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L INTRODUCTION
PLEASE STATE YOUR NAME AND AFFILIATION.
My name is Yihao Xie. I work for the International Council on Clean Transportation

(ICCT) as a Researcher in the organization’s heavy-duty vehicles (HDV) program.

PLEASE DESCRIBE YOUR BACKGROUND AND PROFESSIONAL
EXPERIENCE IN THE ENERGY AND UTILITY INDUSTRIES.

I received my Bachelor of Arts in Environmental Studies from Yale-NUS College in
Singapore in 2017 and my Master of Environmental Management degree from the Yale
School of the Environment (formerly known as the Yale School of Forestry and
Environmental Studies) in May 2019. I joined the ICCT in August 2019 and have been
working on HDV technology, policy, and infrastructure research ever since. Currently, I
conduct research on the topic of medium- and heavy-duty vehicle (MHDYV) charging
infrastructure needs in the United States. In the past year, I authored more than five sets of
public comments to provide feedback and suggestions to federal and state-level vehicle
regulations and electric utility proceedings on behalf of ICCT. My research is referenced
in the Joint Office of Energy and Transportation’s National Zero-Emission Freight
Corridor Strategy and the Environmental Protection Agency’s Phase 3 Greenhouse Gas

Emission Standards for HDVs.

ON WHOSE BEHALF ARE YOU TESTIFYING IN THIS PROCEEDING?

Environmental Defense Fund.
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PLEASE DESCRIBE THE PURPOSE OF YOUR DIRECT TESTIMONY.

The purpose of my direct testimony is to present data-driven research from ICCT and other

organizations that provide:

e Anoverview of MHDV electrification trends and what drives them.

e Methods for forecasting load growth from MHDYV electrification.

o Utility infrastructure needs assessment in and around CenterPoint’s service territory.

e Tools to enable better distribution planning for electric MHDVs in the Houston area
As EDF witness Chris Hickman discusses further in his testimony, these data help
inform the reasonableness of, and recommendations with respect to, CenterPoint’s

processes, investments, and tariff rules.

PLEASE SUMMARIZE THE KEY FINDINGS OF YOUR TESTIMONY.

Key findings include:

(1) Technology improvements, competitive costs, and regulatory pressure are contributing
to increased and accelerating electric MHDYV adoption in the U.S.

(2) The first segments of MHDVs to electrify will include urban delivery vehicles, drayage
trucks, and transit buses, which have return-to-base operations and dedicated depots.

(3) Infrastructure deployment to support electric MHDV's can be prioritized and sequenced,
rather than built all at once.

(4) Near-term charging infrastructure deployment efforts will need to be concentrated

around warehouses and ports with high truck traffic volume.
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(5) In 2030, Harris County, within CenterPoint service territory, is likely to reach an
MHDYV peak charging load of 119 MW, reflecting aggregate nameplate capacity of 826

MW.

ARE YOU SPONSORING ANY EXHIBITS IN SUPPORT OF YOUR DIRECT
TESTIMONY?

Yes, I am sponsoring three exhibits. The first, Exhibit YX-1, is an ICCT white paper titled
“Near-term infrastructure deployment to support zero-emission medium- and heavy-duty
vehicles in the United States.” The second, Exhibit YX-2, is the National Zero-Emission
Freight Corridor Strategy released by the Joint Office of Energy and Transportation. The
third, Exhibit YX-3, includes relevant excerpts from CenterPoint’s responses to EDF’s

discovery requests in RFIO1, RF102, RFPO1, and RFP02.

IS YOUR TESTIMONY RELATED TO THE TESTIMONY OF OTHER
WITNESSES IN THIS PROCEEDING?
Yes, itis related to the direct testimonies of CenterPoint witnesses Eric Easton, Rina Harris,

and Jason Ryan, and Environmental Defense Fund witness Chris Hickman.

HOW IS THE REMAINDER OF YOUR DIRECT TESTIMONY ORGANIZED?
The rest of my direct testimony is organized into two sections. Section II describes the
ICCT’s research experience and capabilities in the context of our HDV Program and

summarizes the latest findings on MHDYV (i.e., Class 4-8) electrification trends in the U.S.
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Section III discusses ICCT’s charging infrastructure assessment methods and findings,
with a focus on the Houston metro area, which is predominantly within CenterPoint’s

service territory.

II. NATIONAL MEDIUM- AND HEAVY-DUTY VEHICLE ELECTRIFICATION

VEHICLE ELECTRIFICATION LANDSCAPE

Q. PLEASE SUMMARIZE THE ICCT’S EXPERIENCE AND EXPERTISE WITH
RESPECT TO VEHICLE ELECTRIFICATION.

A. The ICCT is an independent nonprofit research organization. Founded in 2001, we provide
first-rate, unbiased research and technical and scientific analysis to environmental
regulators around the world. Our HDV program has laid the foundation for research and
current knowledge of MHDYV electrification trends in the U.S. We have investigated
different facets of MHDYV electrification, from the economic and technical viability and
benefits to the wider society, to the impact on distribution grid infrastructure. We have
developed in-house tools that enable us to compare the total cost of ownership (TCO)! of
different MHDYV powertrain technologies under different operating conditions, databases
that track the growth of the U.S. ZE MHDV market and project the evolution of
manufacturing costs, and a geospatial model to estimate charging needs that arise from

electric MHDV depot and public charging. We share our research findings with federal,

! Multiple studies use total cost of driving or ownership to project ZEV adoption, considering factors such as the
upfront vehicle purchase price, fuel and maintenance costs, vehicle lifetime and discount rates, vehicle use, and
occasionally additional factors like infrastructure availability and penalties for reduced payload capacity or increased
refueling times.
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state, local, and international vehicle and electric utility regulators to help inform their

policies and decision making.

WHAT ARE MHDV ELECTRIFICATION TRENDS IN THE U.S.?
In the U.S,, electric MHDVs experienced substantial growth over the past few years.
According to the latest data, the total number of ZE MHDYV registrations rose from around
200 in 2021, to 1,600 in 2023. All ZE MHDVs registered in 2023 were battery-electric
vehicles (BEVs)? and this growth is expected to continue. According to the U.S. EPA,
manufacturers may sell up to 60%, 40% and 30% ZEV products for Class 4-5 vocational
trucks, Class 6-7 vocational trucks, and Class 8 vocational trucks to comply with Phase 3
greenhouse gas emission standards in 2032.3 The ICCT estimates that with the help of
federal incentives, i.e., the Commercial Clean Vehicle Credit (Sec. 45W) for MHDV
purchase and the Advanced Manufacturing Production Tax Credit (Sec. 45X) for batteries,
the sales share of ZEVs in Class 4-8 MHDVs has the potential to reach 39% in 2030, or
10% of the total MHDYV stock, which equals 1.1 million ZEVs on U.S. roads.* Other factors
influencing these trends include falling costs for batteries and increased accessibility and
availability of charging infrastructure.

Within the MHDYV market, certain segments are moving towards ZE technologies

at a faster pace. Vehicles most suited for electrification in the near term include those that

2ICCT Race to Zero Report (Forthcoming 2024).

3 See EPA, GREENHOUSE GAS EMISSION STANDARDS FOR HEAVY-DUTY VEHICLES: PHASE 3 2 (Mar. 2024)
[Hereinafter “EPA Phase 3 Standards™].

4 See Near-term Infrastructure Deployment to Support Zero-Emission Medium- and Heavy-Duty Vehicles in the
United States, 2023 (Exhibit YX-1, p. 1).
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have a predictable daily range and payload, have access to reliable or dedicated parking,
and return to base at the end of the day’s operations.®> Based on these characteristics, transit
and school buses, urban delivery vehicles, and drayage tractor trucks are the “first mover”
segments, which is also supported by the Joint Office’s findings.® Currently, electric
MHDVs have a higher upfront cost than conventional vehicles; however, many ZE MHDV
segments are expected to reach total cost of driving parity with conventional vehicles in
the next few years.” Early adopter fleets are mostly large corporate fleets that have the
financial means to fund vehicles and infrastructure, e.g., Amazon, PepsiCo and Schneider.?
These companies deploy mostly “first-mover” segment vehicles—urban delivery vehicles
and regional haul or drayage trucks, who have closed loop operations and behind-the-fence

depot charging.

WHAT FACTORS ARE DRIVING MHDV ELECTRIFICATION TRENDS?
The development of MHDYV electrification is mainly driven by (1) technological maturity

of products; (2) economic superiority for fleets; and (3) supportive policies and regulations.

3 YIHAO XIE ET AL., HEAVY-DUTY ZERO-EMISSION VEHICLES: PACE AND OPPORTUNITIES FOR A RAPID GLOBAL
TRANSITION 11 (ICCT, May 2022).

6 National Zero-Emission Freight Corridor Strategy, 2024 (Exhibit YX-2, p. 45).

7 Catherine Ledna et al., Assessing total cost of driving competitiveness of zero-emission trucks, 27 iSCIENCE (2024)
(Modeling the total cost of driving for all trucks Class 3-8 in the US, finding that projected ZE MHDYV volumes
demonstrate better TCO compared to internal combustion engine trucks, ¢.g., early markets with first- and last-mile
delivery, local and regional haul, and moving toward long-haul transportation. ZE MHDVs are likely to reach cost
parity by 2035, faster than FCEVs).

8 See e.g., Press Release, Amazon, Amazon’s electric delivery vehicles from Rivian roll out across the U.S. (Jul. 21,
2022); Press Release, Schneider, Schneider becomes first major carrier to achieve 1 million zero emission miles
with the Freightliner eCascadia (Nov. 2023); PR Newswire, PepsiCo beverages North America announces
California-based electric fleet will more than triple with latest deployment (May 21, 2024).

