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https://eta-publications.lbl.gov/sites/default/files/2025-04/vgi_annotated_bibliography_final_04202025.pdf

Overview of Vehicle Classes and Types

Light Duty (Class 1 - 2a) &
Medium Duty (Class 2b - 5) Heavy Duty (Class 6 - 8)

Class One: 6,000 lbs. or less

Class Six: 19,501 to 26,000 lbs.

ruily ruily e oan AR
Full Size Pickup Mini Pickup Minivan Suv Utility Van (o) (v)
Rack
Class Two: 6,001 to 10,000 lbs.

Beverage School Bus Single Axle Van Stake Body
Crew Size Pickup  Full Size Pickup Mini Bus Minivan Step Van Utility Van m ﬁ A m

City Transit Bus Furniture High Profile Semi Home Fue!
Class Three: 10,001 to 14,000 lbs.

e i 9L N

City Delivery Mini Bus ‘Walk In Medium Semi Tractor Refuse

Class Seven: 26,001 to 33,000 lbs.

Class Four: 14,001 to 16,000 lbs.

s W e D

City Delivery Conventional Van Landscape Utility Large Walk In

Class Eight: 33,001 Ibs. & over

Vo T SR e

Cement Mixer Dump Fire Truck Fuel

Class Five: 16,001 to 19,500 lbs.

ﬂ -E m Heavy Semi Tractor Refrigerated Van Semi Sleeper Tour Bus

Bucket Clty Delivery Large Walk In

The smaller the vehicle, the more likely it can Virtually all DC charging
use AC charging
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The Market for LD EVs Is Growing

125 electric models were available for sale in U.S. in Q3
2024

EVs claim growing share of U.S. market

10.6 percent of new U.S. light-duty vehicle sales in Q3 2024
409K of >3.86M LDVs sold

. Mostly flat in 2024, but up sequentially and year-over-year
Gas-powered vehicle market share down 3.8 points in Q3 from
prior year; down 20 points since 2016
Lack of charging infrastructure continues to be a drag on
growth

EV MARKET SHARE, QUARTERLY 2020- 2024 (Q3)
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Source: Alliance for Automotive Innovation,
Get Connected Electric Vehicle Quarterly Report, Jan. 2025.

Comparison of Annual EV Sales Forecasts

EV Sales (Millions)
-]

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

—— Guidehouse [2024) EY (2024} —PwC (2024)
BCG (2023} === EE| Foracast {2024} —Achial Sales
+ EPFA Cenfral Analysis Case (2024) wssass EE| Forecast | 2022)

Source: Edison Electric Institute,
Electric Vehicle Sales and the Charging Infrastructure
Required Through 2035, Oct. 2024.
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https://www.eei.org/-/media/Project/EEI/Documents/Issues-and-Policy/Electric-Transportation/EV-Forecast-Infrastructure-Report.pdf
https://www.eei.org/-/media/Project/EEI/Documents/Issues-and-Policy/Electric-Transportation/EV-Forecast-Infrastructure-Report.pdf
https://www.autosinnovate.org/posts/papers-reports/Get%20Connected%20EV%20Quarterly%20Report%202024%20Q3.pdf

The Market for LD EVs Is Not Confined to ZEV States

2024 EV MARKET SHARE BY S1ATE (Q@3)

1 CA* 26.83% 1M MA 12.26% 21 IZ;IL;] 754% 31 OH 5M% 4 AK 4.00%
2 Ccot 2550% 12 DE* 1.88% 22 NC 752% 32 KS 536% 42 |A 3.83%
3 WA* 2459% 13 CT 115% 23 MO 7.29% 33 IN 5.30% 43 AL 3.47%
4 DC 20.44% 14 VA 10.09% 24 MN 717% 34 TN SA5% 44 WY 3.18%
5 OR* 16.99% 15 NY* 9.84% 25 PA 6.83% 35 ID 498% 45 AR 268%
6 NJ 15.59% 16 | FL 9.70% 26 (TX) 6.77% 36 Wl 4.74% 46 SD 262%
7 Hi 1412% 17 UT 9.52% 27 ME 6.76% 37 NE 469% 47 OK 257%
8 VT* 1366% 18 AZ 9.31% 28 M 6.49% 38 SC 453% 48 WV 2.30%
9 MD" 13.20% 19 (GA) 874% 29 NH 583% 39 MT 452% 49 LA 215%
10 NV 1313% 20 RAF 8.36% 30 NM" 550% 40 KY 421% B0 ND 181%

