BIENNIAL ZERO
EMISSION
VEHICLE
REPORT

: 4 Submitted to the
i OREGON
”’ LEGISLATURE

IR

B Dby the

& G OREGON

‘L PN DEPARTMENT OF
oo @ ENERGY

$ A

= September 2023

§’ ENERGY



%’ ENERGY

2023 Biennial Zero-Emission Vehicle Report
Published September 15, 2023

Zach Baker, Rob Del Mar, Evan Elias, Michael Freels, Bilal Jones, Will Mulhern,
Jessica Reichers, Amy Schlusser, Rebecca Smith, and Blake Shelide

Erica Hertzsch and Bilal Jones

Janine Benner, Jennifer Kalez, Abigail Reeser, Ruchi Sadhir, Adam Schultz, Christy
Splitt, Alan Zelenka

Linda Bures, Andy Cameron, Lina Fallert, Jim Gores, Danae Hammitt, Stacey
Heuberger, Mary Knight, Colin Lancaster, Wendy Lorimor, Jess Miller, Michael Peppler, Tony Raeker,
Linda Ross, Emily Salmeri, Monty Schindler, Jennifer Senner, Jenifer Smith, Kate Steele, Bethany
Wachtler, and Michael Williams

to our sister agencies whose expertise and guidance were invaluable to the
development of this report:

e Oregon Department of Administrative Services

e Oregon Department of Consumer and Business Services Building Codes Division
e Oregon Department of Environmental Quality

e Oregon Department of Housing and Community Services

e Oregon Department of Land Conservation and Development

e Oregon Department of Transportation

e Oregon Public Utility Commission

to the stakeholders who provided input, feedback, and most importantly, a wealth of
data and information used in the production of this report.

Cover: The Oregon Department of Enerqy has a plug-in hybrid RAV4 Prime in its fleet. Pictured is the
RAV4 getting readly to charge up at the new public charging stations at Silver Falls State Park.



Executive Summary

Since the inaugural 2021 Biennial Zero Emission Vehicle Report, Oregon has made significant progress
toward meeting its electric vehicle goals. In the first quarter of 2023, EV sales in Oregon exceeded 16
percent of all new vehicle sales, second only to California. Oregon'’s EV registrations more than
doubled to nearly 70,000, and although it is uncertain if the state will achieve the 2025 goal of
250,000 registrations, the 2030 goal (25 percent of registrations and 50 percent of vehicle sales) and
the 2035 goal (90 percent of sales) will almost certainly be met. More and more medium- and heavy-
duty EVs are joining Oregon fleets, especially transit buses, school buses, and delivery vans. The
state’s first electric semi-truck — built in Portland — hit Oregon roads in 2023.

The state is well positioned to take advantage of unprecedented federal funding to support
transportation electrification, largely from the Infrastructure Investment and Jobs Act passed in 2021.
On the heels of its EV charging gap analysis and electric highway designation approvals, the Oregon
Department of Transportation received approval for $52 million in National EV Incentive funds for
charging deployment in the state. ODOT also stood up the Community Charging Rebates Program to
bring Level 2 charging to Oregon communities. The Oregon Department of Environmental Quality
updated its Clean Fuels Program to allow fleets access to funds that address the up-front costs of
vehicles and charging installations. Many agencies, including the Oregon Department of Energy, are
working to identify and win federal funds that support transportation electrification, with a focus on
ensuring disadvantaged communities benefit from these projects.

Two new rules instituted by DEQ — Advanced Clean Trucks and Advanced Clean Cars II — provide
market certainty for EV manufacturers and ensure EVs will be available for sale throughout the state.
The ACT rule sets increasing delivery requirements for medium- and heavy-duty EVs, while ACC I
builds on existing delivery requirements for passenger vehicles, culminating in a 100 percent EV sales
requirement in 2035. These rules play an important role in maintaining EVs for purchase in the state,
despite continuing supply chain disruptions that have been affecting EV and EV charger production.

Although supply chain issues linger, the number of EV passenger models is growing rapidly, and costs
are beginning to reach parity with gasoline vehicles. Many manufacturers have plans for most, if not
all, models to be electric in the next 15 years. In the last two years, long anticipated electric pickups hit
the market, with demand exceeding manufacturer expectations. The Ford F-150 Lightning, Tesla
models, and many other popular vehicles qualify for the 2022 Inflation Reduction Act federal tax
credit, which can reduce purchase cost by as much as $7,500 for new or $4,000 for used vehicles.
Coupled with the new ACC II rule, Oregonians will have plenty of EVs to choose from as they take
advantage of these tax credits.

While vehicles are increasingly available, there is a growing need for public EV charging infrastructure,
especially for Oregonians living in multi-unit homes, rental properties, and rural areas. Drivers indicate
that existing public charging infrastructure doesn’t meet their needs, and the availability and reliability
of chargers is now one of the biggest barriers to more widespread EV adoption. The National

Charging Experience Consortium, a group of industry leaders and experts from three U.S. Department
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of Energy laboratories, are working together to address some of these issues. Specific reliability
requirements will provide metrics for assessment — and to adequately assess reliability will require
access to charger data.

General awareness of EVs, how they work, and their benefits is a strong indicator of whether a person
will elect to purchase an EV. Drivers are primarily exposed to EVs and their benefits through family,
friends, neighbors, and co-workers. While this is a generally positive influence on EV adoption, it
leaves out communities where EVs are not as prevalent, such as low-income and rural areas, multi-
unit building residents, and renters. Further, the state's Charge Ahead EV rebate program, which was
providing up to $5,000 to offset up-front costs for low-income Oregonians, was recently suspended
due to lack of funding. Although additional funds for the program will be available in 2024, the level
of funding is insufficient to support the program throughout the year. The rebate coupled with the
new federal tax credits could provide as much as $12,500 for a new EV or $9,000 for used.

Medium- and heavy-duty vehicles, and specialty off-road vehicles, are in the initial stages of
commercialization, with at least a few models available in every configuration. Adoption is slow,
largely due to higher vehicle costs — often two to three times that of a diesel vehicle. Charging
installation costs can also be high and vary widely depending on a fleet’s unique needs. Public
charging is largely unavailable for these vehicles. Incentives that address vehicle costs and support
additional charging infrastructure are key to widespread adoption, especially for small businesses.

Electric vehicles play a critical role in reducing Oregon'’s transportation sector carbon intensity and
greenhouse gas emissions, largely bolstered by Oregon’s Clean Fuels Program and the ACC1II and
ACT rules. While the transportation sector did not achieve its proportionate share of emissions
reductions for the state’s 2020 goal, it is now on a better track to meet goals moving forward. But
more work is needed to ensure the transportation sector does its part to achieve these goals,
particularly emissions from medium- and heavy-duty vehicles.

Utilities do not expect resource adequacy issues related to EV load in the next five years, and any
effects are likely to be limited to the local distribution system. This is particularly important for
medium- and heavy-duty vehicles, which can have higher power needs than light-duty vehicles. Fleet
managers should collaborate early with their local utility when planning to electrify. Where utilities
can be involved in planning efforts for transportation electrification, they can help keep costs low for
their customers and ratepayers.

Planning is also needed to address the effects of EVs on state funds that build and maintain Oregon’s
roads. As the number of light-duty EVs in the statewide fleet increases, the overall contribution of fuel
taxes to the State Highway Fund will decrease, although effects have been minimal so far. EVs pay a
much higher registration fee than other vehicles to address this, but this often only partially offsets
the revenue loss, depending on the fuel economy of the vehicle that is replaced and how much that
vehicle is driven. Other options to maintain funding, such as a road usage fee, will be necessary to
ensure Oregon has the resources necessary to maintain its roads.

This report is available online: www.oregon.gov/energy/energy-oregon/Pages/BIZEV.aspx
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Letter from the Assistant Director

In my letter for the first 2027 Biennial Zero Emission Vehicle Report1
said that I expected the electric vehicle landscape to look completely 70,000
different by the time we put out this 2023 report — and it does! We t

are making exciting progress in adopting EVs. Passenger vehicle

registrations in Oregon have increased dramatically from 38,000 to 16%
nearly 70,000. In the first quarter of 2023, EV sales made up over 16 t EV Sales Q1 2023
percent of new vehicle sales in the state, second only to California.

Long awaited electric pickup trucks are now available on the market

and major manufacturers are committing to more EV models, with at least five committing to sell only
electric models within the next 15 years.

EV Registrations

The Federal Inflation Reduction Act created tax credits for new and used EVs and for EV chargers in
homes and businesses — and it allows direct payments to state governments and other tax-exempt
entities to recoup costs for charging infrastructure projects. The Infrastructure Investment and Jobs
Act is sending unprecedented funding to the states, including $7.5 billion for EV charging, and billions
more to support clean transportation efforts. These funds will help the nation build 500,000 EV
chargers and support a Biden Administration goal of increasing new EVs sales nationally to 50 percent
by 2035.

In Oregon, we created powerful programs and regulations to stimulate EV adoption and reduce
greenhouse gas emissions. By 2050, the Department of Environmental Quality’s new Climate
Protection Program will reduce greenhouse gas emissions from fossil fuels by 90 percent, and HB
2021 requires 100 percent of electricity from Portland General Electric and PacifiCorp to come from
clean energy resources by 2040. DEQ implemented two major rules that will increase the number of
EVs in Oregon: the Advanced Clean Cars II rule, requiring 100 percent of passenger car and light-duty
vehicle sales to be EVs by 2035; and the Advanced Clean Trucks rule, which will enable more Oregon
businesses to purchase medium- and heavy-duty EVs.

Oregon'’s leadership has positioned us well to take advantage of the unprecedented amount of
federal funding available to support transportation electrification. For example, the Oregon
Department of Transportation submitted its National EV Incentive program state plan that will bring
$52 million in funds for EV charging across Oregon — and that's just the beginning. ODOT, ODOE,
DEQ, and others are working hard to bring in millions of federal dollars to support the chargers that
will become the backbone of our new transportation system.

The availability and reliability of public EV charging infrastructure is one of the biggest barriers to
wider EV adoption in Oregon. Fortunately, EV charging continues to improve at the local and national
levels. Eight vehicle manufacturers recently announced they will begin including Tesla’s North
American Charging Standard with their 2025 model year vehicles. EV Charging Service Providers have
signed agreements to make all types of chargers available at many of their stations. The U.S.
Department of Energy, three national labs, and the EV industry are coming together through the
National Charging Experience Consortium to share data and information that will help make charging
more reliable.
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Even with all this progress, more work needs to be done, especially to ensure the benefits of EVs are
available to all Oregonians. Oregon’s Charge Ahead EV Rebate program had been providing a critical
$5,000 on-the-hood rebate for low-income Oregonians until funds ran out. This rebate, coupled with
the new federal tax credits — as much as $9,000 in total — would lower the upfront cost and bring
new and used EVs within reach of many Oregonians. Once purchased, driving an EV saves people
money because of the lower vehicle fuel and maintenance costs, all while improving local air quality.
That's a win-win for Oregonians — but equitable EV adoption needs incentives or rebates to help
address up-front costs for many disadvantaged individuals.

