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Fuel Cells and Electrolyzers 101

Fuel Cells: Can Use Hydrogen Electrolyzers: Make Hydrogen
* Hydrogen and Oxygen IN * Electricity and Water IN
e Electricity and Water OUT * Hydrogen and Oxygen OUT

* Makes hydrogen using electricity
* Operates like a fuel cell “in reverse”

Cathod& Anode

— | Power

H2 7| Supply [ 5
—

* Makes electricity using hydrogen
* No combustion involved

Hydrogen ®
Bubbles

Polymer Electrolyte Membrane (PEM) L
Cathode

Water OUT
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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

Hydrogen Program Conventional Storage Hansportation
Coordinated across DOE on
research, development, ﬁ% grad

-
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Fuels
Hydrogen
demonstration, and deployment )] Biomass
(RDD&D) to address: Renewables e ,_
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* The entire H, value chain from N . 2

Upgrading

production through end use Nuclear H20 Hydrogen
s Genaration
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www.hydrogen.energy.gov Power

Infrastructure
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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. 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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Snapshot of Hydrogen and Fuel Cells in the U.S.

* 10 million metric tons produced annually

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, kipa Hydrogen Pathway
© Renewables O Nuciear
>150 0-20 wi electrolysis wi electrolysis
20 - 150 MIA 0 SMRIATR + ) Methane pyrolysis /
CCSs MNiA | Other
Project type
@ Clean hydrogen @ Midstream and end @ Integrated projects
production projects use projects

*as of EQY 2022, DOE Commercial Liftoff Report

* More than 1,600 miles of H, pipeline ¢ World’s largest H, storage cavern

Examples of Deployments

Backup Power
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U.S. National Clean Hydrogen Strategy and Roadmap

Strategy

@ @ Target strategic, high-impact end uses

) L
Affordable clean hydrogen for

a net-zero carbon future and a
sustainable, resilient, and
equitable economy

U.S. National
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

L)
-
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L §
www.hydrogen.gov =
Released June 5’ 2023 - Good Jobs and Safety, codes and Policies and incentives Stimula.ting private _ Energy anfj -
Workforce Development standards sector investment environmental justice

U.S. Opportunity: 10MMT/yr by 2030, 20 MMT/yr by 2040, 50 MMT/yr

by 2050. ~10% Emissions Reduction. ~100K Jobs by 2030.
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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
= Guiding principles
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 Use Scenarios Clean Hydrogen by 2050

B Core Range of Estimates

 Catalyze clean H, use in

50 # Additional Pemands % o . ) ) ' Additional Scenarios
Power-to-Liquid Fuels / EXIStlng industries (ammonla, 18
m Methanol % . . g

S 40 Blending in Natural Gas for Heat ‘ reflnerIES), Initiate new use 16
L m Energy Storage (e.g., sustainable aviation fuels .
= m Steel .
8 = Biofuels e (SAFs), steel, potential exports) 12
ﬁ 30 mTrucks - J
S m Ammonia e Scale up for heavy-duty 3
g Refining and petrochemicals transport, industry, and energy | £ °
© 20 ’ ’ s o
< Gl storage
Re) 4
S 40 7 * Market expansion across 2
. . W
/ sectors for strategic, high- 0 o0 , :
Transportation Biofuels & Industry Blending Grid
impact uses PtL Fuels (Power Sector)
0
2030 2040 2050 * Corerange: ~ 18-36 MMT H,

* Higher range: ~ 36-56 MMT H,

U.S. Opportunity: 10MMT/yr by 2030, 20 MMT/yr by 2040, 50 MMT/yr N5 St st gt @ 5 e serona ot
by 2050. ~10% Emissions Reduction. ~100K Jobs by 2030 e oo ot IRENA oot T o s 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

—
3
X

Need for technology advancements _ 1%
Lack of incentives for companies _ 8%
Competing technologies - 6%
Safety concems - 6% Over 3,000 participants at DOE
Lack of suitable end uses - 59, Hydrogen Shot Summit were requested
to provide feedback on key barriers to
Lack of gov. support for R&D - 5% market adoption of hydrogen

Source: Hydrogen Shot Summit, Sept 2021 https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit
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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”
}i’ A £2n [ nm I

Examples of Stakeholder and RFI Input

==
m Pacific Northwest Central U S.

Regional Clean Hydrogen Hubs
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Regional [ ‘ Industry,

.
__;I
Foundational Enablers: = N
D
*  Workforce development =  Stimulating private sector investment i iy v e
+  Safety, codes, and standards *  Meaningful stakeholder engagement
*  Policies and incentives *  Energy and environmental justice

Demand side strategy for Hubs announced
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President Biden Announces $7B for 7 H, Hubs — October 13, 2023

— ° Heartland o
Pacific North t
acific Northwes Eivdragen Hih

Hyd rogen HUb Heartland Hub (HH2H)
PNWH2

Midwest ° ° | .
Hydrogen Hub

. L] o
Cal IfO rnia Midwest Alliance for Clean e e

Hydrogen (MachH2) . 4 Mid-A‘tlal‘ltiC

Hydrogen Hub o

Alliance for Renewable Clean .
Hydrogen Energy Systems Appalachlan HYd rogen H u b

8o (ARCHES) Mid-Atlantic Clean Hydrogen

N Hydrogen Hub Hub (MACH2)

* o Appalachian Regional Clean

. Gulf Coast Hydrogen Hub (ARCH2)
Hydrogen Hub

HyVelocity H2Hub
0 9.

Q Proposed H2 Facility

@ sclected H2Hubs %) OCED
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Hydrogen Interagency Task Force (HIT) across 11 Agencies

Department of Agriculture

WWW. th rogen.gOV WH and Deputies Group 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

Prograrg LeaderShlp White House Climate Policy Office (Co-Chair)
roup

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.