81 MS 144%

*States that have adopted California’s ZEV Regulations

Source: Alliance for Automotive Innovation, Get Connected Electric Vehicle Quarterly Report, Jan. 2025.
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https://www.autosinnovate.org/posts/papers-reports/Get%20Connected%20EV%20Quarterly%20Report%202024%20Q3.pdf

HDVs: About 1/3 of MHDV Stock, but Over Half of VMT and
CO,e emissions

Market Share, VMT* and CO2e Emissions by MHDV Class

12.2 Million - 5,800 Trillion Btu
Vehicles 310 Billion VMT & 440 MMT CO e

8%

Class 3Vocational =~ 219 15%

Class 3 Freight 9%

Classes 4-6 Vocational - 11%

Classes 4-6 Freight 16%
Classes 7-8 Vocational -

Classes 7-8 Freight — Short-Haul

Classes 7-8 Freight — Regional
Classes 7-8 Freight — Long-Haul

*VYMT = Annual Vehicle Miles Travelled

Source: Ledna, C. et al., Assessing Total Cost of Driving Competitiveness of Zero-Emission Trucks, Science Direct 27(4), 19 April 2024, 109385.
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https://www.sciencedirect.com/science/article/pii/S2589004224006060?via%3Dihub

State of MHDV Technology

Cumulative U.S. ZET* Deployments by Segment

Cargo Van 37,831
MD StepWVan 1158
MD Truck W 623
HD Truck 1696
Refuse |77
Yard Tractor 1496
o 5,000 10,000 15000 20000 25000 30,000 35000 40000

Number of Deployed ZETs

MHDYV technologies maturing at different rates

Options available for most vocations, but today’s technology is better suited to some
MD cargo vans for last mile delivery dominate MHD EV sales

MHD ZETs mainly going into regional haul and drayage (short distances) operations that do not require en route
charging

“Zero Emission Truck Source: CALSTART, Zeroing in on Zero-Emission Trucks (Jan. 2025)

{
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https://calstart.org/wp-content/uploads/2025/01/January2025_ZIO-ZET_MarketUpdate_Final.pdf

ZE Truck Adoption Is Growing Across the US

Cumulative U.S. MHD ZET Deployments Top 10 States for ZEV Deployments
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e - - [k
5,000 42,881
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S0,:000
FL |, 7
35,000
g NY N, 3
E 30,000 30,030
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7734 IL [ 1
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AZ I | 557
10,000 Ml .20
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mYard Tractor MPRefuseTruck WHDTruck WMO Truck EMDStepYan  ECargoan mYard Tractor ERefuse Truck BHD Truck MDD Truck BEMD StepWan BCargo Van

Source: CALSTART, Zeroing in on Zero-Emission Trucks (Jan. 2025)
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https://calstart.org/wp-content/uploads/2025/01/January2025_ZIO-ZET_MarketUpdate_Final.pdf

Markets and Structure of LDV/MDV/HDV Industries

LDVs

Mainly a consumer good, but about 20% are fleet sales in the US
~15 Million cars and light trucks sold annually in the US

MDV/HDV

Corporate fleets are main buyers,
~500K vehicles sold annually in the US
Total cost of ownership is a key consideration in the fleet conversion decision
Highly cyclical market (currently in a downturn)
Customized product that is more assembled than manufactured
Both
Low margin
Very long product development cycle: 8-10 years
OEMs are global enterprises affected by regulatory and market conditions beyond the US
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Forces Driving Transportation Electrification

Environmental regulation

Public and utility investment

Corporate sustainability commitments

Consumer demand

Global market forces

Venhicle capabilities (range, charging time, etc.)
Savings in total cost of ownership/driving (TCO/TCD)
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Current Emissions Regulations in the US

LDVs ACCIl ol = in=es

Advanced Clean Cars Il (ACC Il) — CA & 13 other states + DC L= [ s

EPA Multi-Pollutant Emissions Standards for model year (MY) 27 and later

Stellantis has signed a “Framework Agreement” with California Air N o RS aBara v i Vin
Resources Board (CARB), committing to comply with CA regulations even if
CARB is unable to enforce its standards due to federal or judicial action

MHDVs
Advanced Clean Trucks (ACT) — CA & 10 other states E
EPA Multi-Pollutant Emissions Standards for MY 27 and later — MDVs
EPA Phase Ill GHG Emissions Standards — HDVs
Clean Truck Partnership: July 2023 MOU in which the major truck OEMs

commit to meeting CARB’s zero-emission and criteria pollutant regulations ACT T e e ..
in the state regardless of any attempts by other entities to challenge States A o T = L o] =2
California’s authority Y e e D)
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Public and Utility Investment

Utility funding’

64 10Us in 35 states and DC have received regulatory approval for TE programs and investments
As of 7/1/2024, $5.3B approved, of which $1.5B is in CA

Many states offer funding for vehicle purchase incentives and installation of EV charging
infrastructure?

