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Carbon Dioxide Emissions by Sector
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Source: Annual Energy Outlook 2021, DOE National Clean Hydrogen Strategy and Roadmap
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U.S. DOE Hydrogen Program

Hydrogen is a key element of a portfolio of solutions to decarbonize the economy

H2@Scale vision: Enables clean-energy pathways across sectors
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Snapshot of Hydrogen and Fuel Cells in the U.S.

* 10 million metric tons produced annually * More than 1,600 miles of H, pipeline ¢ World’s largest H, storage cavern
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in the U.S. Today
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Current publicly announced clean hydrogen
production projects*
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*as of EQY 2022, DOE Commercial Liftoff Report
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Legislation Highlights: BIL and IRA

Bipartisan Infrastructure Law

* Includes $9.5B for clean hydrogen:

— S1B for electrolysis
— $0.5B for manufacturing and recycling

— S8B for at least four regional clean
hydrogen hubs

* Requires developing a National Clean
Hydrogen Strategy and Roadmap

President Biden Signs the Bipartisan Infrastructure Bill into law on
November 15, 2021. Photo Credit: Kenny Holston/Getty Images

Inflation Reduction Act

* Includes significant tax credits (e.g., up to $3/kg for production of clean hydrogen)
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U.S. National Clean Hydrogen Strategy and Roadmap

U.S. National
Clean Hydrogen
Strategy and
Roadmap

(COZ) @ Target strategic, high-impact end uses

Achieve 10 MMT/year of clean hydrogen by 2030

Strategy

B

Reduce the cost of clean hydrogen

Vision:
Affordable clean hydrogen for
a net-zero carbon future and a
sustainable, resilient, and
equitable economy
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Enable $2/kg by electrolysis by 2026 and $1/kg H, by 2031 Benefits:

Emissions reduction; job growth;
energy security and resilience

Focus on regional networks

Deploy regional clean hydrogen hubs and ramp up scale
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Work with other agencies to accelerate market lift off
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http://www.hydrogen.gov/

Guiding Principles

Enable deep decarbonization @ e— Grow sustainable
LA

through strategic, high-impact uses jobs
Catalyze innovation -~ wm Foster diversity, equity,
and investment . - L inclusion
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These principles must be
applied to ensure a sustainable,
resilient, and equitable clean
Spur domestic u hydrogen economy A ﬂ @I Advance energy and
manufacturing and robust M environmental justice

supply chains \ /

Approach m < . Enable affordability
holistically — and versatility
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Strategy 1: Target Strategic, High-Impact End Uses

Opportunities for Clean Hydrogen Range of Potential Demand for

Across Applications Clean Hydrogen by 2050

Clean Hydrogen Use Scenarios
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* Higher range: ~ 36-56 MMT H,
Additional impacts: ~10% emissions reduction ~100K jobs by 2030 Refs: 1. NREL MDHD analysis using TEMPO model; 2. Analysis of biofuel pathways from

NREL; 3. Synfuels analysis based off H2@Scale ; 4. Steel and ammonia demand
estimates based off DOE Industrial Decarbonization Roadmap and H2@Scale.
Methanol demands based off IRENA and IEA estimates; 5. Preliminary Analysis, NREL
100% Clean Grid Study; 6. DOE Solar Futures Study; 7. Princeton Net Zero America Study
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Strategy 2: Focus on Cost-Reduction

Stakeholder Reported Barriers to Hydrogen Market Adoption

Need for sufficient infrastructure _ 19%
Public awareness/understanding _ 17%

Need for technology advancements 1%

Lack of incentives for companies 8%

Competing technologies 6%

Safety concemns

6% Over 3,000 participants at DOE
Hydrogen Shot Summit were requested
to provide feedback on key barriers to
S% market adoption of hydrogen

Lack of suitable end uses 5%

Lack of gov. support for R&D

Source: Hydrogen Shot Summit, Sept 2021 https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit
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https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit

eqrth§h9.t5 Hydrogen

Hydrogen Energy Earthshot

“Hydrogen Shot”

lll 1 1”
$1 for 1 kg clean hydrogen in 1
decade

Strategy also includes delivery and
storage infrastructure cost reduction



Strategy 3: Focus on Regional Networks and Ramp up Scale

Build Regional Networks through “Clean Hydrogen Hubs”
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Demand side strategy for Hubs announced
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Strategy 3: Focus on Regional Networks

