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Michigan Energy Measures Database Background
Statewide calibration research is prioritized and commissioned annually by the MPSC and the 
EO Collaborative to maintain trust in the accuracy of EWR energy savings.

Driver
MEMD supports 
transparent, standardized 
demand reduction and 
energy savings 
calculations for 
stakeholders across 
Michigan.

Process
Calibration ensures 
Michigan-specific, current, 
accurate estimates. 
Prioritized based on 
contributions to portfolios and 
time since last calibrated or 
challenging evidence.

Outcomes
Appliance Recycling was 
identified in 2023 for 
calibration based on 
evidence of changing 
appliance stock since last 
calibrated in Michigan in 
2011.

MEMD Overview & Maintenance Process Manual

https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/regulatory/ewr/MEMD-and-BRM/MEMD_Overview__Maintenance_Process_Manual_20180312.pdf?rev=3456e59954fb490ca4490a436055a14e&hash=D639DA16A29868B26C1C2A1B22DD09A1
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Summary of Previous Work
Existing 2025 MEMD savings values were established by a 2011 study and 2 subsequent adjustments.

Cadmus and Opinion Dynamics conducted a metering study in DTE Energy and Consumers 
Energy territories.
• Conducted 10 to 14 days of metering of +/-200 DTE Energy and Consumers Energy ARP customers.
• Developed a multiple linear regression model and applied model coefficients to full program tracking 

data to determine MEMD savings for the 2013 MEMD.

2011

A calibration study applied 2011 study regression coefficients to program tracking data to 
update electrical energy (kWh) and demand (kW) deemed savings values for the 2016 MEMD.2015

The National Renewable Energy Laboratory published an updated version of “Chapter 7: 
Refrigerator Recycling Evaluation Protocol” for the Uniform Methods Project (UMP).2016

Current Status Before This Study:  Per-unit gross savings values are 1,135 kWh/year for 
recycled refrigerators and 944 kWh/year for recycled freezers.2025

The MEMD was updated with a new coincident peak demand reduction value using data from 
the statewide load shape study.2022
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Research Objectives and Approach

OBJECTIVES CORRESPONDING APPROACHES

Update regression coefficients

Determine the actual energy 
consumption of appliances

Conducted on-site metering of 81 appliances 
(Consumers Energy and DTE Energy)

Determine aggregate impacts
Applied regression coefficients to program 
tracking data to determine program-level impacts

Used regression methodology from Uniform 
Methods Project (UMP), testing new variables

Used participant interviews to determine a new 
part-use factor, used by programs to determine 
adjusted gross energy savings

Determine behavioral impacts
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Appliance Recycling Program Calibration Study Overview

Cadmus worked with Consumers 
Energy, DTE Energy, and EO 
Collaborative stakeholders to 
develop a field metering study of 
program participant customers in 
those territories. Collected data 
from study participants were 
analyzed, then applied to 
program tracking data to estimate 
savings values for actual 
program population. 

Study Summary
Sampling and Recruiting
Participant lists were shared with Cadmus upon scheduling pickup. 
Cadmus recruited participants for study participation, then provided an 
incentive during the visit and when the participant mailed meter equipment. 

Data Collection
Cadmus conducted on-site metering in Q4 2024 and Q1 2025. We collected 
field interview and survey data to inform behavior analysis. Our methods aligned 
with previous studies and the Uniform Methods Project (UMP) approach. 

Statistical and Engineering Analysis
Cadmus applied regression analysis to the collected data. The 
key parameters for the appliance were location in the home, 
age, volume, and configuration, as well as local weather data. 



Executive Summary
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Collected Valid Meter Data from 81 Michigan Households

45 total customers

29 refrigerators

16 freezers

Consumers Energy

36 total customers

35 refrigerators

1 freezer

DTE Energy
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Timeline of Federal Appliance Standards

2005-2007 2011-20141987-19971975-1979

Established federal 
program with test 

procedures, labeling, 
and energy targets for 

consumer products

Established minimum 
efficiency standards for 

many household 
appliances.

Refrigerator and 
freezer standards 
compliance begins 

January 1990.