Electrifying our transportation sector also plays a central role in Oregon’s efforts to address climate
change. It is important for Oregon to have a strategy that allows us to decarbonize the grid and
incorporate the new load from EVs while maintaining reliable and affordable electricity. This report
notes that over the next five years, Oregon electric utilities and the broader western grid are not
expecting resource adequacy issues associated with adoption of electric vehicles.

With all these positive developments, Oregon is making great strides to meet our EV and climate
goals. In fact, the Oregon Global Warming Commission’s TIGHGER project found that transportation
electrification and other new climate-related policies have put Oregon on track to meet its 2035 GHG
emissions reduction goal. The Commission even recommended accelerating efforts to meet the goal
by 2030 based on the best available science. Making the switch to EVs can help us get there.

What a difference two years makes! I am optimistic that in 2025, this report will be celebrating even
more success in reaching our EV and greenhouse emission reduction goals.

(W} Lol e

Alan Zelenka

Assistant Director for Planning and Innovation

ﬁ’ ENERGY
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Tribal Land Acknowledgement

Indigenous tribes and bands have been with the lands that we inhabit today throughout Oregon and
the Northwest since time immemorial and continue to be a vibrant part of Oregon today. We would
like to express our respect to the First Peoples of this land, the nine federally recognized tribes of
Oregon: Burns Paiute Tribe, Confederated Tribes of Coos, Lower Umpqua & Siuslaw Indians,
Confederated Tribes of Grand Ronde, Confederated Tribes of Siletz Indians, Confederated Tribes of
the Umatilla Indian Reservation, Confederated Tribes of the Warm Springs Reservation, Coquille
Indian Tribe, Cow Creek Band of the Umpqua Tribe of Indians, and The Klamath Tribes.

It is important that we recognize and honor the ongoing legal and spiritual relationship between the
land, plants, animals, and people indigenous to this place we now call Oregon. The
interconnectedness of the people, the land, and the natural environment cannot be overstated; the
health of one is necessary for the health of all. We recognize the pre-existing and continued
sovereignty of the nine federally recognized tribes who have ties to this place and thank them for
continuing to share their traditional ecological knowledge and perspective on how we might care for
one another and the land, so it can take care of us.

We commit to engaging in a respectful and successful partnership as stewards of these lands. As we
are obliged by state law and policy, we will uphold government-to-government relations to advance
strong governance outcomes supportive of tribal self-determination and sovereignty.

About the Oregon Department of Energy

The Oregon Department of Energy’s mission is to help Oregonians make informed decisions and
maintain a resilient and affordable energy system. We advance solutions to shape an equitable clean
energy transition, protect the environment and public health, and responsibly balance energy needs
and impacts for current and future generations.

On behalf of Oregonians across the state, the Oregon Department of Energy achieves its mission by
providing:

e A Central Repository of Energy Data, Information, and Analysis
e A Venue for Problem-Solving Oregon's Energy Challenges

e Energy Education and Technical Assistance

e Regulation and Oversight

e Energy Programs and Activities

%‘7 ENERGY

www.oregon.gov/energy
AskEnergy@oregon.gov | 800-221-8035
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About the Report

The 2023 Biennial Zero Emission Vehicle Report examines Oregon'’s general progress on its electric
vehicle adoption goals, identifies industry and consumer trends influencing EV ownership, and
provides an overview of policies that support the state’'s EV adoption goals. It also examines the
effects EVs have on the state’s climate and energy goals. Because the greatest market transformation
is happening in the light-duty sector, the data and information in the report is necessarily more
thorough for this class of vehicles — though it also expands more on medium- and heavy-duty
vehicles than the previous version, including their unique benefits and challenges.

Throughout the report, zero-emission vehicles are most often referred to as simply electric vehicles, or
EVs. Zero-emission vehicles include battery electric, plug-in hybrid electric, and fuel cell electric
vehicles (hydrogen vehicles), but because there are no hydrogen vehicles operating on Oregon'’s
roads, these are not a significant area of report discussion. The terminology can sometimes be
confusing — especially when describing vehicle needs like charging infrastructure, which is only
needed for battery electric and plug-in electric vehicles. For the purposes of this report, electric
vehicles and zero-emission vehicles are interchangeable, unless explicitly stated otherwise. Future
iterations of this report will likely describe different types of electric and zero-emission vehicles more
specifically.

https://www.oregon.gov/energy/energy-oreqon/Pages/BIZEV.aspx

il i
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About the Data

Senate Bill 1044 directed the Oregon Department of Energy to produce a report
on zero emission vehicle adoption in the state. The bill included guidance that
ODOE should base the report on “existing studies, market reports, polling data, or
other publicly available information.” To do this, we prioritized data sources based
on the following criteria: relevance to Oregon, credibility, and comprehensiveness.

ODOE prioritized Oregon-specific data, followed by Pacific Northwest regional data, and finally
national data. The agency also selected unbiased data from credible sources, primarily state and
federal agencies, academic institutions, and trusted nonprofit organizations. From these sources, we
collected data that was comprehensive and detailed, with a preference for data sources we used in
the 2021 report for consistency when evaluating trends. This included data from the Oregon
Department of Transportation, Oregon Department of Environmental Quality, Portland State
University, the U.S. Census Bureau, and Oregon electric utilities. We also incorporated the use of
highly detailed and comprehensive data from newer sources such as the Atlas EV Hub.

One of the main data sources we rely on for this report is ODOT's EV registration data. This is the
primary source for tracking Oregon’s progress on meeting our EV adoption and climate goals. ODOT
provides a data set of updated EV registrations each month for registrations that are at least two
months old. This is done to ensure that any lagging registrations at the beginning of a new month do
not bias the data toward a lower estimate. After two months have elapsed, ODOT and ODOE assume
the data is mostly firm, although future monthly updates will account for any additional lagging
registrations. For this reason, ODOE elected to report EV data through April 2023 throughout the
report. Up-to-date registration data is available regularly on ODOE's EV Dashboard.

There is limited available information for some pieces of the report, such as the sales and forecasting
data for medium- and heavy-duty vehicles and electric vehicle charger reliability. In these instances,
ODOE identified the data limitations in the report. We strive to identify new data sources or develop
proxies wherever possible, and work to address data gaps for each new report we produce.

We are proud of the efforts that went into collecting and reporting the data used for this iteration of
the Biennial Zero Emission Vehicle Report. We hope the contents of this report serve to support our
mission to help Oregonians make informed decisions about their energy choices, and advance
solutions that will develop and maintain a more equitable clean energy future.
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Buying an electric vehicle, Photo credit: pexels.com

This section reviews numbers and sales figures of zero-emission vehicles that are
owned in Oregon, and discusses whether the state is on track to meet its ZEV
adoption goals:

o By 2020, 50,000 registered motor vehicles will be zero-emission vehicles;
By 2025, at least 250,000 registered motor vehicles will be zero-emission vehicles;

o By 2030, at least 25 percent of registered motor vehicles, and at least 50 percent
of new motor vehicles sold annually, will be zero-emission vehicles; and

o By 2035, at least 90 percent of new motor vehicles sold annually will be zero-
emission vehicles.

Sales Figures and Progress on EV Adoption Targets

Oregon Department of Energy — 2023 Biennial Zero Emission Vehicle Report 1



e Oregon is making great progress on its EV ownership targets, and new policies and
programs enacted and updated since the last report put the state on track to have light-
duty vehicles meet the 2030 and 2035 targets.

e Meeting the more immediate 2025 goal is less likely and depends on rapid domestic supply
chain expansion, vehicle production, and charging infrastructure installations.

e Strong federal and state policies, as well as investments by electric utilities, are bolstering a
rapid transition. However, medium- and heavy-duty vehicle electrification lags light-duty,
largely because it is a much more complex vehicle sector, and the barriers to adoption are
often more costly and challenging.

e Oregon is well positioned to take advantage of the unprecedented amount of federal
funding available to support transportation electrification.

Introduction

Electric vehicle adoption is growing rapidly in Oregon, with 69,590 registered EVs, including 47,445 battery
electric vehicles and 22,145 plug-in hybrids as of April 2023." Light-duty EV registrations in Oregon have
grown steadily despite supply and manufacturing challenges during the COVID-19 pandemic.
Electrification of the medium- and heavy-duty sector is just beginning, with electric school and transit
buses, and delivery trucks leading the way. This chapter focuses on the market transformation of on-road
vehicles, but there is also progress in electrifying port, warehouse, and construction equipment as well as
e-micromobility, where the U.S. e-bike market expanded by 50 percent in 2021. Industry trends suggest a
large market for e-bikes, especially as perceptions of these vehicles shift from a novelty or recreational
vehicle to a viable and reliable mode for regular travel.? (Visit the Available EV Platforms chapter to learn

more.)

As of April 2023, Oregon has nearly 70,000 registered electric vehicles
across all 36 counties.

() @® Oregon’s EV market share was 12 percent at the end of 2022, almost
double the national market share of 7 percent.’

" The adoption of the Advanced Clean Cars Il rule in 2022 requires 100 percent of light-duty vehicles delivered to Oregon are zero-
emission (electric) vehicles.
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Progress on Goals

Oregon's rate of electric vehicle ownership continues to increase year-over-year, with EV registrations
quadrupling in the last five years. Starting in 2021, registrations have risen quickly, as shown in Figure
1.1In 2022 alone, the state gained nearly 15,000 EVs. Oregon missed the 2020 goal of 50,000
registered EVs by the end of 2020 but reached that goal in early 2022. EVs now comprise 2 percent of
registered vehicles.
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Electric vehicles are evolving with more makes and models available, and improved performance with
longer battery ranges. Decreasing battery costs and manufacturer economies of scale are leading to
more production and competitive pricing. Most industry forecasts anticipate a rapid jump in EV
adoptions as the technology matures and drivers increasingly encounter it.* There are indications
Oregon may have entered this phase of rapid technology uptake. Figure 2 shows the overall gain in
EV registrations each month in Oregon since 2011. Eight of the top ten monthly gains in EV
registrations happened in 2022, the other two occurring in the previous summer. There is some
uncertainty around the data due to lagging vehicle registrations during the COVID-19 pandemic,
which may bias the data toward higher adoption rates.” The effects on registrations were largely
resolved in the first half of 2022.
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In the first quarter of 2023, Oregon had the second highest share of light-duty EV registrations for
battery electric and plug in hybrid vehicles in the nation, behind only California, as shown in Figure 3.°
Oregon'’s 2022 EV registrations grew by 32.6 percent, compared to 2021. Except for 2020 — when
many registrations were deferred — Oregon's year-to-year growth rate in EV registrations has stayed
at roughly 32 percent since 2017, which has helped Oregon lead in EV adoption rates. However, to

achieve the 250,000 EVs by 2025 goal, Oregon would need an average growth rate of 58.7 percent,
almost double the current rate.