President Biden Announces $7 Billion for 7 H2 Hubs — Oct. 13, 2023
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Equity and Environmental Justice Perspectives

|. Listening,

Engaging & |I. Prioritizing :
- g Safety and Positive III.BLow_/enng
Increasing Impacts arriers

Transparency

V. Diversifying the
Clean Hydrogen

V. Building

Workforce Capacity & Skills

DOE Hydrogen
Program Responses
to Common Questions

VI. Environmental and Concerns about
Justice in Hydrogen
Permitting and
Siting

Diraft — June 2023

Stay tuned for more information on Community Benefits
Plans, Mapping Tools, and upcoming activities
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Hydrogen Interagency Task Force (HIT) across Agencies

Department of Agriculture

WWW. th rOgen.gOV WH and DeputiesGroup Department of Commerce
e e e _ Department of Defense
Portal for whole-of-gov activities Co-Chairs ooattment of Eneres (Co-Chair

Department of the Interior

HIT Department of Labor

Department of State

Department of Transportation

Environmental Protection Agency

National Aeronautics and Space Administration
Office of Science and Technology Policy

Small Business Administration

Program Leadershlp White House Climate Policy Office (Co-Chair)
Group

Director
(Deputy Director(s))

Secretariat

Working Supplyand Demand at Infrastructure, Siting, Analysis and Global
Groups Scale Permitting Competitiveness
Crosscutting DOE JST Tech Teams: Production, Delivery, Storage, Conversion, Applications, H2 Hubs,
Teams Workforce, Equity, and Justice

JST: Joint Strategy Team_ Equity, Energy and Environmental Justice is a cross cutting priority across WGs.
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http://www.hydrogen.gov/

Key Focus Areas for Cross-Agency Collaboration and Coordination

Enable National Goals: 10 MMT/yr supply and use by 2030,

| ‘ Storage for Import 20 MMT/yr by 2040, 50 MMT/yr by 2050
»pr,?d Lf,can - Distribution Terminal /yr by ! /yr by
e e I A Supply and Demand Infrastructure, Siting, Analysis and Global
)I( at Scale Permitting Competitiveness
lﬁ e Enabling large scale e Siting, permitting, e National strategy and
A Export Transmission & Distribution production and demand pipelines, storage, and commercial liftoff
= ;re'm'"al Pipeline A a Road creation infrastructure analysis
PHASA | USEG | USFS FTC | PHMSA « Financing, incentives, and e Harmonized codes and e Impacts and gap
. compliance tools for standards assessments
1 Waterways Rail . . .
LA #ivish | usce PHMSA commercial scale up e Interoperability and (technoeconomic
o S | * Metrics for deployment global standardization analysis, incentives,
Al Geld E7i g I and USG as offtaker * Safety, emissions TESEUNGE T
ey € ) ¥ * Supply chains and (including secondary), availability, emissions,
it - City Local resiliency (critical sensors, risk mitigation, jobs, manufacturing, etc.)
© e €&——[r= Gate @ Storage materials, strategic environmental impact * Intellectual property and
PHMSA ostA reserve) e Environmental review global Iand:cape
Electricity ; e R&D to accelerate cost and best practices (NEPA eSS
Transportation Systems End Usage ¢ :
?!?STi??? £ x ' :,& - reductions and end use etc.) * Export market analysis
Kt T e Aviation commercialization (JST e Pipeline and blending test e Systems integration and
Building iRy interface) facilities optimization
EERE ;' . Marine Rail
Local Regs. ; FTA | MARAD FRA | FTA

o USCG

Clean Hydrogen Production, Delivery, Storage, Conversion, Applications, H2 Hubs

National Clean Hydrogen Strategy and Roadmap Workforce, Equity, and Justice
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Examples of International Collaboration

Collaborating through multiple global and bilateral partnerships—key priority is creating coordinated

framework to leverage activities, identify gaps, and avoid duplication to accelerate progress
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CEM Global Ports Coalition with EC

