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New Trends

Threaten Grid
Stability

EV Ownership

Clustered EV ownership can overload
local feeders and transformers.

Customer Growth/Electrification

New construction & demolitions/
rebuilds are increasingly all-electric.

Weather Extremes

Increasing weather volatility adds new
distribution stress.



The Grld Im pact Customer Digital Twin Model - uses
M Od el (G' M) Information from your actual customers

(excluding personal identifiers) — already

Addresses these curated by us with an Al-assisted process
Concernsand _ - N
xcel Interface - intuitive/familiar user

More experience with dashboards, charts, tables

Anc, e oo tariarain Geographic Detailed - service area, ZIP, block
l | | J group, neighborhood and individual customers

e S Critical Distribution Grid Issues - EVs,
J s electrification, weather extremes, rate
structures, DSM, DER and VPP programs

Comprehensive
utility customer

digital twins database




Example: Impacts of 10% New EV Ownership

GIM Results for actual utility customers in 2 Orlando ZIP codes
GRID Impact Model (GIM) ZIP- and Block-Level Distribution Load Forecasting and Impact Analysis

Al-assisted Block Group and Individual Customer Load Impact Analysis

Select One Analysis Option Below

® |str|but|on System - Georgraphic Area Load Analysm
smaea, ZIP, block grayn and neis Initiate Forecast/Analysis

i e 1. Sclect Geographchrea Analysis

® Forecast loads include imp

>  Extract Individual Customer 8,760 hourly Loads From the GIM Database
® Filter by customer characteristics 4 Cl.'Ck to Proceed

¢ Dashboard summaries and individual customer characteristics & hourly loads; EV, weather, DSM & DER prog
¢ Select a small sample of customers to evaluate load impacts on feeder laterals and transformers to Next Form

Select Forecast Options (Baseline loads are forecast with and without these factors)

ic Vehicles - Al-based EV ownership forecasts and load impacts based on actual household characteristics

=

2 2. Select Forecast EV Options

M  WeatherExtremes -Specify wea

Select a Customer Base Option

3. Demo Setting is Current Customer Base
I  ( Options Also Include 2030 or 2035)

Note: Demo runs include current customer base option customer base.

Load &nalysis Based on Current Dwelling Units & Customer Characteristics




Specify New Service Area EV Ownership

GRID Impact Model (GIM) - ZIP, Segment & Customer Load Forecasts and Analysis

1. Select Increase of 10% EV Ownership Increase

| 10% W Increase in Total Utility Service Area EV Saturation (% of households with an EV)

Specify a potential service area EV saturation. The GIM applies an Al EV ownership model to forecast future individual customer EV purchases. Forecast EV saturations

vary across ZIP codes and customers within ZIP codes as a result of variations in income, commuting distance, householder age and other variables. These variations can
be explored in the RESULTS worksheet.

‘ 2. Clickto Run the GIM Model Forecast

Execute Forecast/Analysis

The model determines EV ownership probability for each of the utility
customer digital twins, assigning new owners as required to reach the
service area assumption of 10%. New ownership varies across ZIPs and
blocks reflecting variations in customer characteristics.



Dashboard, Individual Customer Results

Note: Abaseline and a forecast record are reported Hourly kWh for Each Hour in the Year

GRID Impact Model (GIM) - ZIP, Segment & Customer Load Forecasts and Analysis for each Customer designated by Oand1 Month Jan Jan Jan Jan Jan Jan
Residential Single Family Service Area/ ZIP/Segment Forecast Results Day 1 1 1 1 1 1
Forecastfear: 2024 Service Area Customers: 16.823 E::::: ';jj::':“ i:‘iz::uded inthe Fo Customer Characteristics Day/Hour Thu Thu Thu Thu Thu Thu
Forecast Soecifications Forecast Includes Current EV Qwnership BLN/F Cust ID Weight Adults hildren IncomeHHAGE EDUC  SQFT  YRBLT AnnKWH EISH  ELWH 1 2 3 4 5 [}
—ng\f;::’a"i“‘%f“““’g‘;';; D":;m Gustomer Phters - Applies o Serumce Aot e E'i“NéSE'E,E;';f‘;;TSNO 0 190118081 33 3 0 $157,940 63 16 1,780 1939 17,547 1 1 1.32 1.13 0.87 0.79 1.06 1.16

