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I. EXECUTIVE SUMMARY

Medium- and heavy-duty trucks are major contributors to greenhouse
gas emissions and air pollution. Although they make up only 6% of
all vehicles in California, they account for 25% of the state’s on-road

greenhouse gas emissions and 35% of transportation-caused nitrogen
oxide emissions. Their pollutants also disproportionately impact
low-income communities near shipping centers and highways. The
state needs to reduce these vehicle emissions significantly to meet

its air quality and climate goals, including to meet ambient air quality
mandates and achieve carbon neutrality by 2045.

Yet the state’s efforts to boost zero-emission trucks, particularly its advanced clean
trucks mandate on truck makers to produce zero-emission models, have faced strong
federal pushback. The U.S. Congress voted in June 2025 to overturn federal permission
for California’s mandate and then terminated many of the tax incentives needed to
lower zero-emission truck costs in July. While zero-emission trucks in some market
segments are already price competitive with fossil-fuel alternatives when considering
the total cost of ownership, in the near term they are often more expensive for many
use cases. As a result, even with decreasing battery costs and improved range and
charging times, demand is not yet sufficient to match the pace of the needed transition
and will still require near-term federal and state policy support.

In the absence of sufficient regulatory tools and new incentives to increase demand
for zero-emission trucks, and given the urgent need to boost demand for heavy-duty
zero-emission trucks, the Center for Law, Energy & the Environment (CLEE) at UC
Berkeley and the UCLA Law Emmett Institute on Climate Change and the Environment
convened experts and stakeholders in May 2025 to articulate a vision for the heavy-duty
zero-emission vehicle market, help identify the most pressing barriers to reaching that
vision, and propose actionable solutions. This report summarizes the recommendations
from that gathering, along with a literature review.

By 2035, participants envisioned a significant increase in sales and deployment of
heavy-duty zero-emission vehicles, ranging from 30% to 100% of heavy-duty truck
sales. In this vision, every freight use case would transition to zero-emission solutions
by that year, while heavy-duty zero-emission vehicles would reach either total cost of
ownership or upfront-cost parity with diesel trucks, or surpass them to become the
more economical and therefore more desirable choice.
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TOP BARRIERS AND SOLUTIONS FOR INCREASING HEAVY-DUTY
ZERO-EMISSION VEHICLE DEMAND

BARRIER I: LACK OF POLICY SUPPORT TO DRIVE DEMAND
SOLUTIONS

The California Legislature could direct the Public Utilities Commission or Air
Resources Board to create a Clean Miles Standard for freight, which would
require shippers to meet a certain percentage of the miles their goods travel via clean
technologies, like heavy-duty zero-emission vehicles.

The California Air Resources Board could create a statewide Indirect Source Rule
under the Clean Air Act, which would regulate facilities like ports and warehouses
that generate pollution indirectly by attracting mobile sources of emissions like trucks,
requiring emission reductions from that vehicle traffic.

The California Air Resources Board could initiate new regulations under the
Clean Air Act to drive zero-emission truck adoption by setting emission standards
for heavy-duty vehicles that help transition the trucking industry to zero-emissions
over time.

The California Governor’s Office and Department of General Services could
create government procurement regulations requiring purchase or lease of zero-
emission trucks and direct the Department of General Services to implement and oversee
them, which would increase demand for zero-emission heavy-duty vehicles overall.

The Governor’s Office of Business and Economic Development could help
facilitate aggregation of shipper demand by coordinating various efforts and groups
to enhance collective truck purchasing power and aggregating shipper demand for
zero-emission freight initiatives to reduce supply chain and vehicle costs.

The Governor’s Office and state agencies could support large-scale infrastructure
deployment by identifying priority corridors to direct zero-emission vehicle
infrastructure and related deployment, expanding the existing “ZEV Ready Zones” that
are equipped with the necessary infrastructure, policies, and planning to facilitate the
transition.

BARRIER II: HIGH TOTAL COST OF OWNERSHIP
SOLUTIONS

The California Legislature could create long-term, consistent, flexible, and
stackable incentives for zero-emission truck purchases to reduce investment
risk and uncertainty about incentives.

The Governor’s Office of Business and Economic Development could facilitate
coordination of incentives by periodically convening administering entities such as
ports, utilities, and agencies, or organizing in-depth sessions aimed at streamlining,
restructuring, and coordinating across the various entities and incentives.
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The California Legislature could create revenue neutral, self-funding incentive
programs for heavy-duty zero-emission vehicles, in which fees on non-zero-
emission vehicles fund rebates for zero-emission vehicles.

The California Legislature could create tax credits for heavy-duty zero-emission
vehicles to help offset the purchasing cost of a new zero-emission heavy-duty vehicle.

The California Legislature could exempt heavy-duty zero-emission vehicles
from the state sales tax or ensure they are taxed no more than their diesel-
counterparts to bolster the early adoption of heavy-duty zero-emission vehicles and
enhance market competitiveness.

The California Legislature and Department of Motor Vehicles could equalize
registration fees to ensure that zero-emission trucks do not pay more for registration
than diesel trucks, based on their purchase price and vehicle weight, among other
factors.

Federal leaders could exempt medium- and heavy-duty zero-emission vehicles
from the federal excise tax and reinstate tax credits to reduce costs, such as by
maintaining and re-authorizing sections 45X (the Advanced Manufacturing Production
Credit) and 45W (the Clean Commercial Vehicle Credit) in the federal tax code.

Ports could create incentive programs for zero-emission heavy-duty vehicles,
such as by providing green lanes, preferential reservation, or reduced fees for zero-
emission vehicles.

The California Public Utilities Commission could continue to help improve
energization timelines for charging infrastructure and address fueling constraints
to help lower total cost of ownership for fleets.

The California Legislature and Air Resources Board could modify the Low
Carbon Fuel Standard in future years to increase support for zero-emission
heavy-duty vehicles by shifting a greater share of credit value under the program
from biofuels towards electrification, including vehicle charging infrastructure.

The California Public Utilities Commission and Energy Commission could
continue integrated planning and policy initiatives that support and enable
proactive grid planning, particularly in anticipation of load growth amid accelerated
electrification.

The California Legislature and Transportation Commission could adapt the
existing Trade Corridor Enhancement Program to better align with the needs of
zero-emission vehicle infrastructure development projects, including charging stations.

The California Legislature and Public Utilities Commission could speed
deployment of distributed energy resources that enhance charging infrastructure

by streamlining permitting and increasing regulatory clarity.

California municipal utility leaders could adopt Rule 29 procedures to support
electric vehicle charging infrastructure deployment, which could accelerate needed
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deployment in the service territories of utilities like the Los Angeles Department of
Water and Power.

The California Legislature, Public Utilities Commission, and electric utilities
could extend demand-charge “holidays” or offer other mitigation options and
create a customer rate class for heavy-duty customers, waiving or reducing
demand charges for charging stations and giving fleets and heavy-duty charging depot
operators the opportunity to deploy zero-emission trucks and experiment with charging
strategies to reduce risks.

The California Legislature could take specific programs and costs out of electricity
rates to lower them—i.e., by excluding wildfire costs—and make heavy-duty zero-
emission vehicle charging much more affordable to achieve cost parity quicker.

The California Legislature could create electricity tax breaks for medium- and
heavy-duty charging station meters to further reduce fueling costs.

Congress could extend the Alternative Fuel Vehicle Refueling Property Credit
(section 30C of the tax code), which provides incentives for installing qualified alternative
fuel vehicle refueling infrastructure, including electricity or hydrogen charging ports.

BARRIER Ill: NEGATIVE PERCEPTIONS OF HEAVY-DUTY ZERO-
EMISSION VEHICLES

SOLUTIONS

Industry leaders and advocates could address mis- and disinformation through
trusted messengers who share success stories with fleets, shippers, and policymakers.

Industry leaders and advocates could address the politicization of zero-emission
trucks by focusing on the co-benefits of deployment, including improved global
competitiveness, supply chain resilience through diversity of options for product
shipping, more sustainable economic growth, and increased consumer choice and
personal freedom.

The Governor’s Office of Business and Economic Development, the California
Air Resources Board, and industry leaders (particularly fleet owners) could
enable peer-to-peer learning by convening industry representatives and emphasizing
opportunities for improved cost and increased demand, as well as highlighting specific
use cases.

This report contains more information on these top barriers and recommendations,
as well as background on zero-emission heavy-duty vehicles.
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II. INTRODUCTION

California and jurisdictions around the world will need to transition

to heavy-duty zero-emission vehicles, both to address air pollution,
particularly in marginalized communities, and to reduce greenhouse gas
emissions.

