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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% o) 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: National Clean Hydrogen Strategy and Roadmap based on Annual Energy Outlook 2021
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U.S. DOE Hydrogen Program

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

Hydrogen Program

Coordinated across DOE on
research, development,
demonstration, and deployment
(RDD&D) to address:

* The entire H, value chain from
production through end use

* H, production from all
resources (renewables, nuclear,
and fossil + CCS)

www.hydrogen.energy.gov

U.S. DEPARTMENT OF ENERGY

H2@Scale vision: Enables clean-energy pathways across sectors

Conventional Storage Transportation
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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

Use of Hydrogen
in the U.S. Today

8%

Metals (2%)

Ammonia
& Methanol

Refining
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Current publicly announced clean hydrogen
production projects*
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Announced H2 capacity, ktpa Hydrogen Pathway
© Renewables O Nuclear
>150 0-20 w/ electrolysis w/ electrolysis
20 - 150 N/A © SMR/ATR + © Methane pyrolysis /
CCS N/A / Other
Project type
@ Clean hydrogen @® Midstream and end @ Integrated projects
production projects use projects

*as of EQY 2022, DOE Commercial Liftoff Report

Examples of Deployments

Backup Power

S\ BT

Forklifts

e

Electrolyzers

= CETI

Fuel Cell Buses

H, Retail Stations

0 EXTH

Fuel Cell Cars




Legislation Highlights: 2021 — 2022

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. pPhoto 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

Strategy

@ @ Target strategic, high-impact end uses A

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

U.S. National
Clean Hydrogen
Strategy and

Reduce the cost of clean hydrogen
Roadmap @

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

Achieve 10 MMT/year of clean hydrogen by 2030

Benefits:
Emissions reduction; job growth;

Focus on reglonal networks energy security and resilience

Deploy regional clean hydrogen hubs and ramp up scale

60@660

2@ ®=2 Work with other agencies to accelerate market lift off
(7]
a.,
3 % o/\o/\o/\o)
Released June 5, 2023 © . gust
c
= Good Jobs and Safety, codes and Policies and incentives Stimulating private Energy and
Workforce Development standards sector investment environmental justice

U.S. National Clean Hydrogen Strategy and Roadmap - Bing video
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https://www.bing.com/videos/search?q=national+clean+hydrogen+strategy+video&cvid=7bf4191d2f1b4bb798114369779ef5a9&aqs=edge..69i57j69i64.10295j0j1&PC=U531&ru=%2fsearch%3fq%3dnational%2bclean%2bhydrogen%2bstrategy%2bvideo%26cvid%3d7bf4191d2f1b4bb798114369779ef5a9%26aqs%3dedge..69i57j69i64.10295j0j1%26FORM%3dANAB01%26PC%3dU531&view=detail&mmscn=vwrc&mid=FF92A75654BED7780CD3FF92A75654BED7780CD3&FORM=WRVORC

National Opportunity for Clean Hydrogen

Opportunities for Clean Hydrogen Range of Potential Demand for

Across Applications Clean Hydrogen Use Scenarios Clean Hydrogen by 2050

e (Catalyze clean H, use in Ml Core Range of Estimates

50 # Additional Demands y 2
Power-to-Liquid Fuels // EX|St|ng |ndustr|es (ammonla’ 2\ Additional Scenarios
= Methanol /A . . .. 18

= 40 Blending in Natural Gas for Heat rEfIHGFIES), Initiate new use
o . . 16
L 'E“Eflgysmrage (e.g., sustainable aviation fuels
= m Stee _ ]
8 u Biofuels (SAFs), steel, potential exports) 5
% 30 B Trucks N A
S = Ammonia e Scale up for heavy-duty 2w \
o Refining and petrochemicals . T
E 50 transport, industry, and energy L
= Gz storage £
s * Market expansion across \
10 7 p 5 N
/ sectors for strategic, high- . ‘ S
H Transportation Biofuels & Indust Blendi Grid
0 'mpaCt uses I;SLL::?J:IS e e (Power Sector)

2030 2040 2050 * Corerange: ~ 18-36 MMTH,

* Higher range: ~ 36-56 MMT H,

U 's' Opportu n Ity: 10M MT/yr by 2030’ 20 M MT/yr by 2040’ 50 M MT/yr Refs: 1. NREL MDHD analysis using TEMPO model; 2. Analy.sis of biofuel pathways from NREL; 3.
by 2050. ~10% Emissions Reduction. ~100K Jobs by 2030 Indusral ecarbonzation Roadmap. and H2@scale, ethanol demands besed offIRENA and EA

estimates; 5. Preliminary Analysis, NREL 100% Clean Grid Study; 6. DOE Solar Futures Study; 7.

