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BACKGROUND

DTE Energy and Consumers Energy identified two study areas for the Tier 3
Thermostats Exploratory Research Study following the calibration study.

Demographic Distribution Savings Potential
» Assess statistical differences in « Estimate electric & gas HVAC loads
demographics between participants using utility-provided data. Vendor-
and the matched control group given provided data serves as a check on the
concerns about potential selection reasonableness of estimated loads.
bias.

» Develop a range of savings estimates
using estimated loads and assumptions
regarding percent savings values to
inform savings potential prior to
launching a new calibration study.

 Describe the demographic
characteristics of Tier 3 thermostat
participants in MI.

» Results previously presented » Results presented today inform the
suggested demographics should be potential for energy savings from Tier
considered in future analyses 3 thermostats
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OVERVIEW

Navigant used whole-home data to model HVAC load, and used vendor-
provided runtime data to validate results. Multiplying the modeled HVAC load by
percent savings values yields a range of potential energy savings.

Whole-home

load data
© Savings
m HVAC

Modeled Comp_are to m Non-HVAC

HVAC load* runtime
data
Pre-Install Use Post-Install Use
Range of
savings
* Modeled HVAC load is weather-normalized using TMY3 data.
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DATA

Navigant leveraged whole-home consumption data for the analysis.

« Study population
- Customers who installed tier 3 thermostats in 2017
- DTE customers included in analysis: 11,890 electric and 10,578 gas
- Consumers Energy customers included in analysis: 3,080 electric and 6,724 gas

* Whole-home consumption data
- From 2016, the year prior to installation
- Gas: monthly billing data
- Electric: daily data (aggregated from hourly AMI)

* Vendor-provided runtime data
- Customers who installed tier 3 thermostats in 2017 and are still active in 2019
- Aggregated by utility and fuel type

7 1©2019 NAVIGANT CONSULTING, INC. ALL RIGHTS RESERVED coﬁsu@ D T E NAVIGANT

Count on Us



REGRESSION MODEL

Navigant used customer-specific temperature balance points to model daily
HVAC load (i.e., a Variable Base Degree Day approach).

« Estimate customer-specific
regressionst? Customer-

. - . specific slope
- Electric model specification: Customer-

T
e [ J
Use, = a+f;-HDD, +f,- CDD; + €, & specfiobase * °
- Gas model specification: g .
USBt=C¥+,31'HDDt+Et E ®
» Test a range of degree day base B ° .
Se © o eogegel . .
temperatures (50-80 degrees) e’ “§ofs..c 8 T
» Select the base temperature that - - - 20 . - -

generates the model of best fit Temperature (F)
(highest R?)

1 Navigant first attempted hourly pooled regression models, but results did not align well with vendor-provided runtime data. As an alternative, we used the VBDD
approach using daily data which aligned well with vendor-provided runtime data.
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MODELED HVAC LOAD

Navigant modeled customer-level HVAC load using the regression output, then
calculated the average for Tier 3 installers.

Step 1. Model customer-level HVAC load  Step 2: Calculate average HVAC load for
from the regression results Tier 3 installers

3
o=
T~ — @
Sg g5
= > o
29 T3
e 7] = 8
23 o<
b= o
Q@ T X
2 = o
X =
=
Daily Observations Daily Observations
mBaseload ®HVAC load Customer 1 Customer 2 -~ +— Customer 3 Customer 4 e Average
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COMPARISON TO COOLING RUNTIME DATA

As a check on the reasonableness of our modeling, Navigant converted vendor-
provided aggregate cooling runtime data to load.

e Cooling runtime to power conversion?

. Btu
% Runtime - —

ht | 0.0012 - CDH
SEER- 1,000

) Btu
% Runtime - —

+0.0055 - hr
SEER - 1,000

kW = 0.0013 + 0.8170 -

e Equipment assumptions?
- AC capacity = 2.8 tons
- Efficiency = 10 SEER

I Navigant converted thermostat runtime to power based on an analysis of metering data from Phase 2 of the 2017 Massachusetts Baseline Study (n=92). Report
available at: http://ma-eeac.org/wordpress/wp-content/uploads/2017-NGrid-DR-Eval-Final-Report-2018-03-30.pdf
2 Assumed capacity is from the IL TRM v7.0. Assumed efficiency is the midpoint of two values. The first is the IL TRM v7.0, which includes a SEER of 9.3. The

second is a field study (n=52) of Massachusetts DR program participants conducted by Navigant in October 2017, which includes a SEER of 10.7. The IL TRM is
available at: http://www.ilsag.info/technical-reference-manual.html
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COMPARISON TO HEATING RUNTIME DATA

As a check on the reasonableness of our modeling, Navigant converted vendor-
provided aggregate heating runtime data to gas load.

e Heating runtime to power conversion?