B o s 0 |feedpemn ma age we| (BB SRR SR = § 5157940 63 16

Bldq fqe  min__newes EY Subset

— . ZIP/Segment Summaries $119,000 41 12

Service Area: Current and Forecast Munlh|y Loads Forecast Specifications and Customer Filters are Shown at the Top of This Worksheet $1195000 41 12

*Cu Fcs BL FC  BL FC  Median Aug Avg Co Na $285 500 60 12

Select Month & ustomer % Cunnual st Evsa an Jan  Aug Aug Income o m  Smpl me
Press Aefresh RefreshGharts | [0 v Mane © b g :554‘;;' e e o e e M M e o b S?,sF'rTn o5 Otlando, FL $28,500 60 12
32807 8432 M0 1608F  BEx Bax Q07 R0 30 B4 B4 © BRTEl 6 M7 1831 T 37 Orlando.FL
Weekday (WD) Baseline & Forecast Peak Day (PD] Baseline & Forecast $142,400 58 12

ZIP Area: Current and Forecast Monthly Loads Filtered ZIP Customers: 8,331 Customers in Sample: 581 $142’400 58 12
\/\ \/\ Petoent of all Customenrs: 1003 $107,300 55 16
Ciae e R = — e T s e $107 300 55 16 1,950 1950 20,856
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Service Area: Customer Average - End-Use Detail

Month: August  [Select Above)|

® .
AVG Weekday kbwh Feak Day Kvw [otal Peak Day M M Foten o 285 5 .
Service Ars End Uses Bas¢ Fos Diff Base Fcs Diff Basel Fost_Diff Base Fcs em 0 rangge HarK
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sugsnkeh 15205 Tetal P 2P Area: Customer Characteristics and Annual End-Use kWh 3 1.46 1.74 2,01 248 270
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Aug Cust Characteristics Annual Mwh 5 1.46 1.75 2.02 2.48 2.70
Med Income  $105,969 End Uses _Baseline__Forecast_Difference| 30 Bel Air .
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5. Chart Data is Also
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SA and ZIP Results Show Small 10% EV Impact

1. Minimal aggregate impact at service area and ZIP level
2. ZIP 32806 peak day impact is the largest at 0.16 KW in August

Service Area (both ZIPs)

August Peak Day Hourly KW Loads
ZIP 32806

KW
o = N W

Peak Day (PD) Baseline & Forecast

_
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Hour
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Peak Day (PD) Baseline & Forecast
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ZIP 32807

KW
o = N W

Peak Day (PD) Baseline & Forecast

_

1 3 5 7 9 11 13 15 17 19 21 23

Hour
e Boceline essssForecast

Customers Aug Peak 9% Peak KW Median AvgYears
Area Total w/Evs  %w/Evs KW Impact Increase Income Education
Service Area 16,823 2,052 12.2% 0.12 3.2% $84,945 14.9
ZIP 32806 8,331 1,466 17.6% 0.16 3.8% $105,945 15.5
ZIP 32807 8,492 577 6.8% 0.09 2.7% $67,522 14.3




Block Group Analysis Shows Huge Geographic
Diversity Across the 49 Block Groups

GIM Heat Maps Provide Easy Visualization Block Group 7 Shows an EV Ownership of 28%

. Lo 4 isE\LE,%ZSt Heat Maps Are
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Nearly All Households With EVs Have Incomes > $100k so Filter
BG7 Customers to Focus on More Affluent BG7 Neighborhoods

GRID Impact Model (GIM) ZIP- and Block-Level Distribution Load Forecasting and Impact Analysis

Filter Service Area, ZIP Rerun the GIM With $1 00k Houshold
[Block Grours > Income Filter

|$1|:||:||-< LI to |$ma” ;I Household Income Selecting the maximum and minimum setting on income, education, floor

&l - Educational Achievement

Imin LI ta |maH LI Floor Space

Imin LI o Inewst ;l Building Construction Year

Peak Day (PD) Baseline & Forecast

™ Select Only Customers with EVs ﬂ
/ EV Ownership in These
Execute Forecast/Analysis .
12345678 910111213141516 AL alelelgleloTe N [gTo (eFFISE AU E={VES] s

Peak by 1.3 kW.

