W ENERGY
INCREASE YOUR

H2|Q The #H21Q Hour

Welcomel!

The #H21Q Webinar will start shortly

Active on social media? Use #H21Q for posts about this webinar
Learn more about the DOE Hydrogen Program
www.hydrogen.energy.gov



http://www.hydrogen.energy.gov/
www.hydrogen.energy.gov

EE%, U.S. DEPARTMENT OF

@ ENERGY
INCREASE YOUR

H2|Q The #H21Q Hour

Today’s Topic: Overview of DOE Requests for Information

Supporting Hydrogen Bipartisan Infrastructure Law Provisions,
Environmental Justice, and Workforce Priorities

Sunita Satyapal, Dave Peterson, Colin Gore, Jesse Adams, Zac Taie, Monisha Shah,
Kendall Parker, Betony Jones

February 24, 2022



B, U.S. DEPARTMENT OF

Agenda ____ ENERGY

1) DOE Hydrogen Program Background
2) Brief Overview of Bipartisan Infrastructure Law (BIL) Provisions
e Electrolysis
 Manufacturing, and Recycling RD&D
* Hydrogen Hubs
3) Request for Information (RFI) Announcement Overview
e Clean Hydrogen Manufacturing, Recycling, and Electrolysis RFI
* Hydrogen Hubs Implementation Strategy RFI
* H2 Matchmaker
4) Environmental Justice and Workforce Priorities

5) Summary and Next Steps



The U.S. DOE Hydrogen Program

Hydrogen is one part of a broad portfolio of activities
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Hydrogen Program Areas of Focus across Multiple Offices ' ENERGY

NEAR-TERM LONGER-TERM

Gasification of coal,* biomass, and waste with carbon capture, utilization and storage (*waste coal, other waste)
Production Advanced fossil and biomass reforming/conversion/pyrolysis Advanced biological/microbial conversion
Electrolysis (low-temperature, high-temperature) Advanced thermo/photoelectro-chemical H,O splitting

Distribution from on-site production
Delivery Tube trailers (gaseous H.) Widespread pipeline transmission and distribution
Cryogenic trucks (liquid H,) Chemical H, carriers

Pressurized tanks (gaseous H.) Geologic H, storage (e.g., caverns, depleted oil/gas reservoirs)
Storage Cryogenic vessels (liquid H,) Cryo-compressed
Chemical H, carriers Materials-based H, storage

Turbine combustion Advanced combustion Fuel cell/combustion hybrids

Conversion : :
Fuel cells Next generation fuel cells Reversible fuel cells

Fuel refining Blending in natural gas pipelines
Space applications Distributed stationary power Utility systems
Applications Portable power Transportation Distributed CHP Integrated energy systems
Industrial and chemical processes
Defense, security, and logistics applications




* Covers $9.5B for clean hydrogen:

— S1B for electrolysis research,
development and
demonstration

— S500M for clean hydrogen
technology manufacturing and
recycling R&D

— S8B for at least four regional
clean hydrogen hubs

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

* Aligns with Hydrogen Shot priorities by directing work to reduce the cost of clean
hydrogen to $2 per kilogram by 2026

* Requires developing a National Hydrogen Strategy and Roadmap



Key BIL Sec. 40314 Hydrogen Provisions — Overview

Raw

Processed
Materials O Subcomponents End Product

“Clean Hydrogen Manufacturing and Recycling”

Focus on manufacturing and end of life/recycling RD&D

Sec. 40314 (EPACT Sec 816):
Clean Hydrogen Electrolysis

Program; $1 Billion over 5 years.
Goal $2/kg by 2026

Sec. 40314 (EPACT Sec 815):
Clean Hydrogen Manufacturing
& Recycling

$0.5 Billion over 5 years

Sec. 40314 (EPACT Sec 813):
Regional Clean Hydrogen Hubs;
S8 Billion over 5 years

Sec. 40314 (EPACT Sec 814: Strategy
& Roadmap and Sec. 40315 (EPACT
Sec 822): Clean Hydrogen Production
Qualifications)
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Strategy: BIL and Appropriations

Market Succesé:
BIL Potential for

ENERGY Strategy 3 $140B, 700K Jobs
ggEEETnNSTDECN)EEGSV H gd rogen Enable @scale Sec 813 By 2030
BIL BIL deployment | H2 Hubs (D&D) Clean grid by
Strategy 1 Strategy 2 $8B ($1.6B/yr) 2035

Electrolyzer Fuel cells, H, 10-20% GHG

FCs, turbines, delivery, storage, etc.
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% focus. BIL goal: tank mfg, supply | Appropriations: reduction by 2050
c $2/kg by 2026 chain focus First-of-a-kind demos

2 Codes, standards,

2 Sec 816 Sec 815 safety, workforce,etc.

Q>D Electrolyzers Mfg & Recycling BIL Includes:

o) $1B ($200M/yr) |[$0.5B (S100M/yr) National

e Hydrogen

é Strategy and

= Roadmap &

E’ Appropriations: Focus: Hydrogen Shot Clean H,

§ (S1/kg in 1 decade), materials, durability, Standard
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LPO: Loan Prograt . ] ] ]
D&D: Demonstration and Deployment Industry analysis; DOE analysis ongoing
FCs: Fuel Cells



White House Factsheet released February 15, 2022

BRIEFING ROOM

Fact Sheet: Biden-Harris
Administration Advances Cleaner
Industrial Sector to Reduce
Emissions and Reinvigorate
American Manufacturing

FEBRUARY 15, 2022 - STATEMENTS AND RELEASES

Covers “New Pro-Climate, Pro-Worker Actions Create
Jobs and Harness the Bipartisan Infrastructure Law,
Federal Purchasing Power, and Trade Policy’,
including:

e The Department of Energy is launching major clean hydrogen
initiatives of the Bipartisan Infrastructure Law: $8 billion for
Regional Clean Hydrogen Hubs that will create jobs to expand use of
clean hydrogen in the industrial sector and beyond; $1 billion for a
Clean Hydrogen Electrolysis Program to reduce costs of hydrogen
produced from clean electricity; and $500 million for Clean Hydrogen
Manufacturing and Recycling Initiatives to support equipment

manufacturing and strong domestic supply chains.

