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Introduction



Measure 
Update 
Process
R O A D M A P

INTRODUCTION
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This research developed 
estimates of energy savings as a 
percentage of HVAC load, to 
inform the development of a 
modified measure workpaper to 
define energy savings for smart 
thermostats in the updated 2026 
MEMD

2024-Q1 2025

Regression Analysis of 
AMI Data to estimate 
savings (e.g. % of HVAC 
Load)

May 2025

Savings estimates and 
other workpaper 
requirements

Q3-Q4 2025

Deemed savings estimates 
by weather zone, building 
vintage, etc. using building 
simulation models

Primary Energy 
Savings 
Research

Modified 
Measure 
Workpaper

Updated MEMD 
Measure

Guidehouse MPSC/Integral 
Analytics



Objective and 
Stakeholder 
Process
S T U D Y  O B J E C T I V E S
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The objective of the study is to 
calibrate the smart thermostat 
savings value for inclusion in the 
2026 MEMD, based on primary 
data from Michigan. 

Guidehouse will submit a 
modified measure workpaper on 
May 1, 2025. 

Guidehouse convened a group of stakeholders to provide input into the study 
design, with three key points of engagement. 

January 2024

Topic: Overall study 
design & key decision 
points

November 2024

Topics: Quality of 
matched comparison 
group, survey findings

February 2025

Topics: Savings 
estimates

Touchpoint 1 Touchpoint 2 Touchpoint 3

• Stakeholder roster included representatives from the MPSC, utilities 
(Consumers Energy and DTE),  program evaluators (Cadmus), Thermostat 
OEMs (Renew Home, Generac), and MEMD consultants (BuildingMetrics)



Study Background



• Each savings value will be provided as a percentage of 
HVAC Load.

• These values will be used by Integral Analytics to develop 
energy and demand savings for smart thermostats in the 
2026 MEMD.

The main outputs of the study include

STUDY BACKGROUND APRIL 17, 2025
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Summer Electric Cooling Energy Savings

Winter Electric Heating Savings

Winter Gas Heating Savings

Summer Electric Coincident Peak Demand 
Savings



• Guidehouse’s approach follows the recommendations in the Smart Thermostat Evaluation Protocol 
(DOE/NREL UMP) published in 2023

• The study relied on Michigan-specific primary data from both DTE and Consumers Energy.
• The study addresses electric cooling savings and electric & gas heating savings for gas system 

types, limited to Single Family dwellings. 
• Electric heating for electric system types could not be rigorously addressed in this study due to low levels of program 

participation; however, Guidehouse will provide options for including a savings estimate in the workpaper for electric 
heating types.

• Measured savings against a comparison group of “future participants” to minimize selection bias. 
• Study approach:

Study Approach

STUDY BACKGROUND APRIL 17, 2025
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Regression analysis to estimate energy savings resulting from customer participation in utility 
smart thermostat programs

Surveys to assess additional potential selection bias issues such as whether additional energy-
related changes occurred during the year prior to or following thermostat installation.

https://www.nrel.gov/docs/fy23osti/86175.pdf


Sequence of Study Activities

1. Data 
Collection

Guidehouse 
collected EE 
participation data 
and gas and electric 
interval meter energy 
consumption data 
from DTE and 
Consumers Energy.

2. Customer 
Surveys

Guidehouse fielded 
surveys to 
participants and 
candidate control 
customers to assess 
potential for selection 
bias issues. 

3. Develop 
Comparison 
Group

Guidehouse selected 
a control group from a 
candidate population 
of future EE program 
participants based on 
energy consumption 
and demographic 
alignment. 

4. Regression 
Analysis

Guidehouse 
estimated savings 
with a regression 
approach comparing 
whole-home energy 
consumption for 
participant and 
comparison groups, 
pre/post install. 

5. Savings 
Adjustments

Guidehouse applied 
post-regression 
adjustments to 
convert savings 
values to weather-
normalized, % of 
HVAC load, for 
specific HVAC 
equipment types.