Pollution from diesel trucks poses significant health risks. California’s heavy-duty vehicles
(including the focus of this report: a wide range of long-haul trucks, vocational, and
drayage trucks) are responsible for a disproportionate share of smog-causing pollutants
and toxic air contaminants. Diesel exhaust has been linked to cancer, heart attacks,
asthma, and allergies.” Premature deaths associated with this exhaust globally cost
nearly 1 trillion US dollars per year.? In California alone, diesel particular matter is
estimated to lead to approximately 1,400 premature deaths from cardiovascular disease.?
Experts estimate that 70% of cancer risk related to air toxins in California stem from
diesel engine emissions.* These emissions particularly affect lower-income and racially
marginalized communities that are disproportionately located near freight facilities,
ports and highway corridors.®

Medium- and heavy-duty trucks are also major contributors to greenhouse gas emissions,
causing roughly 23% of transportation emissions in the United States, while the sector
overall contributes 29% of all U.S. greenhouse gas emissions.® Furthermore, U.S.-wide
greenhouse gas emissions from medium- and heavy-duty trucks show a clear upward
trend from 1990 to 20227 Although California has seen greenhouse gas emissions
from heavy-duty trucking decrease since 2000, the transportation sector overall still
accounts for 39% of California’s greenhouse gas emissions, and more when factoring in
emissions from fossil fuel production within the state.® Although trucks make up only
6% of all vehicles in California as of 2023, they accounted for 25% of the state’s on-road
greenhouse gas emissions and 35% of transportation-caused nitrogen oxide emissions.’
Notably, these statistics do not differentiate between emissions from older trucks and
newer ones that meet more recent emission standards. Older in-use vehicles that lack
modern emission reduction technology can emit even higher levels of nitrogen oxides
and other pollutants, therefore potentially generating a disproportionate amount of
truck emissions and underscoring the urgent need to transition them to zero-emission
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models.’ Otherwise, without significant reductions in these on-road vehicle emissions,
the state will be unable to meet its climate goals, including achieving carbon neutrality

by 2045."

Zero-emission vehicles, particularly battery electric trucks but also hydrogen fuel cell
vehicles, can help reduce this pollution and its public health, air quality, and climate
impacts.”? According to a modelling study by Ledna et al. (2024), a full transition
to zero-emission truck sales by 2035 could result in a 65% reduction in greenhouse
gas emissions by 2050, compared to 2019 levels.” Life cycle assessments show that
even when considering indirect emissions (e.g., from producing truck parts), both
hydrogen and electric trucks lead to significant emission reductions compared to
their diesel counterparts.™ They can contribute to several state goals, including a
carbon-free electricity grid by 2045,' clean air mandates,'® criteria pollutant reduction
goals,'” greenhouse gas emission reductions of 40% below 1990 levels by 2030, and
the aforementioned statewide carbon neutrality by 2045.

The following sections outline the current landscape of heavy-duty zero-emission
vehicle developments, incentives and regulations, in order to understand drivers and
barriers to deployment and inform strategies for boosting demand.

HEAVY-DUTY ZERO-EMISSION VEHICLE COST, DEPLOYMENT,
AND INFRASTRUCTURE

Heavy-duty vehicles are vehicles with a gross weight of 26,001 pounds or more. They
are divided into Class 8 (over 33,001 pounds; including cement mixers and dump
trucks) and Class 7 (26,001-33,000 pounds; including refuse, box, and tow trucks).
Medium-duty vehicles are vehicles with a gross weight of 10,001 to 26,000 pounds.

Medium- and heavy-duty zero-emission vehicle sales in California are increasing. From
2022 to 2023, they more than doubled from 8,009 sales in 2022 to 18,473 sales in
2023 and almost doubled again to 30,026 sales in 2024."® 1 in 4 medium- and heavy-
duty vehicles sold in California in 2024 was a zero-emission vehicle, indicating positive
trends.” However, continued policy support will still be necessary to reach the state’s
goal of 100% medium- and heavy-duty zero-emission vehicles.
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Figure 1 Zero-Emission Truck Population in California, end of 2024 (Source: CALSTART).

As of report publication, CALSTART’s Drive to Zero database listed 24 original equipment
manufacturers that produce and sell 44 different models for Class 7 and 8 zero-
emission vehicles.?® U.S. manufacturers include BYD Auto, Daimler Truck North America,
Peterbilt Motors, and Volvo Trucks. In addition to manufacturers, key actors in the
trucking industry include fleets (carriers) that own or operate multiple trucks, shippers
that own the goods being transported (e.g., Walmart, Amazon, PepsiCo, Frito Lay),
owner-operators that own and operate a truck and often work as contractors to
larger carriers, and owners and operators of major freight hubs (like ports). Utilities
and energy providers also build infrastructure to deliver electricity or hydrogen to
the vehicles. These actors operate within a policy and regulatory framework that can
drive or slow zero-emission vehicle adoption.

Vehicle costs and sales

The upfront costs of zero-emission vehicles play a key role in their deployment. The
cost is currently higher than the cost of their fossil-fueled counterparts.?’ Based on
data from California’s hybrid and zero-emission truck voucher invoices, the “average
US/California zero-emission Class 8 truck” in 2024 was priced at $435,839, compared
to the average diesel truck price of $155,902.2% Yet the global market indicates these
prices in California are higher than in other places. For example, a similar Class 8 zero-
emission truck in Europe was priced much lower at $342,000.2 And while the 2024
median price of a battery electric truck was $379,800 in the U.S., China’s average price
was $119,600.2* Furthermore, a recent report by the International Council on Clean
Transportation (ICCT) showed that prices for Class 6 and larger battery electric trucks
are increasing in the U.S., whereas prices in the European Union have decreased.”®
Based on this global data, the higher upfront cost in California should likely diminish
in the near term and disappear in the long term: ICCT estimated that Class 8 battery
electric trucks will reach cost parity with their diesel counterparts by 2040, whereas
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hydrogen trucks are unlikely to do so.* Globally, the numbers of zero emission medium-
and heavy-duty trucks are growing, with prices trending towards parity with diesel
counterparts.?”

Zero-emission trucks in some market segments (though not yet for Class 8 vehicles) are
already price competitive with fossil fuel alternatives when considering the total cost
of ownership, though in the near term they are more expensive for many use cases.
This metric includes the upfront purchasing costs along with the cost of operation,
such as labor, maintenance, and fuel for hydrogen and battery electric trucks.?® ICCT
estimated that battery electric trucks will reach total cost of ownership parity with
diesel trucks by 2030 in California.?® Modelling estimates for the entire U.S. by Ledna
et al. (2024) suggested that improvements in fuel prices, tax incentives, and continued
advancements in technology can lead to total cost of ownership parity with diesel
trucks across all market segments by 2035.2° In the near term, battery electric trucks
suffer on total cost of ownership parity due to long charging times, inadequate fueling
infrastructure, limited range, and high battery weight that can restrict payload capacity.*'
For hydrogen trucks, inadequate refueling infrastructure poses a challenge.?? Yet today,
the total cost of ownership for certain duty cycles in California is already similar to
that of conventional vehicles (though not yet the case for Class 8 tractors or trucks),
even in the absence of grants or rebates.?

Technological advancements can speed up this development, for instance through the
development of solid state batteries that are lighter, more energy dense to improve
range, and faster to charge.*® Megawatt Charging System technology (developed by
CharIN and the National Renewable Energy Laboratory)®* can significantly reduce
charging times to under 30 minutes, compared to 80% charge in 40 minutes to 2.5
hours for a 60ookWh battery using a direct current fast charger.®® The first charging
station using this system opened in Bakersfield, California, in May 2024.%”

Infrastructure development

Charging infrastructure for heavy-duty vehicles remains underdeveloped, with substantial
time required for deployment.®® Improved infrastructure could lower the costs of
operation by reducing charging times and therefore improving total cost of ownership.
The California Energy Commission’s Medium-and Heavy-Duty Zero Emission Vehicle
Charging and Hydrogen Infrastructure Map indicated 20,093 electric vehicle and hydrogen
fueling positions (both completed and in development) in California as of October
2025.* In addition to the charging stations themselves, infrastructure development for
electric trucks requires electricity grid expansion, including transmission and distribution
lines. Slow energization (connecting facilities to the grid) timelines and lengthy utility
and related infrastructure planning processes inflict operational costs and disincentivize
deployment. To address this issue, the California Public Utilities Commission established
statewide energization timelines in September 2024, including for EV charging stations.*

Electricity rates indirectly affect the costs of hydrogen fuel and directly influence the
charging costs for electric trucks. Electricity rates in California have been surging in
the past ten years, due primarily to wildfire mitigation costs, as well as infrastructure
maintenance and development, clean energy policies and programs, and complex rate
structures.*’ Both electric and hydrogen technologies for heavy-duty zero-emission
vehicles rely on electricity supplies. Electric trucks directly use electricity, whereas
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hydrogen primarily requires electricity in the production process (electricity use varies
depending on the type of hydrogen).*? Zero-emission hydrogen and electric charging
also rely on sufficient and affordable renewable energy. Policies and incentives that
influence these factors can help reduce fueling costs for zero-emission vehicles and
therefore reduce the total cost of ownership. Modelling estimates by Ledna et al.
(2024) suggested that long-haul applications for heavy-duty zero-emission vehicles
in the U.S. will become cost competitive when charging costs fall below $0.18 per
kilowatt hour, and hydrogen fuel cells will achieve cost parity when hydrogen prices
drop below $5 per kilogram.*
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Figure 2 Cumulative Zero-Emission Trucks by reporting period (Source: CALSTART)*

Despite the challenges, the U.S. medium- and heavy-duty zero-emission vehicle market
has gained momentum in recent years, as every heavy-duty vehicle segment in the U.S.
saw growth in 2024.® Atlas EV Hub reported 120,000 electric medium-and heavy-duty
vehicle sales in the U.S. for 2024 (compared to a few hundred annual sales before
2021).* The majority of these vehicles were Class 2B and 3 vehicles (vans, buses, and
smaller trucks). For Classes 4-8, electric vehicle sales increased from 896 in 2023 to
3,435 in 2024.7 In 2025, 192 different medium- and heavy-duty zero-emission models
were available in the U.S., most of which were medium-duty trucks.*®

California and United States Policies, Programs, and Incentives to Boost Heavy-Duty
Zero-Emission Vehicle Deployment and Infrastructure

California has embraced wide-scale deployment of commercially available zero-emission
vehicles where feasible, including medium- and heavy-duty trucks, to achieve the state’s
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long-term air quality, climate, and public health goals. Federal policies and incentives
also continue to shape the zero-emission truck landscape, though 2025 has brought
notable changes. Congress has paused, repealed or downsized several key programs
under the Inflation Reduction Act. The federal government also repealed Clean Air
Act waivers that previously supported California’s authority to set stricter vehicle
standards, though the state is challenging that repeal in federal court. These changes
create uncertainty for fleets and infrastructure developers. In response, state action
to support and accelerate zero-emission vehicle deployment seeks to reaffirm and
expand the state’s commitment to clean trucks. For a full list of current federal and
California programs and incentives, see Appendix Il.