Available at: www.whitehouse.gov/briefing-room/statements-releases/2022/02/15/fact-sheet-biden-harris-administration-advances-cleaner-industrial-sector-to-reduce-emissions-

and-reinvigorate-american-manufacturing/

10


https://www.whitehouse.gov/briefing-room/statements-releases/2022/02/15/fact-sheet-biden-harris-administration-advances-cleaner-industrial-sector-to-reduce-emissions-and-reinvigorate-american-manufacturing/

\L U.S. DEPARTMENT OF

a 8
5 o
= =
&l
L% &
&) o

) &y

D, ™

PiTEE s
i

RFls Supporting Hydrogen BIL Provisions

 Two Requests for Information Announced
— Hydrogen Hubs Implementation Strategy RFI

* Seeks public input on Regional Clean Hydrogen Hub Provisions and Requirements,
Solicitation Process, FOA structure, and Implementation Strategy, Equity, Environmental
and Energy Justice (EEEJ) Priorities, and Market Adoption and Sustainability of the Hubs

* RFI (DE-FOA-0002664) available at https://eere-exchange.energy.gov/
* Due March 8, 2022, by 5pm ET

— Clean Hydrogen Manufacturing, Recycling, and Electrolysis RFI

* Seeks input on priority areas that will advance domestic manufacturing and recycling of

clean hydrogen technologies, including fuel cells, storage equipment, and other
hydrogen related components

* RFI (DE-FOA-0002698) available at https://eere-exchange.energy.gov/
* Due March 29, 2022, by 5pm ET

11


https://eere-exchange.energy.gov/
https://eere-exchange.energy.gov/

Sec. 816: Clean Hydrogen
Electrolysis Program
&
Sec. 815: Clean Hydrogen
Manufacturing and Recycling



RFI: Clean Hydrogen Manufacturing, Recycling, and
Electrolysis

* RFl available at https://eere-exchange.energy.gov/ (DE-FOA-0002698)
— Clean Hydrogen Manufacturing Initiative and Clean Hydrogen Recycling RD&D Program (BIL Sec. 815)

— Clean Hydrogen Electrolysis Program (BIL Sec. 816)

Buy American requirements and related employment considerations

* Responses due no later than 5:00pm (ET) on March 29, 2022

Responses must be submitted electronically to H2RFI@ee.doe.gov, with subject line “Clean Hydrogen
Manufacturing, Recycling, and Electrolysis RFI Response.”

Responses must be provided as a Microsoft Word (.docx) or Adobe PDF (.pdf) attachment to the email, and no
more than 15 pages.

Please copy and paste the RFI questions, including the question numbering, and use them as a template for your
response.

Respondents may answer as many or as few questions as they wish.

* Information collected from this RFI will be used by DOE for planning purposes

* |Information collected will not be published, but confidential/proprietary information
should not be submitted

13
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Clean Hydrogen
Electrolysis Program
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SEC. 816. Clean Hydrogen Electrolysis Program 4 ENERGY

(a) DEFINITIONS.—In this section:

(1) ELECTROLYSIS.—The term ‘electrolysis’ means a process that uses electricity to
split water into hydrogen and oxygen.

(2) ELECTROLYZER.—The term ‘electrolyzer’ means a system that produces
hydrogen using electrolysis.

(3) PROGRAM.—The term ‘program’ means the program established under
subsection (b).

(b) ESTABLISHMENT.—Not later than 90 days after the date of enactment of the
Infrastructure Investment and Jobs Act, the Secretary shall establish a research,
development, demonstration, commercialization, and deployment program for
purposes of commercialization to improve the efficiency, increase the durability, and
reduce the cost of producing clean hydrogen using electrolyzers.

15
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SEC. 816. Clean Hydrogen Electrolysis Program continued N
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(c) GOALS.—The goals of the program are—

(1) to reduce the cost of hydrogen produced using electrolyzers to less than $2 per
kilogram of hydrogen by 2026; and

(2) any other goals the Secretary determines are appropriate.

(d) DEMONSTRATION PROJECTS.—In carrying out the program, the Secretary shall fund
demonstration projects—

(1) to demonstrate technologies that produce clean hydrogen using electrolyzers;
and

(2) to validate information on the cost, efficiency, durability, and feasibility of
commercial deployment of the technologies described in paragraph (1).

16



SEC. 816. Clean Hydrogen Electrolysis Program continued

(e) FOCUS.—The program shall focus on research relating to, and the development,
demonstration, and deployment of—

(1) low-temperature electrolyzers, including liquid-alkaline electrolyzers, membrane-based
electrolyzers, and other advanced electrolyzers, capable of converting intermittent sources
of electric power to clean hydrogen with enhanced efficiency and durability;

(2) high-temperature electrolyzers that combine electricity and heat to improve the
efficiency of clean hydrogen production;

(3) advanced reversible fuel cells that combine the functionality of an electrolyzer and a fuel
cell;

(4) new highly active, selective, and durable electrolyzer catalysts and electro-catalysts
that—

(A) greatly reduce or eliminate the need for platinum group metals; and
(B) enable electrolysis of complex mixtures with impurities, including seawater;

(5) modular electrolyzers for distributed energy systems and the bulk-power system (as
defined in section 215(a) of the Federal Power Act (16 U.S.C. 8240(a)));

17
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SEC. 816. Clean Hydrogen Electrolysis Program continued L (7))
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(6) low-cost membranes or electrolytes and separation materials that are durable in the
presence of impurities or seawater;

(7) improved component design and material integration, including with respect to electrodes,
porous transport layers and bipolar plates, and balance-of-system components, to allow for
scale-up and domestic manufacturing of electrolyzers at a high volume;

(8) clean hydrogen storage technologies;

(9) technologies that integrate hydrogen production with—
(A) clean hydrogen compression and drying technologies;
(B) clean hydrogen storage; and
(C) transportation or stationary systems; and

(10) integrated systems that combine hydrogen production with renewable power or nuclear
power generation technologies, including hybrid systems with hydrogen storage.

18



RFI: Clean Hydrogen Electrolysis Program

* This RFI seeks input on:

Innovations needed for electrolyzer materials and components and their integration into
cells/stacks for the various electrolyzer technologies

Balance-of-system components needs including hydrogen storage, power electronics, etc.