APRIL 17, 2025STUDY BACKGROUND
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Study Period Timeline and Participant Counts

STUDY BACKGROUND APRIL 17, 2025

Wave Number of 
Participants

Number of Candidate 
Controls

Candidate Controls 
per Participant

Summer Electric* 4,563 21,183 4.6

Winter Electric 3,056 10,174 3.3

Winter Gas 2,737 9,345 3.4

Year 2020 2021 2022 2023 2024

Season Summer
May - Sep

Winter 
Oct – Apr

Summer
May - Sep

Winter 
Oct – Apr

Summer
May – Sep

Winter 
Oct – Apr 

Summer
May – Sep

Winter 
Oct – Mar

Cooling 
Season 

Analysis
Historical Period Matching and 

Baseline Period
Participant 

Installation Period

Impact 
Measurement 

Period

Comparison Group (Future Participant) 
Installation Period

Heating 
Season 

Analysis
Historical Period Matching and 

Baseline Period
Participant 

Installation Period

Impact 
Measurement 

Period

Comparison Group (Future 
Participant) 

Installation Period

* The summer electric wave was used to measure aggregate savings and summer peak demand impacts.

Savings estimates focus on these 
time periods



Survey Analysis



• Guidehouse conducted surveys with study participants and future participants to assess the incidence and timing of 
changes that impact home energy consumption and have potential to bias thermostat savings estimates.

• Respondents from the participant and candidate control populations were asked to report changes that occurred 
between fall 2020 and spring 2024, including:

Survey Approach

SURVEY ANALYSIS APRIL 17, 2025
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• Changes in home occupancy

• Renovations/additions

• HVAC equipment changes

• Insulation and building shell 
improvements

• Electric vehicles

• Non-HVAC Appliances

• Smart Home Devices

Implementation
• Guidehouse sampled equal numbers of participants 

and candidate control customers from DTE and 
Consumers Energy. 

• Recruited respondents via email and offered a $10 gift 
card. 

Response counts 
exceeded the 
target: 700 for 

each group.



Home Energy 
Changes

Home Energy Changes

SURVEY ANALYSIS

© 2025 Guidehouse 12

APRIL 17, 2025

Compared to unmatched controls, 
there is evidence of increased 
frequency of non-thermostat home 
energy changes among the participant 
group coinciding with the time of 
thermostat install. 

• This suggests that we should 
consider methods to mitigate 
selection bias. 

• Due to sample size constraints – 
this figure and the related findings 
are based on the candidate 
control population before 
matching.

• The matching strategy is intended 
to mitigate these differences 
though we do not have sufficient 
data to verify the effect. 

Participants vs Candidate Comparison Customers

In addition to the changes noted above, there was a 1 percentage point difference in the frequency 
of HVAC equipment changes (not pictured).

Participants acquired 
additional appliances by 1-

3 percentage points 
relative to control. 

Interpretation: Four out of 100 participants added a new occupant to their 
home vs. two of 100 comparison customers. Participants’ increase in home 

occupancy, relative to comparison, ranged from 2-6 percentage points. 



Comparison Group 
Development



Matching Approach

COMPARISON GROUP MATCHING APRIL 17, 2025
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Approach Description

Approach #1: 
Consumption-only

• Choose matches based on energy 
consumption during the pre-treatment 
season

• Check alignment on the available demographic 
variables (county-cluster, income range, 
number of occupants) 

Approach #2: 
Demographic 
Stratification

• Require exact alignment on the available 
demographic variables (county-cluster, 
income range, number of occupants) 

• Choose matches based on energy consumption 
during pre-treatment season

Approach #3: 
Consumption Trend

• Choose matches based on energy 
consumption during the two-seasons pre-
treatment

• Check alignment on the available demographic 
variables (county-cluster, income range, 
number of occupants) 

Guidehouse tested three initial matching approaches involving varying prioritization of consumption vs. demographic alignment. 
In response to stakeholder feedback, Guidehouse considered additional approaches, 4 and 5. 