6



10

11

12

13

14

15

16

17

Direct Testimony of Yihao Xie | Environmental Defense Fund

Technology Maturity

An increasing number of truck Original Equipment Manufacturers (OEMs) are investing
in research and development of ZEV technologies. These OEMs include traditional truck
giants like Daimler and Volvo Trucks, which both have zero-emission (ZE) products to
offer, as well as ZE-only manufacturers Tesla and Nikola. CALSTART’s Zero-Emission
Technology Inventory shows that in 2024, there are more than 160 ZE truck models
available in the U.S., covering all major truck types and segments.’ Technological maturity
and product availability of ZE MHDVs have moved past just a few niche use cases and
into the mainstream. And this supply of ZE models is expected to continue and grow. In a
research brief commissioned by the ICCT, Atlas Public Policy found that, as of December
2023, U.S. truck manufacturers have pledged over $6.5 billion towards this transition in

the form of construction, expansion, and retooling of facilities to produce ZE MHDVs.!°

Cost Advantage
BEV and fuel-cell electric (FCEV) MHDVs currently have a higher upfront cost than
conventional diesel trucks.!! However, as technologies mature and economies of scale are

reached, ZE MHDYV manufacturing costs are decreasing. ICCT estimated the purchase

9 J. RICHARD ET AL., ZEROING IN ON ZERO-EMISSION TRUCKS: THE STATE OF THE U.S. MARKET 6 (CALSTART,

19§ BURGET ET AL., MANUFACTURING CAPACITY FOR HEAVY-DUTY ZERO-EMISSION VEHICLES IN THE UNITED
STATES 2 (Atlas Public Policy, 2023).

1 Both BEVs and FCEVs are ZEVs, as they eliminate tailpipe emissions and associated air pollution. BEVs have
experienced significant cost reductions and technology improvements over the last decade, largely driven by
reductions in battery costs. BEVs also offer performance advantages that can improve safety, reliability, and driver
retention. H. BASMA ET AL., Infia note 14, See also, M. Muratori et al., Road to zero: Research and industry
perspectives on zero-emission commercial vehicles, 26 ISCIENCE (May 2024).

7
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costs of ZE MHDVs by component, based on primary data and secondary literature.'* We
found that upfront cost parity between BEV trucks and their diesel counterparts is expected
to be achieved in the late 2020s or early 2030s for most truck segments. Much of this can
be attributed to falling battery costs, which are expected to halve by 2030! reaching
$120/kWh at the battery pack level.

In addition, BEV trucks will soon be cheaper to own and operate over their useful
life, i.e., TCO will be more favorable than diesel trucks within the next few years. ICCT’s
analysis of TCO for Class-8 long-haul tractor trucks demonstrated BEVs will have the
cheapest overall cost in Texas by 2027, beating diesel, hydrogen fuel-cell and hydrogen
combustion engines.'* Qur analysis considered the federal incentives offered to ZE truck
customers through the Inflation Reduction Act as the only subsidy program. Economic
advantages also derive from inherently better energy efficiency of BEVs and reduced fuel
costs. By 2030, fleet owners in Texas stand to save $0.13 per mile for owning and operating
BEV Class 8 tractor trucks instead of diesel ones. The economic advantages of BEV
MHDVs are further extended by government subsidies, which help narrow the purchase
price gap that still exists today. The federal government is providing unprecedented levels
of financial support to ZE MHDYV fleet customers. The Commercial Clean Vehicle Credit
provides subsidies up to $40,000 per vehicle for ZE MHDYV purchases. Other federal

funding programs like the Charging and Fueling Infrastructure Discretionary Grant

12 YIHAO XIE ET AL., PURCHASE COSTS OF ZERO-EMISSION TRUCKS IN THE UNITED STATES TO MEET FUTURE PHASE
3 GHG Standards (ICCT, 2023).

13 Relative to 2022 costs.

14 See HUSSEIN BASMA ET AL., TOTAL COST OF OWNERSHIP OF ALTERNATIVE POWERTRAIN TECHNOLOGIES FOR
CLASS 8 LONG-HAUL TRUCKS IN THE UNITED STATES (ICCT, 2023); See also C. Ledna, supra note 7.

8
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Program and the Clean Ports Program also cover costs associated with vehicle purchase

and installation of charging and refueling infrastructure. >

Regulatory and Policy Environment
First, the Advanced Clean Trucks (ACT) rule—adopted by more than 10 states—first has
helped spurred ZE MHDV developments, as manufacturers are required to sell an
increasing share of ZE trucks.!® To comply with ACT, manufacturers are required to invest
in R&D and production of ZEVs, and the ZE products and effects of economies of scale
spill over to other states that do not have such requirements. In April 2024, EPA finalized
its Phase 3 Standards, which will impact all MHD Vs sold between 2027 and 2032.!7 While
the standards do not mandate the sale of ZEVs, they are expected to drive more ZE products
to the market on a national scale due to tightened emission limits. According to EPA’s own
estimates, ZEVs will comprise between 25% to 60% of new MHDYV sales in 2032,
depending on the vehicle category.'®

Additionally, enabling policies like the National Zero-Emission Freight Corridor
Strategy increasingly encourage ZE MHDYV infrastructure deployment. The strategy “lays

out an all-of-government approach to aligning investments and accelerating sustainable

15 US DEPARTMENT OF TRANSPORTATION FEDERAL HIGHWAY ADMINISTRATION,
https://www.transportation.gov/rural/grant-toolkit/charging-and-fueling-infrastructure-grant-program (last visited
June 13, 2024) [Hereinafter “FHA™]; See also EPA, https://www.cepa.gov/ports-initiative/cleanports#about (last
visited June 13, 2024).

16 The following states adopted the ACT rule: Colorado, Massachusetts, New Jersey, New Mexico, New York,
Oregon, Vermont, Washington, Maryland, Rhode Island, California. Washington, D.C., Hawaii, North Carolina, and
Virginia signed a Memorandum of Understanding to work toward 100% zero-emission trucks. See also CLAIRE
BUYSEE & BEN SHARPE, CALIFORNIA’S ADVANCED CLEAN TRUCKS REGULATION: SALES REQUIREMENTS FOR ZERO-
EMISSION HEAVY-DUTY TRUCKS (ICCT, Jul. 2020).

7 EPA Phase 3 Standards, supra note 3.

18 1d.
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and scalable deployment of reliable ZE-MHDYV infrastructure,” which will guide the

strategic allocation of federal funding programs.'®

WHAT ELECTRIC UTILITY SYSTEM IMPACTS DO THESE TRENDS
SUGGEST?

These trends suggest utilities should expect a growing number and magnitude of electric
MHDY loads. “First mover” MHDYV segments of transit buses, urban delivery vehicles and
drayage trucks will rely primarily on depot charging, as the vehicles generally return to
fixed locations and do not have long-haul, one-way duty cycles. The first mover MHDV
fleets also run and dwell in major urban metro areas and near ports. For the utility system,
near-term MHDYV electrification will likely create energy demand and charging loads
concentrated near ports, distribution warehouses and transit bus depots to meet the needs
of domicile fleets that rely on depot charging. These vehicles will also have distinct
temporal patterns of charging load when they are not in operation.

In the meantime, a growing number of charging-as-a-service (CaaS) providers are
investing in public charging plazas to provide service to longer-haul electric MHDVs for
en-route charging and smaller fleets who do not have their dedicated depots.? The
convergence of improved technology, lower costs, and stronger regulations will drive

electrification in more MHDV segments in the coming years. The impact on the utility

19 National Zero-Emission Freight Corridor Strategy, 2024 (Exhibit YX-2, p. 3-4).

2 See e.g., TERAWATT (last visited June 13, 2024), https://www.terawattinfrastructure.com/site-locations; See also
Forum Mobility, Forum Mobility Starts Construction of Heavy-Duty Electric Truck Charging Depot in the Port of
Long Beach, PR NEWSWIRE (May 15, 2024, 7:06 PM), https://www.prnewswire.com/news-releases/forum-mobility-
starts-construction-of-heavy-duty-electric-truck-charging-depot-in-the-port-of-long-beach-302 146995 html.

10
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system will be more wide-ranging, both in terms of the sizes of load to charge a greater
number of vehicles, as well as the geographic footprint of charging infrastructure. New and
significant electricity loads are likely to emerge at a selected number of locations, rather
than spread more evenly throughout a utility’s service area. For utilities servicing the
highest number and level of activity of electric MHDVs, this may mean upstream

substation capacity additions to accommodate high charging loads.

VEHICLE ELECTRIFICATION AND CHARGING IN THE HOUSTON AREA

HAS ICCT EXAMINED THE IMPACTS OF MEDIUM- AND HEAVY-DUTY
VEHICLE ELECTRIFICATION IN THE HOUSTON AREA?

Yes, ICCT has examined Houston-area MHDYV electrification impacts as part of its
nationwide analyses. In May 2023, the ICCT published a white paper titled “Near-Term
Infrastructure Deployment to support Zero Emission Medium- and Heavy-Duty Vehicles
in the United States,” attached here as Exhibit YX-1. It assessed the near-term charging
and refueling infrastructure needs for Class 4-8 MHDVs in 2025 and 2030 based on
projections of near-term ZEV market growth and identified priority locations for
deployment of charging and refueling infrastructure. By 2030, MHDYV electrification is
projected to increase the U.S. daily electric energy consumption by 140,000 megawatt-
hours per day. This equates to around 1% of the total national electricity retail sales in
2021, a marginal increase in required electric power generation. Across the U.S., combined

peak charging load will be more than 10,000 MW and total nameplate capacity of chargers

11
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on local distribution grid will exceed 69,000 MW in 2030. Counties with high energy

demand are expected to experience high loads for MHDYV charging of up to 132 MW.