Federal funding

A OWON -

$7.5B for charging infrastructure approved via 2020 Bipartisan Infrastructure Law
EPA grants for vehicles?
IRA tax credits*

https://www.eei.org/-/media/Project/EEIl/Documents/Issues-and-Policy/Electric-Transportation/ET-Biannual-State-Requlatory-Update.pdf

https://afdc.energy.qov/laws

https://www.epa.gov/clean-heavy-duty-vehicles-program/clean-heavy-duty-vehicles-grant-program

https://afdc.enerqgy.qov/laws/ev-tax-credits
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https://www.fhwa.dot.gov/bipartisan-infrastructure-law/summary.cfm
https://www.eei.org/-/media/Project/EEI/Documents/Issues-and-Policy/Electric-Transportation/ET-Biannual-State-Regulatory-Update.pdf
https://afdc.energy.gov/laws
https://www.epa.gov/clean-heavy-duty-vehicles-program/clean-heavy-duty-vehicles-grant-program
https://afdc.energy.gov/laws/ev-tax-credits

Fleet Purchase Considerations

Key factors driving fleet adoption ZEV TCD Parity Year by MHDV Class and Market
Ability of ZEV to fulfill the fleet’s vocation(s) on a Segment
consistent basis (Central Scenario)
Access to sufficient grid capacity at the site (and 150 ..
possibly ability to integrate storage and/or self- s~

125

generation)

Total Cost of Ownership/Driving (TCO/TCD) compared
to conventional alternative*

100

75

250-495 Miles mﬁ

100-249 Miles

TCO/TCD Parity occurs for a vehicle type/class when
a ZET's TCO/TCD falls below that of conventional

50

GHG Emissions Savings [MMT CO../Year]

vehicles

TCO/TCD Parity projections for ZETs vary with vehicle o TRRION TF OO oo

size and vocation (MD vs HD, short-haul vs. long-haul, Year ZEVs Achieve TCD Parity

how much stop-and-go driving) iy s P cnis [P WD Moo
*TCO/TCD defines the cost of owning a vehicle from the time of purchase by the Source: Ledna, C. et al., Assessing Total Cost of Driving

Competitiveness of Zero-Emission Trucks , Science Direct 27(4), 19 April

owner, through its operation and maintenance to the time it leaves the
2024, 109385.

possession of the owner.
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https://www.sciencedirect.com/science/article/pii/S2589004224006060?via%3Dihub

Rapid Decline in TCO/TCD for ZETs May Spur Hockey Stick Adoption

Projected Sales Share, Stock Share, and GHG Emissions
by Vehicle Class and Technology (Central Scenario)

Class 3 Class 3 Class 3 |

Sales Share _. Stock Share GHG Emissions [MMT CO2e] | . Fleet vehicles turn over every 3-5 years

100%1 100%+ 3007

: Projected rapid decline in battery prices —
the main driver of ZET purchase price —
could translate into very rapid adoption

5% 75%-

50%1 50%

100

25%1 25%+

0%+ 0%+ 0/

e e G s DNT 07 . Charging hubs can be planned and built in
100%1 m= 100%- . 3004 . . .
12-18 months, making grid capacity the
constraint
1004

25%1

Grid planners need to be ready

0% 01
Classes 7-8 [ Classes 7-8 Classes 7-8
Sales Share Stock Share GHG Emissions [MMT COZ2e]

3001

2001

1001

01
2030 2040 2050 2030 2040 2050 2030 2040 2050

EV-150 M EV-500 _ HEV
Technology w Ev.a00 M FCEV M ICEV

Source: Ledna, C. et al., Assessing Total Cost of Driving Competitiveness of
Zero-Emission Truc. ks, Science Direct 27(4), 19 April 2024, 109385.
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https://www.sciencedirect.com/science/article/pii/S2589004224006060?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2589004224006060?via%3Dihub