Princeton Net Zero America Study

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



DOE Hydrogen Activities across RDD&D — Examples

Research and Development

Basic and applied research through
| |nd|V|d al projects and consortia

@eorth | EHgdrogom
onsortia Ex mples

' HydroGEN

Advanced Water Splitting Material

Core Team:
National Labs

FOA

MNational

University &
Indust
ndustry Lab

Non-Profit

H2NEW
@Mat|— @eestrocat BIMARC @)

MILLION MILE
I.-‘:C I FUEL CELL TRUCK
AR
s SHASTA

Subsatace Hrduoom Assstiment Horog
and Technology Accel

Basic science user facilities, theory, modeling

Technology Integration, Validation, Demos

15t of a kind demonstrations and systems
integration to de-risk deployments
Examples:

Renewables and nuclear to H,, 15 delivery
trucks in disadvantaged area, 3 Super Truck
projects, data center, fueling for passenger
ferry, energy storage, H, for steel

Deployment and Financing

H2 Hubs, loan guarantee program,
workforce development

Example: Regional
Clean-Hydrogen Hubs

N g -
$8 billion for at .Y r AN
least 4 hubs: \ = -
Renewables, | @ % l!
fossil w/CCS, , '!’ E ] , "!_% ,
nuclear; multiple :
end-uses Clean-H,  Clean-H,  Clean-H,

Producers Infrastructure Consumers

2 new loan guarantee projects (51.5B total)
on pyrolysis and large-scale electrolysis, H,
energy storage and power generation

* Analysis and tools — 22 1 CENTER FOR
Enabling * Safety, codes & standards a H d H B|end
Activities * Manufacturing A ' HGEEDP'E y roge“r! y

Decarbonized Global Economy Connecting a Global Community

* Workforce development

| HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE
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' Hydrogen Energy Earthshot
“Hydrogen Shot”

| lll 1 1"
S1 for 1 kg clean hydrogenin1
decade
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All pathways included:
TS " Electrolysis, Thermal Conversion,
R Advanced Pathways



How to reduce cost? Examples across multiple pathways

Strategies and scenarios being developed to reduce cost and emissions across pathways

H, from Electrolysis Thermal Conversion Advanced Pathways
7 - Example: Natural Gas Conversion + CCUS
2020* 5160
~$5/kg . m Electricity m(02T&S
. 5140 Fuel
5 H Capital Costs B Variable OEM
= Fixed O&M 5120 B Fixed C&M
— N B Capital
I 4 I 5100
2 k-
& X = 5080
o T
I
- @ 50.60
B2 50.40
S
50.20
! 50.00 I
0 Baseline Optimized

* Reduce electricity cost, improve
efficiency and utilization

* Reduce capital cost >80%, operating &
maintenance cost >90%

*2020 Baseline: PEM (Polymer Electrolyte Membrane) low volume capital cost ~$1,500/kW, electricity at $550/MWh. Pathways to targets include capital cost <$300/kW by 2025, < $150/kW by 2030 (at scale). Assumes $50/MWh in
2020, S30/MWh in 2025, S20/MWh in 2030
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* Reforming; pyrolysis; air separation;
catalysts; carbon capture and storage
(CCS); upstream emissions

* Photelectrochemical (PEC),
thermochemical, biological, etc.




Collaboration

Energy and Environmental Justice

Diversity, Equity, Inclusion, and
Accessibility



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

ed

Ny MIMISTERIA.IL
] Glasgow
"! INITIATIVE Breakthroughs

A IMITIATTVE OF THE CLEARM EMERGY MIMISTERLAL @ G 0 FE E

MISSION
M INNOVATION d’.

CEMTER FOR ?k%?’ﬁ':%‘t’?ﬁ‘“ CLEAM HYDROGEN

Hydrogen ™

SAFETY h _F
Caonnecting a Global Cormmunity ysa E

@, (2] +SPRHYDE pRé!LHv

CEM Global Ports Coalition with EC
Numerous Bilaterals on Hydrogen
Hydrogen Council, IRENA, and more

U.S. DEPARTMENT OF ENERGY
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The International Partnership for
Hydrogen and Fuel Cells In the Economy

Enabling the global adoption of hydrogen and fuel cells in the economy

H, Production Analysis (H2PA)

To facilitate international trade
Common analytical framework for
GHG emissions footprint

Regulations, Codes, Standards,
Safety and Education &
Outreach Working Groups

www.iphe.net

Early Career Network
With >40 countries

| HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE

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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Call to Action: Join the Center for Hydrogen Safety!

Hydr@gen

FUNDAMENTAL

AI h E HYDROGEN SAFETY
( : CREDENTIAL

The Global Home of Chemical Englneers CENTER FOR - * 2

e - Hydrogen

Pacific Northwest
Council NATIONAL |ABDRATORY SAFETY New Hydrogen Safety
Credential!

hysafe Composed of 7 fundamental
hydrogen safety e-courses,
including:

* Properties & Hazards

» Safety Planning

Over 100 members from industry, government, and L ytem opereton
* |nspection & Maintenance

academia—and growing!

www.aiche.org/CHS
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Resources and Opportunities for Engagement

Save the date! Hydrogen and Fuel Cells Day
HYDROGEN October 8
AMERICAS 2024 DOE Annual
2023 Merit Review and Peer | - Held on hydrogen’s 1

SUMMIT & EXHIBITION very own atomic

Evaluation Meeting

2 -3 OCTOBER 2023 weight-day
Hydrogen
INCREASE YOUR Join Monthly Visit H2tools.Org For g
H IQ H21Q Hour Webinars @ / . | Hydrogen Safety And HYd rog
Download - Lessons Learned Connecting a Global Coniiillir;
hydmge" SRl H21QFor Free p A‘ 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
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https://h2tools.org/

Thank you

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

www.energy.gov/fuelcells

www.hydrogen.energy.gov
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