WHAT DID THIS STUDY FIND WITH RESPECT TO TEXAS AND THE
HOUSTON AREA?
Our May 2023 white paper finds that 1% of U.S. counties will account for 15% of
nationwide MHDYV charging energy needs in 2030. These counties constitute high-priority
areas to concentrate near-term deployment of charging and refueling infrastructure for
MHDVs. We project that Harris County, which is primarily served by CenterPoint Energy,
could experience a peak charging load of 119 MW from MHDYV charging, and the
nameplate capacity of chargers on the local distribution grid could be 826 MW. This puts
Harris County in third place in terms of highest projected energy consumption from electric
MHDYV charging in 2030 across all counties in the U.S.

Other counties within CenterPoint’s service territory will also experience charging
needs from MHDYV electrification. Figure 1 (below) shows the nameplate capacities of

MHDYV chargers in 2030 in all Texas counties based on our analysis.

12
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Electricity service territory of CenterPoint
Nameplate capacity from MHDV charging, MW
0-16
16-42
42-79
79-114
. \ M.4-17.4
“'-\“L’j 17.4-275
275-466
B 46.6-826.1

Figure 1. County-level projected electric MHDYV charging nameplate capacity needs in 2030, based on projections

of near-term ZEV market growth

PLEASE SUMMARIZE THE MAY 2023 STUDY’S METHODOLOGY.

Our 2023 national MHDYV infrastructure assessment is a top-down estimation of energy
consumption from ZE MHDVs on U.S. road segments, and the results are further processed
based on segment-specific vehicle activity levels, technical characteristics, and charging
patterns. The methodology has four main steps:

1. ZEV Deployment Scenario

Our assessment of charging infrastructure needs began with assumptions of ZE MHDV
deployments in the U.S., based on a scenario developed in an earlier study.?! This scenario

corresponded to a ZEV sales share for Class 4-8 MHDVs of 39% in 2030, or 10% of the

2 See generally PETER SLOWIK ET AL., ANALYZING THE IMPACT OF THE INFLATION REDUCTION ACT ON ELECTRIC
VEHICLE UPTAKE IN THE UNITED STATES (ICCT, 2023).

13
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total MHDV stock, which equates to 1.1 million ZEVs. These are ambitious—yet
achievable—projections based on current market developments and strong federal
incentives. The ZEV deployments were disaggregated by decarbonization technology
pathways: battery-electric and hydrogen, which includes both fuel cell electric and
hydrogen internal combustion engine vehicles. We did not include biofuels and synthetic
fuels due to their high costs and limited feedstock availability.?* Further, our TCO analysis
of MHDVs shows hydrogen trucks are not cost-competitive compared to BEV trucks.
Based on these results, this analysis assumed all ZEVs are BEVs through 2050, and
therefore charging infrastructure needs projections represented an upper bound.

2. Energy Consumption Mapping

We mapped the energy needs of the future fleet of battery-electric MHDVs onto the U.S.
road network in the 48 continental states and the District of Columbia by using traffic data
from the Federal Highway Administration’s (FHWA) Highway Performance Monitoring
System (HPMS).%* Because our modeling is sensitive to the quality of the HPMS data, we
calibrated this input to ensure consistency between state totals with state-wide aggregated
FHWA data. We used ZEV penetration projections from the previous step to calculate the
share of vehicle kilometers traveled (VKT) performed by EVs (eVKT). Energy
consumption on each road segment was calculated by multiplying eVKT by the average

ZEV energy consumption for each MHDYV segment.

22 See e.g., YOUNRANG ZHOU ET AL., CURRENT AND FUTURE COST OF E-KEROSENE IN THE UNITED STATES AND
EUROPE (ICCT, 2022); See also, CAMILLA CARRAROET AL., WASTE AND RESIDUE AVAILABILITY FOR ADVANCED
BIOFUEL PRODUCTION IN THE EUROPEAN UNION AND UNITED KINGDOM (ICCT, 2021).

Z FHA 2018 HPMS Public Release, https://www fhwa.dot.gov/policyinformation/hpms/shapefiles.cfm (last visited
June 13, 2024).

14
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3. Vehicle Activity and Use Case Disaggregation

From the previous step, we estimated MHDV segment-specific energy consumption and
mileage characteristics based on best available literature from ICCT and other
researchers.?* The daily VKT and energy consumption for each MHDV segment were
assumed to follow a lognormal distribution.

4. Modeling Charging Patterns

We modeled charging behaviors to represent the average U.S. fleet for each MHDV
segment. Depending on their daily energy consumption, we assumed the charging strategy
of MHDVs will be a combination of different charger types—overnight (with nominal
charger power between 50-150 kW), opportunity fast (350 kW) and opportunity ultra-fast
(2 MW)—at both private depots and public charging plazas. We also accounted for the
evolution of infrastructure utilization over time for different charger types. Then, we
calculated the share of energy provided by each charger type for each MHDYV segment.
Our study provided an estimate of the peak power demand that can be expected from
MHDYV charging at the county level. We used fleet load profiles from the Medium- and
Heavy-Duty Electric Vehicle Infrastructure — Load Operations and Deployment (HEVI-
LOAD) project led by Lawrence Berkeley National Laboratory. We applied a ratio of 1.77,
which is the ratio of aggregated peak load to average load in California from the HEVI-

LOAD project to the average power demand in a county, obtained by dividing the total

2 See B. Borlaug et al., Charging Needs for Electric Semi-Trailer Trucks, 2 ELSEVIER (2022); See also Presentation,
K. Walcowicz et al., Fleet DNA Project Summary Report, (National Renewable Energy Laboratory, Aug. 2014),
https://www.nrel. gov/transportation/assets/pdfs/fleet_dna bucket trucks report.pdf; See also HUSSEIN BASMA &
FELIPE RODRIGUEZ, THE EUROPEAN HEAVY-DUTY VEHICLE MARKET UNTIL 2040: ANALYSIS OF DECARBONIZATION
PatEWAYS (ICCT, 2023).

15
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daily energy consumption by 24 hours, to estimate the maximum load counties will
experience from MHDYV charging.

Our infrastructure assessment reflects energy consumption from high ZEV
adoption rates compared to where the market is today, and dominance of battery-electric
technologies. Changing the number and drivetrain of ZE MHDVs will affect our
projections on energy consumption, peak load, and number of chargers. We are not able to
make local-level estimations based on fleet or utility-scale plans or policies because of its

nature as a top-down national scale model.

WHAT OTHER STUDIES BEAR ON THESE FINDINGS?
In March 2024, the federal government, through its Joint Office of Energy and
Transportation, issued the National Zero-Emission Freight Corridor Strategy.?® The
strategy “serves as a compass for public and private stakeholders to prioritize and guide
investment, planning, and deployment of ZE MHDV electric charging and hydrogen
refueling infrastructure.” The Texas Triangle and Houston Port Authority are identified as
priority freight hubs to establish MHDYV charging and refueling infrastructure by 2027.

In August 2023, CALSTART published an analysis of U.S. national charging
infrastructure needed to supply electricity for ZE MHDVs in 2027, 2030, and 2035.2° The
analysis presented phases of infrastructure investment and deployment to accommodate the

scale of the ZE MHDYV transition, starting from hubs and clusters that constitute Phase 1

5 National Zero-Emission Freight Corridor Strategy, 2024 (Exhibit YX-2).
26 JOSEPH, MICHAEL ET AL., PHASING IN U.S. CHARGING INFRASTRUCTURE: AN ASSESSMENT OF ZERO-EMISSION
COMMERCIAL VEHICLE ENERGY NEEDS AND DEPLOYMENT SCENARIOS (CALSTART, Aug. 2023).
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of the overall roadmap. The Texas Triangle, including Houston, belong to the initial phase
for prioritized investments.

In November 2023, the Electric Power Research Institute (EPRI) launched the
“eRoadMAP” electric transportation grid planning tool.?” It uses public and proprietary
data to estimate light- and MHDV electrification energy consumption at a roughly
distribution feeder level.?® On the eRoadMAP dashboard, the Houston metro area is
highlighted with the highest cumulative energy needs from transportation electrification,
including those of MHDVs, from 2024 to 2030. The ICCT’s findings in Texas are

consistent with those in the eRoadMAP tool. %’

WHAT CONCLUSIONS DO YOU DRAW FROM THIS BODY OF
LITERATURE?

One common finding across these documents and reports is the emergence of a handful of
freight hubs and corridors as near-term priorities for MHDV electrification and ZE
infrastructure. Infrastructure deployment does not have to happen concurrently across the
entire country. In the near term, energizing these hotspots will help meet the most charging
needs for ZE MHDVs operating from behind-the-fence depots and large CaaS-developed
charging plazas. The ICCT further amplified these findings by recommending a “no
regrets” approach of deploying charging infrastructure, starting in certain freight zones and

corridors that support the greatest volume of freight traffic and favors the operations of

27 See generally Electric Power Research Institute eRoadMAP tool, https://eroadmap.epri.conv/ (last visited June 13,
2024). [Hereinafter “EPRI”].

2 EPRI, FAQs, https://eroadmap.epri.com/docs/cRoadMAP_faqs.pdf (last visited June 13, 2024).

2 EPRI eRoadMAP, supra note 27.
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electric trucks.*® The body of literature also points to the Texas Triangle, particularly the
Houston metropolitan area, as a likely location for near term ZE MHDV charging
infrastructure deployment. This is driven by the large number of trucks currently in use on
Texas roads, the feasibility of ZE technologies for common truck use cases such as drayage

and regional-haul, and the price differential between electricity and diesel.

TO WHAT EXTENT DO CENTERPOINT’S FILINGS IN THIS CASE REFLECT
THESE FINDINGS?