™ Select Only All-Electric Customers E
=

=2 M B G ©

Hour
o Baceline e——forecast




Extract Individual Customer Loads to Assess
Transformer, Feeder Impacts

Note: A baseline and a forecast record are reported for Hourly kWh for Each Hour in the Year
each customer designated by 0 and 1 Month Jan  Jan  Jan Jan Jan Jan Jan Jan Jan Jan
Day 1 1 1 1 1 1 1 1 1 1
Customer Characteristics Day/Hour  Thu Thu Thu Thu Thu Thu Thu Thu Thu Thu
BLN/F: Cust ID Weight Adultshildren IncomeHHAGE EDUC  SQFT  YRBLT ApmHéAY EISH  ELWH 1 2 3 4 5 6 7 8 9 10
0 190118081 33 3 0 $157,940 63 16 1,780 1939 (17,547 \ 1 1 132 113 087 079 1.06 1.16 1.44 1.45 0.63 1.44
1 190118081 33 3 0 $157,940 63 16 1,780 1939 \ 19,770 /_ 1 1 132 113 087 079 1.06 1.16 1.44 145 0.63 1.44
0 190383929 15 2 0 $107,300 55 16 1,950 1950 T 1
1 190383929 15 2 0 $107,300 55 16 1,950 1950 20,849 1 : :
0 190424625 12 2 0 $114,000 36 18 1,860 1950 17,922 1 1 2. Difference in Annual KWh Use
1 ‘1 Two R d. A R ted F. E. . hC : .t . Th 1 Reflects Total Kwh Required For
0 . IWO RecCcords Are heporte or eacC ustomer, e .
1 : : P ’ EV Charging Over The Year.
0 First Reflects Baseline 8760 Hourly Loads and The . R RS Sy
1 Second Reflects Hourly Loads Where an Additional 10% 0.77 07 05 165 258 269 277 271 3.25 1.43
0 ; . 1.04 112 1.21 073 0.84 073 1.32 157 0.73 1.39
1 'Of SerVICe Area CUStOmerS Have PurChased EVS 1.04 1.12 1.21 0.73 0.84 0.73 1.32 1.57 0.73 1.39
0 191397735 22 2 0 $245,400 52 16 1,120 1950 15,871 1 0 091 08 05 049 151 1.07 154 1.47 135 1.39
1 191397735 22 2 0 $245,400 52 16 1,120 1950 17,585 1 0 0.91 0.86 0.5 049 151 1.07 154 147 135 1.39
0

200128853 58 2 2 $180,000 36 22 2,440 1950 18,892 1 1 125 051 051 058 064 12 08 1.04 155 2.04



Transformer/Feeder Customer Analysis

The first sample of 10 actual utility customers shows 3 with EVs (multiple samples can be drawn)

Hourly Loads for 10 Customers (3 have EVs)

1. Significant Diversity In Customer Hourly
Loads in This 10-Customer Sample.

kW

(=] 3] £~ (4] w

1 6 12 18 24 6 12 18 24 6 12 18 24
Hour of Day Average Hourly Loads for 10 Customers

W
o = N W S 1 I o)

2. Increased Diversified Transformer
And Feeder Loads (1.5 -2 KW) Are
Likely to Significantly Degrade Power
Quality Along the Feeder Branch and R Houima;g #oe 2
Shorten Transformer Life.

e \N/Q BV s\ EV

24



Evaluate the Sample of 10 Customers Under Two
Charging Strategies: Managed Charging and TOU

GRID Impact Model (GIM) - ZIP, Segment & Customer Load Forecasts and Analysis

SMART GRID DSM/DER/VPP PROGRAM SPECIFICATIONS - A Demo EV Program Example

The Grid Impact Model provides load impact analysis of individual programs that reduce and/or shift electric loads and incorporate DER technologies
including batteries in a virtual power plant resource. This Demo includes EV management options as an example. Selecting the Managed Charging

program shifts EV charging to overnight periods while the time-of-use rate specifies the initial hour for a reduced rate. Load impacts are shown in the
RESULTS worksheet.

v Apply Electric Vehicle Charging Strategies (this box must by checked to engage either one of the following programs)

