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Agenda
 
 Introduction

 Workplan and Schedule

 Forecast Method Overview 

 Next Steps – Focus on the planning zones and substations
 Weather response models
 EV forecast
 Heat pumps
 Solar load modeling
 New techs – battery storage, load control programs
 Substation load forecasts

 Roundtable Discussion 
 What would you like to see this time around
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Workplan and Schedule
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» Update forecast database and model inputs (currently, data through 2022)
 Update system, zonal hourly and known utility-scale solar generation data through June 2025
 Installed behind the meter solar capacity
 End-use intensities – Annual Energy Oulook 2025 for New England, Vermont survey data, VEIC historical and 

projected EE savings
 Woods & Poole 2025 forecast – county level, Moody Analytics September 2025 forecast – state level
 Monthly customer class sales and customer data
 AMI class hourly load data update – GMP and Burlington Electric
 EV and Heat Pump adoption data – by county and town
 Daily historical temperature data – Burlington, Rutland, and ?
 Normal daily and trended monthly normal HDD and CDD

» Build out system and zone-level hourly load profiles
 Solar reconstitution, daily normal weather conditions
 Zonal weather response models, estimating with Artificial  Neural Network (ANN) models
 Links/mapping to substations

» Presentation – Data, model Inputs, distribution-level load forecasting 

Schedule: June to September 2025
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Schedule: September – November 2025 

» Technology forecasts
 Update building electrification (heat pump and heat pump water heaters) 

» Unit, energy, location, heat pump and water heat load profiles
 Update EV forecast

» Units, location, charging profiles
 Update utility scale and BTM solar generation forecast
 New technology and load control forecasts 

» Utility scale and behind the meter utility scale battery storage
» Load control programs and rate design

» Focus on the planning zones and subregions
 Improve zone-level forecasts of heat pumps and EVs
 Incorporate substation level load data – ideally hourly load

» Presentation – Focus on technology forecasts
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Schedule: September – January 2026 

» Build baseline load forecasts
• State-level residential, commercial, and industrial energy demand forecasts
• System hourly load and peak forecasts – build-up from class sales forecasts

» Gross and Net (adjusted for solar) load forecasts
• Estimate and calibrate baseline zonal load forecasts 
 Incorporate zone-level data into model construction

» County-level economic projections, customer mix, known large customer activity
• Estimate baseline substation load forecasts (where data is available)

» Building relationship between substations and zones
» Understanding what is behind the substation – DERs, large customers, 

residential, commercial customer mix

» Build adjusted load forecasts
• Layer technology level load forecast at the Zone level
• Aggregate zone-level adjusted forecast to system
• Allocate technology impacts to distribution substation (where possible)

» Presentation – Preliminary Forecast Results
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Schedule: January - April 2026 

» Construct forecast scenarios
 Extreme weather conditions
 Higher and lower technology adoption paths
 Alternative EV charging profiles 
 Alternative battery storage and load control strategies 
 High and low economic outlook 

» Presentation – Scenario results

» Complete project report
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Forecast Method Overview
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1. Reconstitute Sales and Load for Solar Generation
» Forecast based on reconstituted class sales and system and zonal hourly 

loads (gross load)
• Given the large amount of embedded solar, it's impossible to model net demand (what 

is measured by VELCO)

What we model

What we see

System



©2022  ITRON CONFIDENTIAL PROPRIETARY 1010

Need to reconstitute loads for each zone

Red is what we see.
Blue is our best estimate of demand
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Reconstituted Load Examples

Burlington

Highgate

Southern
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2. Develop Customer Energy Requirements Forecast
» Sales forecast based on state reported billed sales and customers through December 2024. 

• Reconstituted for solar own use

» Separate regression models estimated for residential, commercial, and industrial classes
• Residential average use and commercial sales estimated using an SAE model specification

» Model variables: 
o Population and households 
o Household income, GSP, employment

– Moody Analytics Fall 2025
– Woods & Poole June 2025 (county forecasts calibrated to Moody's  state forecast)

o End-use and building shell efficiency and saturation trends
– AEO 2025 New England forecast calibrated to state residential survey and NREL ResStock and ComStock 

simulations for Vermont

o State energy efficiency savings projections (current Demand Resource Plan)

o CDD and HDD reflect increasing temperature trend ( 0.9 degrees per decade)
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End-Use Model Framework (SAE) 
» Residential