Costs & Benefits of EV Adoption for Personal Transportation

Individuals comparing an EV to a conventional Costs & Benefits of EV Adoption: Driver Perspective

vehicle weigh a trade-off between higher 16,000

1,340

upfront purchase price (CapEx) vs usually 14,000 Less .
lower operating costs (OpEXx) 12,000 ONet Benefit
OMet Cost
OpEx savings vary mainly with the local price of = mincr. Vehicle Cost
. . . 8,000 mElectric Bills
electricity and gasoline aCharging Infrastructure
6,000 .
The EV’s purchase price premium may be 000 o eovns
partially offset by state and/or federal incentives 2,000

]
Costs Benefits Costs Benefits Costs Benefits

NPV $/Vehicle

NYC Metro Base Long Island Base Upstate Base

This example, drawn from a 2019 study of EV adoption

in different regions of New York State, shows how variation
in electricity rates can affect the economics of EV adoption
for drivers.

Source: Energy & Environmental Economics, ICF and MJ Bradley, (Feb. 2019), Benefit-Cost Analysis
of Electric Vehicle Deployment in New York State, Final Report, NYSERDA Report Number 19-07
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Depots and Charge Hub Loads Are Large and Can Arrive Quickly

Projected charging capacity for 71 Northeastern highway sites
Megawatts of power to meet annual peak demand, over time
A data center can

I 50 draw up to 100 MW
L1
Large
Industrial Plant  4Q
{40+ Megawatts)

Large Passenger /

30 Truck Stop

A Small Town 20

(20 Megawatts) Mixed Use Plaza
% ‘o —a Passenger Plaza
AStadium | e Typical Distribution

(6 Megawatts) Interconnection Limit

0
2025 2030 2035 2040 2045

Note: Analysis seeks to match ZEV goals for New York + Massachusetts, makes simplifving assumption that alf ZEVs
are electric. See study for discussion of assumptions, including role of hydrogen fueling and impact on capadity.
Comparisons are approximations.

Source: National Grid, et al. (2022) Electric Highways: Accelerating and Optimizing Fast-Charging Deployment for Carbon-Free Transportation https://www.nationalgrid.com/us/EVhighway
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Grid Impacts: Multiple Dimensions to Consider

Bulk System

Generation and Transmission

” | |"|‘|| ’AEI@
Ax Kx Kx

Bulk System
Transmission-connected charging stations can
overload the transmission system in specific areas.

(-8 -8] -] -8

| -] -8] -] -8B
| -8] -8] -0] -8

EIEIEIE]

Distribution Substation

& ]
L] %

Distribution Substation
Substation equipment, such as transformers, can be

overloaded by the aggregate impact of charging on
the distribution system.

ENERGY TECHNOLOGIES AREA

Distribution Circuits

T 17 +17:

Distribution Circuits
Distribution-connected charging stations can overload specific distribution circuits.

Premise Level

| 3}

2 & )

Premise Level

EV charging at homes can overload premise-level infrastructure, such as service
transformers.
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Key Factors to Consider: LDV Loads

EV charging at Level 2 can double the draw of a typical house
EV adoption is largely invisible to the utility

Many uncertainties
Pace of EV adoption

Charging behavior
Where will drivers charge — home, work, opportunity, en route?
What is the preferred rate of charge?
How much flexibility will drivers provide? At what cost?

Approach to serve drivers who cannot charge at home (multi-family housing, renters)
Low-cost ways to get low power charging into multi-family housing
DCFC hubs with affordable power?

How will these parameters change as the light-duty EV market expands beyond early
adopters?

Vehicle-to-Everything (V2X) — Customer acceptance and utility support
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Key Factors to Consider: MHDV loads

Fleet size, vehicle types, vocation and duty cycles vary widely— “If you’ve seen one fleet, you've seen
one fleet.”

Fleet vehicles’ ability to provide grid services is subordinate to meeting commercial obligations.

Fleet economics, especially for EVs, dictate maximizing operating hours: “If the wheels aren’t turning,
the truck’s not earning.”

Fleet vehicles turn over rapidly due to high annual VMT, and the timeframe to order and build electric
trucks can be less than a year.

Telematics data are widely used today to optimize fleet operations and are a valuable resource for grid
planners.

Many new entrants are developing novel business models to support truck electrification — e.g.,
Trucks-as-a-Service, Charging-as-a-Service.