In addition to the federal and state governments, private entities, ports and regional
entities contribute to heavy-duty zero-emission vehicle deployment. For instance, ports
can create incentives such as exempting zero-emission trucks from loading fees.*
Local air districts operate on a regional scale and play a role in implementing different
regulatory and incentives programs and local initiatives. Much of the private sector’s
initial investments focused on the light-duty transportation sector. For example, as part
of its diesel scandal settlement with California and the U.S., Volkswagen is investing
two billion dollars on ZEV infrastructure and consumer education through its charging
company Electrify America.®*® And since the Inflation Reduction Act passed, private
investments in medium- and heavy-duty charging infrastructure increased.> How private
investments will develop after the repeal of these federal incentives remains to be seen.

URGENT NEED TO INCREASE DEMAND FOR HEAVY-DUTY ZERO-
EMISSION VEHICLES

While truck makers are producing more heavy-duty zero-emission models with improved
range and charging times, demand is not yet sufficient to match the pace of the
needed transition. The key inhibitors that limit demand for heavy-duty zero-emission
vehicles include high upfront vehicle costs, insufficient charging infrastructure and
operational challenges. Furthermore, the federal government’s recent actions have
undermined this transition. As discussed, congressional invalidation of the Environmental
Protection Agency’s previous approval of California’s waiver request to institute the
Advanced Clean Trucks rule along with the termination of key zero-emission heavy-
duty vehicle incentives included in the Inflation Reduction Act have dramatically scaled
back important demand drivers. Furthermore, California’s withdrawal of its waiver
request from the Environmental Protection Agency for the Advanced Clean Fleets
regulation and the Environmental Protection Agency’s proposed repeal of the 2009
endangerment rule, which is the legal basis for regulating greenhouse gas emissions
of vehicles under the Clean Air Act,* created significant headwinds for zero-emission
heavy-duty vehicle demand.

In the absence of regulatory tools and new incentives to increase demand for zero-
emission trucks, and given the urgent need to boost demand for heavy-duty zero-
emission, the Center for Law, Energy & the Environment (CLEE) at UC Berkeley and
the UCLA Law Emmett Institute on Climate Change and the Environment convened
experts and stakeholders to articulate a vision for the heavy-duty zero-emission vehicle
market, help identify the most pressing barriers to reaching that vision, and propose
actionable solutions. CLEE and the Emmett Institute then combined desk research
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and a half-day workshop with a select group of stakeholders to identify key barriers
and inform the solutions presented in this report.

On May 19, 2024, the law schools organized an expert convening at UCLA to identify
the key barriers and solutions to boost demand for heavy-duty zero-emission vehicles
in California. Attendees included state leaders, industry representatives, environmental
advocates, and other stakeholders (see Appendix | for list of attendees), who identified
the key public and private sector actions. The following sections summarize and combine
the key consensus findings from this convening, including the vision for enhanced demand,
priority barriers inhibiting demand, and the recommended actions to address them.
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III. VISION FOR THE HEAVY-DUTY
ZERO-EMISSION VEHICLE MARKET IN
CALIFORNIA

During the May 2025 convening, participants outlined a comprehensive
vision for the heavy-duty zero-emission vehicle market by 2035, as well
as a nearer-term vision.

NEAR-TERM VISION

Early adoption and market stability: Participants emphasized the need to focus on
supporting early adopters and developing strategies to facilitate broader adoption for
the next group of implementors. Overcoming the ‘great pause’—the current slowdown
or delay in adoption and deployment of zero-emission trucks—would be essential for
driving this momentum and facilitating increased adoption. This near-term development
would be characterized by non-prescriptive, flexible rules and incentives focused on
lowering market entry barriers.

Regional-focused strategies to accelerate infrastructure development: Strategies
for increasing heavy-duty zero-emission vehicle adoptions would include accelerated
infrastructure deployment, focusing on region-specific policies and incentives. These
would include priority locations for clean freight corridors and ports, where a combination
of incentives and committed stakeholders can build out the infrastructure ecosystem.

Collaboration and innovative approaches: To accelerate deployment and improve
total cost of ownership, manufacturers, fleet operators, policymakers, and infrastructure
developers would collaborate to accelerate meaningful deployments beyond small
pilots, ensuring access to affordable, high-quality trucks, as well as pilot programs for
battery swap deployment.

Foundation for long-term market development: Stakeholders would target their
actions toward sustained incremental progress to reach the 2035 goals outlined
below. This trajectory would involve continuously improved energization timelines
and identifying the leading zero-emission technology—whether hydrogen fuel cells or
battery-electric—to allow for more targeted strategies. By 2030, industry would achieve
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total cost of ownership parity across all freight modes, with infrastructure, vehicle
capability and cost constraints no longer posing a barrier to widespread heavy-duty
zero-emission vehicle adoption.

VISION FOR 2035

Heavy-duty zero-emission vehicle market share: Participants envisioned a significant
increase in sales and deployment of heavy-duty zero-emission vehicles, ranging from
reaching close to 30% to 100% of all truck sales. Every freight use case would transition
to zero-emission solutions. At the same time as they advance heavy-duty zero-emission
vehicles, industry leaders would continue to improve combustion truck fuel efficiency
for diverse technology options.

Zero-emission business case: By 2035, participants envisioned heavy-duty zero-
emission vehicles reaching either total cost of ownership or upfront cost parity with
diesel trucks, or surpassing them to become the more economical and therefore more
desirable choice. This parity would contribute to strong demand driven by performance
and affordability, higher density, and lower cost batteries and abundant public charging
infrastructure. The market would have reached a tipping point at which it can stand
on its own without substantial incentives. A robust secondary market would exist for
heavy-duty zero-emission vehicles.

Grid infrastructure and electricity supply: Grid infrastructure would be sufficient
with improved public charging with charger reliability and redundancy. This expansion
would be supported by targeted clean energy development and affordable electricity
ensuring economic feasibility.

Regulatory certainty and market efficiency: Infrastructure development would be
driven by faster permitting and energization timelines, reduced regulatory uncertainty,
and faster permitting for infrastructure development. Improved coordination among
utilities, industry, regulators, and the legislature would drive this development.

Perception of heavy-duty zero-emission vehicles: Participants envisioned that
consumer, investor, and policymaker perceptions of heavy-duty zero-emission vehicles
will improve with success stories, drawing from examples in California and other states.
Debates over heavy-duty zero-emission vehicles would be depoliticized, letting rational
economic decision-making prevail.

Equity and public health: By 2035, heavy-duty trucking emissions would not negatively

impact public health, especially in environmental justice communities. High-pollution
areas, like drayage hubs, would have transitioned to zero-emission solutions.
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IV. BOOSTING DEMAND FOR HEAVY-
DUTY ZERO-EMISSION VEHICLES:
BARRIERS & SOLUTIONS

Participants at the May 2025 convening identified three priority barriers
hindering the realization of this vision for the heavy-duty zero-emission
vehicles market. They then developed a list of policies and other
actions that state and local (and federal) leaders, as well as private
sector actors, could take to overcome these barriers and achieve the
needed demand.

BARRIER I: LACK OF POLICY SUPPORT TO DRIVE DEMAND

Participants identified lack of demand as the primary overarching barrier to widespread
heavy-duty zero-emission vehicle adoption, as manufacturers and infrastructure
developers hesitate to scale production without demand. Lack of demand is caused
in part by the high total cost of ownership and perception issues (discussed in more
detail below).?® Insufficient and difficult-to-access incentives to offset high costs and
operational disadvantages in comparison to diesel trucks—caused by infrastructure
uncertainty and range limitations—fail to address the lack of demand.** With larger
fleet operators ineligible for certain incentives, they are less likely to participate in
the transition to zero-emission solutions.

