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This presentation will cover only the calibration study
work in the commercial and industrial sector.

Ag en d a The calibration study included residential load shape
development as well, and the residential load shapes
- . . have already been incorporated into the MEMD and

0 ResearCh Drivers & ObjECtlveS are not included in proposed revisions.

e Needs Prioritization

e Methodology & Outcome
« Secondary Data
* Primary Data
* Results Overview

© 2026 MEMD Updates
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Research Drivers & Objectives




- Objectives

Integrated resource plans (IRP)
called for decreasing reliance on
fossil fuels and

LBNL study found a lack of
statistically representative end-
use load shape data in Michigan,
resulting in

-  Methods

-  Qutcomes

MEMD Calibration study was necessary to
develop load profiles to accurately
represent EWR benefits in the MEMD
and program cost-effectiveness.

Deliverable: 118 load profiles
for the commercial & industrial
(C&I) sector sourced from a
combination of primary data (50
load profiles) and secondary data
(68 load profiles).
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2019 - 2023 2024

)

TRC developed end-use load profiles in
3 stages:

Stage 1: Load data review and end-use
prioritization
Stage 2: Data collection

Stage 3: Load profile development

Application: Integral Analytics
incorporated the load profiles to
update peak coincidence
factors in the MEMD.

Note: Cadmus conducted a residential load shape
calibration study during this time as well.

| Research Drivers & Objectives
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Accurate end-use load profiles are critical to ensuring confidence in EWR,

DR, and demand-side program planning.

BEFORE

 EWR savings load profiles utilized in the
MEMD were aggregations of multiple
measures from simulation models.

« Annual energy savings were accurate, but

if actual usage
patterns are different than what the
cost-effectiveness model assumes.

| Research Drivers & Objectives

AFTER

End-use load profiles are mapped to EWR
measures.

Utilities are using the load shapes for
improved load forecasting of EWR impacts
and targeting specific end-uses for load
shaping efforts.

Increased accuracy of MEMD estimates of
when measures deliver savings, including
peak coincidence factors.

Increased confidence in $ @
S

cost-effectiveness assessments.

)TE r—— R
~ CountonUs® ‘I




Needs Prioritization
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b

Drivers

Primary end-use load
data collection :

 Expensive due to
hardware and labor
costs associated with
recruitment, meter
installation, and
removal.

 Long timeline as

77 metering must occur

across a full year to
capture seasonal
patterns.

Objective

571

e —

Efficiently manage
research costs and
timeline without
sacrificing accuracy
of estimates for
high impact potential
end-uses.

Methods

3

Incorporate
findings from past
studies (potential
studies, market
assessment studies,
and metering
studies) to rank
building types and
end-uses by
efficiency
potential.

Outcomes

Priority matrix for
commercial end-
uses by building

type.

AMI approach for
whole-building
industrial load
profiles by
industry segment.

Load Shape Calibration Study | Needs Prioritization
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* The 2020 Electric

EWR Potential
Study conducted
by Cadmus for
Consumers Energy
identified segments
and end-uses with
the largest load
share.

This informed the
development of our
end-use priority
matrix (next slide).
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= COMMERCIAL END-USE PRIORITY MATRIX

Utilities desired a
higher degree of
accuracy for end-
use load profiles for
high priority end-
uses, as they expect
these end-uses to
have more demand-
side savings potential.

Medium

Low

Lighting Ventilation Plug Load Refrigeration Cooling Cooking Heating HV::tti?]rg
Office
Retail
Other

Warehouse
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INDUSTRIAL PRIORITIZATION

Working

Assumption

Industrial facility load

shapes were assumed
to be relatively flat, with

constant loading 24
hours per day and
minimal seasonal
variation.

% of Annual Load

Hour

% of Annual Load

AMI data analysis
found most
industries do have
variation.

Potential studies
indicated high
variability across
process loads.