Electrolyzer demonstration projects, including systems integrated with different clean power
sources and end-use applications

Domestic electrolyzer manufacturing

National electrolyzer testing facilities

Environmental justice, diversity, equity, and inclusion
Program structure

Buy American requirements (Part Ill of RFI)

* Information collected will be used by DOE for planning purposes to develop the

Clean Hydrogen Electrolysis Program. The information collected will not be
published.

19



Feedback requested across RDD&D

7 — — N\
System Demonstration and Deployment (TRL 7-9) —
Pilot and commercial demonstrations of complete @scale
systems coupled with infrastructure and use applications
The Clean Hydrogen f
Programs within the Advanced Manufacturing (TRL 6-7) — High-throughput Sec. 815.
Bipartisan Infrastructure manufacturing and assembly processes = @ | | Clean Hydrogen
. . = S :
Law allow for inclusion 32 Manufacturmg and
of the Complete f § - Recycling Program
development and AdvanCEd Components (TRL 4'5) = ngher performance, o g
deployment lifecycle for durable components, such as membrane electrode assemblies, up
. . through stacks
electrolysis technologies

Advanced Materials (TRL 1-3) — Improved electrocatalyst,
catalyst supports, electrolytes, membranes, etc.

TRL: Technology Readiness Level
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Manufacturing and Recycling



Section 815a: Clean Hydrogen Manufacturing Initiative

Research, development and demonstration projects to advance new clean H, delivery, storage and
use equipment manufacturing technologies and techniques.

The Secretary, to the maximum extent practicable, shall give priority to clean hydrogen equipment
manufacturing projects that—
A. Increase efficiency and cost-effectiveness in—

i. the manufacturing process; and
ii. the use of resources, including existing energy infrastructure;
B. Support domestic supply chains for materials and components;
Identify and incorporate nonhazardous alternative materials for components and devices;
D. Operate in partnership with tribal energy development organizations, Indian Tribes, Tribal orgs.,
Native Hawaiian community-based organizations, or territories or freely associated States; or
E. Are located in economically distressed areas of the major natural gas-producing regions of the US

O
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Section 815b: Clean H, Tech Recycling RD&D Program

Multiyear grants will be awarded for RD&D projects to create innovative and practical approaches to
increase the reuse and recycling of clean H, tech.

Including by:

A. Increasing the efficiency and cost-effectiveness of the recovery of raw materials from clean hydrogen
technology components and systems, including enabling technologies such as electrolyzers and fuel cells;

B. Minimizing environmental impacts from the recovery and disposal processes

C. addressing any barriers to the research, development, demonstration, and commercialization of
technologies and processes for the disassembly and recycling of devices used for clean hydrogen
production, processing, delivery, storage, and use

D. Developing alternative materials, designs, manufacturing processes, and other aspects of clean H, tech.

E. Developing alternative disassembly and resource recovery processes that enable efficient, cost-effective,
and environmentally responsible disassembly of, and resource recovery from, clean hydrogen
technologies; and

F. Developing strategies to increase consumer acceptance of, and participation in, the recycling of fuel cells.

Independent review of project progress no later than 3 years after H.R. 3684 is enacted, and at least every 4 years after that

.
.
.
.
.
H
.
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RFI: Clean Hydrogen Manufacturing and Recycling L),
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RFI seeks feedback from industry, academia, research laboratories, government
agencies, community groups, labor unions, energy users, environmental justice
organizations, and other stakeholders regarding RD&D needs, critical barriers, or other
activities needed in the following areas:

 New manufacturing technologies and techniques for clean hydrogen processing,
delivery, storage and use equipment, including fuel cells

* |Innovative and practical approaches to increase the reuse and recycling of clean
hydrogen technologies

* Environmental justice, diversity, equity, and inclusion strategies, including significant
and meaningful community engagement plans and workforce education and training
strategies

 Buy American requirements and related employment considerations (in Part Il of RFI)

24
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Feedback Requested on Addressing Supply Chain Challenges 'ENERGY

To meet 2050 decarbonization goals, clean H, technologies need to significantly grow
(e.g., 1000 GW of electrolyzers vs. ~0.17 GW today) across the supply chain

Example: PEM fuel cell & electrolyzer supply chain

for a new industry

End of Life

Platinum Iridium [ A
igii Nicke! - Chromium Raw Materials Key Manufacturing & Recycling Program opportunities:
Graphite Chemical Precursors N\ /
lonomers  Catalysts (Precursors, Powders, Inks) 1 N o RedUCing cost and increasing commercialization of
: : : Processed .
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Membrans Electrode Assamblios Corgigzéms = e Devglopment of dor_nestlc material supplies - including
Bipolar Plates  Seals  EndPlates  BOP ™ | = recycling and alternative non-hazardous materials
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Stacks, Power Electronics & Controls, System : . .
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|
|
|
|
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Request for Information — Clean Hydrogen Manufacturing,
Recycling, and Electrolysis

* RFl available at https://eere-exchange.energy.gov/ (DE-FOA-0002698)
— Clean Hydrogen Manufacturing Initiative and Clean Hydrogen Recycling RD&D Program (BIL Sec. 815)

— Clean Hydrogen Electrolysis Program (BIL Sec. 816)

Buy American requirements and related employment considerations

Responses due no later than 5:00pm (ET) on March 29, 2022

Responses must be submitted electronically to H2RFI@ee.doe.gov, with subject line “Clean Hydrogen
Manufacturing, Recycling, and Electrolysis RFI Response.”

Responses must be provided as a Microsoft Word (.docx) or Adobe PDF (.pdf) attachment to the email, and no
more than 15 pages.

Please copy and paste the RFI questions, including the question numbering, and use them as a template for your
response.

Respondents may answer as many or as few questions as they wish.

Information collected from this RFI will be used by DOE for planning purposes

Information collected will not be published, but confidential/proprietary information
should not be submitted

26
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Sec 40314 (EPACT Sec. 813): Regional Clean Hydrogen Hubs ' ENERGY

Definition of Regional Clean Hydrogen Hub: “a network of clean hydrogen producers, potential clean
hydrogen consumers, and connective infrastructure located in close proximity.”

