more than
one thermostat. This section presents the average ATE by event, and TOT by event at the customerlevel.
Program participants have, on average, 1.4 thermostats. To better assess the DR associated with a
participating customer, Navigant re-analyzed the thermostat telemetry data, aggregating it to the
customer-level. Figure D-1 presents a comparison of the average customer-level impacts (ATE) per
event. Customer-level average impacts (0.76 kW to 1.23 kW) are larger than thermostat-level average
impacts (0.54 kW to 0.89 kW).
Figure D-1. Average ATE Event Impacts (Customer Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were paired
to modeled event days based on average temperature and THI during the pre-event and event periods, as well as percent of
thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the paired event
days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis

Figure D-2 displays the average TOT event impact at the customer level. Customer-level impacts for the
TOT range from 0.97 kW to 1.52 kW, higher than the ATE.
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Figure D-2. Average TOT Event Impacts (Customer Level)

Note: The savings estimate on June 18 is estimated because the experimental design was not in effect. Estimated days were
paired to modeled event days based on average temperature and THI during the pre-event and event periods, as well as
percent of thermostats in cool mode at the beginning of the event for each thermostat type. Refer to Appendix A for a list of the
paired event days. This figure includes thermostats that were enrolled prior to the randomization on June 28.
Source: Navigant analysis
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