In addition, regulatory uncertainty and associated market instability further slow demand.
For instance, the repeal of California’s Advanced Clean Fleets rule® and (potentially
temporary) loss of waiver authority for 100% zero-emission vehicle sales mandates send
inconsistent policy signals and thus challenge long-term planning for fleet operators
and manufacturers.®® In the absence of clear rules, mandates and sufficient incentives,
infrastructure developers, fleet operators and manufacturers will hesitate to make
investments until zero-emission vehicles become the more economic choice across
freight applications.””
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SOLUTIONS

The California Legislature could direct the Public Utilities Commission and/or
Air Resources Board to create a “Clean Miles Standard” for freight

Legislators and agencies could require shippers to meet a certain percentage of the
miles their goods travel via clean technologies, like heavy-duty zero-emission vehicles.
Shippers would then need to consider these “clean mile” provisions when contracting
with freight carriers. Depending on the design of the program, implementation authority
could lie with the California’s Public Utilities Commission or Air Resources Board.
Legislators and agencies could model this approach on the existing Clean Miles Standard
for transportation network companies (such as Uber or Lyft), which requires ridesharing
providers to gradually increase the percentage of miles travelled using zero-emission
vehicles.*® Regulators enforce the program through annual compliance targets that entail
penalties for companies failing to meet them, which includes reporting requirements
and financial assistance (funded via a per-trip fee collected by the companies but
administered through a state-regulated program) for drivers to transition to zero-
emission vehicles. Like the Clean Miles Standard for ridesharing, the state would need
to design compliance to avoid federal preemption challenges. For instance, by focusing
on performance (e.g., clean miles travelled) and not directly regulating carriers, the
state could avoid conflicting with federal laws that limit state authority over vehicle
standards and trucking operations.

The California Air Resources Board could create a statewide Indirect Source
Rule under the Clean Air Act

Indirect Source Rules under the Clean Air Act allow local air districts to regulate facilities
like ports and warehouses that generate pollution indirectly by attracting mobile sources
of emissions (like trucks). The Air Resources Board could create a statewide Indirect
Source Rule to ensure consistent regulatory oversight and maximize effectiveness in
reducing emissions. A statewide rule would build on existing regional rules, which seek
to reduce emissions from vehicle traffic or construction equipment associated with
stationary sources.®® As an example, the South Coast Air Quality Management District
established the Warehouse Actions and Investments to Reduce Emissions Program in
2021.%° It included requirements for reporting and compliance for warehouse owners
and operators and has led to increased deployment of heavy-duty zero-emission vehicles
and charging stations.®' To comply, warehouse owners and operators can choose from
a catalog of actions to reduce emissions, including transitioning to heavy-duty zero-
emission vehicles or paying a fine. Other examples of Indirect Sources Rules include
the San Joaquin Valley Air Pollution Control District’s points-based program for large
developments, as well as proposed rules in San Diego County and in New York City.%

In February 2025, Assemblymember Robert Garcia introduced Assembly Bill 914 to
affirm that the Air Resources Board has authority to address air pollution from indirect
sources.®* Lawmakers placed the bill on hold to allow more time for stakeholder
negotiations over compliance costs and regulatory details, and the bill may return for a
floor vote in early 2026. If the legislature and governor approve the bill, the California
Air Resources Board would be primarily responsible for developing a statewide rule
to regulate indirect sources of vehicular air pollution.%* Furthermore, in their 2025
report to the governor on zero-emission vehicle deployment policies, the state’s key
transportation agencies recommended developing and implementing a statewide indirect
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source rule.® Some participants highlighted the importance of ensuring continued
availability of incentives if and when the state implements an Indirect Source Rule in
order to ensure feasibility of compliance.

The California Air Resources Board could initiate new regulations under the
Clean Air Act to drive zero-emission truck adoption

The California Air Resources Board maintains authority under the Clean Air Act to
adopt vehicle emission standards that are more stringent than federal requirements.®
The board could begin a new set of regulations to drive zero-emission truck adoption,
which could be ready to be submitted to the next federal Environmental Protection
Agency for a federal waiver request.

The California Governor’s Office and Department of General Services could
create government procurement regulations

The governor could issue an Executive Order to establish procurement policies requiring
purchase or lease of zero-emission trucks and direct the Department of General
Services to implement and oversee them.®” Procurement policies and programs, such
as the Environmentally Preferable Purchasing Program®® and the City of San Francisco’s
Buying Green Mandate,®® help state agencies and local governments to prioritize more
sustainable goods and services in their procurement. Statewide government procurement
regulations that target deliveries to state agency locations could require or incentivize
state institutions to prioritize zero-emission services. This policy could encourage
shippers and carriers to provide these services and thus increase demand for zero-
emission heavy-duty vehicles.

The Governor’s Office of Business and Economic Development could help
facilitate aggregation of shipper demand

The Governor’s Office of Business and Economic Development (GO-Biz) could coordinate
various efforts and groups to enhance collective truck purchasing power and aggregate
shipper demand for zero-emission freight initiatives to reduce supply chain and vehicle
costs. Convening participants pointed out that multiple coordination efforts are underway,
including the Smart Freight Center’s Zero-Emission Truck Shipper-Carrier Alliance,
which aggregates demand for battery electric trucks and supports the build out of
a charging infrastructure network along Interstate 10 between Los Angeles and El
Paso, Texas.”® The alliance aims to address two challenges: first, shippers have trucks
operating in their supply chains that they do not own but that are the source of scope
3 emissions (which are indirect emissions that occur across the value chain)”" for
these companies; and second, carriers do not have the purchasing power individually
to impact vehicle costs or infrastructure development. The Alliance aims to generate
a large-scale order (up to ten Class 8 battery electric trucks with a 400-mile range
at a target price below $250,000 per vehicle), enabling a three-year payback period
based on total cost of ownership, with plans for deployment by 2026. This timeline
and volume can provide the demand certainty to trigger supply chain cost reductions
and to support forward-pricing from manufacturers. Shippers would benefit from
affordable zero-emission road freight, while carriers gain access to discounted trucks,
guaranteed volumes, and a charging network where they are operating. GO-Biz and
other state agencies could similarly engage additional shippers and carriers in the
effort and thus build more scale.
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Other coordination efforts include CALSTART’s initiative to accelerate heavy-duty
zero-emission vehicle deployment along the Interstate 10 corridor,’? electrification
coordination efforts (such as by the California Public Utility Commission” or the City
of Long Beach’s Zero-Emission Vehicle Infrastructure Blueprint’), and GMA Trucking’s
request for proposals for carriers looking to transition to zero-emission fleets.”> GO-
Biz could leverage these efforts to facilitate a more coordinated effort to aggregate
buyers. The initial phase of these efforts could involve convening key stakeholders,
which participants estimated currently include approximately 15-20 companies and
institutions. This gathering would serve to facilitate information sharing on ongoing
initiatives and establish discourse on how to move toward market aggregation.

The Governor’s Office and state agencies could support large-scale infrastructure
deployment along priority corridors by identifying new “ZEV Ready Zones”
(areas equipped with the infrastructure, policies, and planning needed to
support zero emission vehicles)

Because lack of infrastructure development suppresses demand, the Governor’s Office
could support large scale infrastructure deployment efforts by identifying “zero-
emission vehicle ready”’® zones along the 617 designated priority freight corridors
the California Transportation identified in its 2023 Clean Freight Corridor Efficiency
Assessment. Senate Bill 671 (Gonzalez, 2021) required this identification of freight
routes as priority areas for investment, risk mitigation and regulatory streamlining.””
Building on the California Transportation Commission’s efforts to plan and implement
priority clean freight corridors,”® the governor could direct GO-Biz and other state
agencies to coordinate these efforts and invite shippers to prioritize corridors for
zero-emission vehicle infrastructure and deployment. Corridor selection efforts could
also consider environmental justice concerns. In addition, the Governor’s Office could
initiate a centralized cross-agency delivery team to streamline implementation for
priority corridors and projects, cutting red tape and coordinating necessary approvals
and permits to accelerate adoption. For priority corridors, additional risk mitigation
measures, such as guaranteed freight contracts for zero-emission vehicle fleets, could
further reduce uncertainty for fleets investing in zero-emission vehicles. Such priority
efforts would rely on a coalition of committed industry leaders to provide consistent
demand signals for manufacturers.

BARRIER II: HIGH TOTAL COST OF OWNERSHIP

Convening participants identified high total cost of ownership as a critical barrier to
heavy-duty zero-emission vehicle demand and adoption, as fleet operators assess the
financial viability of transitions from diesel trucks. Total cost of ownership is influenced
by a wide range of factors, including vehicle purchasing and operational costs, including
fueling.”® Participants noted that high vehicle costs are in part caused by the prevalent
independent owner-operator business model and lack of demand aggregation that
prevent smaller-scale buyers from achieving economies of scale. In addition, because
sales tax and registration costs are based on a vehicle’s purchase price, the higher zero-
emission truck upfront costs compared to diesel counterparts means that the state’s
tax and registration regime effectively penalizes zero-emission vehicle purchasers for
choosing cleaner technology. Participants also discussed the compounding challenges
of high electricity rates, grid bottlenecks, limited vehicle ranges, long charging times,
and insufficient infrastructure, partly due to challenging permitting and infrastructure
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development processes. Operationally, electric trucks can often exceed weight limits
on certain highways due to heavy batteries, which potentially restricts their highway
access and adds to costs. This dynamic is exacerbated by a lack of an externality
penalty on pollution from diesel trucks. Finally, the lack of a secondary market and
uncertainty pertaining to the residual values of used vehicles increases the financial
uncertainties for both buyers and investors.

