U.S. DEPARTMENT OF

ENERGY

Office of
ENERGY EFFICIENCY &
RENEWABLE ENERGY

U.S. Department of Energy Hydrogen Activities and
Hydrogen Shot Overview

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

March 2022




U.S. Energy Landscape and Key Goals

U.S. primary energy consumption by energy source, 2019

total = 100.2 quadnllion total = 11.4 quadnillion Btu
British thermal units (Btu) Administration Goals
e 2% - geothermal . I d .
9% - solar Inciuae.
* Net zero emissions
22% - hydroelectric
economy by 2050
* 100% carbon-pollution-
24% - wind .
free electric sector by
4% - biomass waste | 2035
20% - biofuels biomass
43%
Priorities: Ensure benefits to
20% - wood all Americans, focus on jobs,
Mote: Sum of components may not equal 100% because of independent rounding. - EJ40: 40% of benefits in
= Source: U.5. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1, disadvantaged communities

eia’ April 2020, preliminary data

EJ: Environmental Justice
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The U.S. DOE Hydrogen Program

Key DOE Hydrogen Authorizations in Energy Policy Act (2005, 2020)

and Infrastructure Investment and Jobs Act (2021)

Hydrogen is one part of a
broad portfolio of activities

Department of Energy
Hydrogen Program Plan

www.hydrogen.energy.gov

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Priorities
Low cost, clean hydrogen

Low cost, efficient, safe
hydrogen delivery and storage

Enable end use applications at
scale for impact

Workforce development, safety,
codes, standards, and
Environmental Justice priorities

| HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE



H2@Scale: Enabler for Deep Decarbonization across Sectors and Jobs

- Conventional Storage Transportation
(H2@scale - -~
U.5. Department of Energy .
‘ Generation g Synthetic

Fuels
&
d

X @

Upgrading
Oil/
Biomass

Hydrogen

Renewables I

Nuclear

4

Fossil
with CCUS

Ammonia/
Fertilizer

H0 Hydrogen
Generation

Metals
Production

Electric Grid
Infrastructure

Chemical/Industrial
Processes

Heat/Distributed

Gas
Power

Infrastructure

Key Opportunities

" Industry and Chemicals
Steel, ammonia, cement, syn
fuels (e.g., aviation), exports

* Transportation

Trucks, marine, buses, etc.

= Power and Energy Storage
Long duration storage, NG
blending, turbines, fuel cells

U.S. Snapshot

* 10 MMT of H,/yr produced today with
scenarios for 2-5X growth.

* +10 MMT H, would ~ double today’s
solar or wind deployment

* Potential for 700K jobs, $140B by 2030
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Hydrogen Program Areas of Focus Across Multiple Offices

NEAR-TERM LONGER-TERM

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

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
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DOE Program Implementation across RDD&D

New: $100M/5yrs

Focused Consortia with labs, industry, universities H Key
2NEW T
argets

Core Team: U.S. DEPARTN

National Labs é‘p HydrOGEN

Advanced Water Splitting Materials /CT MILLION M I é E Clean Hydrogen
X ~ FUELCELLTRUCK * $1/kg production
A University & jriductry National =

JJ Non-profit . Lab c ElectroCat * $2/kg delivery

Electrocatalysis Consortium
* $9/kWh storage

Electrolyzers
ACUN - $150/kW
Super * 73% efficiency
Truck * 80Khr durability

Al ) = = projects
Trucks, GSE Infrastructure CO,+H, Renewablesto H, Data Center Nuclear to H, ARl
Ammonia (ARPA-E) * $80/kW
* 25Khr durability
G°F"‘lfr:3m;"‘ : Comprehensive analysis, tools and models to accelerate progress

CLWEE Safety, codes, standards, workforce development H EDGE Enable EJ40
Systems integration and validation Priorities, DEI

Hyd ege Euu( Hv l'o o
-~ @Mat|=
Deployment in collaboration with Loan Program Office