U.S. DEPARTMENT OF ENERGY



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,

. Storage for Import
Production olorage lor mport 20 MMT/yr by 2040, 50 MMT/yr by 2050

A
Local Regs gs. | 05 Analysis and Global
Competitiveness

e R Supply and Demand at Infrastructure, Siting,

* Enabling large scale e Siting, permitting, * National strategy and
acih $xpart Transmission & Distribution production and demand pipelines, storage, and commercial liftoff
e H_"_-ﬂ'[m'_'ff‘__l Pipeline Bond creation infrastructure analysis
E PHMSA | USCG | USFS FIC | PHMSA e Financing, incentives, and e Harmonized codes and e Impacts and gap
'Y . il compliance tools for standards assessments
Ty ot PHMSA commercial scale up « Interoperability and (technoeconomic
: " * Metrics for deployment global standardization analysis, incentives,
m“E:IFg'EB"‘ﬂlﬂmﬁ i and USG as offtaker « Safety, emissions resource/water
e (ﬂ l,r * Supply chains and (including secondary), ?gl:?:ar:l:xfgz:j;l:nsétc )
AP Industrial Use 3 City ™ Local resiliency (critical sensors, risk mitigation, 1005, 8, €lC.
o CU O Gate @) Storage materials, strategic environmental impact * Intellectual property and
PHMSA osha reserve) e Environmental review global Iand:cape
Electricity | * R&D to accelerate cost and best practices (NEPA, assessmen
FE::;E:? Trnnspo:::i::::r:tems . reduction_s a_md .end use etc.) * Export market ar_1a|ysis
: Consumer Vehicles Ao commercialization (JST e Pipeline and blending test * Systems integration and
Building i o Ry interface) facilities optimization

EERE | "~ Marine Rail
ln:ilﬂ‘l‘g:. __I-I_*.'_:_.__ FTA | MARAD FRA | FTA
A UsSCh

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

Workforce, Equity, and Justice

National Clean Hydrogen Strategy and Roadmap
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DOE Hydrogen Activities across RDD&D — Examples

Research and Development Technology Integration, Validation, Demos Deployment and Financing

Basic and applied research through
individual projects and consortia

Consortia Examples

Core Team:
National Labs

' HydroGEN

Advanced Water Splitting Material
FOA

University &
Non-Profit

MNational
Lab

Industry

H2NEW

(lf.J Mat @ElectroCat ‘BIMARC ‘

Electrocatalysis Consortiu

ACT  Fuecceit truck
S SHASTA

Basic science user fac:ht:es, theory, modeling

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

H2 Hubs, loan guarantee program,
workforce development

Regional
Clean-Hydrogen Hubs
' - - '

Example:

S8 billion for at

least 4 hubs:

Renewables, @ ﬁ % l!
fossil w/CCS, __@___. : E J _:F:
nuclear; multiple '
end-uses Clean-H,  Clean-H,  Clean-H,

Producers Infrastructure Consumers

Including demand strategy (~$1B)

2 new loan guarantee projects ($1.58B total)
on pyrolysis and large-scale electrolysis, H,
energy storage and power generation

* Analysis and tools

Enabling

* Manufacturing
* Workforce development

Activities

» Safety, codes & standards

mu ogen Education for a
Decarbonized Global Economy

/-1{

nﬂ H,EDGE Hydreoge

Connecting a Global Community

)
en HyBlend-

SAFETY
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The U.S. DOE Hydrogen Program — Coordinated across Offices

EERE Hydrogen FECM Hydrogen

Feedstocks: Feedstocks:
+ Renewables and Water + Fossil Fuels—Coal* and Matural Gas

Secretary

Deputy Secretary

Technologies: Technologies:
+ Electrolysis—Low- and High-Temperature » Gasification, Reforming, Pyrolysis
Under Secratary for Sclenca Under Secretary for

= Advanced Water Splitting—Solar/High-Temp
and Innovation Infrastructure

Thermochemical, Photoelectrochamical

= Biological Approaches

DOE Hydrogen Program Coordination [HFTO)

terage ncy

Wi oo Areas of Collaboration
. Eeversible Fuel Cells, Biomass, Municipal Solid Waste, Plas

Polygeneration including Co-Gasification with Biomass

High-Temperature Electrolysis, System Integration

Feedstocks:
 Muclear Fuels and Water

ol R e e R S R R e S e e

Technologies:
» Risk Assessment & Licensing, Thermal Delivery
= Advanced Muclear Reactors

« System Integration and Controls - LWRs and
' Advanced Reactors

FIELD OFFICES AND CONTRACTING FOR FUNDING OPPORTUMITY ANNOUNCEMENTS NEH :fd rogen

Crosscutting R&D Offices: Office of Science (5C) and ARPA-E

Fundamental Science and Advanced Innovative Concepts

* -
PEOJECT EXECUTION y n; user facilities and t materials and chemical
C ) ne ning, dat &5

Universities, scutting activities.
Institutes,

Nonprofits

Mational
Laboratories

State and Local

Government

OCED Regional Clean Hydrogen Hubs, OTT, LPO, OP, ED, IE, IA, and more
www.hydrogen.energy.gov
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Resources and Opportunities for Engagement

Key Publications
y Save the date! Hydrogen and Fuel Cells Day
— 2024 DOE October 8
. Annual Merit - Held on hydrogen’s 1
. very own atomic
Review May 6-9, weight-day
2024
www.hydrogen.energy.gov Hydrogen
INCREASE YOUR Join Monthly Visit H2tools.Org For .

Hydrogen Safety And HYd rog
SAFETY

Lessons Learned

H I Q H21Q Hour Webinars
Download

hydrogen energy.gov H21Q For Free

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

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


https://h2tools.org/

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
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