ﬁ Electric (BEV) and Plug in Hybrid (PHEV) Share of New Retail Light Vehicle Registrations During 1Q ‘23
-

New York

15.0 20.0

mElectnic (BEV)  mPiug In Hybrnd (PHEV
Data sourced from Experian Automotive,
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In 2022, Oregon sold 143,927 passenger vehicles, and 12.2 percent were EVs, or 17,501. In
comparison, the nationwide EV market share over that same period was 7.2 percent. Figure 4 shows
consistent growth in Oregon EV sales since the onset of the COVID-19 pandemic. EV purchases have
been supported by Oregon’s adoption of the Advanced Clean Cars I and II rules, which require new
EVs to be delivered for sale in Oregon.? These rules played a crucial role ensuring new EVs were
available for sale in the state while supply chain and manufacturing interruptions limited supplies of
EVs around the globe. Similar to national trends, Tesla has the largest market share in Oregon, shown
as the light green portion of the bar in Figure 4, with Hyundai (purple) and General Motors (orange)
second and third, respectively. Of the passenger vehicles sold in Oregon in 2022, 8.9 percent were
battery electric vehicles and 3.2 percent were plug-in hybrid electric vehicles.?
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Industry and Consumer Trends

Over the last three years, the U.S. made tremendous strides in EV ownership. After a brief low point
during the first half of 2020 due to the COVID-19 pandemic and subsequent supply chain bottlenecks,
national sales have surged and reached a record high in the fourth quarter of 2022. Cumulatively,
949,311 EVs were sold in the United States in 2022, an increase of roughly 41 percent over 2021. In
total, 3,728,425 EVs have been sold since 2010.3 As total sales have increased around the country, so
has the market share of electric vehicles, reaching nearly 9 percent in the first quarter of 2023. Tesla
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has the greatest market share, shown as the light green portion of the bars in Figure 5, and its share
has been increasing, along with BMW, Volkswagen, General Motors, and Ford.
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How Supply Chain Limitations Affect Electric Vehicle Ownership

The electric passenger vehicle market is expected to grow significantly in the next decade. National
EV sales are projected to grow three to nearly eight times what they are today. Because Oregon
ranks high in EV sales growth, it is likely the state will trend toward the higher end of this range.
Unprecedented investments
in vehicles and charging
infrastructure from federal,
state, and local governments,
as well as electric utilities,
automakers, EV charging
companies, and other private
organizations will also
encourage higher EV
ownership rates. Many auto
manufacturers have
committed to going all or
mostly electric by 2035.°
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Policies supporting used EV purchases are also creating affordable options for Oregonians.

Demand for vehicles, batteries, and charging infrastructure continues to grow, but manufacturers
face supply shortages. Many have reported long wait times and delays in materials and products,
which limit vehicle production and charging infrastructure development. Retail dealership networks
are prioritizing higher margin consumer sales over fleets, which has particularly affected
government vehicle electrification goals. Government fleet managers must contract for low-cost
base models of vehicles, which are not as profitable as higher trim level vehicles that consumers
tend to purchase.” In 2022, EV purchase requests for the Oregon Departments of Administrative
Services and Transportation were either canceled or delayed by the manufacturer to 2023. Out of
the 409 vehicles purchased by state agencies in 2022, only one was an EV. Availability for all
vehicles, including EVs, remains extremely limited and is projected to extend into late 2024.8°

According to a 2021 technical report from the U.S. Department of Energy:

e EVs have driven 68 million miles on electricity since 2010, reducing
national gasoline consumption by 2.5 billion gallons, or about 0.54
percent.

e In 2021 alone, the use of EVs saved consumers an estimated $1.3
billion in fuel costs.'®

Used EVs play a critical role in achieving Oregon’s adoption goals, because they provide a more
affordable option for purchasing an EV. High up-front cost is a barrier to low- and middle-income
drivers (see the Distribution of EVs by Demographic Groups chapter). In January 2023, the used EV
market in the U.S. tripled in size in compared to 2021. In California, used vehicles represent 28 percent
of the EV inventory. While some used EVs are more expensive, early model luxury cars now entering
the used market, about 40 percent of used EV stock in the U.S. is priced at $30,000 or less.”"'? These
vehicles, along with the anticipated savings in fuel and operational costs, are essential to supporting
EV ownership, especially for low- and moderate-income Oregonians.

Auto dealerships play a critical role introducing prospective buyers to EVs, because exposure to EVs,
and more importantly driving them, correlates highly with consumers choosing to purchase an EV.
Because they are a point of opportunity to learn about and drive these vehicles, dealerships need to
have EVs available to drive and purchase, coupled with sales staff that are knowledgeable about EVs
and how to use them. A survey of western states by the Sierra Club found that only 27 percent of
dealers had EVs in stock, although there is some indication that Oregon’s numbers may be higher.™
There are 221 vehicle dealerships selling new light-duty vehicles in Oregon, and while EVs are not
available at all of them, at least half have signed up to offer DEQ'’s EV rebate for their customers,
shown in Figure 6.141°
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Participating Electric Vehicle Dealers Statewide

The availability of EVs to sell at dealerships varies due to demand and supply considerations. Supply chain
and manufacturing issues were a contributor, but higher demand may also have played a role. The
western region of the U.S. is about a quarter of the national population, but EV purchases made up 45
percent of national EV sales, which may have contributed to lower stock availability in the region.’® There
are also fewer available EV models, and some buyers may want or need vehicles that are in short supply,
such as pickups and large SUVs. In the map above, there are relatively few dealerships signed up for DEQ'’s
rebate program'’ outside the Willamette Valley, and it is unclear as to why. Dealerships may be reluctant to
sell EVs because their business models rely on revenues from their service departments, and electric
vehicles don't need many of the services that gasoline vehicles require.’® It could also indicate limited
demand for EVs among their customers.

National medium- and heavy-duty electric vehicle adoption is still in early market transformation,
where many of the vehicles sold are used for demonstration projects for fleet owners to learn how
these new vehicles can be used to meet their needs. Nationally, registrations have fluctuated as
shown in Figure 7, which is expected when the volume of vehicles sold is still very low. However, there
are market signals that national medium- and heavy-duty sales are expected to grow. The federal
Heavy-Duty Omnibus rule implemented stronger nitrogen oxide and particulate matter emissions
standards for new fossil fuel trucks, requiring a 75 percent reduction in 2024 and a 90 percent
reduction in 2027 of ozone-causing NOx pollution. Manufacturers can earn credit toward compliance
by manufacturing and selling zero emission trucks. These regulations also encourage fleets to
evaluate and eventually transition to electric trucks as emission standards become more restrictive."”

i Rebates are suspended as of May 1, 2023 due to funding shortage.
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Definition of MHD Vehicles

Medium-and Heavy-Duty includes all vehicles with a gross vehicle weight rating of 8,501 pounds or
more regardless of the fuel used.’®

Figure 7: Quarterly National MD/HD EV Vehicle Registrations (2019-2021)°

Vehicle Class ®HD ®MD

1000K

BOOK
G00K
A00K
200K

0K

2019-01 2019-Q2 2019-Q3 2019-04 2020-01 2020-Q2 2020-Q3 2020-04 2021-01 2021-Q2 2021-Q3 2021-04
Quarterly- Year

Total Registrations

Increases in private and public funding are also bolstering innovation, production, and ownership of
these vehicles. There are now 125 zero-emission models of medium- and heavy-duty vehicles
available from 55 manufacturers in North America.'® Private investments in medium- and heavy-duty
EVs surged in late 2020-early 2021 with startups and established manufacturers committing to new
electric models with $8.5 billion in new investments in the U.S. for electric trucks and buses alone.™
Public funding from the Volkswagen settlement, the federal Low or No Emission Vehicle Program
(Low-No), federal grants from the Infrastructure Investment and Jobs Act and incentives from the
Inflation Reduction Act, and state funding initiatives are also supporting increased ownership and
sales. Nationwide funding for electric MHD vebhicles has risen sharply, with $1.19 billion allocated for
transit buses, $552 billion for electric trucks, and $480 billion for electric school buses invested
through 2021."°
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Electric pickup and delivery trucks, vans, and buses are the primary drivers of transportation
electrification among medium- and heavy-duty vehicles today, as shown in Figure 8 below. In addition
to having broader model availability, these vehicles are more amenable to return-to-base-operations
that are not dependent on public charging infrastructure, such as pickup truck fleets, urban delivery
vans, warehouse distribution trucks, shuttles, school buses, and garbage trucks. For example, PepsiCo,
Inc. was the first customer to receive Tesla’s
electric semi-trucks, which are being used
for deliveries within a 400-mile radius and
for routes that require no more than 425
miles of travel. The Tesla Semi can charge
up to 400 miles of range in about an hour
using Tesla's 750 kW Mega Charger, which
allows these vehicles to be fueled during
loading and offloading operations.?®

AT

Figure 8: Medium and Heavy Duty Vehicle Stock by Registration Category and Vehicle Type
(2019)"
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Medium- and heavy-duty electric vehicle registrations in Oregon nearly doubled during the 12-month
period ending in January 2023 (Figure 9). Most of the medium- and heavy-duty electric vehicles in use
in Oregon are transit buses and delivery vans (Figure 10). TriMet, the Portland area’s public
transportation system, currently has about 700 diesel buses and is Oregon'’s largest purchaser of
diesel fuel.?! They have committed to having a 100 percent zero-emission fleet by 2040 through
investments in battery-electric buses and charging infrastructure development. Lane Transit District
serves the Eugene/Springfield area and has 30 battery electric and 59 hybrid buses in its fleet. LTD
estimates that their electric buses and use of lower carbon emitting fuels like renewable diesel have
reduced their annual greenhouse gas emissions by 77 percent.?? % Like PepsiCo's, these vehicles are
more amenable to electrification because they are replacing vehicles that operate within a limited
geographical area. Increasing registrations for these EVs indicates that there are existing vehicle use
cases for medium- and heavy-duty EVs, but less than 1/100th of a percent of Oregon’s MHD fleet are
electric according to available registration data.’

Figure 9: Growth of Medium- and Heavy-Duty EV Registrations in Oregon Feb. 2022 - Jan.
20231
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Electric School Buses on Oregon Roads

PGE's Electric School Bus Fund, which uses funding derived from the Oregon Department of
Environmental Quality’'s Clean Fuels Program, has awarded nine Oregon school districts (Beaverton,
Centennial, Gresham-Barlow, Hillsboro, Portland, Reynolds, Salem-Keizer, Tigard-Tualatin, and West
Linn-Wilsonville) with funding to purchase an electric school bus, install charging infrastructure, and
receive technical and training support since 2020. In total, the program has supported the purchase of
18 electric school buses with applications currently open for 2023.

The U.S. Environmental Protection Agency awarded two Oregon school districts (Banks and Prospect)
with more than $5 million of funding for electric buses and charging infrastructure. This funding
comes from the EPA's “Clean School Bus Program rebate competition” (this is the first year of a 5-
year, $5 billion allotment) as part of the federal government'’s Infrastructure Investment and Jobs Act.
Banks school district will receive $4,345,000 in funding for 11 electric school buses. Prospect School
District will receive $1,185,000 in funding for three electric school buses.?

