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Transportation in Climate Change Mitigation

2019 U.S. GHG emissions
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* Transportation is the largest source of

greenhouse gas (GHG) emissions today

* Also responsible for 50% of energy

expenditures and major local air
pollution issues

» Addressing the climate crisis is critical

for the United States and will require
rapid, widespread, and major
transformation of many complex
systems that are closely intertwined with
our economy and way of life, including
all transportation systems




Requires Major Change from the Status Quo

* Incremental change does not get us
to net-zero, requires coordinated
strategy and direction now

* Must tackle all aspects of
transportation, starting from
mobility needs for passenger
and freight, travel options,
vehicles, and fuels

 The magnitude of industrial
change and direct consumer
touch points with transportation
require market-pull solutions
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A Whole-of-Government Decarbonization Vision

 The U.S. long-term strategy establishes a
goal of net-zero GHG emissions by no later / \
than 2050 and a 50-52% reduction by

|: Transportation
2030 (from 2005 levels) in economy-wide _ 20 — =
net GHG emissions 5 E E &
 The sense of urgency is high: climate crisis §
requires rapid, widespread, and major _“g”' A ]
transformations of many complex systems E
that are closely intertwined 5 _
* Transportation projected to remain largest o
source of emissions until 2040, but on a i _ o~
pathway to 80-100% emissions-reduction K /

by 2050 https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf
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https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf

Federal Coordination on Transportation - The MOU

Memorandum of Understanding sighed on September 15, 2022

4 Federal Departments: We're Joining
Forces to 'Decarbonize' the American Road

U.S. EPA and Departments of Energy, HUD, and Transportation announced they'll work together to turn up the heat on internal
combustion and fossil fuels.
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“In recognition of the critical role that the transportation sector will play in addressing the global
climate crisis and building a clean economy, the Parties undertake this MOU to ensure the highest level
of collaboration and coordination. The Parties plan to coordinate on policy and accelerate the research,
development, demonstration, and deployment needed for innovative solutions and technologies that
enable a clean, safe, accessible, equitable, and decarbonized transportation system for all.”
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MOU Press Release Quotes

“A modernized transportation sector, equipped with accessible clean energy technologies, is critical for providing
commuting options that are more affordable, more secure, and produce less pollution.”

-U.S. Secretary of Energy Jennifer M. Granholm

“With this agreement, we will collaborate across the federal government to reduce greenhouse gas emissions
and deliver the clean transportation future that Americans want and deserve."

-U.S. Transportation Secretary Pete Buttigieg

“... EPA is working with our federal partners to aggressively reduce pollution that is harming people and our
planet - while saving families money at the same time. At EPA, our priority is to protect public health, especially
in overburdened communities, while advancing the President’s ambitious climate agenda. This MOU is a step
forward in delivering on those goals and accelerating the transition to a clean transportation future.”

-U.S. Environmental Protection Agency Administrator Michael S. Regan

THENT G N “The people HUD serves deserve clean, affordable transportation options. HUD is proud to join our federal
|||| partners... to ensure that clean transportation investments are made equitably and include communities and
households that have been most harmed by environmental injustice.”

-U.S. Housing and Urban Development Secretary Marcia L. Fudge

https://www.energy.gov/articles/biden-harris-administration-announces-interagency-commitment-lower-transportation
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Landmark Legislation to Support Decarbonization

Bipartisan Infrastructure Law (November 2021)
Inflation Reduction Act (August 2022)

- in
infrastructure, technology, and supply chains

- Combined, these laws are projected to

- Funding for transit, rail, and active transportation

- Buildouts of electric vehicle charging and
sustainable fuel infrastructure

- New and improved clean vehicle and fuels tax With the truly unprecedented investments from BIL
credits and the Inflation Reduction Act, we have a rare

- Sustainable aviation fuel tax credits opportunity to move further and faster than we ever

- Rebates for clean school buses and trucks have in the past.

- Clean ports —U.S. Environmental Protection Agency

- Investments along the electric vehicle and battery Administrator Michael S. Regan, 11/15/2022
supply chains

- And much more...
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Endorsement of Zero-Emission Transport

* At COP-27 on Nov. 16, 2022, the

United States signed the Global
Memorandum of Understanding on Zero-
Emission Medium- and Heavy-Duty

Vehicles (Global MOU).