• End-use intensity trends
- Saturation (ownership)
- Efficiency (both standards and EE programs)

• Square Footage
• Thermal shell efficiency
• Household size and income
• Weather (HDD and CDD)

» Commercial
• End-use intensities trends

- Efficiency (both standards and EE programs)
• GDP and Employment
• Weather

» Linear regression used to estimate models
• Models estimated with billed sales and customer data
• Estimation statistically adjust end-use estimates to usage

Residential Model

Commercial Model
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» Model residential average use (with solar own generation added back in)
» Baseline average use (with no solar), captures

• end-use saturation, efficiency, household size, household income, price, and temperature trends

Residential Baseline Average Use Model

Strong efficiency 
and solar load 

growth
COVID

“Work at Home”

Heat Pumps
begin to see impact

Efficiency gains and declining 
household size marginally outweigh 

positive income growth and 
warming temperatures

0.2% annual avg decline

Model baseline excludes future solar, heat pumps, and EVs 
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Solar Impact

Average use is roughly 300 
kWh higher with solar own-use 

generation added back in
We model “Reconstituted” Use

(Add back solar own-use)

Impacts customer class sales as well as system and zonal hourly loads



©2025  ITRON CONFIDENTIAL PROPRIETARY 16

Small Commercial Baseline Sales Trend

COVID Impact
6.7% drop in sales

Sales level out  
below pre-COVID 

levels
Efficiency gains and 

change in customer mix 
(adding smaller 

customers) counter 
economic growth
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Small Commercial Baseline Sales Trend

2020 sales dropped, 
but customers 
increased 3.2%

Projecting 0.6% customer growth

Average use decline 0.7% per 
year - strong efficiency gains and 

smaller use customers

Strong  growth in the number of “small businesses” 
contribute to the decline in aggregate class average use.
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Small Businesses

98% of small businesses have
less than 19 employees.

Nearly 80% have no employees.

Since 2019, averaging 0.8% annual growth in new 
businesses. (IBISWorld).

48,000 Small Commercial Customers
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Vermont Economic Outlook Moody’s Analytics January 2025 Forecast

» Income, households, and GDP used in 
driving the residential forecast

» GDP and households drive the commercial 
sales forecast

» Industrial sales forecast based on GDP 
and manufacturing employment 

1.7% real personal income growth
1.5% gross state product growth
0.0% employment growth?

Implies productivity alone drives
 GSP growth

Slightly lower economic growth projections compared with last year  

Year
Households 

(Thou) Chg
RPI      

(Mil $) Chg
GDP    

(Mil $) Chg
Emp 

(Thou) Chg
2015 272.9 31,425 32,090 312.1
2016 275.1 0.8% 31,632 0.7% 32,296 0.6% 313.3 0.4%
2017 276.6 0.5% 31,921 0.9% 32,586 0.9% 315.0 0.5%
2018 277.5 0.3% 32,524 1.9% 32,846 0.8% 316.1 0.3%
2019 276.0 -0.5% 33,647 3.5% 33,202 1.1% 315.4 -0.2%
2020 271.3 -1.7% 35,860 6.6% 32,389 -2.5% 289.3 -8.3%
2021 271.2 0.0% 35,855 0.0% 33,690 4.0% 294.5 1.8%
2022 272.7 0.5% 35,393 -1.3% 34,664 2.9% 304.1 3.3%
2023 273.6 0.3% 35,994 1.7% 35,219 1.6% 309.5 1.8%
2024 275.0 0.5% 36,892 2.5% 35,974 2.1% 314.2 1.5%
2025 276.0 0.3% 37,672 2.1% 36,603 1.8% 316.6 0.8%
2026 276.7 0.3% 38,312 1.7% 37,052 1.2% 317.1 0.2%
2027 277.2 0.2% 38,879 1.5% 37,518 1.3% 316.8 -0.1%
2028 277.5 0.1% 39,441 1.4% 38,069 1.5% 316.5 -0.1%
2029 277.7 0.1% 40,165 1.8% 38,683 1.6% 316.4 0.0%
2030 278.3 0.2% 40,935 1.9% 39,321 1.7% 316.2 -0.1%
2031 278.8 0.2% 41,681 1.8% 39,941 1.6% 315.9 -0.1%
2032 279.3 0.2% 42,429 1.8% 40,568 1.6% 315.7 -0.1%
2033 279.6 0.1% 43,154 1.7% 41,200 1.6% 315.4 -0.1%
2034 279.8 0.1% 43,821 1.5% 41,779 1.4% 315.1 -0.1%