—— . Btu 1 MCF
MCF = (Runtlme hours - ) .
1,037,000 Btu

hour

e Equipment assumptions?
- Output capacity = 86 kBtu/hr

1 The runtime conversion assumes a single stage unit. Fewer than 4% of customers have two stage units, according to vendor-provided information.
2 Assumed capacity is from the DTE Energy 2016-2017 Residential Baseline Study, conducted by Navigant Consulting. The output capacity corresponds to the
average home square footage of 1,780.
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WEATHER NORMALIZATION

TMY3 data (1991-2005) are used to model HVAC loads under typical weather
patterns.

 AMI data are from 2016, while runtime data are from 2018.
« Both years had hotter summers and milder winters than the TMY3 data.
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Source: National Solar Radiation Database (htips://rredc.nrel.gov/solar/old data/nsrdb/1991-2005/tmy3/)
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PERCENT SAVINGS VALUES

Navigant applied a range of percent savings values to its TMY3 modeled HVAC
loads to determine a range of potential energy savings values.

e Savings percentages are informed by secondary literature and the ENERGY STAR (ES)
Metric.

e Arecent secondary literature review! found:
- Average electric savings of 5.67% of cooling load (N = 15 studies)
- Average electric savings of 7.05% of heating load (N = 7 studies)
- Average gas savings of 7.02% of heating load (N = 14 studies)

 Environmental Law & Policy Center (ELPC) provided, on behalf of Google and ecobee, a
blended ES Metric savings percentages for cooling (16.485%) and heating (9.04%).

- This metric assumes a single comfort temperature (i.e., no setbacks) and as a result overstates potential
savings.

- Navigant de-rated the savings percentage by 25% and 50% based on DTE Energy’s 2017 baseline study
and field data collected for program evaluation in 2018 which suggested between 25% and 50% of
customers adjust their thermostat setpoints.?

1 The secondary literature review included smart thermostat evaluation studies across the U.S. conducted between 2013 and 2018 by third-party evaluators. Average
savings are calculated as a simple average of study results. Refer to Appendix D for a comprehensive list of all studies reviewed.

2Google similarly de-rated the ES metric savings percentages by 50% for a workpaper in California (SCE17HC054) based on the 2009 Residential Appliance Saturation
Study regarding use of thermostat setbacks.
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STUDY LIMITATIONS

Navigant acknowledges the following limitations of this study.

« Estimating HVAC load from whole-home data is inherently difficult, due to
confounding variation from weather-dependent loads and non-weather-dependent
loads.

 The econometric approach relies on averages of customer-specific regressions and
therefore does not present confidence intervals.
- Parameter estimates from the customer-specific regressions are statistically significantly
different from zero at the 90% confidence level for the majority of customers.
» Gas model (HDD): 98.8% of customers
= Electric model (CDD): 93.6% of customers
= Electric model (HDD): 81.9% of customers
* The runtime to power conversion relies on assumptions about equipment capacity
and efficiency, which may differ from the actual equipment values.
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MONTHLY GAS

A comparison of the modeled gas HVAC use to the observed whole-home use
shows HVAC accounts for most gas use.!

» Modeled HVAC load accounts for 73% of annual gas use and 84% of heating season use.?

—_ —
o @)

&)}

Average Monthly MCF

o

‘Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
— Observed whole-home load —Modeled HVAC load

1 Using 2016 weather data.
2 Heating season includes November through March.
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COMPARISON TO HEATING RUNTIME DATA

Modeled gas HVAC loads from runtime data are similar in shape and magnitude

to modeled gas HVAC loads from whole-home data.l?

* Average modeled HVAC load is 6.41 MCF/month from runtime data and 6.55 MCF/month
from whole-home data (difference of 0.14 MCF/month).

» Differences in the underlying data include:

- Participants (Whole-home: 2017 installers; Runtime: 2017 DTE dual fuel installers active in 20192)
- Timeframe of original data (Whole-home: 2016, prior to install; Runtime: 2018, post install)

&)}

o

(o))

Average Monthly MCF

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

— Modeled HVAC load from runtime data, 2018 weather
— Modeled HVAC load from whole-home data, 2018 weather

1 Using 2018 weather data.
2 Modeled HVAC load from whole-home data is based on customer-specific regressions.
3 Modeled load using runtime data for CE dual fuel, CE elec/DTE gas, and DTE elec/CE gas is shown in Appendix C. Modeled load is qualitatively similar for all groups.
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DAILY ELECTRIC

Modeled HVAC load mimics the whole-home load shape, with HVAC use
concentrated in the summer and winter months.