CenterPoint is expecting significant load growth from electrification in its service territory.
By CenterPoint’s own account, it expects “a potential of doubling or tripling of load in the
Houston area by 2050 driven by customer-initiated electrification and hydrogen projects.
In more concrete terms, CenterPoint provided actual and projected MHDYV distribution
load in its service territory, from 2021 to 2024.3!

Further, CenterPoint’s filings acknowledge trends in MHDYV electrification and
infrastructure deployments. CenterPoint is aware of spatial clustering of charging
infrastructure that may arise from MHDV electrification in the near future. 3 This
observation is consistent with the Transportation Electrification Executive Overview
White Paper commissioned by CenterPoint in October 2022.%3 The white paper projects a

1.2 GW peak load increase in 2032 from more than 750,000 EVs from all vehicle classes

30 YIHAO XIE & MIJARES, RAY, DEPLOY CHARING INFRASTRUCTURE IN “NO REGRETS” FREIGHT ZONES AND
CORRIDORS TOKEEP U.S. COMMERCIAL TRUCK ELECTRIFICATION ALIGNED WITH CLIMATE GOALS (ICCT 2023).
3 CenterPoint’s Response to EDF RFI01-07 (Exhibit YX-3, p. 5).

* Direct Testimony of Rina Harris, at 10:15-18.

3 See generally EDF RFP02-01, CenterPoint Energy Mobility White Paper, 2022 (Exhibit YX-3).
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in the Houston area, and plotted EV load hotspots at a ZIP code scale. It recommends a
proactive approach from CenterPoint to deploy grid upgrades to serve EV loads.

In CenterPoint’s response to EDF RFI-01, CenterPoint refers to the EPRI eRoadMAP tool,
which shows the magnitude of projected electrification needs and their distribution in the
Houston metro area from 2024 to 2030.3* In its response to EDF RF102-01, CenterPoint
maintains that methods and findings from external groups are being evaluated by
CenterPoint for estimating future EV growth and load forecasting.

Although CenterPoint’s filings reflect awareness of incoming MHDYV loads, it is
not clear whether CenterPoint has taken steps to prepare for them, and if so, what methods
they plan to use. As EDF witness Hickman discusses in detail in his testimony,
CenterPoint's load forecasting and infrastructure deployment practices, including its
investments through 2023, do not appear to adequately reflect preparation for these

incoming loads.

WHAT COURSE OF ACTION DOES THIS SUGGEST FOR CENTERPOINT?

Research by the ICCT and other groups suggest that CenterPoint should expect to see
significant growth in new MHDYV loads in the near future. Most of those loads will cluster
around “first-mover” segments, such as drayage trucks around the Port of Houston and
existing large last-mile commercial fleets, and priority ZE freight hubs identified in the

National Zero-Emission Freight Corridor Strategy. Please refer to the testimony of EDF

3 CenterPoint’s Responses to EDF RFP01-01, RFP02-02 (CenterPoint Energy Mobility White Paper, 2022) and
RFI02-01 (Exhibit YX-3, p. 7, 20, 42).
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witness Hickman for a discussion of the practical steps these findings suggest for

CenterPoint.

DOES THIS CONCLUDE YOUR TESTIMONY?

Yes.

20
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EXECUTIVE SUMMARY

The electrification of medium- and heavy-duty vehicles (MHDVs) is gaining momentum
in the United States, and the major manufacturers in the country have made ambitious
commitments for the mass production of zero-emission vehicles (ZEVs) as early as
2030. State-level regulations such as California’s Advanced Clean Trucks (ACT) rule,
federal incentives in the Inflation Reduction Act, and the U.S. commitment to join the
Global Commercial Drive to Zero (aimed at 100% ZEV sales by 2040) are increasing
ZEV adoption in the MHDV sector. Electrifying transportation nationwide will require
the deployment of charging (for battery electric vehicles) and refueling (for hydrogen
vehicles) infrastructure, as well as the supporting electrical grid infrastructure. MHDV
fleet operators, electric utilities, and policymakers alike are uncertain as to where, how
much, and by what year charging and refueling infrastructure needs to be built, and
what upgrades to grid infrastructure are required to enable this deployment.

This paper addresses those uncertainties by assessing the near-term charging and
refueling infrastructure needs for Class 4-8 MHDVs at both national and sub-national
levels. We estimate MHDV charger needs in 2025 and 2030 based on projections of
near-term ZEV market growth, and identify priority locations for the deployment of
charging and refueling infrastructure in the near term. We identify the industrial areas
expected to experience the highest electrical load from MHDV charging in the next 7
years and suggest targets for the deployment of high-power charging stations along
key freight corridors across the country. Model results are complemented by insights
from stakeholders in zero-emission-MHDV charging who shared key challenges and
potential solutions to address them to enable the level of infrastructure deployment
required. We propose a set of options for the diversity of stakeholders involved to
enable charging infrastructure deployment, based on current and future grid capacity.

In the near term, a few U.S. states are expected to experience the highest energy
needs from MHDV charging. Those include states that have adopted California’s ACT
rule (California, Colorado, Massachusetts, New Jersey, New York, Oregon, Vermont,
and Washington), which provides strong regulatory support for the electrification of
MHDVs, as well as states with the largest industrial activity (including Florida, lllinois,
and Texas). We project California and Texas alone will account for a combined 19% of
MHDYV energy needs in 2030. Within those states, charging needs will be concentrated
in a few industrial areas and along freight corridors that connect them.

Figure ES1shows the 2030 energy consumption from MHDV charging at the county
level, based on projections of near-term ZEV market growth. Darker colors correspond
to counties with higher absolute charging needs from the MHDV fleet (in megawatt-
hours per day), while the labels highlight the ten counties with the highest absolute
energy needs. We find that near-term energy needs will be concentrated in industrial
areas in the largest metropolitan areas in the country, including Los Angeles, Phoenix,
Houston, Chicago, and Dallas. 1% of U.S. counties will account for 15% of nationwide
MHDYV charging energy needs in 2030, constituting high-priority areas in which to
concentrate near-term deployment of charging and refueling infrastructure for MHDVs.
Counties containing New York City, Boston, and Philadelphia will experience the
highest energy consumption per unit area.

i ICCT WHITE PAPER | NEAR-TERM MHDV INFRASTRUCTURE DEPLOYMENT IN THE UNITED STATES
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Figure ES1. County-level electric MHDV daily energy consumption in 2030 based on projections
of near-term ZEV market growth (data labels indicate the ten counties with the highest energy
consumption from electric MHDV).

The corridors of the National Highway Freight Network (NHFN) are projected to
comprise 85% of the charging needs from long-haul trucks by 2030. Those needs can
be met by setting targets for the capacity of charging stations located, on average,
every 50 miles along the NHFN in line with the Federal Highway Administration’s
alternative fuel corridor designation criteria for light-duty vehicle charging. Table ES1
shows the ICCT’s assessment of the resulting station capacity requirements to meet
energy need projections. Stations with capacity up to 14 MW will be needed by 2030.
In practice, flexibilities to the 50-mile requirement should be introduced to account
for grid capacity and land availability. MHDV charging along highways also requires
additional considerations to accommodate the parking and accessibility needs of
those larger vehicles.

Table ES1. Minimum size of public charging stations every 50 miles along the NHFN to support
long-haul trucks

Percentile of annual average
daily traffic count on the NHFN 2025 minimum station size 2030 minimum station size

0-25% 350 kW/station 1,900 kW/station
25% - 50% 400 kW/station 4,300 kW/station
50% - 75% 700 kW/station 7,200 kW/station
>75% 1,400 kW/station 13,500 kW/station
NHFN national average 600 kW/station 6,200 kW/station

Note: This table was updated on May 23, 2023 to accurately reflect modeling assumptions.

By 2030, MHDYV electrification is projected to increase the U.S. daily electric energy
consumption by 140,000 megawatt-hours per day. This equates to around 1% of

the total national electricity retail sales in 2021, representing a marginal increase in
required electric power generation. On the other hand, high-energy demand counties
are expected to experience high loads for MHDV charging of up to 132 MW, which

ii ICCT WHITE PAPER | NEAR-TERM MHDV INFRASTRUCTURE DEPLOYMENT IN THE UNITED STATES
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will concentrate in locations where fleets congregate. At the same time, we project
utilities should plan for nameplate capacities aggregating to up to 1,000 MW at

the county-level, which corresponds to the aggregated power of all chargers being
used simultaneously. These power levels require appropriate planning and early
capacity building to accommodate for future transmission and distribution needs, as
grid upgrades usually involve long lead times. Interviews conducted with charging
infrastructure stakeholders highlighted other challenges faced by MHDV fleets that are
planning for electrification, including balancing between depot and en route charging,
unigue considerations for rural infrastructure, and the complexity of accessing
infrastructure incentives.

To address those uncertainties, we identify a set of options to make the best use of
existing grid capacity and plan for future capacity building. These options target
utilities and their regulatory bodies, local and state agencies, MHDV fleets, and

vehicle manufacturers. There are immediately actionable options that do not require
regulatory approval, including smart charging, load rebalancing, and making use of
non-firm distribution grid capacity. In parallel, existing policy frameworks and practices
need changes to enable utilities to incorporate projections of future charging loads
when planning for future near- and long-term grid capacity building. Policy-enabled
options include pre-build construction of grid capacity in “no-regret” zones and
connecting MHDV charging loads to higher-voltage portions of the grid.

From our modeling results and discussions with stakeholders, we draw the following
conclusions:

» U.S. heavy-duty charging infrastructure does not all need to be built at once. A
few counties in key states are expected to concentrate a significant share of energy
needs in the next decade. Targeting investments and policy support to priority
areas can effectively support rapid ZEV deployment.