SOLUTIONS

The California Legislature could create long-term, consistent, flexible, and
stackable incentives for truck purchases

States agencies like California’s Air Resources Board, Energy Commission, and Public
Utilities Commission administer multiple incentive programs, though many of these
programs are subject to annual appropriations that can fluctuate and create uncertainty.
The legislature, in partnership with these agencies, could establish robust, long-term,
and consistent incentive programs to reduce investment risk and uncertainty about
incentives. They could ensure incentive eligibility for large fleets to engage them in
large-scale deployment efforts. Grant programs could focus on merit-based grant
awards that consider factors such as the number of vehicles served, projected emission
reductions, and the applicant’s capacity to complete the project, in order to ensure
funds go to high-impact projects. In the absence of the Advanced Clean Fleets rule and
other regulations, policymakers may need to develop more market-oriented incentives
to make up for the policy gap. They could gear these incentives toward offsetting costs
and ultimately reaching cost parity with diesel trucks. Options include adjustments to
the following programs and funds:

« Greenhouse Gas Reduction Fund: a program that channels funds from
auctioning allowances through the cap-and-invest program into climate,
equity and clean energy investments to reduce greenhouse gas emissions.
The legislature could establish a continuous, multi-year appropriation for
clean transportation from the fund, which would reduce reliance on annual
budget cycles and send appropriate signals to market participants.

« The Low Carbon Fuel Standard: the California Air Resources Board designed
the Low Carbon Fuel Standard to reduce greenhouse gas emissions from
transportation fuels by incentivizing the production of low-carbon fuels.
This market-based program sets an annual target for reducing the carbon
intensity of fuels. Depending on their carbon footprint, fuels have a high
carbon intensity score (e.g., diesel) or a lower score (e.g., electricity or
hydrogen).®® Producers of low-carbon fuels generate credits that they can
sell to producers of high-carbon fuels that need to buy credits to comply
with the standard. The credit trading system can potentially lower the cost
of less carbon intensive fuels and incentivize innovation. The legislature and
Air Resources Board could modify the program in future years to increase
support for zero-emission heavy-duty vehicles (more details in Appendix II).

Some convening participants were also engaged in amendments to programs like the

Hybrid and Zero-Emission Truck and Bus Voucher Incentive Program, which offers
vouchers to fleets to help offset the costs of purchasing zero-emission trucks and buses
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(funded via the Greenhouse Gas Reduction Fund). They wanted to see more alignment
among these incentive programs, while ensuring that they not be overly prescriptive.

The Governor’s Office of Business and Economic Development could facilitate
coordination of incentives

Multiple entities offer incentives in California, including utilities, ports, air districts, the
California Air Resources Board, Energy Commission, and State Transportation Agency.
GO-Biz could help align these various efforts by periodically convening these entities
for in-depth sessions aimed at streamlining, restructuring, and coordinating across
the various entities and incentives. This effort would require GO-Biz to navigate the
legislatively prescribed timelines of incentive programs, which a single agency cannot
change unilaterally. GO-Biz could begin by establishing a central portal that consolidates
all incentive programs in a single location, making them easier to access and navigate.

The California Legislature could create revenue neutral, self-funding incentives
programs for heavy-duty zero-emission vehicles

The state could create a “feebate” program, in which fees on non-zero-emission
vehicles fund rebates for zero-emission vehicles. For example, ICCT suggested a “a
revenue- and technology-neutral manufacture incentive program that encourages cleaner
internal combustion engine vehicle sales while providing the largest incentives to zero-
emission vehicles.”®' The program would charge manufacturers a pollution fee, based
on a baseline of a performance-based measure of pollution, and use the revenue to
fund a zero-emission vehicle sales incentive for manufacturers. This solution would
not require a federal waiver but could potentially require a two-thirds vote in the
California Legislature.

The California Legislature could create tax credits for heavy-duty zero-emission
vehicles

The state could create tax credits to help offset the purchasing cost of a new zero-
emission heavy-duty vehicle. In its report to the Governor on zero-emission vehicle
deployment, the state’s transportation-related agencies recommended policies to
“backfill the federal tax credits” that ended after September 30, 2025.8 To support
zero-emission vehicle sales and help expand the used vehicle market, the state could
provide vouchers, rebates, or other credits for used and new vehicle purchases, both
individual and in bulk.®

The California Legislature could exempt heavy-duty zero-emission vehicles
from the state sales tax or ensure they are taxed no more than their diesel
counterparts

The state could exempt zero-emission vehicle truck purchases from California’s 7.25%
state sales tax. Participants noted that taxes at the time of truck purchase further
increase the already higher upfront costs of zero-emission trucks compared to their
diesel counterparts. Even if rebates and other incentives significantly lower the vehicle
cost, the state calculates taxes based on the full pre-rebate price, meaning that an
ostensibly free truck could still cost well over $50,000 in state and federal taxes
(see recommendation for the federal excise tax below). A state sales tax exemption,
especially in combination with the aforementioned feebates and tax credits, could
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bolster the early adoption of heavy-duty zero-emission vehicles and enhance market
competitiveness. As an alternative to the exemption, the legislature could eliminate
the penalty by setting the sales tax based on a comparable diesel truck.

The California Legislature and Department of Motor Vehicles could equalize
registration fees

The state could ensure that zero-emission trucks do not pay more for registration
than diesel trucks. California calculates registration fees based on purchase price
and vehicle weight, among other factors.®* Because zero-emission vehicles tend to
be heavier and cost more than their diesel counterparts, fees calculated based on
price and weight are typically higher for zero-emission vehicles. They also incur an
additional road improvement fee (to offset the loss of fuel tax revenue), which can
further increase overall registration fees. The legislature could reduce these costs by
equalizing registration fees between zero-emission and diesel trucks.

Federal leaders could exempt medium- and heavy-duty zero-emission vehicles
from the federal excise tax and reinstate tax credits

Both new diesel and zero-emission trucks are subject to a 12% federal excise tax at
the time of purchase, with some exemptions.® Federal leaders could exempt heavy-
duty zero-emission vehicles from this excise tax to reduce costs. In addition, Congress
could maintain and re-authorize sections 45X and 45W? in the federal tax code. The
Inflation Reduction Act created these provisions in 2022 to incentivize the domestic
manufacturing of clean energy components, including battery cells and modules essential
to zero-emission vehicles, as well as the deployment of clean vehicles. Section 45W
established a Clean Commercial Vehicle Credit, incentivizing the deployment of zero-
emission vehicles. Section 45X established an Advanced Manufacturing Production
Credit to encourage the domestic manufacturing of clean energy components, including
battery cells and modules essential to zero-emission vehicles. However, the July 2025
tax legislation repealed the Clean Commercial Vehicle Credit for vehicles purchased
after September 2025.88 And while the Advanced Manufacturing Production Credit for
batteries remains, the new law introduced foreign entity-restrictions and an earlier end
date for the tax credits. A new Congress could reinstate these provisions to benefit
the uptake of zero-emission heavy-duty vehicles.

Ports could create incentive programs for zero-emission heavy-duty vehicles

Ports have several tools to promote zero-emission heavy-duty vehicles. They can place
fees on diesel vehicles and then reinvest the collected funds on infrastructure or
incentives that can support zero-emission vehicles. As an example, the Ports of Los
Angeles and Long Beach’s Clean Trucks Program generates funds for zero-emission
trucks and infrastructure. Each port assigns a “Clean Truck Fund Rate” on nonexempt
trucks ($10 per 20-foot equivalent unit; with exemptions for trucks that meet certain
emission standards). Cargo owners or their agents pay the rate on loaded containers
moved by truck. Other ports could replicate the program, though establishing these
programs required two years of stakeholder engagement, and replicating the program
could therefore take significant time (especially given the impact of tariffs today). Ports
could also offer priority reservation, loading, and access for zero-emission trucks.®’
Ports that do not yet have these incentive or fee programs to support zero-emission
vehicles could adopt best practices from those that do.
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The California Public Utilities Commission could continue to help improve
energization timelines

Slow utility planning, charging infrastructure development,® and energization represent
barriers to zero-emission heavy-duty vehicle deployment. Shorter timelines to deploy
and power this new infrastructure would therefore be a key solution to managing fueling
challenges and increasing demand. The California Public Utilities Commission could
build on its existing efforts, like the Transportation Electrification Proactive Planning®
process, to accelerate energization timelines for charging infrastructure and reduce
fueling-related operational challenges to help lower total cost of ownership for fleets.
In its report to the Governor on electric vehicle deployment, the state’s key energy and
transportation agencies noted that strategies to accelerate infrastructure development
could include faster utility energization processes.”? To address the challenge, the
state passed Senate Bill 410 (Becker, 2023), the “Powering Up Californians Act.”*®
Among other provisions, the law instructed the California Public Utilities Commission
to set average and maximum target energization timelines. However, some convening
participants doubted whether the bill is making a sufficient difference and suggested
more regulatory or legislative action to address this challenge. For example, some
utilities are piloting Flexible Service Connections (FSCs) to bring reduced capacity to
a site, allowing charging stations to come online more quickly using existing power
availability. This interim temporary solution provides power as the utility is making
the necessary grid upgrades to bring full power to the site. Taking advantage of FSC
programs or working with utilities to implement other temporary bridge solutions to
energize sites more quickly could help expand charging opportunities for medium-
and heavy-duty vehicles while protecting the existing grid and allowing time for grid
improvements and modernization.