15-24 0.1% 1.8% 1.3% 0.1%
24-34 0.2% 1.7% 1.5% 0.0%
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2023 State Baseline Sales Projection

» Estimated from state reported sales and customer 
data through December 2022

» Forecast based on:
• Moody Analytics January 2023 state economic 

projections
• EIA 2023 Annual Energy Outlook

- Calibrated to state survey and NREL ResStock data
• 2023 DRP energy efficiency savings projections
• Trended HDD and CDD based on temperature data 

through 2022

» Overall flat sales
• Impact from continued efficiency gains and solar 

adoption is about the same as positive impact from 
household and economic growth. 

Period Res Com Ind Total
2012 - 2022 0.4% -0.4% -0.4% -0.1%
2023 - 2033 0.3% -0.4% 0.3% 0.3%
2033 - 2043 0.2% -0.3% 0.3% 0.1%
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Cooling 
Requirements

Heating 
Requirements

Non-Weather 
Sensitive Load

Peak-Day HDDPeak-Day THI Fraction at 
Peak

PkCool PkHeat PkBase

Peak𝑚𝑚 = 𝑎𝑎 + 𝑏𝑏𝑐𝑐 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙 𝑚𝑚 + 𝑏𝑏ℎ × 𝑃𝑃𝑃𝑃𝐻𝐻𝐻𝐻𝑎𝑎𝑡𝑡𝑚𝑚 + 𝑏𝑏𝑜𝑜 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝐻𝐻𝑚𝑚 + 𝐻𝐻𝑚𝑚

Estimate monthly model with reconstituted system peak

End-use energy
estimates derived
from sales models

3. Estimate System Baseline Peak Demand Model (Reconstituted 
Demand)
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System Peak Forecast (Reconstituted)

» System peak demand with solar 
generation added back in
• Summer peak driven by cooling 

requirements – increase in air 
conditioning saturation and increasing 
CDD

• Winter peaks decline slightly – increase 
in end-use and building efficiency and 
declining HDD

Period Winter Summer
2013 - 2022 0.2% 0.4%
2023 - 2033 -0.2% 0.3%
2033 - 2043 -0.1% 0.4%
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4. Estimate Zonal Energy Models

MWhZ𝑚𝑚 = 𝑎𝑎 + 𝑏𝑏𝑐𝑐 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝐶𝐶𝐶𝐶𝐶Z𝑚𝑚 + 𝑏𝑏ℎ × 𝐻𝐻𝐻𝐻𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶𝐶Z𝑚𝑚 + 𝑏𝑏𝑜𝑜 × 𝑃𝑃𝑎𝑎𝑃𝑃𝐻𝐻MWhZ𝑚𝑚 + 𝐻𝐻
Z𝑚𝑚

CoolMWhZ𝑚𝑚 = 𝑅𝑅𝐻𝐻𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅Z𝑚𝑚 + 𝑃𝑃𝑃𝑃𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅Z𝑚𝑚

HeatMWhZ𝑚𝑚 = 𝑅𝑅𝐻𝐻𝑃𝑃𝐻𝐻𝐻𝐻𝑎𝑎𝑡𝑡𝑅𝑅𝑅𝑅𝑅𝑅Z𝑚𝑚 + 𝑃𝑃𝑃𝑃𝑚𝑚𝐻𝐻𝐻𝐻𝑎𝑎𝑡𝑡𝑅𝑅𝑅𝑅𝑅𝑅Z𝑚𝑚

BaseMWhZ𝑚𝑚 = 𝑅𝑅𝐻𝐻𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝐻𝐻𝑅𝑅𝑃𝑃𝐻𝐻Z𝑚𝑚 + 𝑃𝑃𝑃𝑃𝑚𝑚𝑃𝑃𝑎𝑎𝑃𝑃𝐻𝐻𝑅𝑅𝑃𝑃𝐻𝐻Z𝑚𝑚 + 𝐼𝐼𝑅𝑅𝐼𝐼𝑃𝑃𝑎𝑎𝑃𝑃𝐻𝐻𝑅𝑅𝑃𝑃𝐻𝐻Z𝑚𝑚

Residential sales allocated to zones base on zone percent of state households
C&I sales allocated to zones based on zone percent of state employment