» Modeled HVAC load accounts for 32% of annual electric use!, 42% of summer electric use?,
and 24% of winter electric use?3

A
(=)

(kWhiday/HH)

Average Daily Use
N
o

| — _
¥ F W@ Y ¢ &

Observed whole-home load — Modeled HVAC load

1 Using 2016 weather data.

2 Summer includes June through September. Winter includes November through March.

3 EIA reports 6% of Ml residents use electricity for their primary heating fuel. Source: EIA Household Energy Use in Michigan
(https://www.eia.gov/consumption/residential/reports/2009/state briefs/pdf/MI.pdf)
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COMPARISON TO COOLING RUNTIME DATA

Modeled summer HVAC loads from runtime data are similar in shape to

modeled HVAC loads from whole-home data.l?

* Average modeled summer HVAC load is 15.1 kWh/day from runtime data and 13.2 kWh/day
from whole-home data (difference of 1.9 kWh/day).

» Differences in the underlying data include:

- Participants (Whole-home: 2017 installers; Runtime: 2017 DTE dual fuel installers active in 20193)
- Timeframe of original data (Whole-home: 2016, prior to install; Runtime: 2018, post install)

w
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N
o
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(kWh/day)

—
o
—
/
/
S

Modeled Summer
HVAC load

Jun Jul Aug Sep

— Modeled HVAC load from runtime data, 2018 weather
— Modeled HVAC load from whole-home data, 2018 weather

1 Using 2018 weather data.
2 Modeled HVAC load from whole-home data is based on customer-specific regressions.
3 Modeled load using runtime data for CE dual fuel, CE elec/DTE gas, and DTE elec/CE gas is shown in Appendix C. Modeled load is qualitatively similar for all groups.
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MODELED HVAC LOAD

FINAL MODELED ELECTRIC AND GAS HVAC LOADS

HVAC load is estimated to be 2,436 kWh and 75 MCF annually.!

* Modeled loads are weather-normalized using TMY 3 data.

* Weather-normalized electric HVAC load is highest in the summer, accounting for
approximately 58% of annual HVAC load.

Season Months Modeled Modeled
Electric | Gas HVAC

HVAC Load
Load (MCF)
(kWh)

Summer  Jun - Sep 1,414 2

Winter Nov - Mar 791 44

Shoulder Apr, May, Oct 231 29

Annual 2,436 75

1 Modeled HVAC load from whole-home data is based on customer-specific regressions.
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SAVINGS POTENTIAL

COOLING AND HEATING SAVINGS

Navigant calculated a range of potential energy savings by multiplying modeled
HVAC load with savings percentages informed by a secondary literature review

and the adjusted ES metric.

We calculate a range of electric cooling savings of 80-175 kWh per customer, electric heating
savings of 36-56 kWh per customer, and gas heating savings of 2.0-3.1 MCF per customer.1

Source Percent | Average
Cooling Cooling
Savings kKWh

75% of ENERGY 12.364% 175

STAR!

50% of ENERGY 8.243% 117

STAR!

Literature Review? 5.67% 80

Source Percent
Heating
Savings

75% of ENERGY 6.78%

STAR!

50% of ENERGY 4.52%

STAR!

Literature Review? 7.05%

Literature Review? 7.02%

1There are an average of 1.1 devices per home, according to vendor-provided information.
2 As described on slide 10, Navigant de-rated the ES metric savings percentage by 25% and 50% to account for DTE data which suggests between 25% and 50% of

customers adjust their thermostat setpoints.

Average | Average
Heating | Heating
kWh MCF

54 3.0

36 2.0

56 -

- 3.1

2The secondary literature review included smart thermostat evaluation studies across the U.S. conducted between 2013 and 2018 by third-party evaluators. Refer to

Appendix D for a comprehensive list of all studies reviewed.
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ELECTRIC SAVINGS

This figure presents the range of potential electric energy savings.

ES Metric
(75%)
200
ES Metric
180 (50%) °
160
Secondary

140 Lit
=
E 120 °
8,100
£
= 80 °
n

60 o ®

Secondar
40 ¢ : Lit ’
ES Metric
20 ES Metric (75%)
0 (50%)
0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13%

Savings % of HVAC Load

® Cooling kWh @ Heating kWh
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ELECTRIC SAVINGS

This figure presents the range of potential electric energy savings.
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GAS SAVINGS

This figure presents the range of potential gas energy savings.
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Savings % of HVAC Load

® Heating MCF
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GAS SAVINGS

This figure presents the range of potential gas energy savings.
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FINDINGS & RECOMMENDATIONS

Key findings & recommendations are summarized below.

* Findings
- Cooling savings estimates range from 80 to 175 kWh per customer.
- Heating savings estimates range from 36 to 56 kWh and 2.0 to 3.1 MCF per customer.

« Recommendations
- Utilities may consider these ranges of potential savings and revisit cost effectiveness to
inform whether a new calibration study is desired.

- Follow recommended methods from the Uniform Methods Protocol chapter on smart
thermostats (in progress, expected March 2020).
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APPENDIX A: EVALUABILITY ASSESSMENT

SUMMARY OF FINDINGS

The electric AMI and gas billing data sets provided by CE and DTE are sufficient
for the savings potential analysis, requiring only minor adjustments.