Bend-LaPine School District received its first electric school bus in Spring 2023. They were able to use
$157,500 in funding from Pacific Power's electric mobility grant program, which uses funding derived
from the Oregon Clean Fuels Program,
administered by Oregon’s Department of
Environmental Quality. Bend-LaPine also used
Public Purpose Charge Funds to pay for the
remaining cost of the new LionC model electric
bus. The Public Purpose Charge program,
administered by the Oregon Department of
Energy, is funded through the state’s two largest
electric utilities, Portland General Electric and
Pacific Power. The funds support energy and fleet
audits, energy efficiency improvements, and, as of

2020, zero emission vehicles and chargers for
Oregon schools.?>2®

Hydrogen can be used as a transportation fuel to power fuel cell electric vehicles, but ownership of
FCEVs is much lower than other types of EVs. In total, only 17,313 FCEVs have been sold nationally
since 2014.%" Battery electric and plug-in hybrid electric vehicles became fully commercialized well
before FCEVs and have had a jump start in building market share. In addition, electric vehicle charging
infrastructure has far outpaced hydrogen fueling development. There are no hydrogen fueling
stations in Oregon, compared to 695 DC fast charging stations at 234 locations (as of July 2023)
throughout the state, with additional charging infrastructure in development. There are only three
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light-duty FCEV models available in the U.S., and models are only available for sale in states with
hydrogen fueling stations — California, New York, and Hawaii.?8 2°

There is likely to be greater hydrogen fuel cell electric vehicle adoption in the medium- and heavy-
duty sector. Today, freight and other long-range MHD vehicles are more difficult to electrify due to
the added weight of the batteries and because the weight of current battery technology limits the
amount of cargo these vehicles can carry. A battery for an electric semi-truck will weigh about 16,000
pounds, or 20 percent of the total maximum weight of the truck.3°3" Hydrogen could be a viable
option for these vehicles because fuel cell electric vehicles are lighter than their battery electric
counterparts. Hydrogen fuel has other advantages, including shorter refueling times, longer ranges,
and better operational efficiency. 3

Hydrogen vehicles still face significant barriers in deployment, with no fueling infrastructure currently
available or planned in Oregon. Further, over 95 percent of hydrogen available today is created from
natural gas, meaning vehicles using this fuel have associated carbon emissions from the production of
the fuel. There are existing technologies to produce green hydrogen' using clean electricity, but it is
less efficient to produce hydrogen as a transportation fuel than using that electricity directly to fuel a
battery.33 Hydrogen fuel cell vehicles are also more expensive than electric vehicles and face durability
and reliability concerns as they have not yet consistently achieved the 150,000-mile expected lifetime
to compete with conventional vehicles.3*** Public education is also needed to support fuel cell
technology as public awareness, understanding, and acceptance are low.>® The public will need to
become more familiar with this technology before it is embraced as a viable alternative to
conventional vehicles. Despite the infrastructure, efficiency, cost, and durability challenges, hydrogen
can support the transition of transportation sectors that are challenging to decarbonize like marine,
aviation, and long-haul freight because it is a lighter fuel that can deliver longer ranges.

i Operational efficiency refers to the efficiency of the vehicle and not production of the fuel. Hydrogen cars do not have heavy
electric batteries. They are lighter and can reach longer ranges depending upon the size of the hydrogen tank.3?

V' HB 2530 in the 2023 Oregon Legislative Session defined green electrolytic hydrogen as hydrogen produced through electrolysis
using a renewable energy source or electricity created from a non-fossil fuel source with less than or equal carbon intensity as the
state annual average for electricity served in Oregon at the time of facility construction.?
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Investments in Clean Hydrogen Transportation Fueling

Federal funding available for research, development, and deployment may spur more availability
of hydrogen fueling in the U.S. The USDOE launched its Hydrogen Shot program in June 2021,
which has a goal of reducing the cost of clean hydrogen to one dollar per one kilogram in one
decade and includes support for numerous research and development initiatives.?” The
Infrastructure Investment and Jobs Act includes $9.5 billion in funding related to hydrogen,
including $8 billion for regional clean hydrogen hubs.3® At least two organizations submitted
applications to USDOE for hydrogen hubs that would make green hydrogen more available in
Oregon and at least one organization submitted a Charging and Fueling Infrastructure grant
proposal to the federal government to fund a medium- and heavy-duty EV hydrogen refueling
station in Oregon. The Act also includes a production tax credit for hydrogen worth up to $3/kg
for zero-carbon hydrogen from projects that meet certain labor requirements.>® These programs
and funding opportunities could create a supply of affordable and accessible hydrogen in Oregon.

Policies Supporting Zero Emission Vehicle Adoption

National initiatives support Oregon'’s transition to a cleaner transportation sector. Congress recently
passed two landmark laws that provide significant policy support for EV ownership — the Inflation
Reduction Act (2022) and the Infrastructure Investment and Jobs Act (2021).

Inflation Reduction Act

The federal Inflation Reduction Act, passed in 2022, created new federal tax credits for electric
vehicles that went into effect in January 2023.%° The IRA removed the existing 200,000 light-duty
vehicle per manufacturer cap and added a new tax credit for used EVs. Tax credits are non-
refundable’ and available through the 2032 tax year but are subject to several requirements and
limitations. To be eligible, the MSRP" for a new EV cannot exceed $55,000 for a sedan or $80,000 for a
van, pickup, or SUV. The purchase price for an eligible used vehicle cannot exceed $25,000. Eligibility
to use the tax credits is also subject to income limitations, which differ for new or used EV purchases,
as shown in Table 1. Income is based on the taxpayer’'s modified adjusted gross income.

¥ Non-refundable tax credits lower the income tax owed by the amount of the credit, but cannot reduce the total amount of taxes
owed below $0.%!

Vi The Internal Revenue Service defines MSRP as “the base retail price suggested by the manufacturer, plus the retail price suggested
by the manufacturer for each accessory or item of optional equipment physically attached to the vehicle at the time of delivery to
the dealer. It does not include destination charges or optional items added by the dealer, or taxes and fees.”*?
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Table 1: New and Used EV Federal Tax Modified Adjusted Gross Income Limits

Tax Filing Status New EVs Used EVs

Single or Married, Filing Separately $150,000 $75,000
Head of Household $225,000 $112,500
Married, Filing Jointly $300,000 $150,000

The IRA also established requirements for new EV assembly, components, and manufacturing. To be
eligible for the credit, the final assembly of the vehicle must occur in North America. The total credit
allowed is $7,500, but to qualify for the full amount there are two separate battery-related
requirements that must be met. First, a percentage of the battery must be assembled or
manufactured in North America; that percentage increases through 2029. Second, a certain
percentage of the “critical minerals” used in the battery must be extracted or processed in the U.S., or
within a country which has a free-trade agreement with the U.S. The requirements for each calendar
year are provided in Table 2, and each is worth half of the full credit, or $3,750. Buyers can receive a
partial tax credit if only one of the two requirements is met, as shown in the table. These requirements
do not apply to the used EV tax credit, and the assembly requirement did not take effect until April
18, 2023. EVs purchased between January 1 and April 18, 2023 were not subject to these two
requirements, but were only eligible for up to $5,000 depending on the size of the vehicle’s battery.*?

Table 2: New EV Federal Tax Credit Battery Manufacturing and Critical Minerals Requirements

Effective Year Battery Requirement Critical Minerals Requirement
2023 50% 40%
2024 60% 50%
2025 60% 60%
2026 70% 70%
2027 80% 80%
2028 90% 80%
2029 100% 80%
2030 100% 80%
2031 100% 80%
2032 100% 80%
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Used EVs do not have manufacturing of assembly requirements but are also subject to several other
requirements in addition to the income restrictions.*> To be eligible, the used EV must be purchased
from an auto dealer, and the purchase price of a used EV cannot exceed $25,000. The model year of
the vehicle must be at least two years older than the calendar year. For example, a vehicle purchased
in 2023 would need to be model year 2021 or earlier. The tax credit can only be used one time for a
specific vehicle, meaning vehicles are no longer eligible once a buyer uses the tax credit. The tax
credit is 30 percent of the purchase cost up to $4,000.

The Internal Revenue Service, in coordination with the US DOE, publishes and maintains a list of
currently qualifying vehicles. As of August 28, 2023, there were 34 different makes, models, and trim
levels of EVs that met at least one of the two major production requirements, and 24 qualify for the
full tax credit. Among these are many of the most popular makes and models of EVs registered in
Oregon, including Tesla, Ford, and General Motors EVs. The US DOE also maintains a list of qualifying
used EVs with a tax credit calculator to help potential buyers assess how much of a tax credit they
could receive: www.fueleconomy.gov/feg/tax2023.shtml. Table 3 provides a high-level overview of tax
credit amounts across different vehicle types, but the amounts are dependent on the requirements

described above.

Tax Credit cannot

Battery Critical Minerals
. . exceed 30 percent of
Requirement Met Requirement Met
purchase cost
P ial T i
otential Tax Credit $3,750 $3,750 $4.000

Amount

*Applies to new EVs purchased or delivered after April 17, 2023

The IRA also provides direct funding to support the conversion of heavy-duty vehicles. The new law
provides $1 billion to the EPA to award grants and rebates to cover the costs of converting existing
gas and diesel vehicles to electric formats. Funds can cover up to 100 percent of the incremental costs
above the cost of a comparable diesel vehicle. The EPA can also use the funds to develop programs to
fund heavy-duty EV charger or hydrogen fueling installations, workforce development to support
heavy-duty electric vehicles, and planning activities to support vehicle deployment. Funds may be
awarded to states, municipalities, tribes, or nonprofit school transportation associations or specified
contractors. $400 million of the funds is set aside to replace heavy-duty vehicles in areas that do not
meet certain federal air quality standards, known as nonattainment areas.*’
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Infrastructure Investment and Jobs Act

The Infrastructure Investment and Jobs Act, passed in 2021, is the largest long-term investment in
infrastructure in U.S. history. It created the Joint Office of Energy and Transportation, which supports
the planning and deployment of electric vehicle technologies, such as charging stations, electric
school bus fleets, and zero-emission transit. The Joint Office also provides guidance and technical
support to potential applicants for funding programs from the Act. Many of Oregon's state agencies,
local governments, and non-governmental organizations are applying for funding and receiving
technical expertise through this new office. The Act includes $20.4 billion to deploy EVs and related
fueling infrastructure and $10.3 billion for grid and battery-related investments. Prior to the passage
of the Act, most EV-related federal incentives focused on reducing up-front costs for the vehicle, but
the passage of this bill signals that investments in charging and other fueling infrastructure are
important to ensure the viability of the growing EV market.**

National Blueprint for Transportation Decarbonization

The U.S. National Blueprint for Transportation Decarbonization,

published in January 2023, is a roadmap to complete decarbonization

of the national transportation sector by 2050. The U.S. Department of

Energy, Department of Transportation, Environmental Protection

Agency, and Department of Housing and Urban Development

collaborated on a plan to provide better transportation options,

expand affordable and accessible choices to improve efficiency, and THE U.S. NATION
transition to zero-emission vehicles and fuels. Each federal agency is TRANS: ORIATION
developing Action Plans with strategies to achieve a variety of

decarbonization milestones, including transportation electrification.

