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é/ Topics

* Why is Short-Term Forecasting Important?
* Inputs to the Forecast

 How Forecast is Developed

* Forecast Timeline

* Forecast Error Monitoring and Reporting

» Solar Growth including Behind the Meter

* Five-minute Forecast
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= Why Is Short-Term Load Forecasting Important?

From Dispatch LoadCast tool, load forecast is used for...

PjM  Loadcast

Load Day

Postings for PJM Members, via
Data Miner 2 and Data Viewer

PJM load forecast is Balancing load and

O CVECL LI EVELL CEGE L generation, via

. , Market, where bid-in Security Constrained
3 load is used. | Economic Dispatch

- —

= Multitude of PJM'’s core functions drive need for accurate short-term load forecast.
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Load Forecast Inputs

Weather Manual
Forecast Adjustment
*«\\Veighted e Historical load e Dispatch
average of and weather modifies
three vendors actuals forecasts
»« Adjusted based «+Day of week/ throughout shift.
on performance holiday flag s Forecast team
provides

15 models
support.
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Forecasting Zones
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Weather Is Crucial
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PJM uses forecasts from « Several tools help visualize data, identify
three weather vendors. trends and highlight anomalies.
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ép.m Preparing for Severe Weather

.....

2"' S T et A number of tools help us

monitor upcoming weather

% “f & | = v | situations:
o 'i-..v__ A g i g
O " i I?‘ 5 rn

* Publicly available data
 PdM-developed

licati
Tropical Storm Ophelia Current information: @ Forecast positions:
Friday September 22, 2023 Center location 32.7 N 76.0 W @ Tropical Cyclone Q Post/Potential TG
2 PM EDT Intermediate Advisory 5A Maximum sustained wind 60 mph Sustained winds: D < 39 mph
NWS National Hurricane Center Movement NNW at 12 mph S$39-73 mph H74-110 mph M > 110 mph L Ve n d O r tOO I S a n d d ata
Potential track area: Watches: Warnings:
Day 1-3 Day 4-5 Hurricane Trop Storm Il Hurricane I Trop Storm

— Weather forecasts

N

NHS NCEP WPC SHOW ACCUMULATION
ORY 2 FROEBREILITY OF AT LEAST 4 IMNCHES
WALID 12Z THU DEC 15 2022

THEU 122 FREI_DEC 18 Z0ZZ

ISsUED: 02257 WED DEC 14 2022
FORECASTER: KWPC-HKD

PROBABILITY LEGEMND h

: AR —  Wind turbine icing and

T AT LERST A0 POSoe high-speed cutoff
AT ’:u‘—‘/‘k’?/g
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épjm Load Sensitivity to Temperature
MW

165,000 Load Is Most Sensitive to Temperature on Hot Days

RTO Hourly Actual Load and Temperature; Daytime Weekdays
195,000 July 2021-July 2022

145,000 ]
.'
135,000 ~1,300 MW
o ~400 MW load variance
125,000 o load variance per °F
115,000 per °F
105,000 i
95,000 ~2,600 MW
85.000 load variance ,:.' load val;iance
per °F per °F
75,000
65,000
5 15 25 35 45 55 65 75 85 95
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Hourly Load Forecast

pjm’ | LoadCast

Load Day

Thu, %/28.,2013 orecas E F h f B i despite chouds but will be breaks n chowds sartie hw o theckening | Ovd go higher at Mour

Forecast Day N
§ % wepk and models may be slow bo catching on o e HM; Wt clos:

a1 Updated at ¥

Liadl Dy Shenilar Dty Lok Historic Data

Loaad Matrics

Winathar Meetrics
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F Y% Hourly Load Forecast

pjm | LoadCast
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Suite of neural networks and
__— pattern matching algorithms

« Comparison to historical days
e Dispatch input is key
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PY

Eight Load Forecast Models

Neural Networks
Progressively learning system

Pattern Matching

Algorithms
Looks for similar historical days

Blended Models
“‘Best weighted most” average
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Temperature Based:
Uses historical load and
forecasted and historical temps