Electrified truck depots may incorporate onsite generation and storage.
The opportunity for and interest in vehicle-to-grid (V2G) is limited today.

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



Vehicle Grid Integration — Definition and Strategies

Vehicle Grid Integration (VGI) means integrating EVs with the electricity system in a way that supports
affordable and reliable charging for drivers and enables a reliable, resilient, and affordable electric grid for
all electricity customers.

Strategies to anticipate, manage and mitigate grid impacts of EVs

Update forecasting methods
Bottoms up: Integrate EV adoption projections and C&l customer plans into load forecasts
Top down: Build in estimates of charging load based upon regulatory requirements

New planning approaches
Proactive build-out of grid infrastructure in no-regrets areas
Future proofing — e.qg., install larger vault, conduit
Adopt scenario planning methods to manage uncertainty

Build flexibility into utility practices
Mobile substations, circuit reconfiguration, skid-mounted storage

Bridging via partial interconnection and deployment of distributed energy resources (DERSs) at
customer sites

Activate latent flexibility in charging behavior via EV rates and/or managed charging programs
Resources: DOE, EVGridAssist
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https://www.energy.gov/sites/default/files/2024-10/Congressional%20Report%20EV%20Grid%20Impacts.pdf
https://www.energy.gov/sites/default/files/2024-07/future-of-vehicle-grid-integration.pdf

Managed Charging: Definition and Benefits

Managed Charging is an approach to activating the latent flexibility in EV charging loads through
active management of when, how and at what rate a vehicle charges.

The customer, utility, OEM or a third party adjusts charging, consistent with parameters set by the
customer, based upon price signals or calls from a demand response (DR) program.

Well designhed managed charging programs offer benefits to participating EV drivers and non-
participating utility customers. Benefits may include—
Lower total cost to charge the driver’s EV

Downward pressure on rates for all customers as more efficient use of the grid spreads fixed costs over increased
kWh sales

Supports grid integration of clean energy resources, especially solar
Supports reliability and resilience of the grid
Benefits of managed charging may be realized on both the bulk power system and the local
distribution grid
Relative priorities on where and how to deploy managed charging will vary across utilities depending on age and
loading of different parts of their grid.

Resource: SEPA
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https://sepapower.org/resource/a-comprehensive-guide-to-electric-vehicle-managed-charging/

Managed Charging in Practice: LDVs

Managed charging has been widely piloted for LDVs, and some utilities are now scaling up to mass
market programs
Experience shows that drivers do enroll in and participate in (e.g. respond to) programs

Cost-effectiveness has been a challenge in some jurisdictions

Issues include cost and reliability of submetering equipment, accuracy of energy consumption and (GPS) location
data from EVs’ telematics systems, level of incentive payments, program administration costs.

Targeting “high value” participants is key to capturing grid value
Who can access drivers’ data (when, where, and how they charge), at what price and on what terms,
is a key issue

Customer privacy concerns
Competition between utility, OEM, 3 party for who gets to monetize the grid value of customers’ data

Resource: SEPA, The State of Managed Charging in 2024
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https://sepapower.org/resource/state-of-managed-charging-in-2024/

Managed Charging in Practice: MHDVs

Diversity of MHDVs’ vocations means that suitability of managed charging varies widely across fleets

Fleet customers are very sensitive to costs and may adjust operations when it is economically efficient
for them to do so, but providing timely and reliable service to their customers is the paramount
consideration

Fleet customers prefer to control charging themselves, as opposed to allowing the utility to manage
charging (for example by “throttling chargers” during peak hours)

If it makes the difference between electrifying or not, some fleets may be open to partial service on an
interim basis:

The utility or customer curtails charging during a limited number of hours per year when loads peak on the utility’s
local or bulk system

This requires predictability, prior agreement, excellent communication
Technology solutions are also available

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



V2X: The Wildcard

10-plus years of demos and pilots attest to technical feasibility, and commercial
options are available.

School buses and military (non-tactical) vehicles

V2H (Ford Lightning/PG&E)

Studies show that bidirectional vehicles can generate more valuable grid services.

A 2024 California law gives energy regulators the authority to mandate that new
EVs are bidirectionally equipped.

Key questions
Lingering concerns about effect on battery life, warranty
Will drivers be comfortable with the utility managing charging and discharging?
Or is this a niche technology (e.g., school buses)?