BIL's Stated Purpose: “Establish a program to support the development of at least 4 regional clean hydrogen
hubs that -
(1) demonstrably aid the achievement of the clean hydrogen production standard developed under
section 822(a);

(2) demonstrate the production, processing, delivery, storage, and end-use of clean hydrogen; and

(3) can be developed into a national clean hydrogen network to facilitate a clean hydrogen economy.”

* Section 40315 of the BIL, amends EPACT 2005 to add Section 822 — Clean Hydrogen Production Qualifications

*  Defines the term ‘clean hydrogen’ to mean hydrogen produced with a carbon intensity < 2 kg CO,e/kg H, at the site of production

*  Following development of the initial standard, DOE (in consultation with the EPA and accounting for input from industry and other
stakeholders) will determine whether the standard should be adjusted below 2 kg CO,e/kg H,.

28



Sec 40314 (EPACT Sec. 813): Regional Clean Hydrogen Hubs

(A) FEEDSTOCK DIVERSITY —

o atleast 1 regional clean hydrogen hub using fossil fuels; 1 using renewables; 1 using nuclear
(B) END-USE DIVERSITY — at least 1 with end use in
o electric power generation sector;
o industrial sector;
o residential and commercial heating sector; and
o transportation sector.
(C) GEOGRAPHIC DIVERSITY —
o be located in a different region of the United States; and
o use energy resources that are abundant in that region.
(D) HUBS IN NATURAL GAS-PRODUCING REGIONS—
o at least 2 regional clean hydrogen hubs shall be located in the regions of the United States with the greatest
natural gas resources.
(E) EMPLOYMENT—

o Prioritize those likely to create opportunities for skilled training and long-term employment to the greatest
number of residents of the region.

(F) ADDITIONAL CRITERIA—The Secretary may take into consideration other criteria that, in the judgment of the

Secretary, are necessary or appropriate to carry out this title.
29
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RFI: Regional Clean Hydrogen Hubs Implementation Strategy 8
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Purpose: Solicit feedback on issues related to the Regional Clean Hydrogen
Hub Funding Opportunity Announcement (FOA) strategy

40 questions across key categories including:

* Regional Clean Hydrogen Hub Provisions and Requirements

* Solicitation Process, FOA structure, and Implementation Strategy
e Equity, Environmental and Energy Justice (EEEJ) Priorities

* Market Adoption and Sustainability of the Hubs

30
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Hubs Enable Multiple Feedstocks and End Uses

=

Residential/
Commercial

i L Heating .y
o | Additional Key Items beyond
L A )
P H, Technology:
D B . * Environmental Justice
) oy Electric Power = ;
~ Electrolysis Generation 7 * Community Engagement

Job Creation
Workforce Development

s

" Reforming, | |

Pyrolysis - e Labor Standards
A _ Conversion * Diversity, Equity, Inclusion
P e Commercial Sustainability

U.S. Manufacturing

e Industrial/

- <& . Fertilizer

H, Ecosystem: Potential for different clean H, production methods,
end uses, and necessary infrastructure all in close proximity
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H2 Hub FOA Concept Strategy

Provides flexibility and maximizes potential for success, recognizing regions are at different stages of
development, providing opportunity for EJ, and Disadvantaged Communities (DAC) engagement

Launch #1: S4-5B

Phase 1: Hub Planning FY22-23 I—a u nCh #2 $2'3B
Analysis, Design, Financing, and NEPA

H *
planning Phase 1: Hub Planning FY23-24
* 8-12 awards ($1-$4M each) Analysis, Design, Financing, and NEPA
* Go/no-go to advance to Phase 2 planning*

¢ 5-10 awards Launch #3: >FY24

Phase 2: Hub Deployment (5+ years) » Go/no-go to advance to Phase 2 Launch #4: >FY25

* 4-6 awards; 54-5B total DOE funding Add Supplemental Technologies to Existing

Phase 2: Hub Deployment (5+ years) Hubs
e 2-4 awards; $2-3B total DOE funding

Total Funding: S8B (FY 2022 — FY 2026) in Office of Clean Energy Demonstrations

*Hub design phase supports DEI by providing funds for pre-hub planning and analysis

NEPA: National Environmental Policy Act
32



H2 Hub FOA Strategy: Launch #1, $54-5B
(pending stakeholder input)
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Phase 1: Hub Planning: Analysis, Design, Financing, Initial NEPA*

Eval/Selection, Negotiation

- 8-12 Awards (TBD)

- STBD pending RFI -9 Months
- $15-40M Total DOE (TBD)

- 4-6 Awards

- $0.5-$1B Each (TBD
pending RFI feedback)

.. - $4-5B Total DOE (TBD)

“Go/No-Go (GNG)” Decision Points; GNG
between Phase 1&2 requires Continuation
Applications + Full Independent Review

Timeline allows flexibility for each project to be on own timeframe
*Hub design phase supports Diversity, Equity and Inclusion (DEI) — longer timeline option if needed

33



Potential H2 Hub FOA Strategy (DRAFT)  ~ Alfundingamounts are € “Go/No-Go? Decision Points

approximate and subject to change

Stakeholder Engagement: Webinars, Workshops, H2 Matchmaker, RFI, Pre-Solicitation Meeting, etc.

Eval/Select,

o Phase 2: Hub Deployment
Negotiation

Phase 1: Hub Planning

Launch

3-18 months 5+ years
#1 ( : (9 months) (5+ years)
S4-5B Phase 1: 8-12 awards; $1-4M Phase 2: 4-6 awards $0.5-S1B
DOE DOE Share each (Total DOE p— each (Total DOE funding $4-5B); "
sh funding $15-40M); non-Federal 50% non-Federal cost share
G cost share % TBD required (i.e., $0.5B-$1B per
H2 Hub project)
Open
FOA Phase 1: Hub Planning 4 llival/iglsct, Phase 2: Hub Deployment
egotiation
i 3-18 months ‘ , 5+ years
with ( ) (9 months) )
annual Phase 1: 5-10 awards; $1-4M Phase 2: 2-4 awards $0.5-$1B g
close each (Total DOE funding $10- ™% each (Total DOE funding $2-3B);
35M); non-Federal cost share 50% non-Federal cost share
% TBD required (i.e., $0.5B-S1B per
project)

Add Supplemental Technologies to existing Hubs

Hub Implementation & Management (e.g., Data Collection / Impact Reports, Independent Engineering Firm, Reviewers, Lab

Cross-cutting Technical Assistance, etc.)

