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Bottom-Up Feeder Forecast vs System Forecast

» The DTE Distribution Planning Forecasting solution is designed to generate 20-year
ahead hourly forecasts by feeder (~2,900), busbar (~1,200), and substation (~550),
integrating DERs, new technologies and their appropriate interactions.

DO Forecast Window: System Top-Down vs Bottom-Up (1/1/2023 - 12/31/2027
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Baseline Loads



Feeder Peak Load (MVA) vs Daily Average Dry Bulb
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Feeder Peak Load (MVA) vs Daily Average Dry Bulb
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Feeder Hourly Load (MVA) Vs Dry Bulb 12AM

# Other

& Saturday

o pp—
[ —

14
13 -eeee-

[ [ I
B -

00 Buluuibag InoH peo

F T
0

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 a0 95 100

10

Dry Bulb Hour Beginning 00




# Other

4 Saturday

14

13 g-m-e-

h
.
.
.
f

=+

8 4------
A
6

54 ..

10 Buiuuibag JnoH peo

B5 70 75 80 85 90 95 100
01

60

15 20 25 30 35 40 45 50 55
Dry Bulb Hour Beginning

10

Feeder Hourly Load (MVA) Vs Dry Bulb 1AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 2AM




Feeder Hourly Load (MVA) Vs Dry Bulb 3AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 4AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 5AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 6AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 7AM




Feeder Hourly Load (MVA) Vs Dry Bulb 8AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 9AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 10AM




Feeder Hourly Load (MVA) Vs Dry Bulb 11AM
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Feeder Hourly Load (MVA) Vs Dry Bulb 12PM




# Other

4 Saturday

14

13 g-m-e-

8 4------
e

6

5 [ E——
3_-......

¢} Buiuuibag JnoH peo

15 20 25 30 35 40 45 50 55 60 65 70 75 a0 a5 a0 95 100
Dry Bulb Hour Beginning 13

10

Feeder Hourly Load (MVA) Vs Dry Bulb 1PM




Feeder Hourly Load (MVA) Vs Dry Bulb 2PM
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Feeder Hourly Load (MVA) Vs Dry Bulb 3PM
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Feeder Hourly Load (MVA) Vs Dry Bulb 4PM




Feeder Hourly Load (MVA) Vs Dry Bulb 5PM

& A Saturday ] # Other

Load Hour Beginning 17

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 a0 a5 a0 95 100
Dry Bulb Hour Beginning 17




# Other

Saturday

14

13 g-m-e-

44

'
'
'
H
T
[Ts)

8 4------
b
6

g} Buiuuibag JnoH peo

3 g----

15 20 25 30 35 40 45 50 55 60 65 70 75 a0 a5 a0 95 100
Dry Bulb Hour Beginning 18

10

Feeder Hourly Load (MVA) Vs Dry Bulb 6PM
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Feeder Hourly Load (MVA) Vs Dry Bulb 7PM
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Feeder Hourly Load (MVA) Vs Dry Bulb 8PM
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Feeder Hourly Load (MVA) Vs Dry Bulb 9PM




Feeder Hourly Load (MVA) Vs Dry Bulb 10PM

# Other

4 Saturday

ZZ Buiuuibag noH peo

B5 70 75 80 85 90 95 100
22

60

15 20 25 30 35 40 45 50 55
Dry Bulb Hour Beginning

10




# Other

4 Saturday

LR

14

13 g-m-e-

8 4------
7

3
[
44

¢Z Buiuuibag JnoH peo

v
'
'
'
H
T
o (2]

B5 70 75 80 85 90 95 100
23

60

15 20 25 30 35 40 45 50 55
Dry Bulb Hour Beginning

10

Feeder Hourly Load (MVA) Vs Dry Bulb 11PM




Feeder Summer Peak Accuracy Distribution:
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Peak Weather: Climate Change Trends

>

— PKTDD Base = PKHDD ?