Approach Description

Approach #4: 
Hybrid 
(Demographic 
Stratification with 
Consumption Trend)

• Require exact alignment on fewer levels of 
demographic stratification - 7 MEMD climate 
zones, 2 income strata, 2 occupancy strata

• Choose matches based on energy consumption 
during two-seasons pre-treatment (as in  
approach #3)

Approach #5: 
Alternate 
(Demographic 
Stratification with 
Consumption Trend)

• Require exact alignment on the full set of 
available demographic variables (as in 
approach #2)

• Choose matches based on energy consumption 
during two-seasons pre-treatment (as in  
approach #3)



Matching Approach Evaluation
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Guidehouse evaluated each of the matching approaches using three key criteria to assess how similar each comparison group is 
to the participant group. Our goal is to identify a comparison group that will provide an estimate of energy consumption in 
absence of a smart thermostat that is as unbiased as possible.

Metric Metric Description
Approach #1

Consumption-
only

Approach #2 
Demographic 
Stratification

Approach #3 
Consumption 

Trend

Approach #4 
Hybrid

Approach #5 
Alternate

Consumption 
Alignment

• Average percent deviation of consumption, 
between participants and matched controls

• lower number indicates better alignment
0.60% 1.58% 0.84% 1.05% 1.52%

Demographic 
Alignment

• Average absolute deviation between 
participant demographic strata proportions 
and matched control demographic strata 
proportions (weighted by the count of 
participants in each demographic strata)

• lower number indicates better alignment

0.61% 0.13% 0.68% 0.50% 0.15%

Parallel 
Trends Test

• Statistical test to detect risk of bias in pre-
treatment consumption trends

• Whether or not the parallel trends 
assumption holds for all three waves No No Yes Yes Yes

Legend

Good Better Best



Guidehouse compared the matching approaches to assess relative performance:

Matching Approach Selection

COMPARISON GROUP MATCHING APRIL 17, 2025
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Observation/Comparison Meaning Conclusion

Approaches #3, #4, and #5 pass the parallel trends test; 
#1 and #2 do not

Comparison groups #3-5 better account for trends in 
consumption unrelated to thermostat installation, 
compared with #1 or #2

Prefer #3-5 to #1 or #2, when considering 
consumption trends

#4 shows better demographic alignment than #3
Comparison group #4 is more similar to the participant 
group than #3 in terms of observed demographic 
variables

Slightly prefer #4 to #3 when considering 
demographics

#3 shows better consumption alignment than #4 Comparison group #3 is more similar to the participant 
group than #4 in terms of observed consumption 

Slightly prefer #3 to #4, when considering 
consumption

Guidehouse selected Approach #4 (Hybrid) to proceed with regression analysis, based on the following rationale:
• Approaches #3-5 are acceptable comparison groups, preferable to #1 or #2.
• Approach #5 is not preferred relative to #3 and #4 because it has relatively poor consumption alignment. 
• Between #3 and #4, approach #4 explicitly accounts for demographic variables which may help control for unobserved 

customer characteristics and mitigate selection bias issues (such as those investigated in the survey analysis).
• The small sacrifice of consumption alignment of #4 relative to #3 is an acceptable trade-off.



Regression Analysis



• Guidehouse estimated whole-home savings using the Two-Way Fixed-Effects Panel Regression (2-way FE) as 
described in the Uniform Methods Project (UMP, page 22). 
 2-way FE is identified as a recommended method in the UMP when study goals include estimating weather-normalized 

savings. 
 UMP: the [2-way FE] “specification can flexibly model customer consumption and has many parallels to the two-stage 

approach.” 