* First introduced at COP-26, the
Global MOU puts countries on a path
to 100% new zero-emission medium-
and heavy-duty vehicle sales by 2040
at the latest, with an interim goal of
at least 30% new sales by 2030.
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The Strategies

Emissions = Activity * Energy Intensity * Carbon Intensity

Three strategies to address these three fundamental drivers of transportation emissions:

Convenient Efficient Clean

i Telework Travel Active N Operational
Sl E-comm. Demand Mobility Poot

Improvement
Management

Improve Community Design and Land-use Expand Affordable and Accessible Options to Travel Transition to Zero Emission Vehicles and
Planning to Mange Travel Demand While More Efficiently and Improve Vehicles Fuels for All Modes and Applications
Meeting Everyone’s Needs
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Clean Vehicles/Fuels: Multiple, Targeted Solutions Needed

2019 U.S. GHG emissions . On-rogc-:l vehicles can largely be
electrified leveraging cheap and

abundant clean electricity, but fleet

1% 49% Light Duty Vehicles turnover is slow
Buildings

« Strategy must also address remaining

22% : 33% modes (projected to grow more rapidly)
tat
Industry SRR 21% Medium & Heavy Vehicles . )
(including Buses) * Electrification, hydrogen, and
' S sustainable fuels will be critical to these
25% N 2% Rail
Electric Power i 3% Ma?i![ime other sectors
11% Aviation i . . : -
‘4% Other (Pipeline/Military/Lubricants)  Diversification also improves resiliency
Aviation and Maritime include emissions from international aviation and ° FOCUS on SOIUtionS that can be

maritime transport. Fractions may not add up to 100% due to rounding.

incrementally deployed
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Electric Light-Duty Vehicles

AUGUST 05, 2021

Executive Order on Strengthening
American Leadership in Clean Cars
and Trucks

:m: » BRIEFING ROOM » PRESIDENTIAL ACTIONS

* Goal of 50% zero-emission light-duty vehicle by 2030 (EO 14037) supporting a
pathway for full adoption

* Deploy 500,000 EV chargers by 2030

 Ensure 100% federal fleet procurement be zero-emission by 2027
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Zero-Emission Commercial Vehicles

e With continued improvements in vehicle and fuel
technologies (in line with DOE targets and vetted with
industry), zero-emission vehicles (ZEVs) can reach total-
cost-of-driving parity with conventional diesel vehicles
by 2035 for all (medium- and heavy-duty) vehicle
classes without incentives

* Two technological solutions—battery electric vehicles
(BEVs) and fuel cell electric vehicles (FCEVs)—are viable
in multiple market segments, offering alternative
pathways for decarbonization

— BEVs tend to become cost-competitive for smaller trucks
and short-haul (<500-mile) heavy trucks by 2030-2035

— Hydrogen FCEVs tend to become cost-competitive for
long-haul (>500-mile) heavy trucks by 2035

— Sustainable fuels can reduce emissions from legacy
vehicles (possibly 10+ billion gallons in 2050)
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Example of a ZEV reaching
cost parity with ICEV

Cost parity = ZEV reaches breakeven within
assumed financial horizon (despite higher
vehicle cost, thanks to lower operational costs)
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Aviation

The 2021 U.S. Aviation Climate Action
Plan describes a whole-of-government

approach to achieve net-zero emissions _*°

in the U.S. aviation sector by 2050: 2 400

« Production and use of "%350
Sustainable Aviation Fuels (SAF) 3

* Electrification and potentially hydrogen %300
as solutions for short-haul aviation S 250

2019 CO; emissions level

* Development of new, more efficient 200
. . . International
aircraft and engine technologies Aviation®

150

Legend:

* Improvements in aircraft operations
throughout the National Airspace i

Aviation®

System 50

Historical Data (FAA AEDT / Aerospace Forecast)
s Erozen 2019 Technology Trajectory

Passenger Operators Mew Aircraft Diffusion Trajectory
Mew Aircraft Technologies
Operations Improvement

== SAF Uptake: 50% Emission Reduction

= = S5AF Uptake: 100% Emission Reduction

General Aviation

* Advancements in airport operations o U | | _ | "
across the Unlted States 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