Examples shown, not exhaustive. Over 190 companies, 109 universities, 16 national labs in the last decade; CRADAs are Cooperative Research And Development Agreements

Enablers

= HYd"Oge" HyBIend

U.S. DEPARTMENT OF ENERGY
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Research
and
Development



Technology Targets Guide Research and Development Activities

Key Goals: Reduce the cost of fuel cells and hydrogen production, delivery, storage, and
meet performance and durability requirements — guided by applications specific targets

FUEL CELL R&D HYDROGEN TECHNOLOGIES R&D

Fuel Cell System

(heavy duty vehicle )

B $323/kw*

1k/yr

10k/yr

I $227/kW

$185/kW

100k/yr

@ $80/kW

Production Cost
(electrolytic hydrogen)

S6/kg*
S5/kg*

$4.50/kg *
$3.50/kg *

@ S1/kg

Delivery & Dispensing Cost

Tube trailers

I $11/kg+ Liquid;ankers
$9.5/kg

$8/kg*

Liquid tankers
&
Tube trailers

S5/kg

@ 52/kg

Onboard Storage Cost!

(700 - bar compressed system)

u $21/kWh

10k/yr

O $16/kWh

100k/yr

@ 59/kWh

Low-Volume
(Current)
Estimate

High-Volume
Projection

2030 Target

"Based on 275 kW Heavy Duty Fuel Cell System
Cost Analysis (2021), adjusted to reflect cost of
system that meets 25,000 hours durability

'5to 7 cents/kWh, 90% capacity factor at $1500/kW
*5 to 7 cents/kWh, 90% capacity factor at $460/kW

For range: Delivery and dispensing at today’s (2020) stations with
capacity ~450 kg/day

"For range: Delivery and dispensing at today’s (2020) stations with
capacity 450-1,000 kg/day at high volume manufacturing

tStorage costs based on 2019 storage cost record

All costs based
on $2016

Note: Graph is not at scale. For illustrative purposes only
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Million Mile Fuel Cell Truck Consortium (M2FCT) ”(CI

FUEL CELL TRUCK

“Team-of-teams” approach that allows for rapid feedback, idea development, and information

exchange, resulting in an effort that is more than the sum of its parts
HD MEA Projects AK #AC1 FUEL CELL TRUCK ME Main Laboratories
1% Los Alamos

MATIONAL LABORATORY

Carnegie ™
s N NIKOLA T

WA MT ND MN wi Mi NY MA RI rr)r_rh" r"l
: 3 BERKELEY LAB

i "l - OAK
ID WY SD 1A IN OH PA NJ Cc
” @ | ZRIDGE
HD Membrane Projects OR NV NE MO KY WV VA MD DE %=
™ AZ KS AR @ NC G DC

.

E 3m JU L a
Argonne
O}&' é_ ;\ :\I}S ;\L_ GA NATIONAL LABORATORY
: HI TX FL Affiliate Laboratories
HD Stack Projects _ 7
O Primary . Partners Partners Partners Pacific Northwest
Labs £} Labs Academia Industry e
e s BROOKHAVEN
. pOWER LBNL PNNL Cornell 3M Company Kodak NATIONAL LABORATORY
LANL Carneige Mellon Univ. Akron Polymer Products Lubrizol
ANL BNL Colorado School of Mines Ballard Nikola Motors
To add FOA bipolar plate and air = GeorgiaTech Chemours Pajarito Powder m!ﬁ!:m
: : NIST Northeastern Cummins Plug Power of Sandarce
management projects in Fy21 ORNL University of Tennessee General Motors i
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H2NEW Consortium to accelerate progress in Electrolyzers