The International Partnership for
Hydrogen and Fuel Cells Iin the Economy
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N Enabling the global adoption of hydrogen and fuel cells in the economy
Glasgow
Breakth H H
T ovdhe H, Pro.c!uctlo.n Analy:sls (H2PA)
To facilitate international trade
.,. Common analytical framework for
H GHG emissions footprint
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hySafe Safety and Education &
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www.iphe.net

Numerous Bilaterals on Hydrogen Launched H2-DEIA at COP

Hydrogen Council, IRENA, and more

https://h2-deia.org/

BREAKTHROUGHS

Breakthrough Agenda in
collaboration with other partnerships
is mapping activities across global H,
initiatives to identify gaps, focus
areas, and prioritized workstreams
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Coordination Across DOE

Hydrogen is part of a comprehensive portfolio of

Secretary

activities, coordinated across offices

Deputy Secretary

Under Secretary for Science Under Secretary for
and Innovation Infrastructure

@ EnNERGY

i

DOE Hydrogen Program Coordination (HFTO)

Conventional Storage Transportation

Department of Energy
Hydrogen Program Plan

‘ >

13
Generation

Upgrading
qil/
Biomass

R ittt

Ammonia/
Fertilizer

©ENERGY
H20 Hydrogen
Generation DOE National
Electric Grid hetas ™
Production Strategy and
Infrastructure I
Fossil Roadmap
with CCUS

Draft - September 2022

Chemical/Industrial
Processes

FIELD OFFICES AND CONTRACTING FOR FUNDING OPPORTUNITY ANNOUNCEMENTS

Heat/Distributed

Infrastructure Power

\4
PROJECT EXECUTION
WWW. hyd rogen 'energy‘ gOV ey l"l:i:t?tr:titek:s’ National Stateand Local
o Laboratori Go nt
Coordinated across Offices by DOE Hydrogen and Fuel Cell Technologies Office (HFTO) Nonprofits it vemme
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Hydrogen and Fuel Cell Technologies Office (HFTO)

Support research, development I q . s
and demonstration (RD&D) of Clean Energy and Emissions Reduction Across Sectors

hydrogen and fuel cell * Job Creation and a Sustainable and Equitable Energy Future
technologies to advance:

Office Sub-Programs

: : Svstems Development & aathhES"'mL;; Hydrogen
Hydrogen Technologies Fuel Cell Technologies g -l . :
Integration
Transportation g

Hydrogen Materials & : : : @@SCCH&
Production Industrial and Chemical Enabling — s cpmrenct

Components Applications

Systems Grid Energy Storage and Power
Hydrogen Generation

Infrastructure Safety, Codes, and Standards

Data, Modeling, and Analysis
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Hydrogen Technologies: Production & Infrastructure

Hydrogen Infrastructure
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From producing hydrogen molecules through dispensing to end-use applications
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www.energy.gov/fuelcells

www.hydrogen.gov

Zeric Hulvey, Ph.D.
Technology Manager, Infrastructure and Systems Integration
Hydrogen and Fuel Cell Technologies Office
Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy
Zeric.Hulvey@ee.doe.gov

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE



mailto:ned.Stetson@ee.doe.gov

	Slide 1: DOE Hydrogen Program Overview
	Slide 2: Carbon Dioxide Emissions by Sector
	Slide 3: U.S. DOE Hydrogen Program
	Slide 4: Snapshot of Hydrogen and Fuel Cells in the U.S.
	Slide 5: Legislation Highlights: BIL and IRA
	Slide 6: U.S. National Clean Hydrogen Strategy and Roadmap
	Slide 7: Guiding Principles
	Slide 8: Strategy 1: Target Strategic, High-Impact End Uses
	Slide 9: Strategy 2: Focus on Cost-Reduction
	Slide 10: Hydrogen Energy Earthshot
	Slide 11: Strategy 3: Focus on Regional Networks and Ramp Up Scale
	Slide 12: Strategy 3: Focus on Regional Networks
	Slide 13: Equity and Environmental Justice Perspectives
	Slide 14: Hydrogen Interagency Task Force (HIT) across Agencies
	Slide 15: Key Focus Areas for Cross-Agency Collaboration and Coordination
	Slide 16: Examples of International Collaboration
	Slide 17: Coordination Across DOE
	Slide 18: Hydrogen and Fuel Cell Technologies Office (HFTO)
	Slide 19: Hydrogen Technologies: Production & Infrastructure
	Slide 20: Contact