* Mote: Domestic aviation from U.5. and Foreign Carriers. International aviation from U.5. Carriers.
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Projected Fuel Demand and Sustainable Biomass Supply

Current and Projected Transportation Fuel Use Projected Liquid Transportation Fuel Demand
and Sustainable Biomass Supply

1 billion tons of biomass, ~62 B GGE of biofuels
CO,-to-fuel remains to be explored
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a ~72% of total 2019 petroleum use

Fuel Use by Mode: [ Light-Duty Vehicles [l Medium-/Heavy-Duty Vehicles [ Off-Road [l Aviation [l Rail [l Marine

AEO = annual energy outlook | BAU = business as usual | GGE = gasoline gallon equivalent | MSW = municipal solid waste
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What's Next?

Biden-Harris Administration Announces Interagency (DOE/DOT/EPA/HUD) Commitment to Lower
Transportation Emissions and Consumer Costs, Bolster Domestic Energy Security
“With this agreement, we will collaborate across the federal government to reduce greenhouse gas

emissions and deliver the clean transportation future that Americans want and deserve," said U.S.
Transportation Secretary Pete Buttigieg

Release of the U.S. NATIONAL BLUEPRINT FOR TRANSPORTATION DECARBONIZATION at the
Transportation Research Board Annual Meeting on January 10, 2023
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https://www.energy.gov/articles/biden-harris-administration-announces-interagency-commitment-lower-transportation
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Blueprint Rollout - TRB Annual Meeting

s
TRB 102nd Annual Meeting

|
w January 8—12, 2023; Washington, DC < JOI n US! !

Your feedback needed

_"& Online Program

Lectern Session 3194

Transportation Decarbonization: An Interagency Approach at the Federal Level

Tuesday, January 10 3:43 PM- 330 PM ET
Sign in to reveal location
Lectern | PDH

Sponsored by:
Executive Committes (E0000)
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Blueprint Rollout - SAE Government/Industry

Wednesday, January 18 < JOi n US' '
Luncheon Roundtable: Transportation Decarbonization Blueprint wH

(Session Code: G800) YO ur feed baCk N eed ed

Room TBD 12:30 p.m.

This discussion will begin with a point of view statement video from each of the Secretary/Directors followed by representatives from each
agency participating in a panel discussion.

Learn more about the Participants

Moderators - Rachel Muncrief, International Council On Clean Transport
Panelists -
Michael Berube, US Department of Energy

neh ' . Government/Indust
Austin L. Brown, The White House Council on Environmental Quality : : Janﬁgﬁqggozs | Washington,

Michael Freedberg, HUD
Alexis PE"OSi, HUD - Registration
Karl Simon, US Environmental Protection Agency : §  mromation
Andrew Wishnia, US Department of Transportation
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Thank you!

Matteo.Muratori@NREL.gov

NREL/PR-5400-84847

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by the
U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Vehicle Technologies Office. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government

retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work,
or allow others to do so, for U.S. Government purposes.
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EERE Mission & Goals

P> EERE MISSION

Our mission is to drive the research, development, demonstration, and
deployment of innovative technologies, systems, and practices that will
put America on an irreversible path to:

* Achieve a carbon-free electricity sector by 2035

* Equitably transition America to net-zero greenhouse gas emissions
economy-wide by no later than 2050

» KEYS TO ENSURE THE GREATEST IMPACT

Y

Environmental and Workforce Diversity State and Local
Energy Justice Development in STEM Partnerships
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PRIORITIES

100% decarbonized

electric grid
by 2035

Decarbonize
energy intensive
industries

Decarbonize

transportation
across all modes

Reduce the
carbon footprint

of buildings

Enable a
net-zero

agricultural sector




The Path to 2050

Before 2030 - Setting the Course: Research and
Investments to Support Deployment

- Maximize the impact of the historic BIL/IRA investments
and catalyze collaboration and private investments

2030-2040 - Accelerating Change: Scaling Up Deployment
of Clean Solutions

- Adapt strategies and implementation plans in response
to global events, consumer response, and technology
progress

2040-2050 - Completing the Transition: A Sustainable and
Equitable Future

- Ensure that no one is left behind and do our part to
achieve a net-zero emissions economy
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Energy Emissions (Gigatons CO5)
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