@ Managed Charging 11pm ﬂ Hour to Start Managed Charging 4 ﬂ Hours to Stagger Charging
» Time of Use Rate ’szm ﬂ First Hour for Reduced Rate 70% ﬂ Participation Percentage

Execute Forecast/Analysis ‘



EV Load Management Analysis Results

Avg Hourly Loads for 10 Customers: TOU Pricing Time'Of'Use EV Rate at 1 2pm
’ - v O N W Typical “timer peak” reflects 70% of EV owners set
2 3 M ’ | charging timers for first hour of reduced EV rate .
! Shifts, but barely limits peak kW
1 5] 12 18 24 5] Hou?if Da;.& 24 5] 12 18 24
Avg Hourly Loads for 10 Customers: Managed Charging Managed Charging Beginning at 11 pm
‘ A " Utility managed charging staggers EV charging over 4
= Z J\ @ _ \¢ hours beginning at 11 pm.
0 Shifts and smooths EV kW charges
1 6 12 18 24 6 12 18 24 6 12 18 24

Hour of Day

—W/O EV W/ EV



Analysis Summary: +10% EV Ownership

Forecast EV Ownership Varies Significantly Across the 49 Block Groups

An EV Charging Strategy Will be Necessary to:

Address transformer overloading in some areas

Avoid power quality, transformer and feeder issues especially on distribution
lateral lines

EV Charging Strategy Comparison

TOU charging peaks can overwhelm benefits of load shifting in areas with high EV
concentrations

Managed charging is a more comprehensive approach and potentially part of a
virtual power plant strategy



Grid Impact Model (GIM) Characteristics

Forecast Output Detail

1 Service area, ZIP, block group, neighborhood, individual customers

1 Excel interface, dashboards, charts, tables; annual, monthly, & hourly; customer data
Forecast Run Options

 Current year, 2030, 2035
d Weather extremes, EV ownership, electrification , customer growth
(1 One or more DSM options, virtual power plant analysis

DSM Analysis Options

 Space heating , AC, water heating, appliance, electrification, EV, DSM programs
d EVs and home batteries: managed charging and VPP load contributions

Utility Management and Planning Support

1 General utility management, forecasting and planning functions
O Inputs to current distribution system modeling and analysis tools

www.maisy.com/gim.htm



GIM Utility System Planning Support

U Identify areas where EV growth will stress feeders, transformers, and regulators
1 Develop timelines for upgrades before overloads occur

d Model weather-driven peak impacts and resilience needs

 Support general distribution planning with ZIP and block level load forecasts

J Guide siting of non-wires alternatives, storage , microgrids

J Provide data for budget planning, board reporting, and long-term load strategy



GIM Program & Investment Evaluations Support
1 Quantify benefits of managed charging and load shifting

1 Support business cases for ADMS, DERMS, or time-series DMS tools

U Prioritize SCADA, AMI analytics, and voltage management upgrades

 Evaluate ROI of load control for HVAC, water heat, and EV charging

 Provide defensible inputs for grid-modernization and resilience grants

 Justify hosting-capacity tools and GIS model buildout

 Help secure funding for software, sensors, and automation deployments



Integrating GIM in Current Distribution Planning

d With and without power flow models

d Import EV growth as load multipliers or time-series profiles in DSA Software

1 Map block forecasts to feeders, transformers, or GIS service areas

1 Run unmanaged vs. managed charging scenarios to test peak and voltage impacts
1 Prioritize capital upgrades using overload and hotspot forecasts

 Apply weather-based load curves in time-series simulations

 Layer water heater, HVAC, and AC load-control savings to show deferred upgrades
1 Use outputs in hosting-capacity screening and interconnection studies

1 Support screening by linking loads to block-level transformer counts



Grid Impact Model Summary

J Service area, ZIP, block group, neighborhood & individual customer hourly

load visibility, analysis and forecasts

J Based on your utility customer data (personal identifiers excluded) — data

already curated by us — no customer contact required
J Results for current year, 2030 and 2035

J Low-cost tool identifies distribution threats, DSM, DER, & VPP program

potentials, supports utility planning and distribution system modeling

d Intuitive Excel interface, dashboard outputs and block-level geographic detail

J View more at www.maisy.com/gim.htm
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