The California Legislature and Air Resources Board could modify the Low
Carbon Fuel Standard in future years to increase support for zero-emission
heavy-duty vehicles

California’s Low Carbon Fuel Standard program helps encourage zero-emission heavy-
duty vehicle deployment through higher fees on high-carbon fuel and credit proceeds
that can support clean vehicle purchases and infrastructure. Yet participants noted
that much of the credit proceeds go to low-carbon biofuels rather than to supporting
electricity as a long-term comprehensive solution to transportation decarbonization.
The program’s most recent update took effect in July 2025, and the legislature and
the Air Resources Board could track market and industry needs to anticipate necessary
changes in the next update to the program. The California Air Resources Board could
improve the impact on electrification by shifting a greater share of Low Carbon Fuel
Standard credit value from biofuels towards electrification, including vehicle charging
infrastructure. Specifically, the legislature or board could require providers eligible for
credits to deliver fuels to be used in California, rather than subsidizing out-of-state
fuels like dairy digesters that never reach the state as transportation fuel. The board
or legislature could require these credits to support in-state greenhouse gas emission
reduction goals. The board could also consider a hard volume cap on or ultimate
phasing out of biofuels, which would reduce competition for credits and raise their
value for zero-emission vehicle fuels. In addition, the board could require or encourage
credit multipliers for electricity fuels, along with credit restrictions on other fuels to
avoid over-supply of credits that would reduce the credit price or create a glut. This
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shift could drive more support to de-risk infrastructure investments by increasing
utilization and providing revenue certainty.”*

The California Public Utilities Commission and Energy Commission could continue
integrated planning and policy initiatives that support proactive grid planning

Both commissions could offer integrated planning and policy support to enable more
proactive grid planning, particularly in anticipation of load growth amid accelerated
electrification. Other entities that could be involved include the California Independent
System Operator, transportation agencies, and GO-Biz. This process could incorporate
local knowledge of deployment needs into forecasting processes and utility plans and
decisions. These efforts could build on the Integrated Energy Policy Report, which
the California Energy Commission uses to forecast energy demand (reviewed by the
California Public Utilities Commission).”® Agencies could integrate this local knowledge
and transmission-level considerations into developing the forecasts.

The California Legislature and Transportation Commission could adapt the
Trade Corridor Enhancement Program to better align with the needs of charging
infrastructure projects

The California Transportation Commission established the Trade Corridor Enhancement
Program to provide funding for infrastructure improvements on California’s portions
of designated trade corridors of national and regional significance and the National
Highway Freight Network.’® Besides funding improvements on trade corridors with high
freight volume, policymakers also use the program to support charging infrastructure.
The legislature and the California Transportation Commission could amend the program
by clarifying eligibility and updating project evaluation criteria so it can better support
zero-emission vehicle infrastructure development, including charging stations.

The California Legislature and Public Utilities Commission could speed up
deployment of distributed energy resources to enhance charging infrastructure
through streamlined permitting and regulatory clarity

Distributed energy resources, such as EV chargers, battery storage, and rooftop solar,
can help with the deployment of heavy-duty EV charging stations and improve nearby
grid flexibility and reliability.”” They can help alleviate grid bottlenecks and manage
operational challenges for heavy-duty zero-emission vehicles by providing on-site
generation or averting the need for grid upgrades. Legislators could expand existing
environmental review exemptions and streamlining (such as for rooftop solar and EV
charging stations) under the California Environmental Quality Act (CEQA) to speed
deployment of these resources where they would support heavy-duty zero-emission
vehicles. For example, in instances where a grid connection is infeasible, on-site energy
generation could remain an option, and the legislature could amend CEQA to make
this installation less burdensome. In its report to the governor on zero-emission
vehicle deployment, the Air Resources Board mentioned that strategies to accelerate
infrastructure development could include permit streamlining.?® The California Public
Utilities Commission could also help bolster distributed energy resource processes by
improving speed and regulatory clarity.
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California municipal utility leaders could adopt Rule 29 procedures to support
EV charging infrastructure deployment

The California Public Utilities Commission established Rule 29 to provide an electric
vehicle infrastructure tariff for Pacific Gas and Electric and Southern California Edison
customers.*® The commission designed the rule to help cover the costs of developing EV
infrastructure for industrial, commercial, and multi-family charging station projects. For
qualifying properties, the utility designs, installs, owns, and maintains all equipment on
the utility side of the meter. Rule 29 can therefore reduce developer costs, depending
on the site. Participants suggested that promoting and replicating Rule 29 beyond
oversight of the California Public Utilities Commission to apply to publicly owned
municipal utilities could further support needed infrastructure deployment, such as
in the service territory of the Los Angeles Department of Water and Power. Utility
“make-ready” programs, such as Southern California Edison’s Charge Ready Program,'®
can also offer an alternative to infrastructure tariffs like Rule 29. The program covers
the design and installation of infrastructure for fleet owners and operators at both
the utility- and customer-side of the meter. However, infrastructure installations at
leased warehouses, fleet depots, and other locations may not be feasible or suitable
for all fleets. As a result, the state will still need to increase deployment of medium-
and heavy-duty-specific public charging (and funding programs to support) to make
it easier and cheaper for fleets to electrify.

The California Legislature, Public Utilities Commission, and electric utilities
could extend demand-charge “holidays” and create a customer rate class for
heavy-duty customers

Demand charges are extra fees customers pay when they use a high amount of electricity
at one time, even if for a short period. Charging eletric trucks requires a large amount
of power and can therefore trigger substantial fees based on peak electricity use that
increase charging costs. California’s legislature, Public Utilities Commission and electric
utilities could design rates and tariff options for truck charging that mitigate demand
charges. For example, utilities can offer demand-charge “holidays,” representing a
period where they waive or reduce demand charges for charging stations. Utilities could
expand existing holidays to give fleets the opportunity to experiment with charging
strategies.’® The California Public Utilities Commission could also create a distinct
customer rate class for zero-emission trucks when designing electricity rates. A rate
class determines how customers are charged for energy, how demand charges apply,
and whether customers have access to specific incentives. A separate class for zero-
emission trucks could help cap or smooth demand charges and therefore reduce
charging costs.

The California Legislature could take specific programs and costs out of
electricity rates to lower them

Surging electricity rates in California are in part caused by the cost of wildfire damage
and mitigation, as well as distribution and transmission upgrades and rooftop solar
incentives.'® Participants highlighted the former as a major hurdle after the Los Angeles
fires in January 2025, as utilities may be held liable for wildfire damage caused by
their equipment and then raise their rates to cover the costs. The legislature could
remove these and other social costs that affect rates from the rate base and instead
pay for them out of the general fund. The legislature could also improve the process
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for utility identification and implementation of wildfire prevention plans to include
consideration for cost effectiveness prioritization. The recently enacted Senate Bill 254
(Becker, 2025) addressed some of these issues, for example by requiring utilities to
finance a portion of their wildfire safety investments instead of passing the full cost
on to ratepayers.”®”® Reduced electricity rates would not only benefit lower-income
ratepayers, but it could also make heavy-duty zero-emission vehicle charging much
more affordable.

The California Legislature could create electricity tax breaks for medium- and
heavy-duty meters

The price of electricity sold at EV charging stations includes California’s sales tax. The
legislature could introduce tax breaks applied at truck charging stations to further
reduce fueling costs. This tax break would require submeters for these chargers to
track truck charging separately from other charging and electricity use.

Congress could extend the Alternative Fuel Vehicle Refueling Property Credit

Congress could extend section 30C of the federal tax code, which is a federal tax
credit that provides incentives for installing qualified alternative fuel vehicle refueling
property, including electricity or hydrogen charging ports.' The July 2025 tax law
ended the tax credit for charging infrastructure placed in service after June 2026, and
future congressional action could further extend this deadline.

BARRIER Ill: NEGATIVE PERCEPTIONS OF HEAVY-DUTY ZERO-
EMISSION VEHICLES

Participants identified negative perceptions of heavy-duty zero-emission vehicles
as another barrier to increasing demand and adoption. Many potential consumers
and investors perceive zero-emission trucks as too expensive and difficult to deploy,
especially when compared to fossil fuel counterparts. The perceived lack of safety,
credibility, and market capability of heavy-duty zero-emission vehicles exacerbates this
dynamic. Participants noted that these perceptions prevail in part due to a lack of
countervailing positive storytelling. Another limiting perception participants discussed
was a misguided belief that the transition to heavy-duty zero-emission vehicles needs
to happen “all at once,” hindering the prioritization of specific segments that can
transition economically more quickly or that could yield the greatest environmental
and public health benefits. In addition, the topic of zero-emission vehicles has become
more controversial and politicized, making it a partisan issue that inhibits pragmatic
conversations and creates policy uncertainty. Political framing of the transition can
also entail dis- and misinformation.

