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What Did We Do?

After the initial EV Impact 
Study:

• Use adoption forecast and modeling 
to create the following 
visualizations:

1. EV Adoption Propensity

2. Level 2 Charging Detection

3. Circuit Level Analysis

4. Distribution Transformer Analysis

EV Impact Study

EV Member Readiness Analytics
Understand Current 

Investment 
Approach

Review Asset and 
Performance Data

Forecast EV Charging 
Load to Members 

Data Visualization



EV Adoption Propensity
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Estimating EV-Adoption Impact on the System

Estimating Level-2 EV Chargers
Total chargers added to system and circuit under 2036 high, medium 
and low adoption scenarios
▪ 63.96%, 48.61%, 37.26% adoption
▪ Apply to residential meters, with rate schedules A1 & AO1
▪ Two EVs per charger

155k Meters

Level-2 EV Charger Types: 
EV adoption by vehicle type 
▪ 65% chargers with 7.7 kW load (car)
▪ 35% chargers with 19.2 kW load (pickup)
▪ Two EVs per charger

EV Energy Usage: 
Expected annual energy usage by EV type
▪ Each Car – 3822 kWH per year
▪ Each Pickup – 9100 kWH per year
▪ Two EVs per charger

Estimate the total increase to system load using three 
15-year EV adoption rates
• Apply at system and circuit levels

Could additionally consider
• Level-1 as well as Level-2 

charging
• Multiple-dwelling-unit charger 

ratios

155k Meters

155k Meters

99k Chargers

75k Chargers

58k Chargers

64k 7.7 kW / 35k 19.2 kW

49k 7.7 kW / 26k 19.2 kW

38k 7.7 kW / 20k 19.2 kW

1,123 MWH

853 MWH

654 MWH

198k EVs

150k EVs

116k EVs

128k Cars / 70k Pickups

98k Cars / 52k Pickups

76k Cars / 40k Pickups

Number of EV chargers 
adds load

Number of EVs adds 
energy usage



2036 High
Adoption: 64%
LVL 2: 99,000

2036 Med
Adoption: 48%
LVL 2: 75,000

2036 Low
Adoption: 37%
LVL 2: 58,000
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The adoption of new technology generally follows the diffusion of 
innovation theory 

Innovators 3.2%
• Desire to be first

• Venturesome

• Take risks

• Minimal convincing

Early Adopters 13.6%
• Opinion leaders

• Embrace change

• Financial liquidity 

• Advanced education

Early Majority 34.1%
• Need evidence of 

effectiveness 

• Like success stories 

Late Majority 34.1%
• Adopt after the average 

participant

• Skeptical of new technology

• Want to see how many others 

have had success

Laggards 16.8%
• Bound by tradition

• Pressure from others to adopt

• Very skeptical of change 

9

Five stages of adoption:

1) Knowledge/Awareness 2) Persuasion 3) Decision 4) Implementation 5) Continuation



EV Adoption Propensity and projection by 2036

Purpose: Enables a circuit level view of 

adoption based on multi-variable model

Key Features:

• Segmented adoption based 

on:

• Early Adopters

• Early Majority

• Late Majority

• Laggards

• Aggregated to adoption % with 

details on additional vehicles 

and kWh increase



Level 2 Charging Detection



EV-Charging-Like Load Detection

Base Usage

Rapid 
Rise

Relatively Short 
Charging Peak

Charging 
Tapers Off

Charging 
Begins

7-11 kW Above 
Base

Charging Complete in 
4-8 Hours

Charging Usage 
(Under Curve & Above Base) 

in 20-80 kWH Range

Load (kW)

Time (hr)

Charging EVs
- Charge when battery level is 10-25%
- Charge battery to a level of 75-90%
- So, typical charging is 50-80% of capacity
- Battery capacities typically 40-100 kWH
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Pre-Screening for Potential Level-2 Charging
Residential Meters: The major source of 
Uncertainty with Level 2 Charging
Expect businesses to select rate schedules 
that reflect EV charging. Maximum Usage:  Level 2 Chargers Use 

Approximately 7-11 kW
Level 2 charging should yield hourly usage 
values above 7 kWH.
▪ Usage levels to estimate loading
▪ Hourly reads on residential meters Maximum Load Increase:  Level 2 Charging 

Should Add to Base Usage
Level 2 charging should yield load increases 
greater than 6 kW 
▪ Usage levels to estimate loading
▪ Focus on two-hour increases
▪ 6 kW to account for base variation

Sustained, Elevated Loads:  Level 2 Charging 
Takes Several Hours
Level 2 charging should yield sustained load 
increases over several hours
▪ Usage levels to estimate loading
▪ Look for four-hour long loading
▪ Total 25-kWH usage in four hours