» Our projections of MHDV energy needs are likely to materialize in states that
have adopted the ACT, but likely constitute upper bounds for other states. Our
projections of ZEV market growth are based on the economic potential resulting
from federal incentives and are applied nationwide. While states that have adopted
the ACT have strong regulatory support to realize this potential, the outcome of
those incentives on ZEV penetration is more uncertain in other states like Florida,
Illinois, and Texas.

» Setting targets for charging station deployment along key NHFN corridors can
accommodate up to 85% of long-haul charging needs by 2030. As such, those
freight corridors constitute priority areas for infrastructure deployment. Long-haul
trucks are projected to account for 21% of nationwide charging needs by 2030 (and
a growing share beyond that as that segment of the market develops).

» Electric utilities should plan for the significant loads that will come from electric
MHDVs and provide timely interconnections. Loads of up to 132 MW are expected
at the county level by 2030; these will increase significantly beyond 2030. Given
the long lead times involved in upgrading electric transmission and distribution
systems, capacity building should start as soon as feasible. Upgrades on a project-
by-project basis are unlikely to meet future needs. Rather, investments must be
made at scale and at strategic locations suitable for, or likely to experience, MHDV
charging. Electric utilities should revise their projections of expected loads from
MHDYV electrification to align with the latest ZEV market and policy developments.

» There are many options to meet both near- and long-term charging needs. In

iii ICCT WHITE PAPER | NEAR-TERM MHDV INFRASTRUCTURE DEPLOYMENT IN THE UNITED STATES
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some locations, depending on available infrastructure, utilities may be able to meet
some portion of near-term charging needs under current conditions or with the
help of load rebalancing. Some stakeholders are ready and eager to take on MHDV
charging. Utilities, regulators, other local and state agencies, original equipment
manufacturers (OEMs), and fleets can begin collaborating today to set in motion
regulatory and legislative changes, such as pre-build authorization in “no regrets”
zones to enable the proactive buildout of infrastructure to serve the rapid growth of
electric MHDVs in decades to come.

iv ICCT WHITE PAPER | NEAR-TERM MHDV INFRASTRUCTURE DEPLOYMENT IN THE UNITED STATES
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INTRODUCTION

To achieve deep decarbonization goals and move toward its nationally determined
contribution (NDC) as established in the Paris Climate Agreement, the United States
must pursue ambitious greenhouse gas (GHG) emission reductions in the transportation
sector, particularly within the medium- and heavy-duty vehicle (MHDV) segment.

State-level regulations are paving the way for the transition by setting zero-emission
vehicle (ZEV) targets for MHDVSs. California’s Advanced Clean Trucks (ACT) rule, which
has also been adopted in Massachusetts, New Jersey, New York, Oregon, Vermont, and
Washington, requires ZEVs to comprise increasing percentages of MHDV sales. It sets
sales requirements of 40% for tractor trucks and 75% for vocational vehicles by 2035
(Buysse & Sharpe, 2020). Original equipment manufacturers (OEMs) such as Daimler,
Ford, and Navistar have set similarly ambitious zero-emission sales targets for their
regional and global markets (ICCTb, 2022).

In November 2022, the United States joined 25 other countries in a Memorandum of
Understanding under the Global Commercial Vehicle Drive to Zero, pledging to pursue
30% zero-emission MHDV sales by 2030 and 100% by 2040 (Global Commercial Drive
To Zero, 2022). While these targets are not enshrined in binding regulation, the Phase
3 GHG regulation for heavy-duty vehicles currently under development by the U.S.
Environmental Protection Agency (EPA) could speed the deployment of ZEVs. The
Inflation Reduction Act and Bipartisan Infrastructure Law also enable accelerated ZEV
adoption and the deployment of a robust network of supporting infrastructure (White
House 2022.; Federal Highway Administration, 2023).

A timely deployment of charging and refueling infrastructure is required to support

a nationwide fleet of zero-emission MHDVs, particularly in key industrial areas and
along transportation corridors. To enable this deployment, fleets, electric utilities, and
policymakers must work together to plan for the level of generation, transmission,

and distribution capacity required for MHDV charging. Most uncertainties regarding
infrastructure buildout concern the capacity of distribution systems to bring that
energy to the right place in a timely manner and accommodate for the highly localized
power requirements of MHDV charging.

This paper addresses these uncertainties by assessing charging and refueling
infrastructure deployment needs for Class 4-8 MHDVs at the national and sub-national
levels. We estimate the number of MHDV chargers required in the near term (2025
and 2030) and suggest key locations for early infrastructure deployment to support
the growing ZEV market. We identify areas expected to see the highest electrical load
from MHDYV charging in the next 7 years and suggest targets for the deployment of
high-power charging stations along key freight corridors. We pair modeling analysis
with stakeholder interviews to explain the practical considerations required for such
ambitious levels of infrastructure deployment and identify options to enable that
deployment.

1 ICCT WHITE PAPER | NEAR-TERM MHDV INFRASTRUCTURE DEPLOYMENT IN THE UNITED STATES
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MODELING METHODS AND ASSUMPTIONS

MODELING MHDV CHARGING AND HYDROGEN REFUELING
STATION NEEDS

To assess nationwide charging and refueling infrastructure needs through 2050, we
build upon methods described in Minjares et al. (2021). We extend our analysis to all
MHDYV segments, perform additional analysis of truck flows in the United States to map
the energy demand from zero-emission MHDVs, and identify key locations for public
infrastructure deployment. Figure 1illustrates the overall methodology. Key modeling
steps and assumptions are further detailed in the following sections.
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Figure 1. Modeling method to assess nationwide charging and refueling needs.
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ZEV deployment assumptions

We use the ICCT’s Roadmap model to project ZEV deployment and stock turnover
for MOVES categories of Class 4-8 MHDVs (ICCTa, 2022; EPA, 2020). Assumptions
regarding ZEV deployment are based on scenarios developed in Ragon et al. (2023)
to inform policy options for the EPA’s Phase 3 greenhouse gas (GHG) emission
standards for heavy-duty vehicles. We assume that near-term ZEV deployment
through 2030 follows ambitious yet achievable projections based on current market
developments. We consider the potential market growth that could result from ZEV
production commitments by major truck manufacturers and policy incentives, and
consider projections in the reduction of ZEV total cost of ownership (TCO) in line with
the moderate estimate in Slowik et al. (2023). This corresponds to a ZEV sales share
for Class 4-8 MHDVs of 39% in 2030, resulting in a stock of 1.1 million ZEVs—including
130,000 combination trucks, such as tractor-trailers—or 10% of the total MHDV stock.

Figure 2 shows the resulting ZEV stock and stock share projections through 2050.
A more detailed explanation of the scenario can be found in Ragon et al. (2023) and
specific data are included in the appendix.

1.2
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(6%)
0.6
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2%)

Million zero-emission vehicles
(and share of total stock)

(
0.2 1%)
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Figure 2. Stock and stock share of Class 4-8 zero-emission MHDVs through 2030, based on
projections of near-term ZEV market growth. Percentage data labels represent the ZEV share of
the total vehicle stock.

Technology mix modeling

We investigate infrastructure needs for two decarbonization technology pathways:
battery electric vehicles (BEVs) and hydrogen vehicles, which includes both fuel cell
electric vehicles (FCEVs) and hydrogen internal combustion engine vehicles (H,-
ICEVs), assuming both share the same refueling infrastructure. E-fuels are another full
decarbonization pathway; however, ICCT analysis estimates that the high production
costs of the most common type of e-diesel would make it prohibitively expensive as
a drop-in fuel for road transport (Zhou, Searle, & Pavlenko, 2022). Biofuels are also
not considered in this analysis as we judge they have limited potential for large scale
decarbonization of MHDVs due to limited feedstock availability (Carraro, Searle, &
Baldino, 2021).

The ICCT’s most recent TCO analysis for the United States shows no case of positive
TCO for hydrogen trucks relative to battery-electric trucks, even in a case with

EX. YX-1 Page 10 of 40
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charging costs as high as $0.25/kWh and hydrogen prices as low as $8/kg (Basma et
al., 2023). More details on hydrogen price projections and resulting market penetration
projections are in the appendix. We do not project electricity prices in this study.
Based on those results, the main results section of this report presents charging
infrastructure needs assuming all ZEVs are battery-electric through 2050. Our
projections of charging needs and the resulting charging infrastructure deployment
requirements, therefore, represent an upper bound. The technology mix we assume is
sensitive to future variations in energy prices.

We recognize that hydrogen trucks are an attractive solution for some use cases for
which BEV charging poses significant operational challenges to fleets. In those cases,
technology choices might be driven by operational constraints rather than TCO.
Additionally, hydrogen prices could drop significantly lower than our projections with
sufficient investments in research and development (Department of Energy, 2020).
Therefore, we also perform a sensitivity analysis to assess hydrogen refueling needs
with different levels of penetration of hydrogen in long-haul trucks. We estimate the
sales share of hydrogen long-haul combination trucks that would result in a lower

TCO if median hydrogen prices were to decrease from our central estimate of $9/kg

to $5/kg (with prices as low as $3.5/kg) and assess the resulting nationwide needs

for hydrogen refueling stations. Our price modeling assumes on-site production of
renewable electrolysis hydrogen (Slowik et al., 2023). We provide nationwide hydrogen
station needs but do not attempt to identify deployment locations or by how much the
need for charging infrastructure would be reduced.