Some of the highlights include: [ JOTONCS

=
= I
N

e Investing in research and innovation to further develop clean
transportation resource and technologies, including more efficient and sustainable batteries,
hydrogen electrolysis infrastructure, and sustainable fuels, and enabling seamless integration
with existing energy systems.

e Expanding funding and market incentives to accelerate the uptake of low- or zero-emission
vehicles and investing in supporting infrastructure, especially in low-income and overburdened
communities.

e Using the transformation of the transportation system to support workforce development in
disadvantaged communities and to secure domestic and international supply chain solutions to
ensure the U.S. can meet the rapidly growing demand for clean vehicles and fuels.

The national blueprint and corresponding federal agency action plans help state and local
governments better align with industry during this market transformation and leverage federal
transportation dollars to meet state transportation emissions reduction goals.** 4
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Oregon was an early leader in transportation electrification as a strategy to achieve our greenhouse
gas emissions reduction goals. Beginning in 2005, the Oregon Environmental Quality Commission
adopted the Advanced Clean Cars Rule, requiring manufacturers to deliver an increasing number of
zero emission vehicles for sale in Oregon. In 2012-2013, the Oregon Department of Transportation
and Oregon Department of Energy collaborated to support the creation of the West Coast Electric
Highway, one of the earliest EV charging networks in the U.S. In 2018, Oregon began offering EV
rebates, including one of the first for low- and moderate-income drivers and used EVs.

State Programs Broadly Supporting EV Adoption

Electric vehicle adoption helps Oregon mitigate greenhouse gas emissions from the transportation
sector, so Oregon agencies have established multiple programs and policies to address the largest
barriers to ownership: charging infrastructure, EV performance, availability, and affordability. Led by
the Oregon Department of Transportation, with Oregon Department of Land Conservation and
Development, Oregon Department of Energy, and Oregon Department of Environmental Quality, they
collaborate through the Every Mile Counts initiative to develop actions supporting Oregon’s
Statewide Transportation Strategy to reduce emissions from the transportation sector.*’ In
conjunction with this, the Zero Emission Vehicle Interagency Working Group, a collaboration of
agencies, is working to align and leverage each agency's individual transportation electrification
programs. The Oregon Department of Transportation also developed a five-year Climate Action Plan
to reduce greenhouse gas emissions from transportation, including a number of actions supporting
electric vehicle ownership, such as Oregon'’s Five-year EV Charging Infrastructure Roadmap.*84°

DEQ Clean Fuels Program

The Oregon Department of Environmental Quality’s Clean Fuels Program

supports a market-driven credit and debit system that incentivizes lower

carbon fuel use and establishes a goal to reduce the carbon intensity of

Oregon's Transportation Fuels. The current rule requires a 10 percent reduction m
in average carbon intensity from 2015 levels by 2025, followed by a 20 percent

reduction by 2030 and 37 percent by 2035. The graph below illustrates how the program will
gradually reduce the carbon intensity of fuels in Oregon over time. The left axis of the graph

shows the required reductions in average carbon intensity or level of carbon emissions when
combusted. The bottom axis shows years starting from the beginning of the program in 2016.>°
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Other agency programs play a role in supporting transportation electrification:

e ODOE provides transportation-related data and analysis that informs policy decisions,
including the development of this biennial report.

e The Oregon Department of Administrative Services has programs and goals to increase EV
purchases and use across state agencies.

e The Oregon Public Utility Commission regulates electric utilities and oversees the development
of transportation electrification plans, integrated resources plans, and distribution system plans
used to prepare for increasing numbers of EVs operating on the grid.

e ODOE and the OPUC also work with utilities to plan for and develop policies that support
Oregon’s target to achieve a clean and reliable electric grid to handle future EV loads.
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Figure 12 shows state programs that support transportation electrification across multiple state
agencies.

Figure 12: Oregon State Agency Programs Supporting Transportation Electrification
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State Agency Programs Supporting Increased EV Adoption

The Oregon Department of Environmental Quality leads programs that serve to increase the
availability of EVs in Oregon. In 2022, the Oregon Environmental Quality Commission adopted the
Advanced Clean Cars II rule. It increases the minimum percentage of EVs to be delivered to Oregon
for sale, first established in the original Advanced Clean Car rule. ACC Il implementation begins with a
35 percent requirement for the 2026 vehicle model year and culminates with a 100 percent EV sales
requirement for the 2035 vehicle model year. The rule also requires manufacturers to meet
technology requirements, including a minimum vehicle range (BEVs at 150 miles and PHEVs at 50
miles), battery warranty and labeling standards, and minimum charging cord capabilities."

The Oregon Department of Environmental Quality also provides incentives to help address the up-
front costs of buying a passenger EV. In 2019, DEQ stood up Oregon'’s Clean Vehicle rebate, providing
up to $2,500 off the cost of a new EV, and the Charge Ahead rebate program, which provided an
additional $2,500 toward the purchase of a new or used EV for low- and moderate-income
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Oregonians. In 2021, the Oregon Legislature increased the amount of the EV rebate for low- and
moderate-income Oregonians bringing the total amount of rebate dollars available to low- and
moderate-income Oregonians to $7,500.>2 While the program receives at least $12 million a year, due
to its overwhelming popularity, funds were exhausted and the program had to be suspended in May
2023.>2 House Bill 2613 would have appropriated $30 million to revive the fund but did not pass out
of the 2023 Legislative Session.>® Without additional funding DEQ expects to reopen the program
possibly in April 2024, but anticipates demand will again outstrip available funding in a very short
period of time after reopening, resulting in another program suspension, and additional suspensions
in the coming years.>

Oregon is a leader in facilitating the transition to medium- and heavy-duty EVs. DEQ’s Advanced
Clean Trucks rule requires manufacturers to produce and deliver increasing numbers of zero emission
trucks starting with the 2025 model year. Even though requirements don't kick in until 2025,
manufacturers can start earning compliance credit now by selling electric trucks.>* Requirements to
deliver vehicles for sale in Oregon are a critical component to transforming the sector, especially in
instances where there is limited availability of these vehicles. Local truck manufacturer Daimler,
located in Portland, has been rolling their new eCascadia Class 8 trucks and eM2 medium-duty
electric box trucks off Oregon production lines and is supplying local fleets such as Titan Freight
Systems (to learn more about Titan Freight Systems, please see the Cost Differences Between EVs and
Internal Combustion Engine Vehicles chapter).>

Daimler Truck North America

Daimler Truck North America has been based in Portland for over 80 years and is a leading
commercial vehicle manufacturer in North America. They are currently operating one of the only
production lines for electric drive, class 8 trucks at their Portland truck building facility.
Unfortunately, Daimler hasn’t sold many trucks in Oregon due to the lack of charging
infrastructure and incentives that bolster heavy duty EV truck demand. They have had greater
success selling EV trucks in New York and California.

Daimler identifies three requirements needed to facilitate wider adoption of electric fueled
commercial trucking: access to the trucks, economics that make sense to business customers, and
the charging infrastructure to support deployment. With their eCascadia class 8 semi-truck and
the eM2 box delivery truck, Daimler has created the trucks. First costs remain a barrier for the
adoption of electric medium and heavy-duty vehicles as they can cost several times more than a
comparable diesel fueled truck. Substantial fuel and maintenance expenses can be saved but are
still unlikely to offset the incremental costs over the life of the vehicle. Daimler estimates that over
85 percent of their electric trucks sold have been carried by incentives, the majority operating in
California.

Existing charging infrastructure is not designed for MHD trucks and adding charging
infrastructure contains both cost and logistical challenges. Scaling up the capacity of charging
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is costly as the high-capacity chargers are more expensive and they require upgrades to the
supporting electrical system. Daimler is investing in Oregon'’s charging infrastructure needs by
partnering with PGE on a first-of-its-kind heavy-duty electric truck charging site called “Electric
Island” in Portland which they are using to study energy management, charger use, and
performance of their vehicles. Daimler has also announced a partnership with NextEra Energy
Resources and BlackRock Renewable Power to build a network of charging sites on critical freight
routes along the east and west coasts and in Texas by 2026.

e

-

Daimler wants to sell more of their MHD EV trucks in Oregon and they are hopefully state policy
will support businesses investing in EV trucks with incentives and development of the charging
infrastructure needed along all major traffic corridors facilitating rapid transition to clean energy.

Oregon is also an innovator in developing incentives to offset costs for MHD vehicles. HB 3409
(Sections 32-34), adopted during the 2023 Oregon Legislative session, directed DEQ to establish a
Zero-Emission Medium- and Heavy-duty Vehicle Incentive Fund to provide rebates for qualifying
medium- or heavy-duty EVs.>® DEQ is developing the incentive program now and intends to
implement it in early 2024. The rebate will reduce the incremental cost of purchasing a medium- or
heavy-duty EV in comparison to a traditional fossil fueled vehicle for Oregon businesses.

State Agency Programs Support Charging Infrastructure Needs & Costs

Many state programs support electric vehicle charging infrastructure expansion in Oregon. EV
charging needs are highly dependent on many different considerations, including the type of vehicle,
where it is garaged, how much charging it needs and how quickly, and other considerations. Existing
EV charger programs at the state serve to address gaps for rural and multi-unit buildings, medium-
and heavy-duty fleets, alternative fuel corridors, and local communities. All of these are needed to
meet the fueling needs for the growing numbers of EVs on Oregon roads and serving Oregon’s
economy. A deeper dive of specific EV charger policies and programs is provided in the Availability
and Reliability of Charging Infrastructure chapter.
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Forecasts and Projections

New policies, technology advancements, access to refueling infrastructure, mineral supply chains, and
consumer attitudes and behavior can affect EV ownership rates and future forecasts.”” The U.S. Energy
Information Administration’s 2023 Annual Energy Outlook highlights the significant uncertainties in
projecting the rate at which electric vehicles will become more common in the light-duty vehicle
market.”® Increasing numbers of EVs in the future is certain, but the ownership rates will vary across
geographic areas, vehicle model types, use cases, and sectors. While it is challenging to predict EV
adoption rates in a rapidly transitioning industry, the following discussion highlights current federal
and state policies, as well as industry and market advancements to inform whether Oregon will
achieve its EV adoption goals. Because the Biennial Zero Emission Vehicle report is updated every two
years, changes in policy, technology, and driver tastes are assessed and incorporated into this analysis
on a regular basis.

National EV forecasts predict steady market growth but the estimated rate of adoption by the U.S.
market can vary significantly based on three key factors:>

1. consumer vehicle preferences
2. battery costs
3. fuel efficiency standards and environmental regulations

Changes in any of these factors can have differing effects on forecasted growth, and these changes
could compound or even offset one another. As a result, there is wide variance in expert EV adoption
forecasts, as can be seen in Figure 13 below. All modeled results have limitations and biases, but the
value of modeling is to demonstrate the degree to which future events may affect outcomes.