Models based on reconstituted zonal energy

Variable Coefficient StdErr T-Stat P-Value
HeatMWh 2.918 0.179 16.325 0.00%
CoolMWh 0.74 0.12 6.181 0.00%
BaseMWh 0.961 0.015 65.313 0.00%
Feb -3194.477 776.452 -4.114 0.01%
Apr -2397.874 758.216 -3.163 0.20%
20-Jan -5841.687 2372.531 -2.462 1.53%
20-Mar -4669.998 2368.079 -1.972 5.11%
21-Jan -7589.672 2245.472 -3.38 0.10%
MA(1) 0.608 0.079 7.742 0.00%

Iterations 14
Adjusted Observations 120
Deg. of Freedom for Error 111
R-Squared 0.91
Adjusted R-Squared 0.904
Std. Error of Regression 2,688.25
Mean Abs. Dev. (MAD) 2,007.39
Mean Abs. % Err. (MAPE) 3.18%
Durbin-Watson Statistic 1.916

Model Statistics

Method captures differences in zonal customer mix
and this year growth trends 

Southern
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Zonal Energy Forecast
Ascutney Burlington Central

Highgate Middlebury

Montpelier
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5.  Generate Zonal Baseline Load Forecasts (Reconstituted)
» Energy forecasts combined with zone hourly load profiles forecasts

• Profiles reflect expected weather conditions, day of the week, holidays, hours of light, 
seasons

» Baseline forecast derived by combining zone-level energy forecast with zone-level profile
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» Calibrate zonal baseline load forecasts to system baseline load forecast

One last touch: calibrate baseline zonal load forecasts
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» Technology loads allocated to zones
• State heat pump units allocated based on zone-level household estimates
• Electric vehicles allocated based on number of existing electric vehicles
• Fleet vehicles allocated using same allocation as nonfleet
• Solar adoption models estimated for each zone based on historical BTM capacity estimates

» Baseline zonal hourly load forecasts combined with technology hourly load forecast 

6. Develop Zone Adjusted Hourly Load Forecast 
Net – includes solar impact

Montpelier 2033 Load Forecast
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Adjusted System Load Forecast
Sum of the adjusted zone hourly load forecasts 

» Load Components
• Net load (final result)
• Gross load (before solar adjustment)
• Baseline (before tech adjustments)
• Tech forecasts

- Electric vehicle
- Heat Pump
- Solar

• Forecast reflects “non-controlled” customer 
loads

• Possible actions
- EV charging control or pricing
- End-use controls – air conditioning, water 

heat
- Utility and behind the meter battery storage 

and operation schema
- Large C&I interruptible load programs
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Next Steps - Focus on the planning zones, 
substations, technologies
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1. Capture differences in economic growth across the zonal planning areas

2. Develop zone specific weather response models

3. Develop more accurate zonal level technology forecasts

4. Explore substation level forecasting

Enhancements to Forecasting Methodology
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From County to VELCO Load Zones

Map county economic forecasts, EVs, 
heat pumps, and solar capacity from 
counties/towns to zones
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Woods & Poole County Economic Forecast
Annual (interpolated to months)
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Estimate Weather Responses by Zone

» VELCO is comprised of 16 zones, each with its own mix of customer classes which can impact the zones 
sensitivity to weather.
• Zones with a greater share of residential customers will be more weather sensitive.
• Varying mixes of electric heating saturation can vary impact this sensitivity 

» Machine learning Artificial Neural Network (ANN) models will be used to develop accurate non-linear 
daily response functions by zone.
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Unique Weather Response by Zone

Burlington Zone

Morrisville Zone

Temp Derivative Burlington

Temp Derivative Morrisville
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» As of January 2025, there were 17,939 registered electric vehicles in the state, comprised of all electric 
(BEV) and plug-in hybrid electric (PHEV).
• 60% BEV and 40% PHEV

» 5,8185 additional EV were added over the past year, a 41% increase.

» 12.4% of all light-duty vehicle sale were electric in the 4th quarter of 2024.

» Most population BEV registered vehicles include the Chevy Bolt, Tesla Model Y, and Nissan Leaf.

» Most population PHEV registered vehicles include the Toyota RAV4 Prime, Toyota Prius Prime, and Jeep 
Wrangler.