Widespread adoption requires product standards, interconnection rules, and export

tariffs: state action is important

Resources: Vehicle Grid Integration Council, SEPA, DOE
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https://www.vgicouncil.org/resources
https://sepapower.org/resource/the-state-of-bidirectional-charging-in-2023/
https://www.energy.gov/sites/default/files/2024-07/future-of-vehicle-grid-integration.pdf

Integrated DERs Help Manage Load but May Raise Costs

Planned Tesla Supercharger stations with 160 stalls or
more and 250 kW chargers could draw 40 MW, but
integrated storage and PV will enable load management.

r‘

5 S S W,

reenlane is developing MHD EV charging hubs
along major freight corridors. The first one, near the
intersection of I1-10 and 1-215 in Southern California,
opened will include more than sixty 400 kW and 200
kW DC fast chargers covered by solar canopies — a
theoretical maximum draw of ~20 MW.

Source:_Electrek (Sept. 10, 2024) Greenlane breaks ground on its flagship Sources:

electric truck charging stop Inside EVs (Feb. 13, 2024), The World’s Biggest Tesla Supercharger Will Have Over 160 Stalls
Inside EVs (Apr. 9, 2024 ), Tesla's New Largest Supercharger Will Have 200 Stalls
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https://insideevs.com/news/708486/tesla-supercharger-largest-in-the-world-california/
https://insideevs.com/news/715376/tesla-largest-supercharger-200-stalls/
https://electrek.co/2024/09/10/greenlane-breaks-ground-on-its-flagship-electric-truck-charging-stop/
https://electrek.co/2024/09/10/greenlane-breaks-ground-on-its-flagship-electric-truck-charging-stop/

Self-generation May Also Be an Option Where Grid Capacity Is Tight

* Prologis’ Denker Hub microgrid charging
facility in Torrance, California, is situated
along major freeways near the ports of Los
Angeles and Long Beach.

« The facility includes:

« 9 MW of charging capacity (for powering
up to 96 high-powered EV trucks
simultaneously)

« 18 MWh of energy storage (equivalent to
three hours of autonomy)

« 3 MW of fuel flexible linear generators
(which can run on natural gas,

Source: Prologis.com

renewable natural gas or hydrogen) « Denker can serve
« 1.3 tons of hydrogen-to-EV-ready « 27,000 miles of heavy-duty truck charging per day
blended capacity per day * 300-plus MHD EV trucks each day
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https://www.prologis.com/insights/success-stories/north-americas-largest-heavy-duty-ev-charging-hub-powered-microgrid

Planning: MHDV Fleets Co-Locate Around Transportation Hubs

1-15
Freeway

Ontario Airport
Southern CA

Every white roof is a
distribution warehouse
where trucks stop to load

and/or unload goods e IR e 7 SSEER B
I Source: Daimler Trucks North America (DTNA)
N £
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Planning: Telematics Data from Today’s Trucks Helps Predict Future
Charging Loads

Ontario/Rancho
Cucamonga, CA,
would see 230 MW in
installed nameplate of
chargers if all DTNA
Class 8 on-highway
trucks converted to
BEV.

Potential_Demand_kw

Does not include
other vehicle classes

Note: DTNA has
roughly 40%
market share of

Class 8 trucks in
the U.S.

Source: Daimler Trucks North America (DTNA)
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Planning: EPRI EVs2Scale Offers New Data and Tools at a
National Level

EPRI's eRoadMAP Interactive Energy Map: Beltsville, MD Area
tOOI Overlays energy 2026 to 2030 to Full Electrification Comparison

and power needs 2026 2030 Full Electrification
from EV charging on

EVs2Scale zoz0
————
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Test Case: SCE’s 2025 General Rate Case

Southern California Edison
(SCE) developed a TE load
forecast and identified grid
readiness projects using EPRI’s
eRoadMAP and data from truck
OEMs.

Daimler, Volvo and Navistar
provided telematics data which
shows where vehicles drive,
stop and park today—> Charging
needs and opportunities for
electrified trucks

SCE'’s projections validated
using EPRI tool

Decision Expected Q1/Q2 2025

How is eRoadMAP currently being used?

California
« SCE's 2025 General Rate Case.! (See
right.) SCE Transportation
Electrification Grid Readiness
forecast with project locations
overlaid with EPRI eRoadMAP for
second verification.

« Joint Truck OEMs (Daimler, VOLVQ,
Navistar — pre-PACT) cited
eRoadMAP to also verify their future
depots and need for power.