Support

Other Potential Funding Mechanisms to Leverage Funds (e.g., Engagement with State & Local Gov., Tribes, etc.)

*Notional timeline — allows flexibility for each project to be on own timeframe
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* RFI (DE-FOA-0002664) available at https://eere-exchange.energy.gov/
* Responses due no later than 5:00pm (ET) on March 8, 2022

Submit responses to H2Hubs@hg.doe.gov (subject line “H2Hubs RFI response”)

Provide as a Microsoft Word (.docx) or Adobe PDF (.pdf) attachment (no more than 15
pages — plus any additional pages necessary to include the original questions)

Please copy and paste the RFI questions, including the question numbering, and use them
as a template for your response

Respondents may answer as many or as few questions as they wish

DOE will not pay for information provided under this RFl and no project will be supported as
a result of this RFI

* Information collected from this RFI will be used by DOE for planning purposes

* |nformation collected will not be published, but confidential/proprietary
information should not be submitted
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H2 Matchmaker

H2 Matchmaker Self-ldentification Form

Available at: www.energy.gov/eere/fuelcells/h2-matchmaker

Please fill out this form if you would like to be included in the H2 Matchmaker tool and have your hydrogen
activity(ies) displayed on the online networking map.

° tN.ER-GV EFFICIENCY & RENEWABLE ENERGY ABOUT EERE INITIATIVES SERVICES EFFICIENCY RENEWABLES TRANSPORTATION

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE b

H2 Matchmaker

Hydrogen and Fuel Cell Technologies Office

" Required
H2 Matchmaker is an online information resource to assist hydrogen suppliers and users identify

opportunities to expand development toward realizing regional hydrogen hubs. Primaw Point of Contact
A regional hydrogen hub is a network of hydrogen producers, potential or actual hydrogen Please provide the following information for your primary paint of contact. This information will be publicly displayed via

consumers, and connective infrastructure located in close proximity.

the H2 Matchmaker resources which will be hosted on 2 DOE website.

H2 Matchmaker will: o
1. Organization Name

¢ Increase hydrogen and fuel cell regional project awareness for technology developers and

suppliers. £
* Support private sector development of hydrogen production, storage, and transportation . . .

infrastructure and fuel cell deployment by region. Th IS I N k WI I I (0] pe N
¢ Facilitate regional business development opportunities by providing hydrogen supply and

demand maps for current and planned projects. the H2 Matchmaker‘
H2 Matchmaker Self-Identification Form self-identification

To include your hydrogen activity or activities in H2 Matchmaker, please fill out the H2 Matchmaker fo r
| I |.

®

forme .
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https://www.energy.gov/eere/fuelcells/h2-matchmaker

H2 Matchmaker

H2 Matchmaker

Data current as of 2/8/2022 Select a Dashboard

H2 Consumers

RO o°@°
Os
e
&0
&

© 2022 Mapbox @ OpenStreetMap AT e

H2 Capacity [MT/day] Capacity Forecast Justiced0 Status  Sector
. _ Relevant | Clean H2 Producer B other Stakeholders

; . . ' . Not Relevant Infrastructure

-
. HZ Consumer
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Environmental Justice &
Workforce Priorities



Equity, Energy, and Environmental
Justice (EEEJ)

Monisha Shah
Kendall Parker
February 24, 2022
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Black and Latino Communities are Exposed to
More Pollution Than They Produce

POLLUTION EXPOSURE BY POPULATION (2003-2015)
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FIGURE ES1. National energy burdens across subgroups (i.e., income, race and ethnicity, age,

tenure, and housing type) compared to the national median energy burden
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Source: "How High are Household Energy Burdens?" (Sep. 2020) - American Council for an Energy Efficient
Economy
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Percentages of Each Census Tract With and Without
Existing Rooftop Photovoltaic Installations

Existing installations
Mo installations

Means of Black 53 e
Secure, i
Clean
Energy are — 63 i
Inaccessible s

Hispanic 76 il 24 i

White 79 gy

1 T I ] 1

0 20 40 60 BO 100
Percentage

Source: Deborah, S; Castellanos, S. Kamen, D. M. "Disparities in rooftop photovoltaics deployment in the United States
by race and ethnicity" (Jan. 2019)
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Primary Elements of DOE Justice40

E.O. 14008, s. 223 - 40% of the overall benefits of certain Federal investments must flow to disadvantaged communities.
Interim Implementation Guidance for the Justice40 Initiative. https://www.whitehouse.gov/wp-content/uploads/2021/07/M-21-28.pdf

40% of overall
benefits

How do we
measure and
track the
benefits of J40

investments?
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of certain

‘ Federal

investments

How do we
define J40
investments?

must flow to

‘ disadvantaged

communities

How do we
define
disadvantaged
communities
(DACs)?
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https://www.whitehouse.gov/wp-content/uploads/2021/07/M-21-28.pdf

What is covered in Justice40?

Covered Program Covered Investment

A Federal Government program that makes A Federal investment in one or more of the
investments in one or more of the following following categories:

SEVEN areas. v' Federal grant and procurement spending

v’ Climate change (including discretionary budget authority,

direct/mandatory spending, and formula funding);

v' Clean energy and enerqgy efficienc
2 2 | v’ Financing (including credit, loans, and

v Clean transportation guarantees);
v’ Affordable and sustainable housing v Programmatic Federal staffing costs (e.g. federal
v" Training and workforce development frelated to paioilaniaipierdelicthnicalieca s lauce)
climate, environment, clean energy, clean v’ Direct financial benefits (including provision of
transportation, housing, water and wastewater goods and services); and
infrastructure, and legacy pollution reduction, » :
including in energy communities) v Additional federal investments under covered

t ' MB.
v' Remediation and reduction of legacy pollution programs as determined by O

v’ Critical clean water and waste infrastructure

U.S. DEPARTMENT OF
OFFICE OF
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DOE Interim DACs Definition

Disadvantaged

communities

Current Thoughts:
 Census Tract Level
36 Indicators

VULNERABIILITY
FOSSIL DEPENDENCE

ENERGY BURDEN
ENVIRONMENTAL HAZARDS

Can also identify non-geographic
DACs — groups that share
a common characteristic

Distribution of census tracts identified as geographic DACs

Vancouver

TPyt

I3
N

Hafolulu

Lahaina

HAWALl

ﬁ;.l‘?_

SIN.