Regression Model Specification

REGRESSION ANALYSIS APRIL 17, 2025
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• Where: 
 𝛼𝛼𝑖𝑖  = customer fixed effect
 𝛾𝛾𝑡𝑡 = time-period fixed effect
 𝛽𝛽3 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽4 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 = Estimated total savings for the analysis season



Regression 
Results

Estimated Savings

REGRESSION ANALYSIS
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Positive values indicate energy 
savings (decrease in 
consumption). 
Significant thermal impacts were 
detected in each wave. Baseload 
impacts were not statistically 
significant. The direction of the 
point estimates for baseload 
impacts vary. 
These savings can be considered 
gross due to the use of a future 
participant comparison group.1 

They include the effect of the 
embedded installation rate 
adjustment factor (IRAF) and 
equipment saturation. 

Percentage of  whole-home consumption (ex-post, observed weather)

0.31 %

2 %

-0.36 %

1.2 %

0.3 %

0.91 %

Summer Electric Winter Electric Winter Gas

Baseload Thermal Baseload Thermal Baseload Thermal
-2.0%

-1.0%

0.0%

1.0%

2.0%
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s

Confidence Interval: 90%

1 See UMP section 3.1.2.2.1



Convert Savings to Weather-normalized, % of HVAC

REGRESSION ANALYSIS APRIL 17, 2025
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Guidehouse estimated counterfactual HVAC energy consumption using parameters from the main 
savings analysis regression models. 

• Where: 
 Counterfactual_HVAC_energy_consumption =

• (𝛽𝛽0 + 𝛽𝛽1 + 𝛽𝛽2) ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 

 Guidehouse estimated 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑠𝑠 for each analysis season, using 15-year TMYx data (2009-2023) for each of 
the MEMD weather zones, weighted by city location of study participants. 

 Normalized_percentage_savings = 
• (𝛽𝛽3 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽4 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠) / Counterfactual_HVAC_energy_consumption



Adjusted 
Savings

Savings

REGRESSION ANALYSIS
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Normalized savings as a percent 
of HVAC energy consumption 
were calculated by estimating 
counterfactual HVAC 
consumption using temperature-
sensitive terms from the savings 
regression model. 

Percentage of HVAC Energy Consumption

Confidence Interval: 90%

0.99 %

6.91 %
7.89 %

-2.08 %

7.21 %

5.13 % 0.38 % 1.17 % 1.55 %

Summer Electric Winter Electric Winter Gas

Baseload Thermal Total Baseload Thermal Total Baseload Thermal Total
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Post-Regression 
Analysis



Additional Post-regression Bias Adjustments (PRBA)

POST-REGRESSION ANALYSIS APRIL 17, 2025
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• The survey results suggested potential bias issues that Guidehouse aimed to address via our analysis.
• The UMP recommends matching with demographic variables to address selection bias.
• UMP also acknowledges two potential adjustments that may be applied to mitigate bias if evaluators find the 

potential for selection bias issues remains high after comparison group selection.
1. Exclude baseload term from thermostat savings. 

• The baseload term may reflect bias from non-thermostat changes and the thermal term is expected to capture the primary thermostat 
savings. 

2. Adjust thermal savings term to correct for bias in thermal home energy changes.
• Adjust thermal savings by the percent consumption impact detected in baseload term. 

• Guidehouse considered applying these additional PRBA, but concluded there was not sufficient evidence to 
support them considering that:
 Stakeholders noted limitations and uncertainty of the adjustments.
 For two of three waves, the baseload point estimates indicate savings, which is inconsistent directionally with survey 

results.
 Baseload term point estimates were near zero with wide uncertainty bounds.
 The matching approach may have successfully mitigated the survey-detected bias issue.



Adjustment for 
HVAC Equipment 
Saturation

POST-REGRESSION ANALYSIS
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Some participants may not have 
relevant HVAC equipment. For 
example, a participant may 
receive a rebated thermostat to 
control a gas furnace and is 
included the summer electric 
wave, although they do not have 
central air conditioning 
equipment. These saturations 
are embedded in the initial 
savings estimates.

Approach to adjust savings for equipment saturations

• Scale savings based on survey-observed population equipment saturations 
to obtain estimates of savings when the thermostat is installed with the 
appropriate equipment. For example:
 Savings_for_100%_gas_heating_configuration = Initial_savings_estimate / 0.92

• Then, users of the MEMD can apply savings for applicable equipment types. 