14.3K 
Not Residential

33.6K 
Almost Certainly Not:  No 7-kWH usage 

11.6K 
Very Unlikely:  No 6-kW 

Jumps

34.7K
Unlikely:  No 28-kWH four-hour periods 

Initial screening shows that ~94,000 of REC’s ~173,000 meters 
are unlikely to have any unknown and problematic Level 2 
Charging
▪ Simplifies search for EV-Charging-Like usage patterns
▪ Allows more focused consideration of those meters that pass 

screening



Model Validation using known Meters

Purpose:  Examine usage on meters 

with member-reported Level-2 

charging to understand accuracy of 

Level-2 charging identification across 

the system

Key Features:

Identifies baseline for ML model to 

train and identify Level 2 charging 

from members that did not report EV 

ownership
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EV-Charging-Like Events for Meters

Purpose:  Examine charging-like 

events on individual meters to assist 

in identifying those meters likely to 

have Level-2 EV charger usage

Key Features: 

Identify EV-like events on shoulder 

months for adoption model 

refinement, and support EV rate 

marketing. 



Circuit Level Analysis
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Purpose: Enable loading analysis of entire 

circuit with forecasted kWh from EV adoption at 

low/medium/high levels.

Key Features:

• Pull daily load from each circuit 

• Use EV propensity forecast and 

low/med/high to forecast impact on 

load

• Analyze increased load based on/off 

peak charging behaviors 

Circuit Loading with EV Adoption
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Purpose: Provide a quick means of visually 

identifying under and overloaded transformers 

and the high-level details associated with the 

loading of each individual transformer.

Key Features:

• Asset Hierarchy Slicer: Allows the 

user to drill down from substation to 

circuit, to distribution transformer.

• Mapbox Map: Uses transformer 

latitude and longitude to locate each 

transformer and display its 99th

percentile loading.

• Transformer Loading Statistics: 

Provides the high-level loading 

details of each transformer and is 

easily exportable to excel for internal 

sharing and individual analysis

Transformer Loading Map



Distribution Transformer Analysis
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Estimating a Transformer’s EV-Charging Capacity

General Method
1. Consider those transformers with residential meters (A1 or AO1)
2. At both summer peak and winter peak, determine the number of EV cars that 

could charge using a 7.7 kW charger
3. Group the transformers into those that have capacity for

• Five or more additional EV cars charging
• Four additional EV cars charging
• Three additional EV cars charging
• Two additional EV cars charging
• One additional EV car charging
• No additional EV cars charging
• Overloaded with no additional EV cars charging

4. For most distribution transformers
• Winter peak is higher than summer peak
• There is less charging capacity at winter peak

5. We separately consider each transformer’s winter and summer peak
• Each transformer contributes to both bars

6. We examine each transformer both at its “nameplate” rated capacity and at a 
temperature-scaled capacity 

Illustrative EV Charging Capacity
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EV-Charging at Seasonal Peaks – Scaled for Temperature

Capacity Scaled for 
Temperature

Transformers have greater 
capacity than nameplate 

implies

Capacity increases by 
~1% per degree below 

30C

Summer 
Peaking 
Circuit

Fewer with 
Capacity

More 
without
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EV-Charging at Various Percentile Loads
Relies on rated 

capacities

90% of the 8760 
annual hourly loads 
fall below the P-90 

(90th percentile) load
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Mapping EV-Charging at Seasonal Peaks

Transformer 
Capacities 

Adjusted for 
Temperature

Can Filter by 
Category



Use Case: High Adoption with Stable Distribution Load 
but Transmission Concerns

Scenario:

• Subdivision with high median income and several 

early majority adopters. 

• Over 60% of transformers can handle 5+ level 2 

chargers in winter peak

• However, due to our line loss study in 2021, we know 

the median losses are 10.77% with an upper band of 

18%

• Recommendation to evaluate and reconfigure long 

stretch of line that feeds subdivision in next work 

plan.



Use Case: Stable Transmission Load, but Distribution 
Concerns

Scenario:

• Subdivision with mid adoption rate

• 28.6% of distribution transformers can not take on 

one level 2 charger in this location based on 

temperature scaled capacity

• While transmission peaks are ok, significant TX 

upgrades are needed in the work plan. 



Use Case: Stable Transmission Load, but Distribution 
Concerns

Scenario:

• Subdivision with mid adoption rate

• 28.6% of distribution transformers can not take on 

one level 2 charger in this location based on 

temperature scaled capacity

• While transmission peaks are ok, significant TX 

upgrades are needed in the work plan. 



THANKS