SOLUTIONS

Industry leaders and advocates could address mis- and disinformation through
trusted messengers

Industry leaders and advocates could recruit, develop and train trusted messengers to

address dis- and misinformation and improve perception of heavy-duty zero-emission
vehicles by sharing success stories with fleets, shippers, and policymakers. Messengers
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could include industry champions, manufacturers, dealers, fleets, and shippers to address
a wide audience, including industry peers and policy- and decision-makers. Messages
could address concerns around the lack of demand, offer demand aggregation solutions,
and explain the need for multi-year incentives. They could also clarify that the goal
is a long-term transition, where not all market segments need to transition at once.
Participants advocated showing a humble approach to document successes with heavy-
duty zero-emission vehicle deployment, including highlighting successful use cases,
as well as the specific geographies where total cost of ownership parity is already
available or could be soon. Messengers could also highlight where electrification is
needed most. The messages could emphasize the public health benefits and reduced
air pollution. Messengers and state agency leaders could create processes to identify
these success stories and direct public resources toward developing them for public
consumption. One option could involve working with recipients of the Hybrid and
Zero-Emission Truck and Bus Vouchers to identify what programs and technologies
are working well and which ones require improvement.

Industry leaders and advocates could address the politicization of zero-emission
trucks by focusing on the co-benefits of deployment

To counteract the politicization of zero-emission vehicles, advocates and industry
leaders could reframe the conversation using ‘the language of the moment’ to gain
bipartisan support. Possible framing could include improving global competitiveness,
bolstering supply chain resilience through diversity of product shipping, enhancing
sustainable economic growth, and increasing consumer choice and personal freedom.
Delivering this message would require involvement from businesses and leadership
from CEOs who can connect economic opportunity with the zero-emission transition.
Industry leaders could also explore whether success stories from Europe or China
would resonate with U.S. audiences and help reinforce the narrative that a transition
to zero-emission vehicles can be economically advantageous.

The Governor’s Office of Business and Economic Development, the California
Air Resources Board, and industry leaders (particularly fleet owners) could
enable peer-to-peer learning

Fleets and owner-operators could share success stories through word of mouth and
business-to-business marketing techniques. GO-Biz and the California Air Resources
Board could facilitate this peer-to-peer learning by convening industry representatives.
Messages could revolve around total cost of ownership and economic feasibility. They
could emphasize cost and demand opportunities, highlighting specific use cases. For
example, PROLOGIS publishes success stories of zero-emission vehicle operators and
related infrastructure projects.'®® Participants discussed that communicating compelling
market data can shift the narrative beyond the need for regulatory ‘sticks’ and toward
stories of smart, strategic investments. They could highlight how policy makers spend
public funds strategically to accelerate market development, such as by documenting
how addressing mobile source pollution from trucks often delivers cleaner air at lower
cost than addressing stationary sources. Messengers could focus on building trust
though transparency, honesty and optimism. Furthermore, sellers and manufacturers
could seek to match truck sales to appropriate use cases, as sales that cannot lead
to effective operations risk damaging the reputation of a still-small industry. Ensuring
long-term economic suitability can help maintain trust and support for market growth.
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V. CONCLUSION: ZERO-EMISSION
HEAVY-DUTY VEHICLE DEMAND
IS NEEDED FOR A SUCCESSFUL
TRANSITION

As California faces significant federal pushback on its efforts
to transition medium- and heavy-duty fleets to zero-emission
vehicles, alignment among the state’s elected and agency
officials, advocates, and industry leaders will be critical to
developing the state-based policies necessary to overcome
the various challenges to deployment. While continued
advancements in battery and charging technologies promise a
bright future for those market segments where zero-emission
vehicle costs are not already price-competitive with fossil gas,
the state will need ongoing policy support to hasten zero-
emission vehicle deployment.

State leaders will therefore need to address the myriad policy-
based obstacles to deployment, as well as the economic and
infrastructure barriers, such as by refocusing existing policies
and developing new ones to meet this current moment. Given
the state’s leadership role among other U.S. states and countries,
the steps that California leaders take now will set an important
example for leaders seeking to transition to zero-emission trucks
around the world, helping not just in-state residents but all who
will benefit from a more stable climate and cleaner air.
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APPENDIX | — LIST OF
PARTICIPANTS

«  Yasmine Agelidis, Senior Attorney, Earthjustice

«  Ruben Aronin, Principal, Better World Group

«  Greg Battersby, Principal Consultant, CO2 Sherpa Consulting

«  Max Baumhefner, Director - EV Infrastructure, NRDC

+  Adam Browning, Executive Vice President Policy, Forum Mobility

« Jessie Denver, Lead Advisor Utilities & ZEV Market Development, GO-Biz

« Jamie Hall, Director of Policy, EV Realty

«  Dan Hopper, Managing Director of Regulatory Policy, Southern California Edison
« Aravind Kailas, Advanced Technology Policy Director, Volvo

+  Ray Minjares, Heavy-Duty Vehicles Program Director, International Council
on Clean Transportation

« Andrea Pratt, Senior Policy Director, Greenlane

« Leela Rao, Manager of Air Quality Practices, Port of Long Beach
« Nancy Skinner, Commissioner, California Energy Commission

« JT Steenkamp, Vice President - Projects and Technology, Prologis

«  Emmanuelle Truax, Interim Supervisor - Transportation Electrification, California
Public Utilities Commission

«  Gia Vacin, Deputy Director of the Zero Emission Vehicle Market Development
Office, GO-Biz

«  Sean Waters, Vice President of Product Integrity, Daimler Truck North America

36 DRIVING DEMAND



APPENDIX Il — LIST OF STATE

AND FEDERAL REGULATIONS,
POLICIES, PLANS AND INCENTIVES
FOR HEAVY-DUTY ZERO-EMISSION
VEHICLE DEPLOYMENT AND
INFRASTRUCTURE

REGULATIONS, POLICIES, PLANS AND STRATEGIES
California

« Advanced Clean Trucks Regulation & Clean Truck Partnership: The
California Air Resources Board (CARB) adopted the Advanced Clean Trucks
rule in 2021, which requires truck manufacturers to transition to zero-emission
models starting in 2024. It mandates that manufacturers progressively
increase the percentage of annual sales of zero-emission vehicles.’ In June
2025, the U.S. Congress voted to invalidate the Environmental Protection
Agency waiver that allowed the State of California to enforce the rule.'’
Due to legal uncertainties and litigation, the finality and enforceability of
this repeal are still unclear. In anticipation of challenges, the California Air
Resources Board entered into the Clean Truck Partnership agreement with
truck manufacturers: in exchange for increased flexibility and regulatory
certainty, truck manufacturers agreed to comply with California’s emission
standards, regardless of challenges to California’s authority to set these
standards.’®® In August 2025, truck manufacturers sued the board, challenging
the legality of the Clean Truck Partnership agreement.’® The Federal Trade
Commission invalidated the agreement, stating it was ‘unenforceable™ In
November 2025, a federal judge blocked California from enforcing the sales
agreement while litigation is ongoing.

« Advanced Clean Fleets Regulation: The California Air Resources Board
adopted the Advanced Clean Fleets rule in 2023, which sought to achieve a
100% zero-emission truck and bus fleet by 2045 where feasible, and sooner for
market segments such as last-mile delivery and drayage trucks. The rule built
on the Advanced Clean Trucks manufacturer sales mandate and required fleet
owners to purchase an increasing percentage of zero-emission medium-and
heavy-duty trucks. However, the board withdrew the rule from consideration
for federal approval in January 2025 due to the likelihood of rejection by the
incoming Trump administration. Yet the board asserted it has the authority
to implement the rule for public fleets, which it is committed to doing as of
report publication. In September 2025, the California Air Resources Board
amended the Advanced Clean Fleets regulation to remove the drayage and
priority fleets regulations from the rule and to increase flexibility for public
fleet owners.”™ The board maintained the 100% ZEV sales requirement that
will still require an Environmental Protection Agency waiver. California will
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need new policies to encourage more fleet owners and operators to purchase
the zero-emission heavy-duty vehicles required to be deployed in the state.”?

Executive Order N-27-25 Zero Emissions Vehicle Deployment & Agency
Report: In June 2025, Governor Newsom signed Executive Order N-27-25 to
boost California’s clean vehicle transition in response to federal efforts to
invalidate the state’s clean air waivers—instructing state agencies to assess
additional actions zero emission vehicle adoption in California and to deliver
formal recommendations for additional actions to the governor.'™ The
resulting agency report to the Governor included a wide range of actions,
such as incentives, regulations, and private investments.'™ For heavy-duty
zero-emission vehicle deployment specifically, recommendations included
support for market deployment incentive and rebate programs and a statewide
indirect source rule.