Mapping of energy needs based on traffic data analysis

We use traffic data from the Federal Highway Administration’s (FHWA) Highway
Performance Monitoring System (HPMS) to map the MHDYV fleet’s energy needs onto
the U.S. road network in the 48 continental states and the District of Columbia (FHWA,
2018). HPMS data is not available for Alaska; the data for Hawaii and Puerto Rico could
not be calibrated against FHWA state totals, so we excluded those jurisdictions. The
HPMS records 2018 annual average daily traffic (AADT) data for both combination and
single-unit trucks on most public roads in each U.S. state. We convert the segment-
specific traffic flow into vehicle miles traveled (VMT) by multiplying the AADT on each
road section by the section length. We further break down the combination and single
unit VMT data and attribute it to MHDV segments using MOVES population and activity
data for different road types (see appendix) (EPA, 2020; ICCT, 2022).

Our modeling is sensitive to the quality of the HPMS AADT data and its associated data
collection efforts. Therefore, we use information on the total annual VMT for each state
from the FHWA to calibrate the traffic data (FWHA, 2019a; 2019b). We estimate that the
HPMS data only covers about 74% of single-unit truck activity and 88% of combination
truck activity. We calibrate it so that state totals match the state-wide aggregated
FHWA data, in line with previous ICCT analysis (ICCT, 2022). For the remainder of the
analysis, vehicle miles are converted to vehicle kilometers traveled (VKT).

The HPMS segments roads into sections of varying lengths, ranging from a few hundred
meters to several kilometers. To enable easier handling of the geospatial data, we
perform a grid transformation and apply the VKT from each road section to a single
node located at its geographic center. Since most road sections are short in length and
long road sections usually have very low traffic levels, this simplifying assumption results
in little loss in accuracy. Figure 3 shows an example of the resulting grid for California.
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Road segments covered Storage of HPMS data
by the HPMS VKT data in equivalent nodes

Figure 3. Example mapping of HPMS traffic and VKT data onto road segments (left) and nodes
(right) for California.

We use these ZEV penetration projections to calculate the share of VKT performed by
electric vehicles—hereafter referred to as eVKT. Finally, to obtain energy consumption,
we multiply eVKT by the average ZEV energy consumption for each MHDV segment

(in kWh/km). The average energy consumption accounts for new vehicle energy
consumption, technology improvements through 2030 (in line with Basma et al., 2023),
and fleet renewal over time. The ZEV energy consumption values assumed in this study
are in the appendix.

Vehicle use cases and activity

Energy consumption is modeled based on segment-specific vehicle activity and
technical characteristics. We estimate MHDV daily VKT based on Borlaug et al. (2022)
for combination trucks, and on data from the National Renewable Energy Laboratory’s
Fleet DNA project for all other trucks and buses (Walkowicz, Duran, & Burton, 2022).
Single unit long-haul mean daily VKT is set at 322 km (200 miles), which is the MOVES
cutoff between short- and long-haul vehicles. Motor homes are excluded from this
analysis as we model no ZEV penetration in this segment by 2030. Current and future
vehicle energy intensity values for each vehicle category and powertrain type (BEV
or FCEV) are obtained from Basma et al. (2023). Further technical characteristics and
energy intensity data are in the appendix.

Daily VKT and energy consumption (calculated from the product of VKT and energy
intensity) are assumed to follow a lognormal distribution, as shown in Figure 4 for
each MHDV segment. We use energy demand distributions to assess the share of each
charger type needed for each MHDV segment. However, total activity data and energy
demand is informed by the HPMS data analysis.
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Figure 4. Probability density functions of daily VKT (top) and 2030 daily energy consumption
(bottom) for all MHDV segments.

Charging and refueling characteristics

Several charging solutions exist for battery electric trucks, including stationary wired
charging (i.e., charging stations), electric road systems with overhead catenary
systems, and battery swapping (Rajon Bernard et al., 2022). We only consider
stationary wired charging in this study, to reflect industry developments in the
United States. We model charging behaviors to represent the average U.S. fleet for
each MHDV segment. In practice, however, truck use cases can vary greatly within
each segment; some fleets experience specific operational constraints that mandate
different charging behaviors.

We assume all fleets maximize the use of overnight charging—either at depots or,

in the case of long-haul trucks, public charging locations—to minimize the cost of
charging. Charging overnight at a lower power than required for opportunity charging
enables access to cheaper electricity rates (Basma et al., 2023). Overnight charging
sessions are assumed to last up to 8 hours, with a nominal power of up to 150 kW.
While some fleets experience operational constraints that do not enable such long
dwell time, most MHDV batteries can be fully charged in significantly less than 8 hours.
To reduce the cost of charging, trucks with smaller batteries can charge overnight
with 50 kW CCS chargers or 19 kW Level 2 chargers in some cases, depending on
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the operational constraints faced by fleets. Table A4 in the appendix lists the average
nominal overnight charging power required for each segment to fully recharge a
battery with an 8-hour charging session. We assume all trucks start their operational
day with a full battery. Segment-specific battery capacities are in the appendix, and
we assume a 20% state of charge (SOC) reserve, so that batteries operate between
15%-95% SOC.

Remaining energy needs are provided by opportunity charging. We assume a
combination of fast charging with combined charging standard (CCS) chargers and
ultra-fast charging with megawatt charging standard (MCS) chargers that minimizes
the number of MCS chargers needed, as they result in higher charging costs. CCS
chargers can provide up to 350 kW of charging power. The MCS standard, which is still
under development, is designed to provide up to 3.75 MW and, based on discussions
with industry stakeholders, we assume typical MCS chargers in the United States

will be designed to provide up to 2 MW of charging power. We assume large-scale
commercialization of MCS chargers will start in 2027, in line with Basma et al. (2023).
Opportunity charging sessions can vary in length based on energy requirements and
are limited to 30 minutes due to our general assessment of operational constraints.

Opportunity charging can occur at a variety of locations, including depots,
warehouses, logistic hubs, and public stations in industrial areas and along freight
corridors. In the short term, MHDV fleet owners told us in interviews that they expect
to rely more heavily on private charging, given the uncertain pace of deployment of
public charging hubs. However, as the network of public charging stations grows, it can
provide a convenient charging option for fleet owners, eliminating the need to invest in
privately owned chargers. Therefore, we assume a mix of public and private charging,
specific to each MHDV segment (see appendix).

Assumptions on infrastructure utilization are updated from Minjares et al. (2021), based
on discussions with an MHDV charging point operator. Utilization starts at relatively
low levels and grows as a function of the ZEV stock deployment. For overnight depot
charging, we assume the availability of one charger per vehicle through 2050. For
public overnight chargers, utilization starts at one session per day, assuming chargers
will be used as soon as they become available. We assume these chargers will also be
used for day charging during long dwell periods, increasing the utilization rate to 1.5
sessions per day in 2040, by which time we assume the market will be fully developed.
Finally, the utilization of opportunity chargers increases from one session per day in
2023, to eight sessions per day in 2040. Table 1 summarizes our assumptions regarding
charging characteristics.
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Table 1. Characteristics of charger types for electric MHDVs in the United States

Nominal Connector | Available for large-scale Length of 2023
Charger type power standard commercialization charging session | sessions/day se55|ons/day

Overnight 50-150 kW <2023 up to 8h 1-1.5
Opportunity fast 350 kW €Es <2023 up to 0.5h 1 8
Opportunity ultra-fast 2 MW MCS 2027 up to 0.5h 1 8

Note:Nominal power refers to the maximum power rating of the charger, but charging sessions can occur at a lower power level.

From those assumptions, we calculate the share of energy provided by each charger
type for each MHDV segment, based on methods detailed in Ragon et al. (2022) (see
Table A3 in the appendix). Figure 5 shows an example of the minimum combination
of charging events required to meet the energy needs of a combination long-haul
truck in 2030.
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Figure 5. Cumulative distribution function for the daily energy demand of a Class 8 combination
long-haul truck and charging sessions needed to meet that energy demand. Each area numbered
1-5 corresponds to the combination of charging events required to satisfy the truck’s daily
energy demand.

For long-haul hydrogen trucks, we convert our projections of nationwide energy
consumption into hydrogen capacity requirements based on the fuel’s properties,
assuming a cycle-average fuel cell stack efficiency of 45% in 2023, increasing to 50%
in 2040 (Basma & Rodriguez, 2023). The total hydrogen capacity required to meet the
fleet energy needs is then converted into the number of required stations, assuming
on-site production of renewable electrolysis hydrogen capped at 500 kg per day per
station, and an average utilization growing from 10% of the total capacity in 2023 to
75% of the total capacity in 2040 (Minjares et al., 2021; Slowik et al., 2023).
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PRICRITY AREAS IDENTIFICATION

We use two geographical scopes to identify priority areas for charging infrastructure
deployment: U.S. counties, which reflect areas with varying levels of industrial activity,
and freight corridors connecting the main industrial hubs in the country.!

U.S. Counties

We assess the total daily energy consumption from all MHDV flows in each U.S. county
and assess the charging and refueling infrastructure needed to satisfy that energy
consumption. We use this as the basis to identify priority areas for early infrastructure
deployment. Those counties will need the greatest support to quickly deploy MHDV
charging stations, and electric utilities operating in those high-energy areas may need
to upgrade local transmission and distribution systems. As such, we also estimate the
required peak load utilities can expect from MHDV charging in high-priority counties,
and the nameplate capacity of MHDV chargers that will connect to local transmission
and distribution systems.

National Highway Freight Network (NHFN)

Freight corridors connecting large industrial areas are also expected to require
significant charging infrastructure for long-haul and, to a smaller extent, regional-haul
trucks. We use the NHFN as our framework of analysis for freight corridors (FHWA,
2020). We identify the required charging capacity of truck stops along key highways
assuming truck stops are deployed at regular 50-mile intervals, in line with the FHWA'’s
designation criteria for Alternative Fuels Corridors for light-duty vehicles.

We only capture the public charging needs of long-haul trucks, assuming they are the
main truck type that will charge on highways.