1 5CE 2025 General Rate Case. Rebuttal Testimony - Rebuttal Load Growth, Transmission Projects, and
Engineering; April 15, 2024. Exhibit Number: SCE-013 Vol. 07. Available in SCE regulatory portal.

EVs2Scalezoz0
T ——r

Figure 11-1 below shows SCE’s proposed TEGR project locations
(green triangles) overlayed with the Electric Power Research institute (EPRI) eRoadMAP, which isa
50-state roadmap estimating energy and power needs from TE at the distribution feeder level. As this
figure illustrates, SCE's proposed TEGR investments are located in arcas where there will be large

MDHD load.

Figure I1-1
SCE’s TEGR Project Locations Overlaid With EPRT eRoadMAPx

e

- - [a]

This figure shows that in Souther California, heavy traffic
flowing to and from the Ports of Los Angeles and Long Beach 10 the Inland Empire will ercate high

3 | demand on SCE's system ¥ Based on the EPRI eRoadMAP, the Joint Truck OEM: similarly conclude

4 | that “SCE is proposing to add capacity in appropriate locations, which we support.”2

=2l
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What About 2nd Use EV Batteries as Stationary Storage?

Most EV batteries will eventually end up at a recycling facility
because the valuable minerals they contain can be extracted
(>95% of the lithium, cobalt, manganese and nickel content),
effectively creating a domestic source of scarce critical metals

Some businesses are exploring possible interim 2" lives for
EV batteries

Combine batteries from same make/model into a grid storage
unit (Mobility House, Nissan, Eaton, Renault)

Transform individual batteries into a stationary back-up power
system (Lucid Motors)

GM designed its new Ultium battery to ease reuse and recycling

Mobility House'’s stationary storage project in

Challenges to 2n life applications Lunen, Germany, is comprised of >1,000

Used EV batteries are classified as hazardous waste and require batteries harvested from Daimler Smart Cars.
costly special handling

Battery pack size, shape, composition varies across OEMs and
even an OEM’s models

Battery chemistry and control systems vary across OEMs

Sources: Mobility House Second Life Storage Projects , BatteryCycle, What

EV battery packs are designed to withstand years of punishment is EV battery second life, and who are the players?, Motor Trend

so tend to be hard to take apart for refurbishment (3/30/2022) GM’s Ultium Electric Car Platform, Technology: Everything

D d for batteries t | t ith 2nd You Need to Know, Car and Driver (6/10/2023), Everything You Need to
emand for balteries to recycle competes wi use Know about EV Battery Disposal, Bloomberg NEF (2024), Redwood

Rapid improvement in battery technology, falling costs Materials’ Battery Metals Recovery Cuts Mine Mess
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https://www.mobilityhouse.com/int_en/knowledge-center/article/second-life-storage-projects
https://www.batterycycle.io/what-is-ev-battery-second-life-and-who-are-the-players/
https://www.motortrend.com/news/gmhttps:/www.motortrend.com/news/gm-ultium-platform-technology-explained/-ultium-platform-technology-explained/
https://www.motortrend.com/news/gmhttps:/www.motortrend.com/news/gm-ultium-platform-technology-explained/-ultium-platform-technology-explained/
https://tnfd.global/wp-content/uploads/2024/11/Redwood-Materials_1026_FINAL.pdf

Actions States Can Take

State agencies can collaborate to help ensure that planned utility investments and TE programs support state objectives and
expected trends for adoption of EVs in a timely and cost-effective manner.

Public Utility Commissions
Provide guidance to utilities on developing scenario planning methods incorporating new, more granular data sources

Develop data transparency requirements for telematics and other types of industry data that are highly commercially
sensitive but potentially valuable for grid planning

Develop a framework to weigh the ratepayer costs of (temporarily) underutilized grid infrastructure against the societal
costs of (temporarily) unserved charging load

Update procedures to realize more timely and satisfactory resolution of new service requests for TE projects, including
implementation of bridging solutions where only partial service is available

State Energy Offices

Work with state DOTs and air regulators, EPRI, and the commercial transportation industry to identify areas where
charging facilities to support goods and people movement are likely to be concentrated

Update forecasting methods, data inputs, and assumptions to project capacity and energy needs for EV charging
Participate in regulatory proceedings, including distribution plans, integrated resource plans and general rate cases

Utility Consumer Advocates

Engage with stakeholders to understand the economics of TE from a consumer perspective that is broader than utility
rates (also includes prices of consumer goods)
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Questions States Can Ask

What are the drivers of EV adoption in my state?

