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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
– Itron presented their review and recommendations, and solicited 

feedback at LAS on July 28, 2022
– Itron delivered their final report to PJM consistent with their 

presentation from July 28, 2022
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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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Recommendation #1

• 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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Recommendation #2

• 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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Recommendation #3

• Hourly models will provide more flexibility for incorporating 
future trends.
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Recommendation #4

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

• Better anticipation of technology impact on demand 
shapes and the resulting peaks.
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Recommendation #5

• 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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Load Forecast Plan

• PJM is 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. 
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Implementing Recommendations
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Sector Data – Annual to Monthly
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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

• 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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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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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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Commercial Sector
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Industrial

• Industrial 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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Daily Heating and Cooling Indexes
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Heating and Cooling Indexes 
later get interacted with 
weather variables in the hourly 
model to determine weather 
sensitive load contributions.
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Aggregate Sectors to Total - Base
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Daily Base Index

Base Index later gets 
interacted with calendar 
variables in the hourly model 
to determine non-weather 
sensitive load contributions.
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Hourly – Net Load and BtM Solar
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Hourly – Net Load, BtM Solar, and Gross Load
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Building Hourly Models

• Gross load is the 
dependent variable for 
the hourly models

• One model for each 
hour

• Previously defined 
Heating, Cooling, and 
Other Indexes are 
leveraged and 
interacted with weather 
and calendar variables.
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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

• 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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Weather Simulation
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• 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 
slides.
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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

https://afdc.energy.gov/evi-pro-lite/load-profile
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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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Apply Technology Shapes – Electric Vehicles
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• Shape A is not good for the peak

• Shape C and D might be 
problematic at large penetrations 
of EVs.

• Shape B reduces peak impact, 
and takes advantage of overnight 
valley.
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Apply Technology Shapes – Electric Vehicles
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• Over time blend charging 
strategy away from un-
managed charging (Shape A) 
towards a more levelized 
charging (Shape B) that 
mitigates peak impact

• This is akin to current practice 
used in the 2022 Load 
Forecast to assume that steps 
will be taken to reduce the 
future peak impact of EVs.
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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
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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.
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Next Steps

• October 18th LAS
– Further evaluation of recommendations
– Discussion of plan for 2023 Load Forecast

• November 29th LAS
– Preliminary 2023 Load Forecast 

• December 6th 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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Contact

Member Hotl ine
(610) 666 – 8980
(866) 400 – 8980
custsvc@pjm.com

SME/Presenter:  

Andrew.Gledhi l l@pjm.com  

Load Forecast Model Development
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