Weather Optimized:
Optimized for sudden changes
in weather patterns

Uses weather pattern
matching

Uses vendor-provided
forecasts

Weather Indexed:
Uses historical THI/effective temp.
instead of temperature

Backfill:
Configuration to handle sudden
changes in weather patterns

Suggests a number of similar days
from which operator can choose

Mix:
Uses PJM forecasts

PJM©2023




PY

Models Optimize for Various Factors

Drastic weatheré Extreme High humidity

Holiday change temps. = orwind
Temperature Based v
Weather Indexed v
Weather Optimized v v
Backfil v v
Similar Day Lookup v v
Ensemble v
Mix v
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é/ Day-Ahead Forecast Timeline

Initial Load Forecast
is Completed

Updates made
to Load Forecast

Becomes “Original”
forecast in Data Viewer

9:45 a.m.: Most, if not all, Final Load Forecast

updates will be captured updates made
and posted externally

10:30 a.m.: Day-Ahead
Market closes

6:00 p.m.: RAC re-run if
inputs have changed, posted
in time for Intraday 3
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é/ What Causes Load Forecast Error?

- S
Weather Sudden
forecast error changes in weather

Holidays

(o)
i s

Low visibility
into sources of
load/human behavior

Behind-the-meter
solar

Daylight saving time
transition
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How Do We Minimize These Errors?

D . t | l t . .
PJM Load Forecast Models
Hardest Days to Forecast
T 3 Holidays
Similar Day — Lean on the similar days, but be wary if the weather doesn't match
Models Models 3 Peak days .
Neural Net (NN) Similar Day Lookup (SDL) | Ensemble (pEns) - c“"‘w“-‘s'-'"‘f"f‘dg"‘d‘: days '_"m:"""‘*’ °®
Uses historical PRT Similar Day (pSD) Mi NN_ETM = (Eriznlh AT
stone S =y = ~  Consider the Index model when THI i high (>75) or Effective Temp i low (<40}
LA eT PWO_BTM 3 First hot summer or cold winter day
forecasted temperature to | Thess models rely on Thesz models are MIX ETM —  Pay attention during the shoulder manths
forzcast load measured load from days in | averages of the EKF BTM 3 Days that are much hotter/colder than usual
Index (MDX) the past others, with better NDX_ BTM —  Think weather that's unusual perhaps record-breaking, for a given month (2.g. Polar
Usas THYEffective parforming - Vortzx) .
Temperature instsad of | The Similar Day Lockup is | modsks getting | A second version of - e et sl o) T hndorjdare)
oad from one day that you | more weight svery mods! (zuzpt 4 Significant changes in temperature from one day to the next
temperature_ B L ¥ g the Similar Day — What's significant may change by season, but start with changes > 10*
Weather Optimized (piNG) djom - suggested days Loakup) using the _ Consider the Westher Optimized or Backfll model
Badkfill (BKF) will match day of wesk p— 3 Stoms )
T/ W/ Thare T — e T - Summer: aft {hot aft «can drop rapidly.
interchangeable). holiday for the ETM solar hard to predict the day before)
status and EST/EDT GrrEo - Winter: snow storms (schools closs, momning peak is later and broader than normal)
3 Very sunny or doudy days
—  BTM solar output is much above or below average
— Use BTM modsls g5 described on fTip side
% Any day when the similar days are all bad
— Delta > 100
3 Days after Dayfight Saving Time changes = ' .
- Evening peak occurs one hour too early (springl or too late (fall} .
Uss thess models: —  Rely on similar days and recent (yesterday’s) measured load
5 - Between October and April
Meural nets are constantly learning. oray,
The Weather Optimized and Backfil . - During daylight hours ONLY
modsls are intended to perform betier T\rpmall\.r our best - Inzones with high BTM
on days with rapid changes in weather. performing models! penetration {FIM and DOM)
| - when the BTM version and the
“Turn auer for 3 list of days that original version (e.g. pEng vs
these modeks underperform DEns_BTM) are atleast 250MW ‘
different

- Ifthe change is in the right
direction [higher load on cloudy
days, lower load on sunny days}

PROS:

If historical days have similar weather to the day you're forecasting,
these models can do well.