H2 from the Next-generation of Electrolyzers of Water

National Lab Consortium Team

HZNEW H2NEW | 1inREL ’\'i.‘l‘.b

| .. DEPARTMENT OF ENERGY AL FENEABLE NG LAROrATOR Idoho Nafinnl Ik

I[I

Argonnea

Materials

- H NATIONAL LABORATORY Pac f c
Integration Focus Manufat(:jturlng istiid) “‘“ Nm{:ﬂmﬁt
Electrolysis an
FOAs FOA | Lawrence leennore
and performance & ScaIE'up ands ¢ LUQOS\ ﬁ!gmgrs National Laboratory
CRADAs durability and Electrode CRADAs %()AK RIDGE :';'ﬂ::;sv
accelerated fabrication -National Laboratory TLJRSERROR
protocol diagnostics, leverage
development AMO

Clear, well-defined stack metrics

Electrolyzer Stack Goals by 2025

Materials R&D

Focus
Seedlings HydroGEN 2.0 é\ HydroGEN Az Ha HTE
FOAs (lower TRL & core A bebAih Capital Cost $100/kW $100/kW
E?ep;?::tlj? E(ILeI:;c/.)Efficiency 70% at 3 A/cm? 27(‘;%)mazt 1.5
ysis,
STCH, PEC, etc. Lifetime 80,000 hr 60,000 hr

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE
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Demonstration
and
Deployment



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

Deployment Examples | Examples of Hydrogen Production Locations * 10 million metric tons (MMT) H,/yr

Moo \ * Over 1,600 miles of H, pipelines
T R B 2 A * World’s largest H, storage cavern
| Intermountain ] g ﬁl P oALA
| ~PowerProject| .‘ S
Backup Power 9 ! e \ 0 S W e g
S\ 4 >50,000 NS T e i X
Forklifts e AT - l iy RN Examples of PEM Electrolyzer Installations
+ _,:-T‘(;“*H y i | '\_. Douglas County, WA Alabama, NY
#;i‘ 3 >172 MW ;:‘ H‘&-——-_...,J—'—-\ \‘ ==t ‘. N.:'w ) _I._ : Southwest,WA..
® L] " ";' r D et .\ f"\ X _&ui{rﬁf\,\ \ Oswego, NY
PEM* Electrolyzers N e @ V¥ ?ﬁi - Y
Y {:'f ,&’,‘_ % « ) “Pért Arthur . Prairie Island, MN | nv(2)® —
Sonoma, CA 0ak Harbor, OH & ahwah, NJ Lincoln, RI
Fuel CE" BuseS SBanvlé‘::rlosc(‘:L\A(z)...w'kla'"d C8 il DH. Leespnrt,PA. ;:md o
Santa Clara, CA. : = c"::’"h“" el ' Electrolyzer Power
@ sanJose, A (2) P P : Capacity
;A::w.m . S @ 120Kkw
a a . [ ]
H, Retail Stations Examples of Hydrogen Station Plans P Spgs, & g g R
1000 KW
ﬁ >12.000 California Northeast | Az, HI, OH, SC, R " 1250 KW
’ 200 Stations Planned |  12-20 | NJ, NY, CT, MA, o o oo
Fuel Cell Cars California Fuel Cell Stations CO, UT, TX, MI ® s000kw
Partnership Goal Planned And more ® o) 30000 KW

120000 KW

* PEM: Polymer

electrolvte membrane Current and under construction installations over 120 kW as of Jun. 2021
Y * Source: Arjona, et al, DOE HFTO Program Record, June 2021

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



Examples of H2@Scale Projects: Demonstrations and Workforce Training

Different regions, hydrogen sources, end uses & educational opportunities

H, for Marine Application H, from Renewables H, for Data Center

California Texas Washington

Integrates a
N 1.5MW fuel cell
B with a data center
to provide reliable
and resilient
power

1st-of-its-kind Integrates wind,
maritime H, solar, RNG from

B2 refuelingon  |HE waste with onsite
% floatine barge - u v electrolysis and
= g barge - up 5’? {

~ to % ton H, /day multiple end-uses

H for Steel Productlon H, from Nuclear Workforce Development
New York

Demonstrates a
MW electrolyzer
with a nuclear

Multi-state

A Training,
education and

Missouri

Reduction of
30% in energy

and 40% plant recruiting program
emissions vs. (C0||ab0rat|on with ’ to build skills
conventional [ e Nuclear Energy e H EDGE needed in the H,

processes Sisgn r | Office) y H,, T it industry

Decarbo dGIbIE nomy

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE
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Examples of DOE Hydrogen Demonstration Projects