#2017 % Move-In | Difference | # Outages

Adopters Post 2016
CE — Electric 4,531 73% 27% 0.2% 20 days
CE - Gas 9,311 80% 20% 9%@ 0 months
DTE — Electric 14,739 83% 15% 19% 8 days
DTE — Gas 13,846 83% 14% 13%® 0 months

Notes: (1) The gas usage differences decrease over time and likely reflect customer move-ins.

Adjustments:

» CE & DTE electric: drop data on outage days where load differs by more than 10% compared
to nearby days.

« DTE electric: Installers who moved in after 2016 have lower load than installers with 2016
usage data. Apply seasonal adjustment factor to estimated HVAC load.
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HOURLY ELECTRIC MODEL

Navigant attempted to estimate hourly HVAC load shapes using AMI data, but
results did not align well with vendor-provided thermostat runtime data.

* Navigant tested several weather variables in the hourly regression model for
summer weekdays:
- Cooling degree hours (CDH)
- 6- and 24- hour lags of CDH
- Temperature humidity index (THI)
- Heat index
- 6- and 24- hour lags of heat index

» Given the unreasonable parameter estimates, Navigant aggregated AMI data to the
daily level and estimated customer-specific VBDD models, in alignment with the gas
modeling.
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GAS: DISTRIBUTION OF CUSTOMER-SPECIFIC BASE TEMPS

Navigant tested HDD balance temperatures ranging from 50 to 72 degrees F. For
each customer, the model with the highest R? value was selected.

 Distribution of customer-specific balance temperatures
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ELECTRIC: DISTRIBUTION OF CUSTOMER-SPECIFIC BASE TEMPS

Navigant tested degree day balance temperatures ranging from 55 to 82 degrees
F. For each customer, the model with the highest R? value was selected.

 Distribution of customer-specific balance temperatures
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GAS

HVAC load modeled from runtime data is shown below for CE dual fuel, DTE
dual fuel, CE elec/DTE gas, and DTE elec/CE gas customers. Modeled gas
HVAC loads are similar for all four customer groups.

10

=)

Average Monthly MCF

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

— CE Elec and CE Gas —DTE Elec and DTE Gas
— CE Elec and DTE Gas —Modeled HVAC load from whole-home data, 2018 weathe
— CE Gas and DTE Elec
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SUMMER

HVAC load modeled from runtime data is shown below for CE dual fuel, DTE
dual fuel, CE elec/DTE gas, and DTE elec/CE gas customers. Modeled HVAC

loads are similar for all four customer groups.
CE Weather DTE Weather

w
o

no
o

—
o

Load (kWh/day)

Average Predicted
Summer HVAC

Jun Jul Aug Sep Jun Jul Aug Sep

— CE Elec and CE Gas — CE Gas and DTE Elec — Predicted
— CE Elec and DTE Gas — DTE Elec and DTE Gas

wnsmes s> [)TE  NAVIGANT
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APPENDIX D: CITATIONS

STUDIES CITED

The following studies were referenced in the calculation of the literature-

based savings values.

ComEd IL TRM Advanced Thermostat Savings IL TRM Advanced Thermostat Cooling Savings Evaluation. Touch- EH EC G
Evaluation Point Meeting with Regression Outputs. Navigant Consulting, Inc.
Goodman, Pace. Sierzchula, Will. April 2018.
ComEd IL TRM Advanced Thermostat Savings IL TRM Advanced Thermostat Cooling Savings Evaluation. Touch- EH EC
Evaluation Point Meeting with Regression Outputs. Navigant Consulting, Inc.
Goodman, Pace. Sierzchula, Will. April 2018.
ComEd IL TRM Advanced Thermostat Savings IL TRM Advanced Thermostat Cooling Savings Evaluation. Touch- EH EC
Evaluation Point Meeting with Regression Outputs. Navigant Consulting, Inc.
Goodman, Pace. Sierzchula, Will. April 2018.
ComEd Navigant's Proposed update for the Navigant’s Proposed update for the Residential Advanced Thermostat EC
Residential Advanced Thermostat Measure for IL TRM v7, Navigant, Goodman et al, May 2018
Measure for IL TRM v7: Suggestion 1
ComEd Navigant's Proposed update for the Navigant’s Proposed update for the Residential Advanced Thermostat EC
Residential Advanced Thermostat Measure for IL TRM v7, Navigant, Goodman et al, May 2018
Measure for IL TRM v7: Suggestion 2
ComEd Navigant's Proposed update for the Navigant’s Proposed update for the Residential Advanced Thermostat EC
Residential Advanced Thermostat Measure for IL TRM v7, Navigant, Goodman et al, May 2018
Measure for IL TRM v7: Suggestion 3
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