What are some plausible scenarios for LD, MD and HD EV adoption in my state over the next
decade?

What is the status of NEVI implementation in my state?
Are there other sources of public funding for charging infrastructure in my state?
What is the state of grid readiness to meet the potential range of charging loads?

How do current grid planning practices need to be updated to forecast and prepare for TE
load growth?

What types of grid impacts are likely to emerge here? What mitigation measures may be used
successfully?

What regulatory changes may be needed related to grid data access frameworks, consumer
data access and privacy, submetering, and retail rates — whole home versus EV-specific
rates?
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Best Practices Guide for Benefit-Cost Analysis of Managed EV
Charging

Initiated by U.S. Department of Energy’s EVGrid Assist and executed by Berkeley Lab

Guide for conducting BCA specifically for managed EV charging — programs and rates
Technical resource for policymakers, regulators, utilities and stakeholders

Provide a typology of benefits and costs

Review BCA approaches to date for managed charging

Identify emerging best practices

Describe gaps in data, methods, and processes

Provide recommendations for addressing gaps

Stakeholder engagement is key to developing the guide

Technical Advisory Group includes utilities, EV industry, state agencies, research and
consulting organizations, and NGOs

Group provides regular input on the approach and will review the draft report

Estimated date for final report: May 2025
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https://www.energy.gov/eere/evgrid-assist-accelerating-transition
https://emp.lbl.gov/publications/best-practices-guide-benefit-cost

Resources for More Information

EVGrid Assist | Department of Energy

EVGrid Assist webinars

NARUC'’s EV Website

Alliance for Automotive Innovation, 2024, Vehicle Grid Integration: The Convergence of the Automotive and Electric Power Industries

R. Bennett. 2024. National Electric Vehicle Infrastructure Formula Program (NEVI) Brief for State Public Utility Commissions.
CALSTART. 2025. Zeroing In on Zero-Emission Trucks: The State of the US Market.
Energy Systems Integration Group, 2024, Charging Ahead: Grid Planning for Vehicle Electrification.

National Grid, et al. 2022. Electric Highways: Accelerating and Optimizing Fast-Charging Deployment for Carbon-Free Transportation.
NESCAUM. 2024. Advanced Clean Trucks Regulation Frequently Asked Questions.

NESCAUM. 2024. Advanced Clean Cars Il: Zero-Emission Vehicle Regulation Frequently Asked Questions.

L. Pierce and P. Slowik, 2023, Assessment of U.S. electric vehicle charging needs and announced deployments through 2032.

P. Ragon, et al., 2023, Near-term Infrastructure Deployment to Support Zero-Emission Medium- and Heavy-duty Vehicles in the
United States.

U.S. Department of Energy, 2021, Voices of Experience: An EV Future — Navigating the Transition.

U.S. Environmental Protection Agency. 2024. Regulations for Emissions from Vehicles and Engines.
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https://www.energy.gov/eere/evgrid-assist-accelerating-transition#subscribe
https://www.energy.gov/eere/evgrid-assist-webinars
https://www.naruc.org/core-sectors/energy-resources-and-the-environment/electric-vehicles/
https://www.autosinnovate.org/posts/papers-reports/VGI%20White%20Paper_2024.pdf
https://www.atlasevhub.com/resource/national-electric-vehicle-infrastructure-formula-program-nevi-brief-for-state-public-utility-commissions/
https://calstart.org/wp-content/uploads/2025/01/January2025_ZIO-ZET_MarketUpdate_Final.pdf
https://www.esig.energy/wp-content/uploads/2024/01/ESIG-Grid-Planning-Vehicle-Electrification-report-2024.pdf
https://www.nationalgrid.com/us/EVhighway
https://www.nescaum.org/documents/ACT-FAQ_website-version_clean_FINAL_09-17-24.pdf
https://www.nescaum.org/documents/ACC-II-ZEV-FAQs_08-29-24.pdf
https://theicct.org/publication/assessment-of-us-ev-charging-needs-and-announced-deployment-through-2032-mar24/
https://theicct.org/publication/infrastructure-deployment-mhdv-may23/
https://www.energy.gov/sites/default/files/2024-01/14-10-2021_doe-voe-an-ev-future-report-2.pdf
https://www.epa.gov/regulations-emissions-vehicles-and-engines
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correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of
their employees, makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily
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