Directed 
Department of 

Energy (DOE) to 
establish energy 

conservation 
standards for 

consumer 
products

Set new standards 
for 16 products

Directed DOE to 
set standards for 

anther 5 products, 
including 

commercial 
refrigerators and 

freezers

New federal standards 
for refrigerators and 

freezers are finalized, 
to take effect in 2014

Finalized standards 
from 2011 take effect 
for refrigerators and 

freezers. 
Current standard.
DOE scheduled to 

finalize next standard 
by 1/1/2019

Directed DOE to set a 
schedule for review 

and update of all 
standards, including 

refrigerators and 
freezers

2019- 2024

DOE updates 
refrigerator 

standards, with 
compliance 

beginning in January 
2029 or January 

2030, depending on 
product type

DOE publishes an RFI to 
allow for a “no new 

standard” determination for 
refrigerators and freezers; 
conservation stakeholders 
submit data in support of 

developing a new standard

DOE analysis 
recommends that new 
refrigerator and freezer 

standards are developed

Updated refrigerator 
and freezer standards, 
with a compliance date 

of January 1993

Updated refrigerator 
and freezer standards, 
with a compliance date 

of January 2001

Sets first appliance 
efficiency standards in 

the US with 
refrigerator and 

freezer compliance 
dates in 1978, 1980, 

and 1987. These 
standards were later 
used as a framework 
for federal standards.

1975
Energy Policy and 
Conservation Act 

(EPCA)

1976
California Energy 

Commission 
Standards

1979
EPCA 

Amended

1987
National 

Appliance Energy 
Conservation Act

1997
Refrigerator and 

Freezer Standards 
of 1997

1989
Refrigerator and 

Freezer Standards 
of 1989

2005
Energy 

Policy Act 
(EPAct 2005)

2007
Energy 

Independence and 
Security Act (EISA)

2011
DOE Rulemaking, 
10 CFR part 430

2014
10 CFR 
part 430

Nov 2019
84 Fed. Reg. 

62481

Oct 2021
Technical 
Support 

Document (TSD) 
for Refrigerators 

and Freezers

Jan 2024
EERE-2017-

BT-STD-0003
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Recommended Savings Values
The Cadmus team found that the per-unit gross savings for refrigerator and freezer recycling should 
be updated beginning in the 2027 MEMD.1 These results include an update to both the gross per-
unit energy consumption (kWh/yr) value and the coincident peak demand2 (kW) value.

1 Gross savings are adjusted by utilities using part-use adjustment factors to yield an “Adjusted Gross,” 
which accounts for partial year appliance usage (i.e., unplugged seasonally). 

2 Coincident peak demand savings are calculated based on 2022 peak hourly load share percentages 
from the different statewide calibration study. Michigan Load Shape Research study.

1,135

944

597

513

Refrigerator

Freezer

2025 MEMD Energy
Savings (kWh/year)

Recommended 2027 MEMD
 Unit Energy Savings (kWh/yr)

0.170

0.134

0.089

0.077

Refrigerator

Freezer

2025 MEMD Coincident
Peak Savings (kW)

Recommended 2027 MEMD
Coincident Peak Savings (kW)

https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/EWR_Collaborative/2022/CE_DTE_LoadShapes_Update.pdf?rev=9dc669d0da2c4e32a29e71a3d6c45c06&hash=93B0C09FAD3F2E43958B6F216A98FA0D
https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/EWR_Collaborative/2022/CE_DTE_LoadShapes_Update.pdf?rev=9dc669d0da2c4e32a29e71a3d6c45c06&hash=93B0C09FAD3F2E43958B6F216A98FA0D
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Findings & Recommendations
We have one finding and two recommendations for the Appliance Recycling programs:

Finding. The MEMD gross savings values for refrigerator (597 kWh/yr) and freezer (513 kWh/yr) 
recycling will be submitted and likely updated in the 2027 MEMD. Cadmus recommends using 
these new gross savings values for forecasts in 2027 and beyond. 

Recommendation. Maintain consistency in the data collection process by capturing the age 
of the recycled equipment. Include a question during appliance pick-ups or participant 
satisfaction surveys about where an appliance was located in the home when in use.

Recommendation. Conduct periodic adjustments using program tracking data. 
Consider on-site metering calibration for this measure if federal efficiency standards are 
updated1.

1 Federal efficiency standards for refrigerators are currently scheduled for an update in 
January 2029 or January 2030, depending upon equipment type. 
 



Study Methodology & Value
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Study Timeline & Stakeholder Participation
The current study involved utilities, implementers, and customer participants with MPSC oversight.

Jul. 2024

Finalized the 
scope of 
work with 

stakeholder 
and MPSC 
approval 

Aug. – Sep.
2024

Kick-off and 
safety training 
for Cadmus 

field staff

Oct. 2024

Consumers 
Energy 

recruiting and 
site visits 

Nov. 2024

Worked with 
CLEARresult 

to obtain 
Consumers 
Energy ARP 
tracking data

Nov. – Dec.
2024

Worked with 
Guidehouse 

and DTE 
Energy to 

develop and 
finalize 

recruitment 
materials and 
obtain ARP 

tracking data

Jan. – Feb. 
2025

DTE Energy 
recruiting and 

site visits 

Oct. 2024 – 
Mar. 2025

Received 
equipment 
returns and 
distributed 

participation 
gift cards

Mar. – August
2025

Conducted  
analysis and 
drafted report

Worked with 
Consumers 
Energy and 
CLEAResult 
to develop  
recruitment 
materials