Many of the more bullish forecasting models assume technology innovations will drive down battery
and vehicle costs quickly, enabling EVs to reach cost parity with internal combustion engine
counterparts sooner rather than later. For example, EVAdoption.com — an EV-centric data analytics
company — forecasts approximately 4.7 million EV sales by 2030,%° depicted as the purple bar in Figure
13. This is similar to Edison Electric Institute’s (EEI) consensus forecast of 5.6 million EV sales by 2030
(represented by the teal bar), that was developed in coordination with automakers and members of
the EV industry. Both models take into consideration historical trends and industry investments in
cheaper, more advanced battery technologies that should result in increased affordability of EVs over
time and higher levels of adoption.>

Future regulatory policies also affect modeling outputs, with more stringent climate and pollution
policies driving the necessity for more EVs so that manufacturers and fuel providers can meet
compliance requirements. EEI's analysis weighted existing and potential changes to rules promulgated
by the USEPA's plans to reduce greenhouse gas emissions and the USDOT's National Highway Traffic
Safety Administration’s Fuel Economy standards, to spur the proliferation of EVs.
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EV Adoption’s analysis cites the introduction of more "affordable” EV models as well as increased
median battery range will encourage growth in EV purchases, while also modeling consumer choices
that will reduce overall vehicle growth, including EVs.®® The most optimistic forecast comes from the
EEI's Manufacturers’ forecast (represented by the pink bar) based on vehicle manufacturers’
announced EV sales targets and estimations of their total light-duty vehicle sales in 2030. This forecast
is based on the stated goals of the leading EV automakers in the U.S. (Tesla, BMW, Ford, General
Motors, etc.) and expectations that the auto industry and others will be able to address supply-chain
issues and efficiently convert manufacturing to electric vehicle models.>

Uncertainty in the availability of minerals and manufacturing resources may slow the rate of EV
adoption — leading to more modest gains in future years. The Energy Information Administration’s
Annual Energy Outlook 2023 is consistently a conservative model of growth, largely because it does
not include any policies that have not been formally instituted. EIA's forecast, represented by the dark
blue bar in Figure 13, does not include any potential changes to federal or state regulations that are
likely to occur as efforts to address climate change ramp up. Wood Mackenzie, a global research and
consultancy group represented by the light blue bar, projects a more modest growth in EV sales,
citing a concern that battery manufacturing capacity and battery supply chains will serve as potential
bottlenecks for the goals of EV manufacturers despite the ambitions of the federal government.®’

Consumer vehicle preferences and habits can also affect EV ownership rates. Although
EVAdoption.com’s analysis is generally more bullish on future ownership, it also includes assumptions
that the overall light-duty vehicle market will shrink by 2030, as consumers hold on to older cars
longer and utilize ride-sharing services more to delay or forego the cost of purchasing a vehicle.®
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Polling has shown U.S. adults are ready for the transition to EVs. Morning Consult found that 51
percent of U.S. adults considering a vehicle purchase, say they are likely to consider purchasing an all-
electric vehicle within the next decade and 61 percent are considering buying a hybrid. Potential EV
buyers tend to trend younger on average, with 60 percent of Millennials and 58 percent of Gen Z
indicating they are likely to purchase an EV in the next decade.

This surge in consumer interest coincides with the growth of the EV market. In 2022, the number of
models available in the U.S. jumped from 62 to 100 and is expected to grow to 134 models by 2024.
Model diversity and functionality will also spur greater ownership in EVs with more models of electric
SUVs, pickup trucks, and crossovers providing customers more model options than “the five-door
hatchback city cars” and “expensive luxury sedans” that currently comprise the majority of EVs on the

market.®>

Innovation is spurring cost savings in the procurement of raw materials and EV manufacturing, and
industry experts anticipate EV vehicles will reach price parity with light-duty internal combustion
engine counterparts soon. Battery costs are declining, and EV manufacturers are finding the
production of new electric vehicle models to be more efficient and cheaper than conventional ICE
vehicles as they have a more modular design and fewer components. From 2010-2021 levels, battery
pack costs have dropped nearly 90 percent. The price reduction in battery packs is projected to
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continue in the long-term with more resources dedicated to battery research, innovation, and
development despite recent supply chain issues.®® To learn more about battery costs, please see the
Cost Differences Between EVs and Internal Combustion Engine Vehicles chapter.

Federal regulations support increased EV production by setting requirements for the vehicle fuel
economy and emissions standards. In all cases, producing more EVs helps manufacturers meet their
compliance goals across these programs. There are three primary regulatory bodies in the U.S. that
influence EV production: the National Highway Transportation Safety Administration, the
Environmental Protection Agency, and California’s Air Resources Board.®’

The NHTSA regulates vehicle fuel economy requirements by requiring manufacturers to meet certain
average fuel economy standards for specific model years of cars and light-duty trucks. Electric
vehicles are more than three times as efficient as comparable internal combustion engine vehicles,
meaning producing more EVs improves the manufacturer’s average fuel economy for their fleet. On
July 28, 2023, NHTSA proposed new Corporate Average Fuel Economy, or CAFE, standards that would
improve the fuel economy for cars by 2 percent and light-duty trucks by 4 percent each year from
2027 through 2032. This would raise the fuel economy of all new vehicles to around 58 miles per
gallon by 2032, more than double the 2022 average of 26.4 mpg.%®

The EPA regulates vehicle emissions nationwide to address air pollution and climate change.
Regulations set standards on the amounts of emissions allowable for a vehicle, and manufacturers
must demonstrate compliance before vehicles can be produced. Most electric vehicles have zero
tailpipe emissions, and easily exceed the standards. In 2022, the EPA proposed new standards for
heavy-duty vehicles and engines, which would start in the model year 2027 and would set updated
GHG emissions standards for school buses, transit buses, commercial delivery trucks, and short-haul
tractors.®® In April 2023, the EPA proposed similar new emissions standards for light-duty and
medium-duty vehicles starting in model year 2027. These new regulations would make EV adoption
crucial for compliance. The agency projects that the new regulations would significantly boost EV
production to as much as 67 percent of new light-duty vehicle sales and 46 percent of new medium-
duty vehicle sales by 2032.7°

California’s Air Resources Board has the authority to set its own emissions standards, and these have
historically been more stringent than USEPA standards so that the state could more readily meet the
requirements of the federal Clean Air Act. Other states are allowed to adopt these regulations through
Section 177 of that act; Oregon and 16 other states have done so. The California Air Resources
Board's Advanced Clean Cars II regulation described above will have an even stronger influence on EV
adoption than the USEPA rule, with requirements for EV deliveries into the Section 177 states.®’

In addition to these regulations, the Biden Administration passed an executive order that will electrify
the federal fleet over the next 12 years. The Federal Fleet Electrification policy requires all light-duty
vehicles in the fleet to be electrified by 2027 and the rest of the vehicles in the fleet by 2035. The
federal vehicle fleet is the largest fleet in the nation, with about 380,000 vehicles > 7" As part of the
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electrification of the federal fleet, the United States Postal Service is acquiring at least 66,000 EVs to
be used for deliveries as part of its 106,000-vehicle acquisition plan for deliveries between now and
2028. The USPS intends to be one of the largest EV fleets in the nation by 2028.72

Medium- and Heavy-Duty Vehicles

Adoption of medium- and heavy-duty EVs, including electric or hydrogen fueled trucks, is in the
earliest stage of market development. Forecasted growth in the short term will be driven largely by
the ownership of medium-duty vehicles like delivery vans. The generally bigger battery sizes required
and the breadth of existing vehicle models are unique barriers for this sector, so it will lag light-duty
vehicles in production and availability of public charging infrastructure. The forecast shown in Figure
14 indicates MHD vehicle sales will grow significantly in the next few years, largely due to innovations
in battery design, increased manufacturer production, and federal and state emission regulations and
funding support to develop public fueling infrastructure on major transportation corridors.”

Figure 14 National Medium- and Heavy-Duty Sales Forecast’®
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Smaller MHD vehicles are expected to dominate the market in the near term. The smaller size and
weight of medium-duty vehicles makes the vehicle use case more amenable to electrification. The
additional weight of the vehicle batteries is not as likely to conflict with overall load weight
requirements, as can be the case for larger vehicles. Fleet managers, who need to balance cost and
logistical challenges with a desire to reduce fleet emissions, are also more likely to be open to
converting to electric models for these vehicles. This is reflected in national MHD forecasts where EV
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van sales are predicted to far outpace EV trucks through the end of this decade, as shown in Figure 15
below.5?

EV Trucks @EV Vans
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In a 2022 report, the U.S. Department of Energy’s National Renewable Energy Laboratory released a
study predicting medium- and heavy-duty electric trucks (with less than 500 miles of range) will reach
cost parity with their diesel truck counterparts in the next 10 — 12 years. NREL's assessment found that
global sales of EVs will be 42 percent of the MHD market by 2030, which would create economies of
scale for EV manufacturing and lead to substantial reductions in production costs. NREL also found
that improvements in battery chemistries and production would lead to lower battery and fuel cell
costs — 73 percent and 60 percent reductions respectively from 2020. Long-haul“! battery electric
trucks are predicted to be price competitive with heavy-duty diesel trucks by 2030 and hydrogen fuel
cell trucks by 2035. In addition, the study concluded that MHD electric chargers and hydrogen fueling
stations will be increasingly available and have steady pricing.”

Transit and School buses are also expected to transition faster to electric models. Forecasts indicate
electric buses will comprise 43 percent of national bus sales by 2030 and nearly 80 percent by 2040.7°
The anticipated accelerated adoption of electric buses in comparison to other MHD vehicles is based
on their current higher ownership rates. Nearly 5,500 EV buses were operating in the U.S. in 2022, a 66
percent increase over 2021. Investments from federal, state, and electric utility incentive programs

Vi Greater than 500 miles of range
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have been instrumental in increasing electric bus ownership in school districts and transit authorities,
often covering the incremental cost difference between the electric bus and a typical new diesel bus.
Buses are also often amenable to lower costs for charging infrastructure because they often have

limited daily mileage needs and consistent scheduling that allow fleet managers to put in slower, but

less costly, Level 2 chargers.”®"8

Oregon is strongly positioned to rapidly accelerate EV growth for light-duty vehicles in the next two
decades. Figure 16 below is ODOT's 2023 vehicle stock forecast of EV passenger vehicles in the state.
The brown line represents ODOT's forecast produced in October 2022, and the green line is an
updated forecast developed in April 2023. The relative increase in predicted EV registrations
compared to the 2022 forecast is largely due to the implementation of California’s Advanced Clean
Cars II rule by the Environmental Quality Commission in December 2022.
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ODOT's EV forecast indicates that the state is on track to achieve its EV adoption goals. The 2025 goal
of 250,000 registered EVs would comprise approximately 7 percent of all registered vehicles today.
Figure 16 shows 20 percent of all registered vehicles are expected to be EVs in 2025, this will likely
exceed the 2025 adoption goal by 2-3 times. The model also indicates we are likely to exceed the
2030 registration goal of 25 percent registered EVs, and the ACCII rule would require sufficient
vehicles to be delivered into Oregon to achieve the 2030 goal of 50 percent of vehicle sales.
Implementing the ACCII rule requiring 100 percent EV light-duty EV sales starting in 2035 puts
Oregon on track to meet and exceed its 2035 goal of 90 percent EV sales. ODOT's transportation
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greenhouse gas reporting program forecast also modeled future adoption of EVs but included
standard hybrid vehicles as well. Assuming that the majority of the forecasted vehicle ownership are
EVs, this analysis also found that Oregon is on track to meet its EV adoption goals.®

Because MHD EV ownership is so new and there is uncertainty in the availability and affordability of
EV options for these vehicles, there is insufficient data to develop an Oregon forecast. However, the
Statewide Transportation Strategy includes a vision for transit and delivery vehicles for 2035, setting a
goal of 90 percent of urban transit vehicles and 40 percent of smaller delivery and commercial
vehicles be powered by lower-emission fuels, including electricity. DEQ’s Advanced Clean Trucks rule
doesn't establish adoption targets, but it does require MHD manufacturers to deliver certain
percentages of EVs to Oregon beginning in 2024. Future versions of this report will contain more data
on MHD ownership trends and forecasts.