20.0 scenario 40 scenario
175 35

15.0 30

125 25

10.0 1 20

7e Peak-day CDD 15 | | Peak-day HDD

| increases 0.3% per year decreases 0.3% per year |
50 10
D'UJan—DB Jan-11  Jan-16  Jan-21  Jan-26  Jan-31  Jan-36  Jan-41  Jan-46 UJEIH-UB Jan-11  Jan-16  Jan-21  Jan-26  Jan-31  Jan-36  Jan-41  Jan-4@
Extreme Summer Weather Extreme Winter Weather

* 1in 10 Summer Peak DB = 2.3 deg > Base . 1in 10 Winter Peak DB = 6.8 deg < Base

* 1in 20 Summer Peak DB = 5.6 deg > Base . 1in 20 Winter Peak DB = 18.1 deg < Base



Feeder Hourly Load (MVA) 5PM
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Feeder Hourly Load Vs Dry Bulb 5PM: Peak Zoom
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Load Vs Dry Bulb 5PM: Scenario Forecasts
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Feeder Baseline Peak Day Load Shape
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Components of Change



Forecast Waterfall Example
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Forecast Waterfall Example
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Electric Vehicle subcomponents

Fleet Vehicle Charging

Passenger Vehicle Charging

Charging Type Stock Units

Light-Duty Sedan Vehicle Miles Traveled

Medium-Duty Truck Vehicle Miles Traveled

Agriculture Truck Vehicle Miles Traveled

Charging Type Stock Units
Res Level 1 # of Ports
Res Level 2 # of Ports
Workplace Level 2 # of Ports

Construction Truck Vehicle Miles Traveled

Public Charging Level 2 | # of Ports

Utility Truck Vehicle Miles Traveled

Public Charging DCFC MW or MVA

Tractor-Trailer Vehicle Miles Traveled

Drayage Truck Vehicle Miles Traveled

Refuse Truck Vehicle Miles Traveled

Bus Vehicle Miles Traveled
K Each fleet vehicle charging category \
requires forecasts of the following:

> # of Vehicles
» Vehicles Miles Traveled
» KWh / Mile

-

Each passenger vehicle charging category
requires forecasts of the following:

» # of Ports

» Annual KWh / Port

K> Hourly Load Shape j

» Hourly Load Shape

\_




Passenger EV Load Shapes (EVI-Pro Lite)
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Residential Level 2 Charging — EV Submeter Data

» Utility sample of 1,200 customers on their EV Rate
* Dedicated submeter for EV charging
* 11 pm - 9 am is off peak

e On/Off price ratio:~2to 1 [ Individual EV Submeter Data ]
2022704101 00.00 EDT - 2022/04/30 24.00 EOT (Eastern) 2022/04/01 00:00 EDT - 2022/05/31 2400 EOT (Eastern)
8.00 =
_ H [ I 1500 B Example:
a0 Elxample: Start at 11 pm
Infrequent 1200
g 4.00 1 g 5.00
£.00
2.00 * 1 1+ ‘
T 200
000 | Ll Charging 0.00 BN Charging
0 03 05 07 09 20 3 3 2 2 0 01:00  03:00  05:00 07:00 09 i 17:00  12:00 21:00  23:00
1z 04 06 08 Frequency |z =z 2 2 2 = 02:00 04:00  06:00  08:00 Strategies £:00  18:00  20:00  22:00 24:00
\ i
2022/04/01 00:00 EDT - 2022/04/30 24:00 EDT (Eastern) Exampfd?22004/01 0000 EDT - 202210531 24.00 EDT (Eastern)
10.00 Example: 10.00 Charge by 7.a.m.
8.0 Every Day 8.00
g 6.00 g 800
4.0 - 4.00
WAL L
ooo Ly |“||I] 1 ||1.| ‘L AR || LI ‘ LML, ‘u L1 0.00 -
ot 03 05 w7 03 11 13 15 17 13 21 23 25 27 23 o1 01:00  03:00  05:00 07:00  09:00  11:00  13:00 15:00 17:00  19:00  21:00  23:00
G2 04 06 08 10 12 14 16 18 20 22 24 26 28 30 02:00 0400 06:00 08:00 10:00 12:00  14:00 16:00 18:00 20:00  22:00 24:00