Low Carbon Fuel Standard: The California Air Resources Board designed
the Low Carbon Fuel Standard to reduce greenhouse gas emissions from
transportation fuels by incentivizing the production of low-carbon fuels.
It is @ market-based program that sets an annual target for reducing the
carbon intensity of fuels. Depending on their carbon footprint, fuels have a
high carbon intensity score (e.g., diesel) or a lower score (e.g., electricity,
hydrogen).' Producers of low-carbon fuels generate credits that they can
sell to producers of high-carbon fuels that need to buy credits to comply with
the standard. The credit trading system can potentially lower the cost of less
carbon intensive fuels and incentivize innovation. The program also allows
fuel users (like fleets) to generate credits by using clean fuels, which they
can sell to create revenue. The program also includes zero-emission vehicle
infrastructure crediting provisions that generate credits for the construction of
hydrogen refueling or fast charging infrastructure for zero-emission vehicles."
The California Air Resources Board amended the program in July 2025 and
created a fueling infrastructure pathway for heavy-duty zero-emission vehicles
fueling. The amendment allows infrastructure operators to generate credits
based on fueling station capacity.

Heavy-Duty Engine and Vehicle Omnibus Regulation: The California
Air Resources Board adopted the omnibus regulation to reduce particulate
matter and nitrogen oxide emissions from new heavy-duty vehicles. The
regulation requires a 75% reduction in nitrogen oxide emissions from on-
road heavy-duty vehicle engines for 2024-2026 model years, with further
reduction for later model years, leading to a 90% reduction requirement
by 2031 (compared to existing standards)."” In June 2025, the U.S. Congress
voted to invalidate the Environmental Protection Agency waiver that allowed
California to enforce the rule. While litigation was ongoing as of report
publication, the Air Resources Board proposed emergency amendments to
safeguard regulatory continuity.

Innovative Clean Transit Regulation: The California Air Resources Board
adopted the Innovative Clean Transit Regulation in 2018. It requires all public
transit agencies in the state to gradually transition to 100% zero-emission
bus fleets. In 2029, all new bus purchases from these agencies must be
zero-emission vehicles.'®
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« California Sustainable Freight Action Plan: State entities can enable
zero-emission vehicle and infrastructure deployment by providing a broader
implementation and coordination framework through strategies, such as
California’s Sustainable Freight Action Plan. The plan provides a vision for
a less polluting freight transportation system. It is a statewide initiative to
integrate policies and investments across various state agencies towards a
more economically competitive, efficient and sustainable freight system. It
integrates both vehicle deployment and infrastructure development initiatives.'”

« Senate Bill 671 Clean Freight Corridor Assessment: Senate Bill 671
(Gonzalez, 2021) required the California Transportation Commission to
collaborate with other state agencies to develop a Clean Freight Corridor
Efficiency Assessment by December 2023.2° The assessment identified 34
priority freight corridors for deploying medium- and heavy-duty zero-emission
vehicles, and 6 top corridors for an initial viable network.™

Federal

+ Federal National Zero-Emission Freight Corridor Strategy: In March
2024, the Joint Office of Energy and Transportation and U.S. Department of
Energy, in collaboration with the and the Environmental Protection Agency and
the Department of Transportation, released a National Strategy to Accelerate
Deployment of Zero-Emission Infrastructure for Freight Trucks.?> The plan
outlined a phased approach from 2024 to 2040 for building a national
infrastructure network for hydrogen and electric fueling infrastructure for
medium- and heavy-duty vehicles."?

INCENTIVES™
California

« Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project:
The Hybrid & Zero-Emission Truck & Bus Voucher Incentive Program offers
vouchers to fleets to help offset the costs of purchasing zero-emission trucks
and buses. The program is administered by CALSTART, providing point-of-sale
vouchers for zero-emission buses and trucks that reduce upfront costs for
buyers. From 2023 to 2024, voucher redemptions surged 177%."%* Since its
introduction in 2009, it has funded over 14,000 zero-emission vehicles.?
The voucher project includes the Innovative Small E-Fleet Pilot Program,
which supports small fleets with vouchers for innovative mechanisms that
can support zero-emission vehicle adoption.’” The voucher project is part
of the California Air Resources Board’s Low Carbon Transportation Incentives
and Air Quality Improvement Program.'?®

+  On-Road Heavy Duty Voucher Incentive Program & Carl Moyer Program:
The Carl Moyer Program provides grants to public agencies and private
entities to replace, retrofit or repower their heavy-duty diesel engines with
clean ones.” The On-Road Heavy-Duty Voucher Incentive Program is one
of several eligible categories for funding within the Carl Moyer Program.
The voucher program provides funding for fleet owners with 20 or fewer
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vehicles to replace their fleet with zero-emission vehicles.”™ The Carl Moyer
Program is implemented as a partnership between CARB and California’s 35
local air districts.

+  Clean Transportation Program, California Electric Vehicle Infrastructure
Project & Energy Infrastructure Incentives for Zero-Emission Commercial
Vehicles: The California Energy Commission’s Clean Transportation Program
promotes infrastructure development and deployment of zero-emission vehicles
through annual investments of up to $100 million. The program includes
support for medium-and heavy-duty zero emission vehicle deployment through
pilot projects, grants, and loans. 50% of its investments must benefit low-
income and disadvantaged communities.”®' The Clean Transportation Program
also includes Energy Infrastructure Incentives for Zero-Emission Commercial
Vehicles. The California Energy Commission awarded the block grant for
designing and implementing infrastructure incentive projects to CALSTART.'*?

+ Cap-and-Trade (now Cap-and-Invest) Program: Although California’s
Cap-and-Invest program does not regulate trucks, it delivers essential funding
for incentives for heavy-duty zero-emission vehicles. The program sets an
emissions cap for various sectors and allows trading of emission allowances.
The California Air Resources Board has received budget allocations from these
auction proceeds to support its Low Carbon Transportation Incentives Programs,
including the Hybrid & Zero-Emission Truck & Bus Voucher Incentives.’ The
state also uses funds to support the Clean Transportation Program. With
the passing of Assembly Bill 1207 (Irwin) in September 2025, the legislature
extended the program until 2045, renamed the program “California Cap-
and-Invest Program,” and updated its framework.”™* The program’s extension
secured potential funding for a variety of incentive programs.'®

« Trade Corridor Enhancement Program: The California Transportation
Commission’s Trade Corridor Enhancement Program provides funding for
infrastructure improvements on California portions of designated trade
corridors of national and regional significance and the National Highway
Freight Network. The program combines roughly $515 million National Highway
Freight Program funds and $300 million in state funding for this competitive
program, including support for zero-emission infrastructure for medium-and
heavy-duty vehicles.’®

Federal

+ Federal Charging and Fueling Infrastructure Discretionary Grant
Program: The Biden administration’s Bipartisan Infrastructure Law established
a Charging and Fueling Infrastructure Grant Program, administered by the
Department of Transportation.’” The program provided funds for strategically
deployed zero-emission charging and fueling infrastructure. In January 2025,
the Trump administration paused the disbursement of new funds appropriated
though the law, halting new funding obligations. In June 2025, a federal judge
issued a preliminary injunction to reinstate the funds.

« National Electric Vehicle Infrastructure Formula Program: The Department
of Transportation’s Federal Highway Administration Program provides states
with funding for strategic electric vehicle charging infrastructure.’® Earlier
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guidance for the program focused on chargers for light-duty vehicles, but
states have flexibility to also use to funds to expand medium- and heavy-duty
charging infrastructure. After the Federal Highway Administration suspended
the program in early 2025, a lawsuit followed, which led to a continuation
of fund disbursement in August 2025."**

« Federal Clean Heavy Duty Vehicles Grant Program: The Inflation Reduction
Act directed the Environmental Protection Agency to establish a Clean Heavy
Duty Vehicles Grant Program. The program allocated roughly $900 million
for grants to accelerate the replacement of Class 6 and 7 diesel vehicles
with zero-emission vehicles. It aimed to reduce pollution in communities
disproportionately affected by pollution.™® The funding opportunity application
period closed in July 2024, and the recent July 2025 Congressional tax law
rescinded all unobligated funds.

+ Federal Tax Code Sections 45X (Advanced Manufacturing Credit) &
45W (Commercial Clean Vehicle Credit): The Inflation Reduction Act of
2022 introduced new sections to the federal tax code to create tax credits to
incentivize the uptake of zero-emission vehicles. Section 45W established a Clean
Commercial Vehicle Credit," incentivizing the deployment of zero-emission
vehicles. Section 45X established an Advanced Manufacturing Production
Credit to incentivize the domestic manufacturing of clean energy components,
including battery cells and modules essential to zero-emission vehicles.* In
July 2025, the Congressional tax law repealed 45W credits for vehicle purchases
placed after September 2025, reducing incentives for fleets. The new law
also phased out 45X credits for wind and solar components but left electric
vehicle battery benefits intact. However, the law made important changes,
such as requiring battery cells to meet stricter rules on U.S. manufacturing
and supply chain sourcing and that battery modules must be “comprised
of all other essential equipment needed for battery functionality.”'*® It also
set an earlier end date for the Advanced Manufacturing Production Credit
and modified foreign entity rules to prioritize domestic manufacturing.'*

+ Federal Tax Code Section 30C (Alternative Fuel Vehicle Refueling
Credit): The 2022 Inflation Reduction Act enhanced section 30C of the
internal revenue code, the Alternative Fuel Vehicle Refueling Credit. The credit
provided incentives for installing qualified alternative fuel vehicle refueling
property, including hydrogen fueling stations and electric charging ports.’*
The 2025 tax law phased out this incentive for installing charging infrastructure
placed in service after June 2026.
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