\

m——

Hour

Stakeholder
Needs Input

What granularity is
necessary for MEMD
accuracy?

How will industrial
end-use profiles be
used in planning
activities?

Does the value of
end-use profiles
warrant the cost of
metering?

Approach

Stakeholders
decided against
end-use level
given cost vs
value proposition.

Opted to use AMI
data for 24-hour
weekday and 24-
hour weekend
profile for each
month of the year
by industry.
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TRC conducted a comprehensive literature review to identify multiple
secondary data sources for different C&I buildings and end uses.

This analysis involved.: Load shape being

considered

O Incorporating the findings from the
= prioritization analysis.

Is_ithigh W |s secondary
priority? - QECIEEEY

Compiling details of 46 different
=,| studies that were conducted to
=%| develop a list of 258 load shapes for Use secondary data

different C&I buildings and end uses.

Use primary data
collection

Q |dentifying the appropriate data
source for each load shape.

_ Gt:;n;nmers Energy l\
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TRC finalized the following data sources for each Commercial load shape.

PRIMARY SECONDARY NREL
METERING DATA DATA
INTERIOR EXTERIOR WAIER
LIGHTING LIGHTING VENTILATION REFRIGERAINION  COOLING COOKING HEAINNG  HEATING
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After the prioritization TRC used the following process to identify appropriate

secondary data sources.
» Ratin ‘ Expert - Data
J Review Source
Finalize best

We rated remaining studies on a
scale of 0-3 based on: available
data source

* Operational Pattern — does load
shape match expected usage pattern? for the given

e Study Vintage — substantial change in load shape.
technology since the study?

« Geographic Sensitivity — applicable to
the Midwest?

* Uncertainty — sample size and
granularity of load shape.

Screening

We made final
selection based on:

 Equipment
Applicability — load
shape represent
Midwest markets?

« Source Prioritization
— prioritization based
on ratings in previous
steps.

We made a go/no-go
decision based on:

« Study Vintage — how old
is the study?

« Data Availability — data
publicly available?

* Uncertainty — sample
size of the study?

_ ét;n;nmers Energy l\
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TRC selected the following secondary data sources for this study:
End Use Data Source

Interior Lighting (CFL and Fluorescent

Lamps) =
=
=

Exterior Lighting (Same for all building —

types)

Plug Load, Refrigeration, Cooling, Heating,

Cooking, Water heating (Selected building |||.

types)

Load Shape Calibration Study | Secondary Data

Michigan (M) Statewide C&l
Lighting Hours-of-Use Study

MI Statewide Commercial Lighting
Controls Metering Study

Database for Energy
Efficient Resources (DEER)

lllinois Technical Reference
Manual

ComStock dataset developed
by the National Renewable
Energy Laboratory (NREL)
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Interior Lighting (CFL and Fluorescent Lamps)

* We used Bayesian statistics to combine the three data sources and evaluated the
combined data for:

« Space type coverage — were all relevant space types in the building metered?
« Data collection length — was there enough data for developing 8760 load shapes?

« Number of loggers — how many loggers were installed in each building and equipment type?

« We made the following determination for each building type and end use:

« Use MI statewide data only
 Combine MI statewide and DEER data
 Use DEER data only

Load Shape Calibration Study | Secondary Data E c"@ {)
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Example Lighting Plot

0.00035

* Average weekday and
weekend lighting load

0.0003
shape for different building
types for the month of 0.00025
April.
0.0002
« Education K-12 - Ml
statewide data only. 0.00015
« Grocery Convenience 0.0001

Store - DEER data only

0.00005

* Retail Small - MI
statewide and DEER data 0

-0.00005

Load Shape Calibration Study | Secondary Data
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Exterior Lighting (Same for all building types)

 We used data from the lllinois Technical Reference Manual and:

* Developed a single load shape for all building and lighting types because exterior lighting
usage is largely driven by sunrise/sunset times and safety protocols.