Oregon'’s electric utilities also modeled significant anticipated growth in light-duty EVs. Oregon
investor-owned electric utilities are required to provide transportation electrification plans to the
Oregon Public Utility Commission. These plans inform activities for the utilities to ensure the grid is
ready to support this growing electric load (see Opportunities to Minimize the Effects of EVs on the
Electric Grid chapter). In its draft 2023 transportation electrification plan, PacifiCorp expects a 30
percent year-over-year increase in EV model ownership in its territory in the next few years, which is in
line with registration growth in Oregon over the last five years. Portland General Electric is also
anticipating fast growth of EVs in its territory and indicated in its proposed 2023 plan that because
market forces now seem to be driving the majority of EV

ownership, the utility is shifting from a strategy of

accelerating the market to supporting it with the From Portland General Electric’s 2023

development of charging infrastructure. Transportation Electrification Plan®

Like ODOT's EV forecast, PGE has also increased expected By 2027, we expect 141,000 electric

levels of EV ownership within its territory each time it's light-duty vehicles on the roaa,

been modeled. PGE's forecasts consider current growth dominated by the residential sector,
trends, federal legislation supporting EV adoption, and and 2,100 medjum and heavy duty EVs.
current and expected investments in innovation. Figure 17 8V 2050, we expect nearly 80% of the

shows how the utility’s model results developed for the vehicle market to be electric in all

2020, 2022, and 2023 projections dramatically increased in weight classes, with 1.4 million light-
2025 and 2030, largely due to policies, programs, and duty vehicles (LDV) and 33,000 medium
investments supporting EV adoption in the last three (MDV) and heavy-duty vehicles (HDV).

years.%!
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Conclusion

Oregon is making great progress on its EV ownership targets, and new policies and programs enacted
and updated since the last report put the state on track to meet the 2030 and 2035 targets.
Accelerating EV adoption to meet the more immediate 2025 goal is in doubt and dependent on rapid
domestic supply chain expansion, vehicle production, and charging infrastructure installations. Strong
federal and state policies, as well as investments by electric utilities, are bolstering this rapid
transition. Medium- and heavy-duty vehicle electrification lags light-duty, largely because it is a much
more complex vehicle sector, and the barriers to adoption are often more costly and challenging than
passenger vehicles.

Oregon is well positioned to take advantage of unprecedented federal spending on EVs and charging
infrastructure, to not only support broader EV ownership but to also use this transition to benefit
Oregon workers and communities.
Sustained market growth for EVs depends
on industry and government collaborating
to overcome economic and logistical
challenges, such as limited charging
infrastructure, battery innovation, vehicle
production, price parity with conventional
vehicles, expanding supply chains, and

consumer behavior. New federal policies
address some of these challenges, and —
could drive job development and support <o

Sy

ARG
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local economies, including union wage level jobs for charger installations, vehicle and charger
maintenance, local utility operations, and component manufacturing and assembly. Preparing Oregon
to participate in a burgeoning EV industry could create a positive feedback loop where investments in
new EV technologies support Oregon businesses, who in turn provide living wage jobs in Oregon
communities.
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This section discusses the carbon intensity of fuel consumed by the Oregon
transportation sector as a whole. Carbon intensity is the amount of carbon by weight
emitted per unit of energy consumed. For example, the carbon intensity of fossil-fuel
based gasoline is generally higher than that of electricity (which can come from a
number of sources, including renewables) when used to fuel vehicles.

Carbon Intensity of Oregon’s Transportation Sector
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e The carbon intensity of the fuel consumed in Oregon’s transportation sector is largely
decreasing due to the adoption of lower carbon fuels, including electric fuel.

e The Oregon Clean Fuels Program drives the availability of lower carbon transportation fuel
choices in the state.

o Electrification is key to achieving long-term climate goals, but less carbon intensive fuels like
renewable diesel are a critical piece to near-term reductions in the carbon intensity of the
fuels consumed by medium-duty, heavy-duty, and non-road vehicles in Oregon.

Introduction

The carbon intensity of the fuels consumed by Oregon'’s transportation sector declined between 2005
and 2019, but the effects of COVID changed the ratio of gasoline and diesel consumption in 2020 and
2021 which created an overall uptick in sector-wide carbon intensity." Policies requiring the use of
lower carbon intensity ethanol and biodiesel led to initial reductions, and the standup of the Clean
Fuels Program in 2016 is steadily driving more reductions across the sector. Electricity is expected to
play an increasingly larger role, especially as newly adopted policies — including the Advanced Clean
Trucks and the Advanced Clean Cars II rules — encourage electric vehicle adoption and electric fuel
use. Electric utilities will achieve further reductions in the transportation sector as they work to reach
Oregon'’s 100 percent clean electric grid by 2040.

What is Carbon Intensity?

The use of carbon intensity as a measure enables an apples-to-apples comparison
of the lifecycle carbon emissions for different transportation fuels. A fuel’s CI -
represents carbon emissions (grams of carbon dioxide equivalent or gCO2e) per -
amount of energy used (megajoules). Higher carbon intensities mean more
greenhouse gas emissions are emitted than a fuel with a lower carbon intensity
for the same amount of energy. For ease of understanding, the Oregon Department of Energy
converts the amount of energy used from megajoules to gasoline gallon equivalents, or GGEs — the
amount of that fuel that would move the same vehicle the same distance as a gallon of gasoline.

ODOE uses CI values from the Oregon Department of Environmental Quality’s Clean Fuels Program.
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How is the CI of a fuel determined?

The Oregon Department of Environmental Quality’'s Clean Fuels Program estimates lifecycle
emissions using a modified version of Argonne National Laboratory’s Greenhouse Gases,
Regulated Emissions, and Energy Use in Transportation, or GREET model. The GREET model is
used to calculate emissions associated with how an individual fuel is made — what it is made
from, how it is refined, stored, and delivered into Oregon, as well as the emissions associated
with combusting that fuel, when applicable. Each individual “fuel pathway” is assigned a unique
carbon intensity value.#

Carbon Intensities of Transportation Sector Fuels

There is a broad range of carbon intensities, even among the same type of fuel. For instance, biodiesel
made from a seed oil crop will have a higher CI than biodiesel made from a waste product, because
raising the crop typically uses more energy than processing a waste. Renewable natural gas collected
from dairy manure digesters has a much lower CI compared to fossil natural gas, because it is less
energy intensive and captures methane emissions that would otherwise have been released from the
manure used to create the RNG.” Electricity generated from renewable resources like hydroelectric
dams, wind turbines, or solar panels has a lower CI compared to fossil fuel-generated electricity, like
natural gas or coal.

Gasoline and diesel have some of the highest overall carbon intensities across fuels consumed in
Oregon. Table 1 below shows that the average carbon intensity of gasoline is 27.04 IbCO2e/GGE or
100.14 gCO2e/MJ and diesel is 29.87 IbCO2e/GGE or 100.74 gCO2e/MJ. The only fuel with a higher CI
is hydrogen produced from natural gas. This chapter of the report focuses on gasoline and diesel and
the most common alternative fuels that are being used to drive carbon intensity down, including
electricity.

Carbon Intensity

Fuel Type GGE IbCO2e/ GGE gCO2e/MJ
Hydrogen 20,437 42.35 156.84
Diesel 808,442,432 29.87 100.74
Lubricants 12,529,680 29.87 100.74
Asphalt & Road Oil 89,204,148 29.87 100.74
Gasoline 1,351,415,916 27.04 100.14
Aviation Gasoline 2,747,718 27.04 100.14
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Jet Fuel 184,393,471 24.49 90.70

CNG 359,230 21.58 79.92
LPG 1,576,772 15.98 59.19
Ethanol 104,458,357 14.50 53.72
Biodiesel 78,005,874 11.21 41.51
Renewable Diesel 10,462,444 9.98 36.97
Bio CNG 3,825,170 8.53 31.59
Renewable LPG 211,772 6.85 25.36
Electricity (GGE) 9,639,743 6.85 25.35
Total 2,657,293,162
What's the difference between biodiesel and renewable diesel? ]
While both renewable diesel and biodiesel can be made from the same biomass- r.-%

derived feedstocks, they are produced using different manufacturing processes and

create different fuels with different characteristics and different emissions. These differences in
production result in renewable diesel as a colorless, odorless fuel that performs better at lower
temperatures, reduces engine maintenance and costs, and improves overall vehicle performance.

Biofuels that are blended into gasoline and diesel are the largest contributor to reducing sector-wide
CL Most gasoline sold in Oregon contains 10 percent ethanol (E10), and diesel contains up to 5
percent biodiesel (B5). Using E10 lowers the carbon intensity of pure gasoline by about 5 percent.
Similarly, the B5 blend reduces diesel CI by about 3 percent.” B20, a commonly available 20-percent
biodiesel blend with fossil diesel, has a nearly 10 percent reduction in CI compared to B5 alone.
Renewable diesel, which can substitute fossil diesel one-to-one, is referred to as R99 and has become
increasingly popular in Oregon. R99 has a CI that is 63 percent lower than B5. Figure 1 below shows
the relative Cls for gasoline, diesel, and common blend fuels used in Oregon.

