U.S. DOE Hydrogen Program Opening Remarks

Dr. Sunita Satyapal, Director, Hydrogen and Fuel Cell Technologies Office
and DOE Hydrogen Program Coordinator
U.S. Department of Energy

February 27, 2024
Hydrogen Infrastructure Priorities to Enable Deployment in High-Impact Sectors
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U.S. Energy Landscape and Key Goals

U.S. primary energy consumption by energy source, 2022

Total = 100.4 quadrillion Total = 13.1 quadrillion Btu
British thermal units (Btu)

Administration Goals
Geothermal, 2% incl UdEZ

Solar, 14%

: ) .
Natural Gas, 33% I Net-zero emissions economy

Hydroelectric, 18% by 2050 and 50_52%
reduction by 2030

Renewables, 13% Wind, 29% * 100% carbon-pollution-free
electric sector by 2035

Nuclear, 8%
Biomass, 37%

Priorities: Ensure benefits to
all Americans, focus on jobs,
Justice40: 40% of benefits in
disadvantaged communities

Note: Sum of components may not equal 100% because of independent rounding
Source: Data collected from U.S. Energy Information Administration, May 2023,
Monthly Energy Review, preliminary data

EJ: Environmental Justice
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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. National Clean Hydrogen Strategy and Roadmap

Strategy

Vision:
Affordable clean hydrogen for
a net-zero carbon future and a
sustainable, resilient, and
equitable economy

co, @ Target strategic, high-impact end uses
U.S. National t—

Clean Hydrogen Achieve 10 MMT/year of clean hydrogen by 2030

Strategy and l @ Reduce the cost of clean hydrogen

Roadmap
Enable $2/kg by electrolysis by 2026 and $1/kg H, by 2031

Benefits:
Emissions reduction; job growth;

Focus on reglonal networks energy security and resilience

@ Deploy regional clean hydrogen hubs and ramp up scale

Work with other agencies to accelerate market lift off

ﬂO@@G@
(JOr - foR-
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E‘»
www.hydrogen.gov £
Good Jobs and Safety, codes and Policies and incentives Stimulating private Energy and
REIeaSEd June 5’ 2023 Workforce Development standards sector investment environmental justice
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http://www.hydrogen.gov/

U.S. National Clean Hydrogen Strategy and Roadmap

Opportunities for Clean Hydrogen Range of Potential Demand for

Across Applications Clean Hydrogen Use Scenarios Clean Hydrogen by 2050

B Core Range of Estimates

 Catalyze clean H, use in

50  ~“Additional Pemands % o . . ) 2\ Additional Scenarios
Power-to-Liquid Fuels existing industries (ammonia, 2
= Methanol /A

= 40 Blending in Natural Gas for Heat refineries), initiate new use 16
L m Energy Storage (e.g., sustainable aviation fuels v
= m Steel .
8 = Biofusls e (SAFs), steel, potential exports) 5
% 30 mTrucks gk
kS m Ammonia * Scale up for heavy-duty 3
Refining and petrochemical : :
£ . elining and pe “jj ST transport, industry, and energy | £
3 & 6
E W storage o
S 4 N
= . N\
S 10 * Market expansion across 2 >
. . N
/ sectors for strategic, high- 0 oo : ;
Transportation Biofuels & Industry Blending Grid
0 Impact uses PtL Fuels (Power Sector)
2030 2040 2050 * Corerange: ~ 18-36 MMTH,

* Higher range: ~ 36-56 MMT H,

U.S. Opportunity: 10MMT/yr by 2030, 20 MMT/yr by 2040, 50 MMT/yr o L \PELMOHD s o TP s 2 e it s o
by 2050. ~10% Emissions Reduction. ~100K Jobs by 2030 Methanol demans beted off IRENA and Ik extimate; 5. Prelinary Analysi, NREL

100% Clean Grid Study; 6. DOE Solar Futures Study; 7. Princeton Net Zero America Study
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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

Electrolyzers

Use of Hydrogen Current publicly announced clean hydrogen Examples of Deployments
in the U.S. Today production projects*
8% Lo A
? Metals (2%) °o ®© . " s Backup Power
] @
i v o > ? ,Q\; >60,000
e °q i %0 oo *% T Forkiift
Ammonia . ° ’ Q@ . b ines
Ao~ sfe )
e . ‘ A -
€

. =] -80-150

Fuel Cell Buses

R f . Announced H2 capacity, kipa Hydrogen Pathway
>150 0-20 w/ electrolysis w/ electrolysis

20 - 150 N/A © SMR/ATR + © Methane pyrolysis / H, Retail Stations
CCs N/A / Other

Project ype o) >18,000
@ Clean hydrogen @® Midstream and end

@ |Integrated projects
production projects use projects Fuel Cell Cars

*as of EQY 2022, DOE Commercial Liftoff Report
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President Biden Announces $7 Billion for 7 H2 Hubs — October 13, 2023

Pacific Noorthwest
Hydrogen Hub

PNWH2

8o

California
Hydrogen Hub

Alliance for Renewable Clean
Hydrogen Energy Systems
(ARCHES)
o

o

(o]
D

(o]