Study Methodology 
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Utility Coordination and Participant Scheduling
The Cadmus team worked with program implementors to identify potential customers to 
participate in the study. This task entailed six steps:

Cadmus, DTE Energy, and Consumers Energy developed and finalized outreach materials (phone script and email 
templates).1

Cadmus selected two weeks to conduct targeted site visits.2

Utility partners provided the Cadmus team with a list of customers and their scheduled pick-up dates.3

Cadmus reviewed the customer list and grouped customers by geographic location. Cadmus then sent outreach 
materials to gather participant interest and schedule meter installation.4

Cadmus sent email appointment reminders with field technician contact details to customer participants.5

The field technician followed up with customers prior to their site visit to confirm appointments.6

Study Methodology 
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Data Analysis Methodology Summary
Our methods were consistent with Chapter 7 of Uniform Methods Project,1 “Refrigerator 
Recycling Evaluation Protocol.”

Reviewed and cleaned program and tracking data1
Conducted on-site metering2
Calculated annual existing unit energy consumption (UEC) using a regression model3
Estimated retrospective part-use factors (consistent with previous studies)4
Conducted literature review of contemporary energy use estimates5

1 Please refer to UMP Chapter 7: Refrigerator Recycling Evaluation Protocol for more information. 

Study Methodology 

https://docs.nrel.gov/docs/fy17osti/68563.pdf


Site Visits, Data Collection, 
and Participant Incentives
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Site Visit Training

Site Visit 
Preparation

Arrival and 
Customer Courtesy

Safety!
General and 

Electrical

Regional 
Hazards

1 2

3 4

Site Visits, Data Collection, and Participant Incentives 
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Metering Equipment and Data Collection
Onset HOBO UX120-018 Plug Load Logger Onset HOBO UX90-002 Light On/Off Logger

Site Visits, Data Collection, and Participant Incentives 
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Customer Participation Incentives
Customers received a $50 incentive for participating and another $50 incentive for returning the 
metering equipment.

Site Visits, Data Collection, and Participant Incentives 
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On-site metering of ARP participants presents 
unique challenges.

Potential Participants

Initial Target

Completed Visits

Meter Issues

Final Count

100 site visits targeted (99 scheduled)
50 Consumers Energy, 50 DTE Energy
75 refrigerators, 25 freezers

90 installation site visits (9 no-shows)
46 Consumers Energy, 44 DTE Energy

9 meters removed from analysis
4 were not returned, 5 had data quality concerns

81 appliances (64 refrigerators and 17 freezers)

Low recruitment yield
(16% of sites)

Tight scheduling and 
metering window
 (±2 weeks)

Appliance migration 
(such as moved to garage)

Altered usage patterns 
(such as now being empty 
or lightly used)

21



Detailed Findings
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Metered appliances used significantly less energy 
than the 2025 MEMD deemed savings value.

The energy usage of metered equipment in this study was significantly lower than older-vintage 
equipment metered in earlier studies (used to determine 2025 MEMD savings values) – likely 
driven by code efficiency standard changes. 

Finding

Note: These values represent the metered appliances only; the following slides present population-level savings.

1,135

944

478

579

Refrigerator

Freezer

2025 MEMD Savings (kWh/year) Average On-Site Metered Appliance Consumption (kWh/year)
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Whether the recycled 
equipment was plugged in 
all the time or only used for 
some months out of the year

The new behavioral research had mixed 
results.

Finding

When scoping this study, Cadmus included two additional research questions to explore new factors 
for predicting measure savings:

Usage 
frequency

Whether the building’s 
occupants were typically 
home during the day

Occupant 
impact

94.5% use for recycled refrigerators
87.6% use for recycled freezers 
These values represent the retrospective (what users 
did in the past) component of part-use adjustment 
factor.1

About 75% of participant households had someone 
at home most of the day. However, the analysis did 
not find a significant relationship between energy 
use and occupancy for metered appliances.

1 The part-use adjustment value does not include a prospective component, which would account 
for how the participant may have behaved without intervention from the program.
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To determine the recommended savings values for the 2027 MEMD, Cadmus applied the regression 
model coefficients, developed based on equipment metering, to full program tracking data. Tracking data 
spanned November 2023—October 2024 for Consumers Energy and calendar year 2024 for DTE Energy.

The updated measure savings are lower than the 
2025 MEMD values.

Finding



Unit Energy Consumption 
(UEC) Calculation Methodology
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The recycled equipment UEC is based on the regression equation derived from the 2025 
field study of 64 refrigerators and 17 freezers.