Residential Level 2: Weighting Charging Strategies

» Charging Strategies Level 2 Charging Strategies

+ Scheduled: charge at 11PM ,
- Délay: — charge by 05,06,07,08

- IREEEE: — charge after work 1000

» Slow: — flatter version of immediate | -

Tue Wed Thu

g 5Scheduled  eege=Delay e—gesimmediate  sge=Sow

)

Level 2 Charging Profile

]

» Final Level 2 profile is a 20
weighted average of the
strategy profiles, where the
weights vary over time.
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EV Diversity by Sample Size

Level 2 Charging Shapes based on Vehicles / Circuit ]
[ Res Level 2 Peak / Port ] :> L
10 B — Y5
g 800 EVID
- 8 5.00 — V25
g 7 ) EVS0
'E' 6 - ——EVIOD
2 5 3 — Y500
~ 4 —EV1000
.‘Fu 3 2.00
& 2 -
1 L A
° e o M T wed Tt F sat
1 5 10 25 50 100 500 1000 o e e o " ' ’
Sample Size

» Based on # of Res L2 Ports 0% |

» Max KVA / Port falls as number of ports a0
grows 20% I !
» Weight shapes over time based on 0%
i VA el s e I S g A . e AT S g S L CR P A S
\ vehicles per feeder / L R i

mEVS EV10 mEW25 EV50 EV100 mEVS00




Presenting the Forecast



Distribution Planning Dashboard:

Node:| AKRON Import Data
Type: | Substation s 2033 j | Summer j ‘ lin2 j I Calibrate Thursday, July 21, 2033
WSs: 1in 10 Restore Defaults To g g I es
Forecast Inputs . .
e oz T os T o T woss T x5t | xome T o5 | wome T osr T oe T or T 305 T w08 2033 AKRON: Summer Peak Day AKRON: Summer Peak Forecast
Year | summer Cust | Projects | Solar PV | ResEV LL|Res EV L2] Work EV | PC EV L2 | PC EV FC | Flect EV | Storage | Elec | EWR DR e 660
Units | Mva # MVA | MVA | Forts | Ports | Ports | Forts | MVA [ MVA % % MVA o
60.0 64.0 o
2023 | s34 a1 0o 00 25 69 0 5 00 1 oo | oo% | 100% | o0 || An nu al Peak o
2024 | s34 52 0o 01 58 172 0 12 00 1 00 | 00% | 100% | oo || seo e — 620 o |
2025 | s34 100 | 317 0 25 00 3 00 | 0% | 0% | oo || S o
2026 | 534 31, Pl 151 510 0 39 00 5 0.0 100% | 100% 0.0 - 400 = 60.0 o
2027 | s34 | 31 anner 1 754 0 53 00 10 oo | 1w00% | 0% | oo | § \.“_. _e-® T g0 o g
2028 | s34 | 31 21 | 1Lo6e 0 82 00 16 00 | 100% | 100% | oo [|& 3% a8 ki o
2029 | s34 | 31 In puts 366 | 1459 0 113 00 23 0o | w00% | 0% | oo [[E o0 = 560 O
2030 | s34 | 31 68 | 1952 0 152 00 S 00 | 0% | 100% | oo (|2 E 10 —
2031 | 534 314 320 00 05 578 2,520 0 198 0.0 a8 0.0 100% 100% 0.0 100 Peak Day ———p—t——"
2032 | sas | 313 | 3% 0o 06 538 | 3,125 0 246 00 51 o0 | 100% | 100% | o0 520
2033 | s3a | 313 | a7 0o 07 795 | as07 0 298 oo 77 00 | 100% | 0% | oo 00 | SE
2034 | ssa | s13 | a2 0o 07 897 | 5289 0 351 00 a5 o0 | 100% | 100% | o0 ;§§§§§§§§§;;§EEEEE§§ 500 e e e e o mom o owoe oo oo
2035 | s34 311 428 00 0.8 993 | 6,085 0 406 0.0 114 0.0 100% | 100% 0.0 R ERE R R EEEEREE R R SR L e LR
2036 | s34 | 312 | as1 0o o9 | 1081 | 6386 0 462 00 133 00 | 100% | 100% | 00 . N
2037 | s34 | 312 471 00 10 | 1158 | 7,690 0 519 00 152 o0 | 100% | 100% | oo ‘ 104.9% of Capacity ‘ Load Exceedance in 2031
2038 | s34 | 312 | ass 0o 11 | 1224 | 8480 0 575 00 172 oo | 0% | 100% | o0
2039 | s3a | 313 | so3 0o 11 | 1274 | 9228 0 629 00 190 oo | 100% | 100% | oo
2040 | s34 | s1a 516 00 12 | 1300 | 9923 0 579 00 207 00 | 100w | 100% | oo | Contubutors 2033 AKRON: CP Impacts
7.00
7.00 o
2033 AKRON: Summer Peak Da . < A R
Y 2033 Scenario Peak Forecast A &0 C t A b t o 2 50 Coinci d ent
Results Base |Scenario| A z 0 n rl U 0 rS __E_, o
Capacity (MVA] 55.00 2 o k
= 6:00PM | LOMVA | 1.8% - Em % am Peaks
Peak (MvA) 56.68 | 57.69 | 10 = a
T 2 £ 20
Exceedance (MVA) 1.68 2.69 1.0 k] = -
*Peak Time 6:00 PM | 6:00PM| 0 > 3m 3 I
o £ a o B - W -
Residential Cust 6,945 6,945 3 i
£ 200 5 -1.00
Com Sec Cust 1,037 | 1,037 Results -
Com Pri Cust 931 931 1.00 H 3'00
g s w s s c sy
Ind Cust 0 0 0 e 3§§;§:';§%EE|E:'=E
Total Cust 8914 | 8914 | © iy E§EEESSIEEEEEEEEEEEE g & L 3;, ¢ i"’éﬁﬁlg g
HEEEEEEE EEEEIEECE z S £
peak / Cust (KvA) 6.4 6.5 0.1 AN YR ENRRIERERIIIERIEES C s'gx' 1‘55 E
. rog g = S
6.0 MVA @ Substation Peak 2 2 g

*Eastern Prevailing Time (Hour Beginning)

I

Base ==Capacity -e=Scenario © Load Exceedance‘




CONTACT US

forecasting@itron.com

- SolarPV
Netmetering ~ Weather normalization
Electric vehicles In-depth interviews Portfolio design
Market assessment Net oeneration Regulatory compliance
ate policy DG generation profilesheasurement & verification

mant response ECONOMETric analysisetlad Variance Analysis
» mining D2t cleaning/validationMicrogrids Statistical analysis

Wind

iingsimlation Short-term/Long-Term Renewable en

Neural Networks ; Resource plannin
Customer segmentation ForecaStlng On-site san:.reys ¢

Ilustnmerl_nlelligem:efllerg)' angineering Strategic plannin
b C[F ﬁt'efg?;cme"ess Grid integration program rehagtesfincentiueg
Wed Hieat & Fower End-use load Shapes — yariet intelligence  7prg Net Energy

Energy storage arket characterization Program targetin
Energy policy Program design mug an onn%”;;%p
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BONUS SLIDES