« Adjusted for difference in Ml outdoor lighting conditions.

Plug Load, Refrigeration, Cooling, Heating, Cooking, Water heating (Select
building types)
« We used ComStock* dataset from the research conducted by NREL and:

» Used data specific to the state

« ComStock data is developed using calibrated building energy simulations and is publicly
available.

* ComStock is a national dataset created by the NREL. It features 15-minute interval load shapes for approximately 350,000 simulated
commercial buildings and is calibrated against utility AMI data, submetering studies, and energy use surveys.
AN
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Overview of Primary Data Analysis Methods and Selection Approach

Data Collection

Methods

\ 4

On-site equipment level metering

Performed field audits and metered
equipment energy use.

\ 4

AMI Data Analysis

Used premise level AMI data to develop
8760 load shapes.

¥
Used for high priority commercial
end uses

More resource intensive approach
reserved for end uses expected to have
higher demand-side savings potential.

Counton Us® ‘I 2 1

Used for industrial sector

Due to large number of diverse end uses
and need to optimize available resources.




TRC used AMI data for developing load shapes for Industrial Segments.

* Industrial load shapes were originally assumed to be flat. However, through this research
we established that:

« Consumption profiles are primarily driven by time of day.
« Production can be affected by seasonality which can impact energy consumption during certain
periods of the year.

TRC performed a review of the AMI data of around 10,000 industrial
customers across 11 segments.

v & 8 =

- Industrial Fabricated Metal Primary Transportation
Agriculture Machinery Food Products Metal Equipment
4 = 19K -
== ")
A | DS — L“’
W B Q
Nonmetallic : Computer & Plastic & Rubber
Mineral Products Chemical Paper Electronics Products
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The AMI data analysis involved:

Cleaning and compiling AMI data for each industrial customer.

Using the North American Industry Classification System (NAICS) code associated with
each customer to assign industry segments.

Aggregating AMI data from individual meters to premise level and from 5-minute to
hourly intervals.

= E F' R

Aggregating from customer site to industry segment-level load shapes.

Modeling relationship between hourly energy consumption, temperature, hour of day,
day of week to identify drivers of energy usage.

t
(

A Developing normalized segment-level load shapes.

. i . ét;nsnmers Energy ’\
Load Shape Calibration Study | Primary Data 'h - % ‘I




For Commercial buildings, TRC performed on-site equipment-level metering
for select load shapes.

This involved:

@ Designing a metering plan to determine the sample size needed to achieve 20%
precision with 80% confidence for 95% of hours through the year.

e Reviewing the market saturation data and identifying what equipment to meter to
B ensure representative load shapes.

E_ Developing data collection protocols, recruiting study participants, and installing
meters to measure the energy consumption for a duration of 10-12 month.

Load Shape Calibration Study | Primary Data E Gﬂ@n {)
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Sample outreach material developed by TRC to help recruit participants.

Load Shape Calibration Study | Primary Data
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Join an important research
study to help improve
building energy efficiency.

Consumers Energy and DTE Energy are
conducting a study in Michigan with national
consulting firm TRC to learn how electricity
is used in commercial facilities across their
service area.

The information gathered through your participation will
help your energy providers reliably and efficiently meet
your energy delivery needs.

»& [\

i

Participation Requirements
Participants will allow TRC to temporarily install energy meters and

monitor energy usage. Meter installation is quick and easy, with no
cost to you. Meters will not impact ongoing equipment operation.

Benefits of Participation

Participation in this study is an opportunity to be represented in
your utility's long-term planning process.

\ { “ “l.-d"
2

Study Timeline

P, PHASE 1:
v ¥ Meter Installation

The installation will be scheduled
at the convenience of the facility
manager and will take 4-6 hours
depending on the size of your facility
and the equipment to be metered.

PHASE 2:
Monitoring Period

Once installed, meters will remain
installed for 10-12 months to collect
data. During this time you should
use metered equipment as normal.
Contact TRC immediately if there
are any issues with the meters.