. * Weather alerting and
weekly outlooks

affect the quality of the Ensemble and Mix.
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é/ Error Reporting and After-the-Fact Analysis

!!_ Contribution to Load Forecast Error ! ' l

A | é/ Daily Peak Forecast Error (August)

200% 18:00 Day Ahead Forecast Error
9% Error at Peak Hour
100% 8% Over-forecasting

Weekend / Holiday
%

0.00% I 6%
5%
4%
K R Ea e
2%
-2.00% 1%
September 27 September 28 September 20 0%

RTO v —1%

-2%
Daily Load Forecast Error for KPl Corporate Goal 3%
-4%
-5%
3,00 Maimum KPY Eror -6% Under-forecasting
-1%
254 12 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Error Percent

-1.00%

MC Adjustment [l Other Model Error I Temp Error [l NN Error

35%

4
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Average lean Absolute Percent Error

Load Forecast Team reviews metrics daily and provides
written explanation of performance each month.

September 26 September 27 September 28
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é/ 2023 Load Forecast Performance (All Hours)

Year-Over-Year Daily MAPE Scores B Pass I 2023
M i M 2022
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Year-to-Date KPI Corporate Goal Score

Visualization allows for progress
tracking and trend spotting.

Date 2023 2022 2021 2020

Sept.. 27 94.61% 90.74% 93.70% 83.76%
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Behind-the-Meter Solar Impacts on PJM Load

PJM Mid-Atlantic April Load Shape

|
N

Decreasing midday load
due to BTM solar

COVID-19 impacts

2016
—2017
—2018
—2019

2020

2021
-=-=2022

—2023

PJM©2023




é/ Solar Growth in PJM

Installed Capacity (MWDC) Installed Capacity (MWDC)
Thousands Other
9 - 9 -

g 1 | PJM Grid- @ g 1 | Behind-the-
Connected Solar Ofher Meter Solar @ 77 °OH

2013 2016 2019 2022 2013 2016 2019 2022
As of April 2023 | Source: GATS
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épjm Forecasted Behind-the-Meter Solar

UGI
EKPC
Penelec
RECO
Duquesne
Duke OH/KY
Dayton
Met-Ed
PECO
ATSI
PPL

m APS
AEP
DPL
BGE
PEPCO
AE
ComEd
JCPL
Dominion
0 B PSE&G

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

20,000

15,000 -

10,000

JCPL
5,000

Dominion

PSE&G
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BTM Consideration in the Hourly Load Forecast
RECONSTITUTED LOAD METHOD

Load History

Load History
Load BTM Solar === w/ BTM

BTM Solar Desired
History Backcast "/ ETM

Forecast Net Load

Solar Solar

BACKCAST

LOAD'HISTORY

FORECAST

DESIRED/NET/LOAD

LOAD

LOAD

TIME TIME
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Five-Minute Load Forecast

Zonal Actual & Forecasted Loads Past 12 Hours & Next 12 Hours

RTO Forecasted Peak 109,978 MW COMED
115,000 13,500

Produces a forecast every 110,000 12,500
five minutes for next six 105,000 11,500
hours 100,000 SAREES, 10,500

9,500

95,000 1:00 7:00 o @ qp " 23:00
Hourly |Oad WEST * This is a sum o*AP‘A‘EP:ATSI‘ D:‘?.DUQ‘ DEOK, and EKPC.
90,000 forecast 44000 |

Forecast is a cubic spline of 85,000 : 42000

15:00
40000

recent measured loads into
hourly forecast. %000

36,000

34,000

Primary consumer is Security [
Constrained Economic 30,000

Dispatch : 28,000 T

1:00 7:00 " 15:00 23:00 1:00 7:00 @0 4>

@ REAL TIME @ HOURLY FORECAST 5 MINUTE FORECAST (Input to RT/IT SCED)
(from Pl DOR server) (from FDBPRD)
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é/ Contact

Stephanie Schwarz,
Stephanie.Schwarz@pjm.com

Marcus Smith,
Marcus.Smith@pjm.com

Joseph Mulhern, Member Hotline
Joseph.Mulhern@pjm.com (610) 666-8980

(866) 400-8980
PJM Short-Term Load

] ] custsve@pjm.com
Forecasting Overview
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