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é/ Consultant Engagement

« After an RFP process, PJM engaged with Itron starting in late
April to perform a model review and to make recommendations
for potential model enhancements as we transition to an hourly
model for the 2023 Load Forecast.

— Early discussion and feedback session at Load Analysis
Subcommittee (LAS) on June 10, 2022

— ltron presented their review and recommendations, and solicited
feedback at LAS on July 28, 2022

— ltron delivered their final report to PJM consistent with their
presentation from July 28, 2022
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é/ Itron’s Recommendations

1) Replace Annual/Quarterly End-Use Indices with Monthly/Daily Indices
2) Continue with Weather Simulation Approach

3) Replace Daily Models (Energy, Zone peak, and Coincident peak) with
Hourly Load Models

4) Adjust Loads for Solar and New Technologies Through the Simulation
Process

5) Capture Increasing Temperature Trends
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é/ Recommendation #1

1. Replace Annual/Quarterly End-Use Indices with Monthly/Daily Indices

Heating. cooling, and base-use load indices can be derived from monthly class SAE models.
The SAE models are well documented, used by many utilities for long-term sales and energy
forecasting, and are relatively robust in the sense that adding new data and dropping old data
does not generally result in significant changes in the model parameters. Indices based on
monthly (vs annual models) provide significantly more observations and as a result require
fewer years of historical data; resulting in estimated model parameters that will be more
representative of the current and forecast periods. Monthly models will also result in stronger
heating and cooling coefficients because there 1s generally more weather variation in monthly
data series than in an annual data series.

« Shift away from using annual data to benchmark heating,
cooling, and non-weather sensitive trends and instead use
monthly data

« Stronger models that better represent end-use trends and
allow to use fewer historical years.
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é/ Recommendation #2

2. Continue with Weather Simulation Approach

Given the diversity of weather across PTM zones, it 1s nearly impossible to define a normal
daily or hourly weather pattern for the entire system. The current method of developing load
distributions from zonal weather simulations represents the best approach for estimating
expected long-term demand. Twenty-years of historical weather data with 7 rotations within
in each year provides a strong basis for simulating the distribution of load outcomes.

* Weather simulation offers ability to capture realistic
diversity patterns across large geographic footprint

* Indicate that using 20 years and 7 rotations (2022
Forecast had 27 years and 13 rotations) should give a
“strong basis” for the load distribution.
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é/ Recommendation #3

3. Replace Daily Models (Energy, Zone peak, and Coincident peak) with Hourly Load
Models

The need to capture the impact of solar, EV, and other technologies that are reshaping demand
requires an hourly modeling framework. Replacing the set of zonal daily models with the
hourly model described in the report will meet this need. PIM should utilize the hourly rolling
weather approach with two-part heating degree and cooling degree variables. PIM should
interact these weather variables and other hourly model variables with heating, cooling, and
base-use indices developed from the SAE models.

* Hourly models will provide more flexibility for incorporating
future trends.
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é/ Recommendation #4

4. Adjust Loads for Solar and New Technologies Through the Simulation Process

To correctly account for solar, EVs and other load adjustments, the hourly projections for
these technologies should be constructed to be consistent with the weather simulation process.
Each load simulation can then be adjusted appropriately to reflect the impact of solar and other
weather-sensitive technology adjustments for each simulation. The load impact of EVs and
other non-weather sensitive technologies will also need to be adjusted within the simulation
process, as the impact of EVs and other technologies on load depends on the net of solar
simulation outcome. The adjusted hourly load simulations can then be post-process to derive
zonal adjusted peak and energy and coincident peaks from the aggregation of the net zonal
hourly load forecasts.

* Incorporate technologies into the simulation process at an
hourly granularity.

« Better anticipation of technology impact on demand
shapes and the resulting peaks.

PJM©2022
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Recommendation #5

5. Capture Increasing Temperature Trends

Long-term temperature trends should be evaluated for each of the planning zones with results
used to adjust cooling and heating indices that are inputs i the hourly load models. We expect
to see imncreasing temperatures across the PTM service area that will contribute to an increase
in cooling requirements and a decrease in space heating loads. Zone-level temperature trends
can be used to construct trended HDD and CDD that are in turn incorporated into the heating

and cooling model indices.
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Ongoing climate trends could have an impact on future
space heating and cooling needs.

Long-term forecasts should take these trends into
consideration.
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é/ Load Forecast Plan

« PJMis in the process of evaluating Recommendations 1-4 for
the 2023 Load Forecast, and will report on its progress through
LAS.

— Part of Recommendation #2 calls for shortening the weather

history used in the simulation to 20 years. We plan on running a
sensitivity to gauge the impact of this change prior to deciding on

whether to incorporate.

* Incorporation of Recommendation #5 (climate trends) will require
additional thought and education with stakeholders. Tentative
plan to incorporate with 2024 Load Forecast following

stakeholder engagement and review.

PJM©2022
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Implementing Recommendations
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épjm Sector Data — Annual to Monthly
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é/ Overview of Sector Models

 Purpose of sector models is to derive trends for heating, cooling, and other use.