Unit Energy Consumption Calculation Methodology 

Appliance Independent Variable 2025 Study Model Coefficient p-value1

Refrigerator
(n=64)

Pre-2001 (Categorical) 0.4705 0.012

Volume (ft3) 0.0886 0.002

Top-freezer (Categorical) 0.4262 0.037

Unconditioned: HDD652 -0.0239 0.000

Intercept -1.7263 N/A

Freezer 
(n=17)

Volume (ft3) 0.0249 0.095

Age (years) 0.0351 0.000

Unconditioned: HDD652 -0.0219 0.019

Intercept -0.8431 N/A

𝑈𝑈𝑈𝑈𝑈𝑈𝑖𝑖 =  𝛽𝛽0 + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + 𝛽𝛽3 ∗ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈:𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 +  𝜖𝜖𝑖𝑖

𝑈𝑈𝑈𝑈𝑈𝑈𝑖𝑖 =  𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃. 2001𝑖𝑖 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + 𝛽𝛽3 ∗ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈:𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 + 𝛽𝛽4 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇.𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖  + 𝜖𝜖𝑖𝑖
Freezer Equation

Refrigerator Equation

1 The p-value is a statistical measure that helps assess whether a given variable is a statistically significant driver of the 
final regression model. 

2 Heating degree days per day with a 65 F base temperature (HDD65) were determined based on metering-period 
contemporaneous weather data from the closest NOAA weather station to each site.
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Proposed MEMD values (“2023-2024 Program Population Mean”) deviate from metered values 
due to differences in key variables between the program population and the metered sample.

Unit Energy Consumption Calculation Methodology 

Appliance Independent Variable
2024-2025 
Metered 

Sample Mean

2023-2024 
Program 

Population Mean

Refrigerator

Pre-2001 (Categorical) 34% 43%

Volume (ft3) 20.81 21.95

Top-freezer (Categorical) 48% 56%

Unconditioned: HDD65/day (Categorical 
linked)

15.37 10.74

Freezer

Volume (ft3) 14.35 18.49

Age (years) 33.00 26.82

Unconditioned: HDD65/day (Categorical 
linked)

11.40 12.08
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There were several drivers of differences between the average consumption for the program 
population versus the metered sample.

Unit Energy Consumption Calculation Methodology 

More metered equipment was manufactured after 2001 
efficiency standards (66% sample vs. 57% program).1
More metered equipment was located in colder Michigan 
climates and on colder days than the population mean 
(15.4 HDD65/day sample vs. 10.7 HDD65/day program).

Metered equipment was smaller than the population mean 
(20.8 ft3 sample vs. 22.0 ft3 program).

2

3

Metered equipment was older than the population mean 
(33.0 years vs. 26.8 years).

Metered equipment was smaller than the population mean 
(14.4 ft3 sample vs. 18.5 ft3 program).

1

2
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Regression Coefficient Comparison

Appliance Independent Variables 2025 Study Model Coefficient 2011 Study Model Coefficient 2017 UMP Model Coefficient

Refrigerator

Age Not significant 0.0450 0.0270
Manufactured Pre-1993 Not significant 1.3990 1.0550
Manufactured Pre-2001 0.4705 Not included Not included
Size 0.0886 0.1150 0.0670
Top Freezer 0.4262 Not included Not included
Single Door Not significant -1.803 -1.977
Side-By-Side Not significant 1.571 1.071
CDD651 Not significant 0.0070 0.0200
HDD65: Unconditioned Space -0.0238 Not included Not included
Primary Not significant 0.830 0.6054
Home during the day Not significant Not included Not included
Intercept -1.7263 -1.6080 0.5820

Freezer

Age 0.0351 0.0670 0.0450
Manufactured Pre-1993 Not significant 0.4010 0.5430
Size 0.0249 0.1500 0.1200
Chest Freezer Not significant 0.8540 0.2980
CDD651 Not significant 0.0460 0.0820
HDD65: Unconditioned Space -0.0219 Not included Not included
Home during the day Not significant Not included Not included
Intercept -0.8431 -2.2970 -0.9550

1 The UMP model interacts CDDs with unconditioned spaces, so the terms from the 2011 study and UMP model aren’t 
directly comparable without scaling the UMP model term by the proportion of units in unconditioned spaces. The 2025 
study used the UMP methodology to interact HDDs with unconditioned spaces.

The initial 2025 regression model included all previous independent variables as well as some new test variables. 
Several variables were found to be not statistically significant and were excluded from the final model. 
The 2011 and 2017 coefficients are provided below for comparison; these are not presented as an option for calculating savings.

Unit Energy Consumption Calculation Methodology 
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