ONTARIOD

Ottawa
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DOE Justiced40 Policy Priorities

1. Decrease energy burden in disadvantaged communities (DACSs).

2. Decrease environmental exposure and burdens for DACs.

o

Increase parity in clean energy technology (e.g., solar, storage) access and adoption in
DACs.

Increase access to low-cost capital in DACs.
Increase clean energy enterprise creation (MBE/DBE) in DACs.
Increase the clean energy job pipeline and job training for individuals from DACs.

Increase energy resiliency in DACs.

© N O O &

Increase energy democracy in DACs.
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Justice40 and Hydrogen Provision in the BIL

« EEEJ Priorities are considered in hydrogen BIL implementation

« Hub deployment will focus on both reducing harm and increasing benefits to
DACs

* RFI responses will help gauge what strategies, policies, and practices will
support EEEJ goals, including Justice40

« H2 Matchmaker is a tool for meaningful, sustainable stakeholder
engagement

« Stakeholders will be included in planning, decision-making, and implementation
processes

0”‘-!‘?* U.S. DEPARTMENT OF
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Workforce Goals: Job Quality & Job Access

Betony Jones, Senior Advisor for Workforce
Office of Energy Efficiency and Renewable Energy
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Executive Orders on Job Quality

WENERGY

1. White House Task Force on Worker Organizing and Empowerment Report to the President identifies
executive branch policies, practices, and programs that can be used to support for worker power,
worker organizing, and collective bargaining.

2. Made in America EO 14005 increases domestic content requirements on federal procurement, thus
creating more manufacturing jobs.

3. Executive Order 14025 proclaims that the policy of the United States is to encourage worker organizing
and collective bargaining and promote equality of bargaining power between employers and
employees.

4. Executive Order 14008 on the whole of government approach to addressing the climate crisis,
declares 9 times that it is the administration’s policy to create well-paying union jobs. The EO also
requires agencies to apply and enforce the Davis-Bacon Act and prevailing wage and
benefit requirements.

5. Executive Order 14063 requires the federal government to require a project labor agreement (“PLA”)
before awarding any “large-scale construction contract”

6. Also working with the U.S. Department of Labor (DOL) to link diversity, equity, inclusion and access to
job quality in the implementation of BIL.
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https://www.whitehouse.gov/wp-content/uploads/2022/02/White-House-Task-Force-on-Worker-Organizing-and-Empowerment-Report.pdf
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/25/executive-order-on-ensuring-the-future-is-made-in-all-of-america-by-all-of-americas-workers/
https://www.federalregister.gov/executive-order/14025
https://www.federalregister.gov/documents/2021/02/01/2021-02177/tackling-the-climate-crisis-at-home-and-abroad
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/02/04/executive-order-on-use-of-project-labor-agreements-for-federal-construction-projects/

Prioritize DOE hydrogen activities and hubs that create
opportunities for skilled training and employment
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“In keeping with the administration’s goals, and as an agency whose mission is
to help strengthen our country’s energy prosperity, the Department of Energy
strongly supports investments that expand union jobs, improve job quality
through the adoption of strong labor standards, increase job access, strengthen
local economies, and develop a diverse workforce for the work of building and

maintaining the country’s energy infrastructure and growing domestic
manufacturing.”
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Labor Standards

How do we succeed in meeting DOE’s Hydrogen Energy Earthshot
goal of S1 per 1 kilogram in 1 decade, while ensuring high labor
standards and good job quality?

DOE’s hydrogen activities, including the regional clean
hydrogen hubs, aim to support the creation of good-paying

jobs with the free and fair choice to join a union, the
incorporation of strong labor standards, and training and
placement programs, especially registered apprenticeship.
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Jobs-related Phase | planning activities
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Phase 1 planning activities and analysis, which may include, but are not limited to:

e Ability to create and sustain jobs, particularly high paying union jobs, and support
long-term jobs for local residents

* Ability to employ workers currently employed in the fossil industry or those that
may no longer have jobs as a result of the clean energy transition, in regions
where applicable

e Creation of clear workforce education and training pathways, including registered
apprenticeships, into high quality jobs (including union jobs)

* Formal partnership with and support from relevant local labor unions, where
applicable

e EEEJ strategy, including significant and meaningful community engagement plans,
connection to hubs and post-hub benefit, to ensure EEEJ goals are achieved
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Summary and Next Steps



Timeline for Key Hydrogen Provisions

2022

National Strategy
and Roadmap

Clean Hydrogen
Standard

Hydrogen Hubs
Solicitation

Electrolysis RD&D

Manufacturing &
Recycling RD&D

2023 2024 2025 2026

Ongoing analysis: supply, demand, emissions, Update National Continue to refine
jobs, infrastructure, policies, investments, etc. Strategy & Roadmap and iterate

DOE, in consultation with EPA, to assess Clean Hydrogen Production Qualifications and update Standard
within five years of enactment

Select at least 4 regional clean hydrogen hubs within 1 year of proposal submissions and execute.
Total S8B from FY22 through FY26

Meet $2/kg H, f
Additional electrolysis and related RD&D. Total $1B from FY22 through FY26 eeelsec{rglyszis rom

Additional Manufacturing & Recycling RD&D. Total $0.5B from FY22 through FY26
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Stakeholder Engagement and Enablers

— Tools and Enablers

(-Webinars, Listening ) (o National Strategy and )

Sessions, Workshops Roadmap including Targets
e Interagency & State * Tech Assistance e Hydrogen Hubs Solicitation
Coordination e Analyses and Tools e Document on Clean
e EJ, Tribal, DElI Engagement e H2 Matchmaker Hydrogen Standard
e RFl and Feedback from
Community
Stakeholder \_ ) \ Plan for Deliverables

due by May 14, 2022

Engagement
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INCREASE YOUR The #H21Q Hour
H,IQ Q&A

w Q&A

Please type your -
guestions into
the Q&A Box




INCREASE YOUR

|-l2|Q The #H21Q Hour

Thank you for your participation!