Q Proposed H2 Facility

‘ Selected H2Hubs

Heartland
Hydrogen Hub

Heartland Hub (HH2H)

Midwest ° °
Hydrogen Hub

Midwest Alliance for Clean °

Hydrogen (MachH2) ®
°

Appalachian
Hydrogen Hub

Appalachian Regional Clean
Hydrogen Hub (ARCH2)

Gulf Coast
Hydrogen Hub

HyVelocity H2Hub
o (J

o

;\£° Mid-Atlantic

Hydrogen Hub

Mid-Atlantic Clean Hydrogen
Hub (MACH2)

Office of Clean Energy Demonstrations
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Whole-of-Government Approach

HIT l
Hydrogen Interagency Task Force




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 Department of Energy (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 USG Focus Areas for Cross-Agency Collaboration and Coordination

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

Production ¥ Drorage for mport 20 MMT/yr by 2040, 50 MMT/yr by 2050
e e e Supply and Demand at Infrastructure, Siting, Analysis and Global
I )I( | Scale Permitting Competitiveness
l ® Enabling large scale e Siting, permitting, * National strategy and
$:port Transmission & Distribution production and demand pipelines, storage, and commercial liftoff
s> "m'"al Pipeline Road creation infrastructure analysis
E PHASA | USEG | USPS FTC | PHMSA e Financing, incentives, and e Harmonized codes and e Impacts and gap
e compliance tools for standards assessments
0 Waterways Rail i ili [
RO #usa | usco PHMSA commercial scale up e Interoperability and (technoeconomic
= e Metrics for deployment global standardization analysis, incentives,
:’"n‘:’"z:z'gn‘glgg% l | and USG as offtaker « Safety, emissions resgurc_e/ water
i € J ¢1~ * Supply chains and (including secondary), ?c:/t?;lar?:::\ﬁfgcr::f:ilr?nsétc )
a“fﬂ@ Industrial Use T3 City Local re5|llepcy (cr|t|cal. sensors, risk mitigation, 100s, 8, etc.
S €&——[rm0 Gate @ Storage materials, strategic environmental impact * Intellectual property and
PIASA ostA reserve) e Environmental review global Iand:cape
Electricity : * R&D to accelerate cost and best practices (NEPA, assessmen
:.:::‘ln‘?‘? Transportation Systems End Usage reductions and end use etc.) P ( « Export market analysis
o 22,,"‘,'3,',,'.‘,",},‘;“‘.,, Aviation commercialization (JST e Pipeline and blending test e Systems integration and
Building O LR 1 EMCSA o interface) facilities optimization

EERE | . Marine Rail
Locel Regs, L@ Al FTA | MARAD FRA | FTA
B USCG

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

National Clean Hydrogen Strategy and Roadmap Workforce, Equity, and Justice
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Historical Perspectives and Deep Dive Example- US DOE Learning Demo

Maintenance by Equipment Type by Quarter - Retail Stations
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Number at bottom of bars is number of stations reporting for that quarter.
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"OTHER" includes items for which equipment type could not be determined from the data.




Snapshot of Global Projects

® 166

Giga-scale production

® 719

Large-scale industrial use

@ 256

Mobility

¢ 144

Integrated H, economy

1,418 projects 3§ ¢ 126

1,046 in May 2023 Infrastructure projects

Various estimates for ~$2.5 to $3.5 Trillion Market, 30 Million Jobs Globally and 10 to over 20% Emissions
Reduction Potential

Source: Hydrogen Council — Hydrogen Insights 2023 December Update. Excludes 1 MW and below projects
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https://hydrogencouncil.com/en/hydrogen-insights-2023-december-update/

Resources and Opportunities for Engagement

Key Publications

©ENERGY

www.hydrogen.energy.gov

Save the date!

2024 DOE Annual
Merit Review
May 6-9, 2024

Register here:
https://www.annualmerit

review.energy.gov/

Hydrogen and Fuel Cells Day
October 8

- Held on hydrogen’s 1
very own atomic
weight-day

Hydrogen

INCREASE YOUR

HIQ

hydrogen energy.gov

U.S. DEPARTMENT OF ENERGY

Join Monthly
H21Q Hour Webinars

Download
H21Q For Free

Visit H2tools.Org For

Hydrogen Safety And HYd rog
SAFETY

Lessons Learned

CENTER FOR

Connecting a Global Community

https://h2tools.org/ www.aiche.org/CHS

Sign up to receive hydrogen and fuel cell updates

www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter

Learn more at: energy.gov/eere/fuelcells AND www.hydrogen.energy.gov


https://h2tools.org/
http://www.hydrogen.energy.gov/
https://www.annualmeritreview.energy.gov/
https://www.annualmeritreview.energy.gov/

Thank you

Dr. Sunita Satyapal
Director, Hydrogen and Fuel Cell Technologies Office
Coordinator, DOE Hydrogen Program
U.S. Department of Energy
And
Director, Hydrogen Interagency Task Force

www.energy.gov/fuelcells

www.hydrogen.energy.gov

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