Wave Equipment Saturation

Summer Electric
Central Air Conditioner 89%

Central Heat Pump 3%

Winter Electric

Gas Heat 85%

Electric Resistance 7%

Central Heat Pump 4%

Winter Gas Gas Heat 92%

HVAC Equipment Saturations
Derived from survey analysis of the study population



Adjusted Savings and Benchmarking

POST-REGRESSION ANALYSIS APRIL 17, 2025
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Wave
Updated Primary Data 

Analysis Results 
(Gross)

Updated Results 
Scaled for System 

Type (Gross)

Range of Estimates in 
Prior Meta-Analysis

Summer Electric 7.89% 8.58% -12.5%, 16.10%

Winter Electric 5.13% 5.13% -3.9%, 4.7%

Winter Gas 1.55% 1.68% 1.13%, 13.4%

Savings results, as a percentage of HVAC load, savings results are consistent with values reported in 
similar smart thermostat studies. 

Net to Gross
• The future participant (variation of timing of participation) approach yields an estimate of gross savings.
• “The estimate is gross because the comparison group can reasonably be assumed not to have naturally 

occurring levels of smart thermostat adoption due to the proximity of their future adoption.” (UMP section 
3.1.2.2.1).

• These results can be considered “verified gross” because the IRAF is embedded. 



Savings Benchmark – Comparison to Workpaper v3.1 

POST-REGRESSION ANALYSIS APRIL 17, 2025
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Workpaper v4.0 
Proposed Savings 

(verified gross)

V3.1 Adjusted Results 
(verified gross)

Electric Cooling 8.58% 10.04%

Electric Heating, 
Electric System 

Type
5.13% 8.45%

Electric Heating, 
Gas System Type 5.13% 2.26%

Gas Heating, Gas 
System Type 1.68% 8.45%

Net to Gross
• The future participant (variation of 

timing of participation) approach 
yields an estimate of gross savings.

• “The estimate is gross because the 
comparison group can reasonably be 
assumed not to have naturally 
occurring levels of smart thermostat 
adoption due to the proximity of their 
future adoption.” (UMP section 
3.1.2.2.1).

• These results can be considered 
“verified gross” because the IRAF is 
embedded. 

Savings results are represented as a percentage of HVAC load



Coincident Peak 
Demand Savings



Coincident 
Peak Demand 
Savings

Methodology
• Guidehouse used a similar regression modeling approach as that 

used to develop energy savings, using a subset of the analysis data 
for the summer cooling wave.
 Filtered to (3 or more) consecutive days above 75th percentile of daily 

CDD across the cooling season (May – September).
 Filtered to 3-6 p.m.
 Converted to percent of HVAC using observed weather on peak days.

• The methodology of estimating of savings (e.g. model specification) 
is otherwise unchanged.

COINCIDENT PEAK DEMAND SAVINGS

The 2022 Thermostat Meta-
Analysis Study concluded with 
an assumption of no demand 
savings. 
The primary analysis of AMI data 
in this study allows us to 
estimate average demand 
savings during peak periods.
Adjusted for HVAC saturation, 
the final peak demand savings 
value is 8.89%.

Confidence Interval: 90%

0.59 %
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Workpaper 
Development



Workpaper Development

• Guidehouse used the results of this study to inform savings 
estimates included as recommended changes to the 2026 MEMD

• Guidehouse will submit a modified measure workpaper to the 
MPSC on May 1, 2025 

WORKPAPER DEVELOPMENT

© 2025 Guidehouse



Thank You



Contact

Debbie Brannan

debbie.brannan@guidehouse.com jason.lai@guidehouse.com gwong@guidehouse.com

akornelis@guidehouse.com

APRIL 17, 2025
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Director
Jason Lai Gilbert Wong

Ari Kornelis

Associate Director Senior Consultant

Managing Consultant

CONTACT
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