DTE
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Final on-site metering sample is detailed beIOW'

Cooling Cooking LED Lighting
Edlcation K-12 A Jilnd = Heating 29 Grocery - Convenience Store Refrigeration 24
Plug-Load 29 Lodging LED Lighting 29 Ventilation S
Ventilation 18 Plug-Load 26 LED Lighting 17
coaling o Ventilation 18  Grocery - Supermarket Refrigeration 20
LED Lightin 53 ilati
Education University g Equipment Count Ventilation 4
Plug-Load 22 iohi
Ventilation 16 Retail — Large —SD > Equipment Count
Ventilation 9 Eaoking =
LED Lightin 21 ah
_— Retail — Small JHng _ LED Lighting 7
Cooking 3 Ventilation 6 Restaurant - Full Service . _
Refrigeration 17
Cooling 24 : _
Market Sector Equipment Count Ventilation 2
Health - Large LED Lightin 11 :
g ghting Cooling 9 Cooking 5
Plug-Load 20 —_
? LED Lighting 43 _ _ LED Lighting 20
Ventilation 7 Office - Large Restaurant - Quick Service . )
Plug-Load 19 Refrigeration 25
oo ! Ventilation 8 Ventilation 3
Cooling 23 — o
Health —Small  LED Lighting 45 — Equipment Count
LED Lighting 69 o
Plug-Load 13 Office - Small LED Lighting 15
Plug-Load 36 Warehouse o
Ventilation 4 Ventilation 1

o ot Ventilation 11 l h ' : Consumers Energy l\
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TRC used the following steps to process on-site metered data:

@,l Clean and compile all the site and equipment specific metadata that the field
technicians collected while at the site.

Perform calculations to convert on-site metered data to load shapes.

@ * For example, we calculated the load shapes for LEDs by multiplying the amperes
logged by the Current Transducers (CTs) and voltages that were spot-measured
during site visits.

.‘6:. Normalize the load shape data to account for differences in weather and other
S operating conditions that impact energy consumption.

Aggregate individual load shapes to a building and end-use level by considering
Q weights for each type of equipment metered.

« For example, heat pumps will get a lower weight when developing the cooling load
shape because they are not as common in the market.

Load Shape Calibration Study | Primary Data ln - Gm@ {)
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Cooling Education K-12

Load Shape for Education K-12_Cooling
Total Loggers: 39
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00154 [\
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Cooling Office

Load Shape for Office_Cooling
Total Loggers: 31

Jan Feb Mar Apr

0.015 1

0.005 1

©
o
o
=)

May Jun Jul Aug

/\ /\ Time of Week
1 /\ Weekday

0.005 1

© 2
o o
— —
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== \Weekend

0.000 4
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% Annual Energy Consumption
=
o

0.010-/\ N e T S
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Heat Lodging

Load Shape for Lodging_Heating
Total Loggers: 29

Jan Feb Mar Apr

0.015-—‘\/~ \l\../‘ v \/_
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0.015 - Time of Week

0.0101™ " = ~ - ™ - . Weekday
0.005 1 = \Neekend

Sep Oct Nov Dec

0.015 1 V ‘\,/‘

0 5101520 0 5 101520 0 5 101520 O 5 10 1520

Hour ransnmers ne.
Load Shape Calibration Study | Results I_'JE c@ {) 31

Counton Us®




S,
Lighting Office

Load Shape for Office LED
Total Loggers: 111

Jan [ Feb [ Mar Il Apr |

0.03 1
0.02 -

0.01 1

72N/ \U /a2 NN

0.00 1
§ May [l Jun [ Jul [ Aug |

g-o.na-

8 0.02- Time of Week
5 Weekday
EO.{H- == \Weekend
o

& 0.00+

=

| Sep Il _Oct | Nov |[ Dec |

0.03 1

0.02 1

0.00 4

0 5 10 1520 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
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TRC proposed the following improvements to load shapes for the 2026 MEMD:

T S PPR

Normalized industrial load shapes by weekday/weekend to account for site-by-site
variations.