« Estimated on monthly observations from 2011 on

— Models

* Residential
— Customer
— Average Use per Customer

e Commercial Total Use
* Industrial Total Use

— Drivers
* End-use saturation/efficiency and intensity

 Economics
— Households, Real Income, Population, Employment, Real Output
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é/ Residential Sector

 Residential Sector has two models

— Customers
* Driven by Households

— Average Use per Customer
* Driven by

— Economics (Real Income per Household and Household Size)
— End-Use Intensity (Appliance Saturation and Efficiency)
— Weather (Heating Degree Days/Cooling Degree Days)
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Residential Sector
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é/ Commercial

« Commercial Sector has one model

— Driven by

« Economics

— Combination of three variables - Service Employment (30%), Real Service
Output (30%), Working-Age Population (40%)

« End-Use Intensity (Use per Sq Foot)
 Weather (Heating Degree Days/Cooling Degree Days)
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ép]m Commercial Sector

DPL Commercial Use
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é/ Industrial

 |ndustrial Sector has one model

— Driven by
« Economics (Real Industrial Output)
* Intensity (Energy per Real Output)
* Weather (Cooling Degree Days)

— No one size fits all
» Control for historical outliers

 Look at what works best

— Combination of Economics/Intensity, just Economics, or no Economics or
Intensity
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Industrial
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Aggregate Sectors to Total — Heating and Cooling
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é/ Daily Heating and Cooling Indexes

DPL - Heating and Cooling (1/1/2011 = 1.0)
1.10

1.08 Heating and Cooling Indexes
1.06 later get interacted with

1.04 weather variables in the hourly
1.02 model to determine weather
1.00 sensitive load contributions.
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épjm Aggregate Sectors to Total - Base
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é/ Daily Base Index

DPL - Daily Base Index (1/1/2011 = 1.0)
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Interacted with calendar
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2 Hourly — Net Load and BtM Solar

—Net Load
BtM Solar
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= Hourly — Net Load, BtM Solar, and Gross Load

DPL - January 29, 2021
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Building Hourly Models

FIGURE 4-9: EXAMPLE OF ESTIMATED MODEL (HE18)

d GFOSS |Oad IS the [ u %% Interacts with XOth
. DayTypes Intercept_Kither 4 A ; s er
dependent variable for e ST e e - - T SSETTS
orthWars. Fet ) _ I cefficie StdEi .
Monthiars. Mar 77148 8422  9ip1| [SlendarMLK AT.283 S0.244 Calendar NYEve BEEST  -0.60d
the hou rly models MonthVars MarDST 4426 2792 Asps| [CatendarPresDay n o am dail Jcatendar Nvoay A8INTT 46315 395
MorthVars Ape 03588 10341 -10.075 c:mnu; Membay T Gl e DayTypes WhAkerMewYear| 20083  10.327 1,545
MocthVars Jun 733 118 £6ae| [Crendseduyinn S AT T T e T
MorthWars.Jul 16406 14633 -1147| |Calendar LaborDay 9748 50150 -0.793 Dy Lypas. WG ARestol J09Y, 1od, 95
MorthVars. Aug 21176 16 810 1260 Calendar Thanks 378458 49,853 591 DayTypes Phaset -T8.117 14,309 545
* One model for each et A 1ao 1R |Calendar FraThanks 77670 49667 2668||  |DayTypes Phase2 90.195 11040 8
Klorthars et 81147 12 903 &5 745 Dl:i'"ﬁl'pli WikBeforeXMas =f, 743 15597 0 495 D‘I!p'T}'FE’E Fhazel 93.289 12.T11 T
MonthVars Nov 28T 12106 26es| [Calendar MasEve 5358 81256 -17ES Dy Types Phased 31587 11.900 54
h our MorthVars NevDST 16495 3604 4577 [Salendar MMasDay 359132 50854 -7 052 DayTypes. Trend2015 23962 4451 -5.384
MorehVars Jan\Walk 484 1381 4355
MordhVars FebWalk ams 1 3420 Heating Vars Interacts with XHeat Coaling Vars I Interacts with XCool
MorthVars MarWalk 0718 1583 0454 : — —
e Previ lv defined Bloethvas Maria e rom S| RO e T ——etest S L T ]
orhars. A } ! ] HD1HDT 177 | ‘ ] L
revious y efne MonthVars Junialk 529 112 4e0s) |HD2 HDZ 17 21168 2171 a.751| |[cD2.TDZ 17 BS22 1778 4792
. . Monthars JulWalk . 608 1045 -0.580 LaghHD_17 T.148 2182 3278 L D 1T 32113 2 969 10,817
H eat| n g y COOI IN g y an d RORL VLIS DG ; Sty VR ] ﬂ.ug!ﬂ-?ﬂ_ﬂ 4650 0T 6381 ﬁl ﬁ#&_l? 6928 1307 5299
Month\ars gz'p'l"ll'l: —s E?E 1 1;3 -; 124 Lag24HC Lag24C0_HD1T -1.440 7260  40.198| |Lag24HC Lag24HD CDAT -25.459 9861  -2586
Oth er Indexes are SRS are i 04| [WhEndDD WkEnaHD1T 0475 0628  0.757| [WkEndDD WKEndCD17 0237 0870 0272
onthVars. DactValk 0281 1311 0216] [SeasHD.SpingHD1T 0543 0636 0854 |[SeasCD SpingCD1T 9997 1493 43391
Diay Types Monday wosl 3532 i106s] [SeasHD.FalHD17 0977 0700 -1.397| |SeasCDFalCD1T 15404 2052  -T509
Ieve rag ed a n d DayTypes. Tuesday 006 3565 gsep] [ColdWind WindHD1T 18.443 2617 7.047 | |HeaWind WindCD17 -2.640 6.026  -0.438
. . DayTypes Wednasday 326 35T g.320| |CeldClouds ClowdHDIT 36,500 4.051 9011 |HotClouds CloudCO17 -137.085 10435 13138
| nte raCted Wlth we ath er DayTypes Thursday 33936 3558 9537 |Daly MATD_HOD T8 0.8 T35 | |Daity MATO_CDD 5.254 1645 3195
DiayTypas. Friday 25642 3552 12150 |Daly MAZE_HDD 0284 1.294 0272 | |Dashy MAZE CDD 1.096 3030 0.355
a nd Cale n da r Va r| a b I es DayTypes Saturday A2TT6 2736 A.669) |TrendDD.Trend HD17 0670 0.314 2137 | |TrendDD.Trend CD1T 1.258 0.330 3.930