Summary of Modeling Methods

Error Minimization Pena!tv Hyper Train Test MAPE

Function Params MAPE MAPE Delta

oLS Sum of Squared Errors (SSE) 1.43 1.51 0.08
Ridge Sum of Squared Errors (SSE) L2 Al 1.43 1.51 0.08
Lasso Sum of Squared Errors (SSE) L1 A2 1.43 1.51 0.08
Elastic Net Sum of Squared Errors (SSE) L1, L2 Al, A2 1.43 1.51 0.08
Least Absolute Sum of Absolute Errors (SSD) 1.44 1.55 0.11
Quantile Sum of Max(gxe, (g-1)xe), LADifg=.5 1.39 1.52 0.13
Support Vector Sum of Absoulte (e - eps) L1 C, eps 1.44 1.54 0.10
Decision Tree Wide Tree Depth, Split Limits,#Factors, ... 1.47 2.98 1.51
Random Forest Many Wide Trees #Trees, Depth, Split Limits, ... 1.07 2.48 1.41
Gradient Boosting | Tall stack of weak learners # Levels, Depth, Learning Rate, ... 0.95 1.62 0.67
OLS with Boosting | Regression with GBR model of errors Settings for Boosting 0.90 1.36 0.46
OLS with AR1 Regression with AR1 model of errors Order for AR process 1.25 1.35 0.10




Climate Change Adjustment Process — Trend through
2050

B Diff B TDC_Step1 o B TDC_Step3 B TDC_Base

2050

100

Temperature Duration Curve (TDC)
e Step 1: Adjusts to Hottest AvgDB

75

Step 3: Calibrates to Annual AvgDB

50

Difference between the Rotated Rank & Average
25 values and the final 2050 values

0 T T T T T T T T T T T
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SAE Modeling Framework

Residential Cool
Equipment Stock
Saturation & Efficiency
Thermal Efficiency
Square Footage Trends
Usage Trends

Residential Heat
Equipment Stock
Saturation & Efficiency
Thermal Efficiency
Square Footage Trends
Usage Trends

Commercial Cool
Equipment Stock
Fuel Share & Intensity
Floor Space Trends

Commercial Heat

Equipment Stock
Fuel Share & Intensity
Floor Space Trends
Usage Trends

Usage Trends

v

(Res CoolStock +
Com CoolStock) *
CDD

o

(Res HeatStock +
ComHeatStock) *

HDD

Residential Other
Equipment Stock

Saturation & Efficiency
Usage Trends

Commercial Other
Equipment Stock

Fuel Share & Intensity
Usage Trends

Generation Techs (PV)

Equipment Stock
Base year stock
Adoption Rate
Efficiency

Global Horizontal Irradiance (GHI)

Industrial Other
Energy Intensity

Economic Trends

v v v

Res XOther +
Com XOther +
Ind XOther

Y

Electric Vehicles(EV)
Equipment Stock
Base year stock
Adoption Rate
Vehicle Miles Traveled

Charging Type (L1 / L2)
Monthly factors

Efficiency (KWh/100 Miles)

Energym = a + b, X XCool,, + by, X XHeat,, + b, X XOther,, — by X GenTech,, + b, X EVp, + ey,

Ifron



EV Load Shapes (EVI-Pro Lite)

Res Level 2
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Charging Strategies\
Plug in after work
Plug in at 11 PM
Charge By Morning
Slow Charge
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Residential Heating Equipment Impacts

Use / Customer vs Temperature
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Res Stock End Use Saving Shapes (EUSS)

» Basic enclosure

» Enhanced enclosure

» Heat pumps, min-efficiency, electric backup

» Heat pumps, high-efficiency, electric backup

» Heat pumps, min-efficiency, existing heating as backup

» Heat pump water heaters

» Whole-home electrification, min-efficiency

» Whole-home electrification, high efficiency

» Whole-home electrification, high efficiency + basic enclosure package

» Whole-home electrification, high efficiency + enhanced enclosure package
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