Rationale:

« AMI data is premise level, and the hourly energy consumption can vary due to different factors specific
to each industrial facility included in our analysis.

« Afew extreme demand events like shutdowns, outages, holidays can skew hourly averages.

« |t is difficult to normalize for all these factors using typical predictive models because of the large
number of variables.

| 2026 MEMD Updates D h ' o comumersenerar> 4)
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TRC proposed the following improvements to load shapes for the 2026 MEMD:

T S PPR

Normalized industrial load shapes by weekday/weekend to account for site-by-site
variations.

Approach:

» We calculated the average weekday and weekend usage for each month across all industrial facilities in
each industrial segment.

* This gives us 12x2 daily shapes which are less susceptible to be impacted by outliers as we are
averaging across multiple days within same month.

« From this we developed 8760 load shapes by mapping those 24 representative days back enly-to the
calendar year, assuming all weekday/weekend in each month follow the same profile.

| 2026 MEMD Updates D h ' o comumersenerar> 4)
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Comparison of Load Shape Aggregation Methods (Using Synthetic Data) illustrates how our
proposed approach helps account for outliers better than the regular average.

Hourly Load for 10 Sites (with outlier)
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1000 q"
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Comparison of Load Shape Aggregation Methods (Using Synthetic Data) illustrates how our
proposed approach helps account for outliers better than the regular average.

Average Hourly Load Shape
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Comparison of Load Shape Aggregation Methods (Using Synthetic Data) illustrates how our

proposed approach helps account for outliers better than the regular average.
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TRC made the following improvements to load shapes for the 2026 MEMD:

S P
Eﬁ T
T

Applied weighted averages to account for differences in prevalence and energy
consumption by building type in Michigan.

Rationale:

« A simple average assumes equal energy consumption across all building types. A weighted average
accounts for each building type's relative contribution to the overall energy consumption in Michigan.

Approach:

« We used EIA's 2018 Commercial Buildings Energy Consumption Survey (CBECS) data for estimates

of energy consumption for different building types to develop the values for calculating the weighted
averages.

Gt:;l;snmers Energy )\
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TRC performed an analysis to quantify the impact of the proposed updates
and found that:

» The proposed updates had a big impact on the ratio of Hourly Load Share .., and Hourly
Load Share ,,, for all industrial, LED and Plug Load end uses.

| 2026 MEMD Updates I h "E ] 4)
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Hourly Load Share Hourly Load Share Peak/Max A)
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Heating (except lodging)

Refrigeration (all
buildings)

Refrigeration
(restaurants)

Water Heating

Cooling

Weighted
Average

Simple Average

Weighted
Average

Simple Average

Weighted
Average

Simple Average

Weighted
Average

Simple Average

Weighted
Average

Simple Average

Hourly Load Share

Max

0.0008181263344

0.0007399939872

0.0001572579966

0.0001594553125

0.0002020080744

0.0001987465700

0.0002315037335

0.0002740708751

0.0007327391780

0.0008351317141

Hourly Load Share

Peak

0.0000015574816

0.0000013383268

0.0001518594520

0.0001540027204

0.0001844353833

0.0001782003450

0.0001275954513

0.0001369496008

0.0004749408552

0.0005440455696

Peak/Max %
Difference

0.001903717745
5

0.001808564395
1

0.965670778165
3

0.965804889373
6

0.913009956976
5

0.896620983194
8

0.551159367519
8

0.499686808226
4

0.64817/1777161
7

0.651448819883
3

5%

0%

2%

9%

-1%




Thank You

Angel Moreno, CEM, LEED AP Sagar Deo
Director Senior Managing Research Engineer
TRC | Research & Consulting TRC | Research & Consulting
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