PEAK CHARGING LOAD AND INSTALLED NAMEPLATE CAPACITY IN
PRICRITY INFRASTRUCTURE DEPLOYMENT AREAS

To inform electric utilities in their transport electrification planning efforts, we provide
an estimate of the peak power demand that can be expected from MHDV charging at
the county level.

The distribution of charging needs throughout the day varies greatly from one

fleet and vehicle segment to another based on specific operational constraints. To
estimate this distribution, we use typical fleet load profiles from the Medium- and
Heavy-Duty Electric Vehicle Infrastructure - Load Operations and Deployment
(HEVI-LOAD) project led by Lawrence Berkeley National Laboratory, which is part of
California Energy Commission’s effort to plan for MHDV charging needs in California
through 2030 (Wang et al., 2021). HEVI-LOAD projects charging patterns of different
MHDYV segments, considering energy market conditions, grid constraints, and fleet
preferences.

Figure 6 shows the aggregated load profile for all Class 4-8 vehicles in 2030. The
charging load is distributed throughout the day, reflecting a certain degree of diversity
in charging patterns across fleets. Dwelling periods for depot charging can occur

at different times of day, with a higher concentration at night; opportunity charging

is likely to be distributed more evenly throughout the day. The HEVI-LOAD project

1 The U.S. Census Bureau considers independent cities as “county equivalents” (United States Census Bureau,
2021). For the purposes of this study, independent cities are referred to and treated as counties.
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projects that the aggregated peak load in California will be 1.77 times higher than the
average load and will occur between 01:00 and 02:00. While that peak represents a
measure of the highest power requirement from MHDV charging, it might not be the
most challenging for utilities to accommodate for, since it occurs when the load from
other sources will be low. The 125% peak occurring at 17:00 may be more challenging
due to concurrent demand from other sources.
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Figure 6. Typical fleet charging load profile for Class 4-8 MHDVs in California in 2030.

We apply the 1.77 ratio to the average power consumption in a county, obtained by
dividing the total daily energy consumption by 24 hours, to estimate the maximum
load counties will experience from MHDYV charging. To plan for the worst-case scenario,
utilities can assume that those peak load estimates will occur at the busiest time of
day. Importantly, this peak load analysis does not attempt to capture the benefits of
managed charging or load management techniques, such as smart charging or load
rebalancing, which have the potential to considerably reduce the required peak load
capacity (National Renewable Energy Lab, 2020).

Additionally, when providing new electrical connections, utilities must ensure that
the distribution systems are able to deliver the combined nominal power from all
connected loads at any given time, plus a buffer, to cover for the unlikely case that

all loads would draw power from the grid simultaneously. The installed nameplate
capacity of chargers on the local distribution grid is, therefore, typically much higher
than the expected peak load at any time. To inform nameplate capacity installations
in each county, we also consider a worst-case scenario where all MHDV chargers are
being used at the same time, drawing power from the grid at their respective nominal
powers. The nominal power is 350 kW for fast chargers, 2 MW for ultrafast chargers,
and varies across segments for overnight charging (see Table A3 in the appendix).
When attributing charger sizes to each segment, we assume, based on discussions
with industry representatives, that fleets will install overnight chargers that are larger
than strictly needed to fully charge their trucks overnight to give them the flexibility
to charge at a high power if desired. This is reflected in our assessment of nameplate
capacity, but does not affect the peak charging load analysis, since fleets are assumed
to only draw the minimum required power from those chargers.
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TARGET SETTING FOR PUBLIC CHARGING INFRASTRUCTURE
DEPLOYMENT

Since 2015, the FHWA has designated roads as Alternative Fuel Corridors (AFCs) to
guide the deployment of charging and alternative fuel (hydrogen and natural gas)
refueling infrastructure, mostly for light-duty vehicles. Criteria for electric charging
include that the maximum distance between two stations should not be more than
50 miles and stations should have at least four 150 kW charging points, amounting

to a minimum power requirement of 600 kW per station. Those corridors closely
follow interstate highways. The Bipartisan Infrastructure Law established the National
Electric Vehicle Infrastructure program to provide funding for charging and refueling
infrastructure on roads that meet AFC designation criteria.

To identify priority highways for MHDV charging, we propose targets for the
deployment of public MHDV charging stations along the NHFN, following a method

in line with previous ICCT analysis to inform Europe’s Alternative Fuels Infrastructure
Regulation (Ragon et al,, 2022). There is significant overlap between AFCs and the
NHFEN, particularly for interstate highways, state highways, and U.S. routes. However,
the NHFN also covers other public roads that are critical to freight traffic, many of
which are not designated AFCs (FHWA, 2022). The FHWA encourages state agencies
to nominate AFCs within the Interstate Highway System, and charging corridors are
not differentiated between LDVs and MHDVs (Shepherd, 2022). Therefore, we focus on
roads within the NHFN to maximize applicability to the MHDV sector.

For each road section of the NHFN, we estimate the required installed power of MHDV
charging stations based on modeled energy needs, assuming the distance between
two stations is 50 miles, in line with the AFC designation criteria. The feasibility of
developing such a dense network of MHDV charging stations will depend on land and
space availability. We aggregate the charging station power requirement from all road
sections of the NFHN into four pools, which serve as the basis for our proposed priority
targets.
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NEAR-TERM CHARGING AND REFUELING
INFRASTRUCTURE NEEDS

Based on the projected development of the ZEV market, we estimate electric MHDVs
will consume 140,000 MWh of electric energy daily by 2030. To accommodate the
energy needs of 229,000 electric MHDVs in 2025, 124,000 overnight chargers and
11,200 fast chargers will be needed nationwide (assuming MCS chargers only become
available in 2027). By 2030, 522,000 overnight chargers, 28,500 fast chargers and
9,540 ultrafast chargers will be needed for 1.1 million electric MHDVs—representing 10%
of the total vehicle stock. To help prioritize near-term infrastructure deployment, we
identify key areas and freight corridors expected to have the highest energy demand
for MHDV charging in 2025 and 2030 and assess the peak charging load that can be
expected by utilities in these high-priority areas.

STATE-LEVEL PROJECTIONS OF ENERGY NEEDS FROM ELECTRIC
MHDVS

The energy needs of MHDV charging are expected to grow most rapidly in the near
term in states with the most industrial activity and strongest supporting ZEV policies.
Our modeling of near-term ZEV market growth assumes uniform ZEV deployment
nationwide, based on the economic opportunities introduced by state incentives in
the IRA (Slowik et al. 2023). While this potential is likely to realize in states that have
adopted California’s ACT rule, other states have not implemented binding regulations
to support this level of market uptake. Therefore, we estimate our projections for
non-ACT states represent an upper bound for MHDV charging needs.

Our analysis shows that Texas will have the highest share of energy needs from MHDV
charging in 2030 (11% of the U.S. total), followed by California (8%) and Florida (5%).
Other states that have implemented the ACT rule rank 10 (New York) to 48 (Vermont)
based on our projections, but they may experience a higher share of the national
charging needs in 2030 due to additional regulatory support. Table 2 shows the total
VKTs traveled by MHDVs in ACT states from FHWA along with our projections of eVKTs
and energy consumption from MHDV charging in each state for 2030 (FHWA, 2022a).
Results for non-ACT states are listed in Table A6 in the appendix. Ten states comprise
half of the projected energy consumption from MHDVs in 2030.

Table 2. State total daily VKT, projected eVKT, and energy consumption from MHDV charging in
ACT states in 2030

Daily energy Share of

Total daily Total daily consumption national

VKT, Class 4-8 | eVKT, Class 4-8 | from charging energy

MHDVs (km) MDHVs (km) (MWh) consumption
2 California 180,728,114 23,719,908 11,196 8%
10 New York 50,770,266 6,923,440 4,231 3%
22 Washington 60,919,508 5,450,202 2,398 2%
25 Oregon 49,076,476 5,367,451 2,229 2%
26 New Jersey 43,720,773 6,348,471 2,047 1%
31 Colorado 42,265,662 5,098,477 1,849 1%
32 Massachusetts 48,185,397 6,862,962 1,732 1%
48 Vermont ilo@oiz8 212,349 276 0%
U.S. total 3,523,436,176 399,077,768 139,865 100%

Note: States are ranked in descending order of daily energy consumption.
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KEY AREAS FOR NEAR-TERM CHARGING INFRASTRUCTURE
DEPLOYMENT

The ten counties with the highest expected energy consumption from electric MHDVs
(out of 3,072 nationwide) account for 8% of projected energy needs in both 2025 and
2030. The top 15 counties account for 11% of projected energy needs, and the top 30
account for 15%. Those counties contain some of the most industrialized areas in the
country (e.g., Chicago, Dallas, Houston, Los Angeles, Phoenix). Figure 7 shows county-
level daily energy consumption from electric MHDV charging in 2025 and 2030.
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Figure 7. County-level projected electric MHDV daily energy consumption and estimated peak
charging load in 2025 and 2030, based on projections of near-term ZEV market growth (data
labels indicate the 10 counties with the highest energy consumption from electric MHDV charging
in the United States in each year).
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Some counties in the Northeast and Florida not highlighted in Figure 7 are also
expected to experience high concentrations of MHDV charging, but those counties
have smaller areas resulting in a lower absolute energy consumption. When ranking
counties by energy consumption per unit area, five of the top six are in New York State
(see appendix). Some counties—including Orange County in California, Dallas County
and Harris County in Texas, and Cook County in lllinois—rank in the top 1% both in
terms of absolute energy consumption and energy consumption per area.

The deployment of MHDV chargers should be prioritized in high energy consumption
areas to support near-term ZEV market development. Table 3 shows the number of
chargers, per charger type, needed to meet those energy needs in the 10 counties with
the highest energy consumption from electric MHDV charging. Charger needs for the
top 50 counties in 2030 are listed in the appendix.