"The Cls for electricity are based on applying the energy economy ratios discussed below.
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Figure 1: Average Carbon Intensities of Common Fuels Consumed in Oregon (IbCO2e/GGE)’
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The CI for electricity used in EVs is, on average, 73 percent lower than E10 and 76 percent lower than
B5 — and these will continue to drop as Oregon electric utilities work to achieve a 100 percent clean
grid by 2040.%° Driving an electric vehicle significantly lowers the transportation CI because it not
only takes into account the lower CI of electricity, it also factors in the energy efficiency of electric
motors,’ which are 3.4 times more energy efficient than internal combustion engines.!" To calculate
the CI for electricity used by EVs, the electricity Cl is divided by a 3.4 energy efficiency ratio." The CI
of Oregon'’s statewide electricity mix is 86.19 gCO2e/megajoule (23.27 pounds CO2e/GGE). Dividing
that by 3.4 calculates the CI for electricity as 25.35 gCO2e/megajoule (6.85 pounds CO2e/GGE). Figure
2 below shows the statewide electricity mix CI since 2014 as the blue line, and the CI for electric fuel
that takes into account the energy efficiency ratio is shown in orange.

i Energy efficiency comparisons are based on the total amount of energy needed to do the same amount of work. For example, an
electric vehicle can go 3.4 times farther than a similar internal combustion engine vehicle.
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Carbon Intensity of Oregon’s Transportation Sector

The consumption-weighted carbon intensity of the transportation sector in Oregon in 2021 was about
98.9 gCO2e/megajoule (26.7 pounds CO2e/GGE).'* The Oregon Department of Energy assesses the
carbon intensity of Oregon’s transportation sector by using DEQ's individual fuel CIs combined with
the amount of fuels used in Oregon, to calculate a consumption-weighted, transportation sector CL
This weighting means the total sector CI will move up or down depending on the amount of fuel
consumed. Figure 3 shows the different transportation fuels used in Oregon as a percentage of total
fuel consumption.
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Figure 3: 2021 Transportation Fuel Consumption in Oregon’
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LNG Fossil Fuel, LNG Landfill, Lubricants, Hydrogen, CNG, Bio CNG, LPG, Renewable LPG, Aviation Gasoline, Renewable Diesel, and
Electricity all represent less than 1 percent of all fuels and are not labeled.

The COVID-19 pandemic dramatically affected the transportation sector CI, likely driven by increased
demand for home delivery of products while people stayed at home.'® Figure 4 below shows annual
weighted transportation sector Cls in pink and the weighted diesel Cls in light green. Diesel
consumption increased 19 percent in 2020 and 31 percent in 2021 compared to 2019, resulting in a
large uptick the diesel consumption weighted CL.! This was reflected in the sector-wide CI shown in
blue. While gasoline use fell during this same timeframe, it was not enough to offset the increased CI

resulting from increased diesel use, largely because consumption of gasoline is much higher than
diesel.
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It is important to note that the increase in the transportation sector-wide carbon intensity is related
only to an increase in total fuel consumption of diesel and gasoline, and not the actual carbon
intensity of individual fuels. In fact, lower CI fuels are increasingly used in Oregon, and the work of the
Clean Fuels Program to reduce the carbon intensity of Oregon’s transportation fuels prevented an
even higher jump in the consumption-weighted transportation sector CI shown above. More readily
available lower carbon renewable fuels like biodiesel and renewable diesel will help ameliorate the
effects of large consumption upticks, and the conversion to electric vehicles — battery and fuel cell
electric — offers the most robust buffer against increasing consumption.

The pandemic also contributed to changes in the CI for fuels typically used by light-duty vehicles,
including gasoline, ethanol, and electricity. Figure 5 below shows a steep decline in the CI for these
fuels in 2020 represented by the orange line, rising slightly to 96.9 gCO2e/megajoule (26.2 pounds of
CO2e/GGE) in 2021. The uptick in 2021 indicates light-duty fuel consumption may be trending back
toward pre-pandemic levels. This contrasts with a steep rise in the combination of fuels typically used
for all on-road vehicles™ shown as the green line, where increased diesel consumption caused a steep
rise in CI to 99.4 gCO2e/megajoule (26.8 pounds CO2e/GGE) in 2021." Diesel fuel consumption
remains high, and it is uncertain if this trend will continue.

i Gasoline, diesel, ethanol, biodiesel, renewable diesel, electricity, and natural gas.
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Policies Influencing Oregon’s Transportation Carbon Intensity

The Oregon Department of Environmental Quality’s Clean Fuels Program is the policy most
responsible for reductions in carbon intensity of transportation fuels; and since the program began in
2016, the sector-wide consumption weighted CI has decreased from 97.90 gCO2e/megajoule (26.43
pounds CO2e/GGE) to 96.92 gCO2e/megajoule (26.17 pounds CO2e/GGE). The program supports a
market-driven credit and deficit system that incentivizes lower carbon fuel use. Fuels with CI values
lower than the program standard for a given year earn credits under the program, while gasoline,
diesel, and other high-carbon intensity fuels generate deficits. The standard is set to achieve a 10
percent reduction in CI by 2025 compared to the program'’s baseline," 20 percent by 2030, and 37
percent by 2035."7

The fuel costs at the pump for some lower carbon fuels can be less expensive than the fossil
counterpart. For example, Figure 6 below shows that the national average retail price of B20 has been
less expensive than the most commonly available diesel blend B5 since 2018.'® In Oregon, that price
may be even lower because of the potential for providers to monetize CFP credits that add to their
revenues and potentially enable them to reduce costs at the pump. Although fuel contract costs are

v The baseline year for the program is 2015 and the standard for that year represents 10 percent ethanol blended with gasoline and
5 percent biodiesel blended with diesel.
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generally not publicly available, the Oregon Department of Administrative Services indicated that they
pay the same or less for B20 than B5."® Some retailers in Portland blend more biodiesel with their B5
(up to 20 percent) in order to reduce the cost per gallon at the pump.'®

oo Average Retail Fuel Prices in the United States
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Source: afdc.energy.gov/data

The cost of renewable diesel, despite some supply limitations, has a similar cost to standard B5."
Investments from the revenues obtained through Oregon’s CFP, and the certainty of demand it
provides suppliers, supports economies of scale for lower carbon fuels, driving costs lower and
increasing availability of lower CI fuels.
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Renewable Diesel on the Rise

EIA estimates U.S. production
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th db | d ﬁ
could more than double from 40‘2:'36“ arels percey e

current levels by the end of 2025, 35 N B ..
based on several announcements 200  Capacity
for projects that are either under 222 i I
construction or could start 150

development soon.?? If all 100 existing
projects begin operations as 52 sepecly
SChedUIed, US renewable d|ese| 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

production capacity could reach
384,000 barrels per day (5.9 billion
gallons per year) by the end of
2025.

As Clean Fuels Program carbon intensity targets reduce the carbon limits for Oregon’s transportation
fuels, specific fuels may change from generating credits to generating deficits. For example, fossil
natural gas generates compliance credits under the current standard, but after the carbon intensity
target is reduced in 2026, it will begin to generate deficits. Lower CI alternatives like renewable natural
gas will remain below the standard and continue to generate credits throughout the program.
Electricity will also remain below the standard and continue to decrease as Oregon’s electric utilities
decarbonize by 2040. Because they can be generated from zero-emission electricity, electricity and
hydrogen currently have commercially viable pathways for a near-zero Cl in the future.

City of Portland Renewable Fuel Standard

Similar to state and federal programs, the City of Portland has a Renewable Fuel Standard
designed to reduce the carbon intensity and emissions of the fuel sold in the city.?! The
standard requires renewable fuel blends for gasoline and diesel. In December 2022, the
Portland City Council updated this standard to phase in diesel blend requirements, with the
goal of achieving a 99 percent renewable blend of all diesel fuel sales in Portland by 2030."8 In
addition to blend requirements, the new policy limits the lifecycle carbon intensity of biodiesel
and renewable diesel to 40 gCO2e/MJ. A minimum carbon intensity serves to exclude higher
carbon feedstocks that will not contribute sufficiently to reducing transportation CI. Some
agricultural feedstocks, such as soybeans and canola, have higher lifecycle emissions because
the process of growing and harvesting these feedstocks are more carbon intensive.?? In 2021,

Oregon Department of Energy — 2023 Biennial Zero Emission Vehicle Report 50



Minimum Biofuel Content Requirements DEQ's Clean Fuels Program reported an
average CI of 41.84 gCO2e/MJ for

Fuel Type | Current| 2020 biodiesel anc.:l 36.98 gCO2e/MJ fo'r |
(by percent) RES | (Reported) renewable diesel, both near the city’'s 40
gCO2e/MJ threshold.™

:Sgrwab'e 5% 11%  15% 50% 99% The City of Portland also created an

advisory group to evaluate the availability
of clean fuel supply and recommend
Diesel 95% 89%  85% 50% 1%  adjusting the blend requirements based
on market conditions. This advisory group
plays an important role in ensuring the standard can be achieved economically and technically.
Addressing climate change to mitigate its effects requires governments to set robust goals to
quickly reduce emissions. However, regular assessment of economic or technical feasibility of
programs is critical ensure the transportation energy transition is achievable and does not
overly burden consumers and businesses.

Future of Oregon’s Transportation Fuels Carbon Intensities

Existing policies put Oregon on track to make large reductions in transportation sector carbon
intensities by 2050. The Oregon Department of Transportation modeled CI forecasts for liquid fuels
and electricity through 2050 and found reductions for both types of fuel. Passenger Fuel CI shown i

n

Figure 7 represents liquid fuels that power the light-duty sector, which is currently almost exclusively
gasoline and ethanol. The dark blue line represents what ODOT modeled in 2018 and the dotted line
is the updated model conducted in 2022. Reductions are modest here, largely because there are few

existing non-electric options to blend with or replace gasoline.
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Transportation electrification is where the most significant gains are expected to be made in the light-
duty sector CI. Figure 8 below shows the carbon intensity for Oregon’s electricity mix since 1990 and
forecasted through 2050. The large difference between ODOT's forecast in 2018 (dotted blue line) and
the updated forecast in 2022 (solid blue line) was the passage of HB 2021, which sets goals to reduce
the emissions associated with generating electricity consumed in Oregon. The CI for electricity used in
electric vehicles is already significantly lower than gasoline, no matter which Oregon utility supplies
the electricity. Decarbonization efforts from electric utilities will put a continuous downward pressure
on the transportation sector CI.
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Other influences on Oregon's transportation fuel carbon intensity include existing and emerging state
and local low-carbon fuels and electricity standards. Both California and Washington state have low-
carbon fuels standards that will create competition for these fuels while further incentivizing
producers to deliver these fuels along the entire west coast. Many western states have existing low-
carbon electricity standards, many of which are becoming more stringent. The sum of these standards
means electric utilities throughout the region will build more clean energy generation resources and
compete for clean electricity on the market. Ongoing assessment of these and other activities is
essential to inform policy development that keeps Oregon on track to lower the CI of transportation
fuels and achieve greenhouse gas emissions reduction goals.

Conclusion

The carbon intensity of fuels used for light-duty vehicles is expected to decrease significantly in the
next two decades, largely due to Oregon Clean Fuels Program targets that increase the availability of
alternative fuels and the state’s clean electricity standard. Similarly, the CI for fuels used for medium-
and heavy-duty and non-road vehicles is also expected to decrease. Electrification is a critical piece of
this transition, but this will need to be bolstered by lower carbon alternative fuels. Lower CI fuels, such
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as

biodiesel and renewable diesel, play a critical role in reducing the CI for diesel vehicles while

medium- and heavy-duty vehicle electrification technologies and fueling infrastructure can be
developed and matured.
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