Slides & recording will be available online
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-webinars
Link to RFI(s):
https://www.energy.gov/articles/doe-establishes-bipartisan-infrastructure-laws-95-billion-clean-
hydrogen-initiatives
Sign up to receive hydrogen and fuel cell updates
www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter
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www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter
https://www.energy.gov/articles/doe-establishes-bipartisan-infrastructure-laws-95-billion-clean
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-webinars

Backup Slides
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National Strategy and Roadmap

Stakeholder regli\:)ar;c;?r;ggﬂzﬂns EJ, tribal and broad
Utilize DOE _Enga!gement_ & industry, states, labs, SAICINS
H2 Program Listening Sessions — SR Plan to
Plan develop
Industry - roaf)lmap
Roadmap AR Global roadmap Scenario analvsis to Y
H2@Scale Policies, assessments; meet Adminis}c/ration May 14
and regional Decarbonization Upeiizs o FP@EEElE priorities Loz
. . and industry analysis
analysis Scenarios, Jobs, etc.
Interagency and '”;e,ra%_ency ; terations based
coordination an erations based on
State Government strategy stakeholder feedback

Coordination development
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Will leverage existing analysis

3 analysis reports completed in 2020-2021 Scenarios for H, and GHG potential and focus on actions and
« Determined regional technical potential of H2 supply. targets planned

* Assessed price points and market potential for H2 in 8 sectors. 2 "
price P | No later than 180 days after the date of enactment of the

Infrastructure Investment and Jobs Act, the Secretary shall
establish targets for the program to address near-term (up to 2
years), mid-term (up to 7 years), and long-term (up to 15 years)
challenges to the advancement of clean hydrogen systems and
technologies.”

* Assessed growth potential for H2 supply and demand in 5
scenarios. 3

Hydrogen Potential From Photovoltaic and Onshore Wind Resources Minus
Serviceable Consumption Potential for Industrial & Transport Sectors, Natural Gas and Storage
fineries, Ammonia, Metals, Biofuels, Natural Gas Supg ,. ‘ l-w wbor

i\.\i-\‘-“ - gt

Where is the Potential H, Demand and at What Price Point?

« Oil Refining
57 Multiple studies show H ; GHG Scenarios
2 Scenarios based on H, cost . % LDVs
can reduce global CO,
5 : 36 emissions by 10 to 20% ; MHDVs (as H2
. Rt 3 « 5 MMT H,/yr if 20% trucks used fuel cells . - s{asH2)
et Spirogen g 7 3 . « 9 MMTH,/yr if 50%of jet fuel was biofuel Prelimina
I 1000000+ W Cumenty Cperating - 7 = %5 * 4 MMT H,/yr for all domestic ammonia u Biofuels (SAF)
B 650000 - 1,000,000 : e ¥ u * & MMTH, fyr for green methanol production
Eo] omssal . Gperting pocky %= ' B ooy * 12 MMT H,/yr if all steel plants in the U.5. used 100%H, Ammonia
— P : o am N R E L §c * 16 MMT H,/yr if 20% H2 blend in NG network 55.5
= & - L) £ + Scenarios underway for energy storage — m Methanol
Z 43
E ' S FT Fuels
; ici Need to get to <$2/kg’
£ 52 susTaiNABLE L L e L L LT
Most regions have SUffICIent resources to meet even 7 e = Metals Refining
aggressive increase in hydrogen demand 51 = —
SYNTHETIC FUELS IRON REDUCTION AND STEELMAKING INJECTION TO NG INFRASTRUCTURE
40 . ® Seasonal Grid
. 0 5 10 15 20 25 30 a5 a0 45 50 Storage
https://www.nrel.gov/docs/fy200sti/77198.pdf Cumulative hydrogen demand potential [MMT/yr] HFTOMid  HFTO High
. . 1 | [
https://greet.es.anl.gov/publication-us future h2 H cost for trucks includes delivery and dispensing Results based on g nary anshs's "

"H; could compete at 51 to $2/kg higher cost with drivers for decarbonization

Lo

https://www.nrel.gov/docs/fy210sti/77610.pdf
https://greet.es.anl.gov/greet.models

L5, DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY HYDROGEM AMD FLEL CELL TECHNOLOGIES OFFICE

1.
2.
3.
4.
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https://www.nrel.gov/docs/fy20osti/77198.pdf
https://greet.es.anl.gov/publication-us_future_h2
https://www.nrel.gov/docs/fy21osti/77610.pdf
https://greet.es.anl.gov/greet.models

Sec. 40314 (EPACT Sec. 814):
National Clean Hydrogen Strategy and Roadmap

(a) DEVELOPMENT.—

(1) IN GENERAL.—In carrying out the programs established under sections 805 and 813, the
Secretary, in consultation with the heads of relevant offices of the Department, shall develop a
technologically and economically feasible national strategy and roadmap to facilitate widescale
production, processing, delivery, storage, and use of clean hydrogen.

(2) INCLUSIONS.—The national clean hydrogen strategy and roadmap developed under paragraph (1)
shall focus on—

(A) establishing a standard of hydrogen production that achieves the standard developed under section
822(a), including interim goals towards meeting that standard;

(B) (i) clean hydrogen production and use from natural gas, coal, renewable energy sources, nuclear
energy, and biomass; and

(ii) identifying potential barriers, pathways, and opportunities, including Federal policy needs, to
transition to a clean hydrogen economy;
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National Clean Hydrogen Strategy and Roadmap - continued

L )
) 9
s/ == \of
S
&8
&) 5
) o

& gD

TS Ol

(C) identifying—
(i) economic opportunities for the production, processing, transport, storage, and use of clean hydrogen
that exist in the major shale natural gas-producing regions of the United States;

(ii) economic opportunities for the production, processing, transport, storage, and use of clean hydrogen
that exist for merchant nuclear power plants operating in deregulated markets; and