Due to a high concentration of MHDV chargers, utilities operating in those counties are
expected to experience relatively high charging loads, requiring careful management
and capacity building. Table 3 also shows our projections of peak charging load, based
on the typical Class 4-8 MHDV fleet charging profile in Figure 6. Additionally, Table

3 shows an estimate of the required nameplate capacity of all chargers on the local
distribution grid in those counties for a case in which all chargers draw power from the
grid simultaneously.

Table 3. Energy consumption, charger needs, peak charging load, and required grid capacity in the 10 U.S. counties with the highest
projected energy consumption from electric MHDV charging in 2030

Daily energy Estimated Nameplate capacity

consumption | peak charigng Overnight Fast Ultrafast of chargers on local
County (MWh) load (MW) chargers chargers chargers distribution grid (MW)
1 Los Angeles, CA 7 132 8,666 80 38 974
2 Maricopa, AZ 1,616 19 7125 72 41 832
9 Harris, TX 1,613 i) 7,036 72 41 826
4 Cook, IL 1,266 93 6,051 57/ 28 683
5 Dallas, TX 1,619 75 81968 45 3l 490
6 San Bernardino, CA 943 740) 4,166 41 25 482
7 San Diego, CA 940 69 4,463 42 21 505
8 Salt Lake, UT 937 69 5,014 42 16 541
9 Riverside, CA 708 52 2560 < 15 379
10 Bexar, TX 698 5] 2,789 3l 20 340
US total 139,893 10,317 580,054 7,869 5,639 69,157

Note: Counties are ranked in descending order of energy consumption. This table was updated on May 22, 2023 to accurately reflect modeling
assumptions.

In general, counties with more long-haul truck flows, such as Dallas, Texas, will require
a higher share of opportunity charging, and fleets will rely more heavily on publicly
accessible charging stations along freight corridors. Counties with a high share of
urban and regional trucking, such as Salt Lake County, Utah, will require a higher share
of overnight charging more concentrated at depots in metropolitan areas. We assume
no constraint on space availability for depot charging (i.e., all fleets that have access to
depots can install overnight chargers).

We find that the top 10 counties would experience peak charging loads of 85 MW on
average. Los Angeles County would experience loads up to 132 MW, and Maricopa
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County (containing Phoenix, Arizona) and Harris County (containing Houston,
Texas) would experience loads slightly under 120 MW. Additionally, transmission
and distribution systems in those counties will need to accommodate nameplate
capacities of 600 MW on average and up to 1,000 MW (Los Angeles County) for
MHDYV charging by 2030.

These high loads might require time sensitive upgrades to transmission and distribution
systems. Given the long lead times involved in these types of projects, construction
work should start as soon as possible in areas that offer a high degree of certainty on
future energy needs from MHDVs. Other options to manage existing grid capacity are
outlined later in this paper.

INFRASTRUCTURE NEEDS ALONG NATIONAL FREIGHT CORRIDORS

Additionally, we project energy needs along the NHFN to inform the deployment of
public MHDV charging hubs along key freight corridors in the country. Figure 8 shows
the projected energy consumption from electric long-haul trucks along the NHFN

in 2030. We find that up to 85% of long-haul truck charging needs in the country

will concentrate on the corridors of the NHFN in 2030. Deploying charging stations
at truck stops along those corridors can, therefore, cover a significant portion of
charging needs.

2030

0 500 1,000 km Public energy consumption (MWh)
| I 0-3 —15-20
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Figure 8. Daily energy consumption along the corridors of the NHFN in 2030, based on
projections of near-term ZEV market development.
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We assess the size, or installed power capacity, that would be needed for those
charging stations, assuming an average distance of 50 miles between two stations,
which aligns with FHWA'’s alternative fuel corridors designation criteria. With a total
NHFN length of 50,600 miles, that would result in 844 charging stations nationwide.
To meet total energy needs on the NHFN, charging stations would need to be
equipped with chargers amounting to an average station size of 600 kW in 2025 and
6 MW in 2030.

To further prioritize infrastructure deployment along freight corridors, we assess the
required size of charging stations to be deployed on the NHFN for different levels of
electric MHDV activity. Table 4 summarizes the required station sizes for four pools
of MHDYV activity level, measured in annual average daily traffic counts from the
HMPS data. Pooling is defined by the quartiles of the eVKT distribution along the
freight corridors; station capacity targets are calculated from the average energy
consumption within each quartile.

Table 4. Minimum size of public charging stations every 50 miles along the NHFN to support
long-haul trucks

Percentile of annual average
daily traffic count on the NHFN 2025 minimum station size 2030 minimum station size

0-25% 350 kW/station 1,900 kW/station
25% - 50% 400 kW/station 4,300 kW/station
50% - 75% 700 kW/station 7,200 kW/station
>75% 1,400 kW/station 13,500 kW/station
NHFN national average 600 kW/station 6,200 kW/station

Note: This table was updated on May 23, 2023 to accurately reflect modeling assumptions.

The peak charging load at each charging station is expected to be much lower than the
specified station size, which represents the aggregated nominal power of all installed
chargers. For public charging, it is unlikely that all chargers at a charging station

would be used at their nominal power simultaneously, particularly in early years when
relatively low infrastructure utilization is assumed. However, utilities will have to plan
for the combined nameplate capacity of all chargers when updating local distribution
and transmission grids.

The FHWA’s alternative fuel corridor designation criteria for light-duty vehicles require
that publicly accessible DC fast charging stations are deployed no more than 1 mile
away from an interstate highway. However, to accommodate for parking space and grid
capacity constraints, public charging station operators might choose to install stations
up to a few miles away from main highways. According to discussions with an MHDV
charging point operator, installing stations a few miles away from highways can also
enable the integration of locally generated renewable energy.

HYDROGEN REFUELING STATION NEEDS

Qur renewable hydrogen price projections of $8/kg-$10/kg in 2040 means there
will be very few cases of lower total cost of ownership for hydrogen long-haul trucks
over their battery-electric counterparts (Basma et al, 2023). Hydrogen trucks could
become cost-competitive in the late 2030s, if hydrogen prices became significantly
lower than our central estimate. However, even with median hydrogen prices as low
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as $3, we find no significant business case for hydrogen trucks before 2035 due to
lower technology maturity.

Yet there is interest in hydrogen trucks (both FCEVs and H,-ICEVs) as an alternative to
battery electric trucks, because their higher driving ranges could limit the operational
challenges associated with electric charging. Therefore, we assess the needs for
hydrogen refueling infrastructure under hypothetical scenarios for hydrogen prices
dropping significantly lower than the projected $9/kg in 2040. Energy consumption
modeling is based on the technical characteristics of a combination long-haul FCEV, as
shown in Basma et al. (2023).

Table 5 shows our projections of hydrogen truck penetration in 2050, nationwide
daily hydrogen capacity requirements, and hydrogen station needs under three
hydrogen price scenarios for 2040: $9/kg, $6/kg, and $5/kg. We project that, if
median hydrogen prices were to drop to $6/kg in 2040, there could be 85,000
long-haul hydrogen trucks on U.S. roads by 2050, requiring a total of 7,500 refueling
stations producing hydrogen from on-site renewable electrolysis. If median prices
were to drop to $5/kg, a total of 250,000 long-haul hydrogen trucks would require
22,000 refueling stations.

Table 5. Hydrogen truck deployment and associated refueling needs under different hydrogen
price scenarios

2040 H, long- 2050 Nationwide daily 2050
haul truck sales 2050 H, long- hydrogen capacity Nationwide H,
share haul truck stock (metric tons) stations
$9/kg 0% 0] 0 0
$6/kg 9% 85,160 2,826 7,516
$5/kg 30% 246,955 8,195 21,795
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ENABLING INFRASTRUCTURE DEPLOYMENT

The results presented in the previous sections show that 1% of counties will

be responsible for approximately 15% of U.S. MHDV charging needs by 2030,
demonstrating a need to accelerate infrastructure deployment in those areas in the
near term. Planning to address near-term needs requires a robust understanding of the
practical considerations of deploying charging infrastructure.

Maximum charging loads of over 100 megawatts can be expected at the county level;
loads of several megawatts can be expected at the charging station or depot level.
These charging loads may require costly and time-consuming upgrades to substations,
transformers, power lines, and other distribution infrastructure, as well as to electrical
panels and other behind-the-meter infrastructure at charging sites. Current permitting
processes can add complexity and increase project costs. Depending on existing grid
infrastructure and site-specific charging needs, upgrades could take several years to
complete, while electric vehicles could be acquired relatively more quickly (CALSTART,
2020). Charging infrastructure deployment, therefore, requires careful planning by
electric utilities and infrastructure project developers to optimize existing grid capacity
and upgrade transmission and distribution systems ahead of demand.

Studies have found that parking and accessibility requirements, charging times,

and transmission interconnections are key considerations for infrastructure

deployment (American Transportation Research Institute, 2022; National Grid, 2022).
The deployment of charging infrastructure requires the involvement of vehicle
manufacturers, charging solution providers, electric utilities, regulators, landowners, site
operators, and community stakeholders, particularly in lower income communities. Thus,
project proponents must learn to navigate multilateral partnerships, the constraints of
the electrical grid network, and the underlying policy and regulatory framework.

The next section explores practical challenges to infrastructure deployment as
reported by a variety of stakeholders, while the following section provides options for
all stakeholders to enable near- and long-term deployment.

THEMES FROM STAKEHOLDER INTERVIEWS

To explore known and potential challenges to infrastructure deployment for

MHDVs, we interviewed ten stakeholders, representing government agencies, non-
governmental organizations, port authorities, charging providers, and utilities. Table 6
p