Current Electric Vehicle Market Information: Vermont

Source: Drive Electric Vermont
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Distribution of EV 
County EV Per 10,000 
People

EV by Zip Code

Source: Drive Electric Vermont

County Registered EV
Addison 1,198
Bennington 970
Caledonia 511
Chittenden 6,309
Essex 50
Franklin 616
Grand Isle 198
Lamoille 593
Orange 657
Orleans 328
Rutland 1,289
Washington 1,995
Windham 1,183
Windsor 1,686



©2025  ITRON CONFIDENTIAL PROPRIETARY 37

Additional Data Source: Atlas Public Policy EValuate

» Detailing breakdown of registered EV by 
county and zip code

» Make and models

» Charging locations

» Regularly updated: last update April 2025
• 18,780 registered EV

» Prior updates are available allowing the 
construction of a time series of EV 
adoption by county.
• Enabling modeling of EV adoption at the 
county level
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1. Develop a state-level EV forecast using a stock accounting model based on EV sales targets.
I. Starting with the most recent EV sales and EV registrations
II. EV sales targets based on state mandates; 35% by 2026, 68% by 2030, 100% by 2035
III. Assumptions regarding BEV/PHEV splits, annual miles, kWh per mile, average vehicle life

2. Forecast county EV registrations as a function of county household income.
i. Calibrate county EV forecast to state EV forecast
ii. Validate reasonableness of county allocation

3. Combine EV MWh forecast with hourly charging profiles
i. Home charging versus public charging
ii. Uncontrolled home charging versus controlled or TOU rates

Electric Vehicle Forecast Model
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Preliminary 2026 Forecast Compared to the Prior Long-term 
Forecast

» Strong EV adoption over the prior two years
» Governor rescinded the 2026 mandate (still holding to 2030 mandate) 

• But Trump just revoked California’s EV mandate - ?
» 2023 and 2024 EV adoption is more in line with the medium EV forecast scenario

2026 Forecast if 2030 (68%) and 2035 (100%) mandates hold
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Hypothetical EV Demand Impacts

» Uncontrolled or unincentivized EV charging will result in significant demand impact with peak EV charging 
coinciding with system peak times, 4-7pm. Utilities offer uncontrolled or TOU incentive rates to reduce load 
during peak events or move charging to off peak hours.

» With potentially 300,000 EV on the road by 2030 the depend impacts could range from a few hundred to 
nearly 900MW. 

» 900 MW impact under the midnight TOU rate could be mitigated with a staggered start time
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Solar Forecasting Approach
» Capacity (excluding utility scale and standard offer) modeled as a function of simple payback.

• Payback incorporates:
-  system costs, incentives, electric rates, and payments for excess generation.

• Cubic model specification used to impose S-shaped curve.

State Capacity Zonal Capacity
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Heat Pump Sales

Annual units roughly 11,000 per year

Rate of growth is slowing
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State CCHP Projections

Forecasting over 12,000 
heat pumps in 2024 and 

nearly 14,000 heat pumps 
in 2025

Below 2024 projections and a tough number to hit in 2025



©2025  ITRON CONFIDENTIAL PROPRIETARY 44

» Like system to zone, start off allocating zone to substations
» But then need to understand and forecast what’s connected to the substation

• Solar capacity
• Customer mix (residential, commercial, large C&I)
• Large C&I connected loads
• New large C&I load additions
• EVs
• Battery storage
• Zoning constraints
• New substations and change in power flow

» And application to generate hundreds of hourly load components, aggregate results, and present for analysis

Substation Load Forecast
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Roundtable Discussion
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1. What changes would you like to see in the next forecast and overall forecast process?

2. What information would help you to do your own load analysis and forecast?

3. How do you see using the VELCO load forecast for leveraging your own IRP work

Questions
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4. What load data and information can you provide that would help improve the zone-level 
forecasts and in developing substation load forecasts? Data that could help improve the 
forecast include:
o Historical substation load data (ideally hourly data)
o Aggregated rate class AMI data (mapped to substations)
o Number of customers by type (residential, small commercial, large C&I customers) 

connected to the substation. 
o Connected EVs
o DERs (hourly generation data)
o Battery charging and discharging loads
o EV charging load

Questions
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5. Do you have or are you planning load reduction programs and technologies that would 
impact substation and zone-level demand forecasts? This may include:
o EV charging rates
o Interruptible load programs
o Critical peak or TOU pricing
o Utility-scale battery storage
o Behind the meter (BTM) batter storage

Questions



Thank You

www.itron.com
http://www.itron.com/forecasting
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