(iii) environmental risks associated with potential deployment of clean hydrogen technologies in those
regions, and ways to mitigate those risks;
(D) approaches, including substrategies, that reflect geographic diversity across the country, to
advance clean hydrogen based on resources, industry sectors, environmental benefits, and economic
impacts in regional economies;

(E) identifying opportunities to use, and barriers to using, existing infrastructure, including all
components of the natural gas infrastructure system, the carbon dioxide pipeline infrastructure
system, end-use local distribution networks, end-use power generators, LNG terminals, industrial users
of natural gas, and residential and commercial consumers of natural gas, for clean hydrogen
deployment;
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National Clean Hydrogen Strategy and Roadmap - continued

(F) identifying the needs for and barriers and pathways to developing clean hydrogen hubs

(including, where appropriate, clean hydrogen hubs coupled with carbon capture, utilization, and
storage hubs) that—

(i) are regionally dispersed across the United States and can leverage natural gas to the maximum extent
practicable;

(ii) can demonstrate the efficient production, processing, delivery, and use of clean hydrogen;

(iii) include transportation corridors and modes of transportation, including transportation of clean
hydrogen by pipeline and rail and through ports; and

(iv) where appropriate, could serve as joint clean hydrogen and carbon capture, utilization, and storage
hubs;
(G) prioritizing activities that improve the ability of the Department to develop tools to model,
analyze, and optimize single-input, multiple-output integrated hybrid energy systems and multiple-
input, multiple-output integrated hybrid energy systems that maximize efficiency in providing
hydrogen, high-value heat, electricity, and chemical synthesis services;
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(H) identifying the appropriate points of interaction between and among Federal agencies involved
in the production, processing, delivery, storage, and use of clean hydrogen and clarifying the
responsibilities of those Federal agencies, and potential regulatory obstacles and
recommendations for modifications, in order to support the deployment of clean hydrogen; and

(1) identifying geographic zones or regions in which clean hydrogen technologies could efficiently
and economically be introduced in order to transition existing infrastructure to rely on clean
hydrogen, in support of decarbonizing all relevant sectors of the economy.

(b) REPORTS TO CONGRESS.—

(1) IN GENERAL.—Not later than 180 days after the date of enactment of the Infrastructure Investment
and Jobs Act, the Secretary shall submit to Congress the clean hydrogen strategy and roadmap
developed under subsection (a).

(2) UPDATES.—The Secretary shall submit to Congress updates to the clean hydrogen strategy and
roadmap under paragraph (1) not less frequently than once every 3 years after the date on which the
Secretary initially submits the report and roadmap.
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Supply, Demand, and Infrastructure Analysis

National Roadmap
process to be
implemented over
time to improve
decision making

— Updates every 3 years

per statute

National planning
tools integrated with
local and regional
plans, policies, tools

Will focus on actions

Example by CARB

Renewables

Nuclear

Fossil
with CCUS

Infrastructure

Electric Grid

Infrastructure

H20 Hydrogen
Generation

Station
Coverage
Annual
Survey
g B0 £
s

Production

Chemical/Industrial
Processes

Heat/Distributed
Power

National Scenario

Planning

- OEM Survey and / *
Commitments

-ZEV Mandate  Automaker Loc.al HRS

- ZEV Purchase  commitment Availability -
Incentives

- Early Adopter
Demand

- Eclucation National

MNetwork Expansion

Infrastructure Planning & Coordination Process

- Station Location & Planning Tools
- HRS Subsidies

- Finance

- Mechanisms

Stakeholder Partnerships

- Public Qutreach
- Codes & Standards
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Sec 40315 (EPACT Sec. 822):
Clean Hydrogen Production Qualifications EN ERGY

(a) IN GENERAL.—Not later than 180 days after the date of enactment of the Infrastructure Investment
and Jobs Act, the Secretary, in consultation with the Administrator of the Environmental Protection
Agency and after taking into account input from industry and other stakeholders, as determined by
the Secretary, shall develop an initial standard for the carbon intensity of clean hydrogen production
that shall apply to activities carried out under this title.

(b) REQUIREMENTS.—
(1) IN GENERAL.—The standard developed under subsection (a) shall—
(A) support clean hydrogen production from each source described in section 805(e)(2);

(B) define the term ‘clean hydrogen’ to mean hydrogen produced with a carbon intensity equal to
or less than 2 kilograms of carbon dioxide-equivalent produced at the site of production per
kilogram of hydrogen produced; and

(C) take into consideration technological and economic feasibility.
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Clean Hydrogen Production Qualifications - continued

(2) ADJUSTMENT.—Not later than the date that is 5 years after the date on which the Secretary
develops the standard under subsection (a), the Secretary, in consultation with the Administrator of
the Environmental Protection Agency and after taking into account input from industry and other
stakeholders, as determined by the Secretary, shall—

(A) determine whether the definition of clean hydrogen required under paragraph (1)(B) should
be adjusted below the standard described in that paragraph; and

(B) if the Secretary determines the adjustment described in subparagraph (A) is appropriate, carry
out the adjustment.

Sec. 40313: Goals include “to demonstrate a standard of clean hydrogen production in the transportation, utility,
industrial, commercial, and residential sectors by 2040.”
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GREET GHG Emissions

Life Cycle Emissions (kgCO2e/kgH?2)

Identifies life cycle GHG emission from multiple hydrogen pathways
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-8
Natural Gas By-product By-product Naturalgas Landfillgas Municipal Solar/Wind Nuclear high- Nuclearlow- Coal w CCS Biomass
Reforming (chlor-alkali) (steam reforming reforming  solid waste electrolysis temp temp Gasification
(with Steam cracking) (with CCS) digestion electrolysis  electrolysis
Credits)

Ranges shown reflect potential variability in upstream leak rates, CCS efficiency, and capture rates. Baseline assumes 90% capture.

Source: Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies Model 2021, https://greet.es.anl.gov/

For more information, see GREET documentation or the October H2IQHr: https://www.energy.qov/eere/fuelcells/2021-hydrogen-and-fuel-cell-technologies-office-webinar-archives#date10282021

CCS: Carbon Capture and Sequestration
GHG: Green House Gas

GREET: Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model 71
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