www.pjm.com | Public PJM©2022




é/ Weather Simulation

* Forecast model is simulated through historical weather.
— Calculate Gross Load
— Simultaneously calculate BtM Solar

 Number of simulations will be dependent on:

— Number of historical years included

o« 2022 Load Forecast used 1994-2020. Recommendation is to use
last 20 years.

— Number of rotations (13 day or 7 day)
« 2022 Load Forecast used 13 day. Recommendation is to use 7 day.
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é/ Weather Simulation

DPL Model Result
One Set of 2019 Weather Simulations

* Model is simulated for each
zone and weather scenario

« Technology shapes (Electric
Vehicles and Battery Storage)
can be added at this time too.
These are discussed on later
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é/ Apply Technology Shapes — Electric Vehicles

« Leverage hourly shape information from EVI-Pro
(https://afdc.energy.gov/evi-pro-lite/load-profile )

— Collaboration between National Renewable Energy Laboratory
and the California Energy Commission

— Provides EV charging shapes under various assumptions
* Average Daily Miles
* Average Ambient Temperature
« Share All-Electric vs Plug-in Hybrid and Sedans vs SUVs
« Mix of chargers available
* Preference for home charging
 Home and Workplace Charging Strategy
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é/ Apply Technology Shapes — Electric Vehicles

 We pulled 4 charging shapes

— Shape A: 80% Preference for home charging and charges as
fast as possible

— Shape B: 60% Preference for home charging and levelizes
charging

— Shape C: 60% Preference for home charging and delays all
charging to be ready by departure

— Shape D: 60% Preference for home charging and delays
work charging to be ready by departure and home charging
to start at midnight
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é/ Apply Technology Shapes — Electric Vehicles

EV Charging per Vehicle (KWH)
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é/ Apply Technology Shapes — Electric Vehicles

EV Charging per Vehicle (KWH)

1.4

* Over time blend charging
strategy away from un-
managed charging (Shape A)
towards a more levelized
charging (Shape B) that
mitigates peak impact
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é/ Apply Technology Shapes — Battery Storage

 Behind the meter batteries are assumed to be used In
conjunction with distributed solar.

« Batteries will charge when there is enough solar production to
cover the battery charge and discharge at peak when solar
production is lower (later in the day)

 We are assuming behind the meter batteries are 2 hour duration

* Hourly shape is constructed on a monthly basis by looking at
average hourly capacity factors from distributed solar and typical
peak hours.
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Apply Technology Shapes — Battery Storage

Battery charges
when distributed
solar can cover
battery amount
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é/ Results Processing

* Results from model simulation (gross load and solar) are
combined with EV, storage, and any identified forecast
adjustment load (such as data centers) to get to final hourly
zonal loads.

« Zone are aggregated to RTO and LDAs.

« Peaks (50/50, 90/10) and Energy results are calculated in a
similar manner to what we currently do.

PJM©2022

www.pjm.com | Public



é/ Next Steps

 Qctober 18th LAS
— Further evaluation of recommendations
— Discussion of plan for 2023 Load Forecast

« November 29" LAS
— Preliminary 2023 Load Forecast

* December 6" Planning Committee
— Preliminary 2023 Load Forecast

 End of December 2022
— Final 2023 Load Forecast
— 2023 Load Forecast Supplement (December 2022/January 2023)
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é/ Contact

SME/Presenter:

Andrew.Gledhill@pjm.com

Member Hotline
Load Forecast Model Development (610) 666 — 8980

(866) 400 — 8980

custsvc@pjm.com
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