_ Solar power
Data center
. Wind |
L power A T
@ dﬁsite ~  Onsite fuel
electrolysis cell power
6, Renewable
natural gas Onsite
I . fueling * Integrates hydrogen production
* Integrates a light water reactor @ Onsite SMR . station frorfSteamyMetﬁan:Reformers
with a 2 megawatt (MW) @ i )
O (SMR) with carbon capture
- Davis-Besse nuclear power plant  ° Integrates wind, solar, RNG from waste with * Hydrogen plant at Valero Refinery
in Ohio onsite electrolysis to power a data center in Port Arthur, Texas
« Budget: $11.5M total * Will explore H, use at Port of Houston * Budget: $431M

« Budget: $10.8M Ongoing operations since 2013

Office of Nuclear Energy Office of Energy Efficiency and Renewable Energy Office of Fossil Energy and Carbon Management 14



Financing to Enable Deployment at Scale lP)

Loan Programs Office

$40 Billion in Available Debt Capital

LPO offers project financing across energy sectors through three distinct loan programs.

Renewable Energy and Efficient Energy
$3 Billion Available

TITLE 17 Advanced Nuclear Energy
Loan Guarantees $10.9 Billion Available

Includes
Clean
Hydrogen

Advanced Technology
ATVM Vehicles Manufacturing

Direct Loans $17.7 Billion Available

7
£
@©
.
<L
O
| -
o
c
©
e
-
o,
o
-

TELGP Tribal Energy Projects
Partial Loan Guarantees Up to $2 Billion Available




Enabling Activities



Mu}t.
H o - oy,
DOE National Laboratories R o | "o
G Bacite Borliiwent unmnqs_i.imm ¢,
oC ; ) National Laboratory (lf"
. o* %OAK RIDGE 4 ¢
O‘Q - National Laborarory ”: : 66"

* Argonnea

HATIONAL LABORATORY. weimee Laboratory  w=m

ZiNREL i)
U.S. DOE Hydrogen Program j\]\ﬂ | Q Energl'ig%’o L % 2
funds RD&D across National o S5 Y e 33
. BROOKHAVEN B i AN »SRNL 2 %
Laboratories : T @ SRNL 3

Technology

DOE National Laboratories across

energy, science, and security:
- Support RD&D

- Offer User Facilities and science
resources

- Help to de-risk technology ) o 1

ak: Ridge, TH

adoption, accelerating progress.

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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HyBlend and H-Mat Consortia

To assess and enhance compatibility of key materials with hydrogen, and to accelerate the use

of hydrogen in multiple applications (including in natural gas blending)

M t . National lab consortium to assess & Pipeline materials compatibility R&D,

: technoeconomic analysis, and life cycle
=== and improve performance and HyBIend . Y . Y
commerenees - gnalysis to assess the feasibility of

hydrogen blending in the US natural gas
reduce costs, and inform codes & pipeline infrastructure.

standards. Over 40 partners

Materials R&D aims to Online data portal The U.S. has ~3 million Blending 20% H, by
lower cost of components ll shares information with miles-of natural gas 2050 would enable
in H, infrastructure and R&D community pipeline, and. is doubling of current
enhance life by 50% worldwide, and projected to consume renewable
international MOUs 36 quads of natural consumption
enable coordination gas/year by 2050

reliability of materials in hydrogen,

Labs

h ?EE:‘!:“?ém.SRNL‘g%}JKGLArgome Labs | £NREL () i, ER%000: aeorne SR

Laboratories

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



Enabler: Analysis Guides Portfolio, Decision Making, and Impact

2,500 mICEV Low-sulfur diesel BFCEV SMR B FCEV 50% SMR+50% RNG BFCEV Renewable electricity Class 8 (500-mile)
E TCO ¥  Multi-shift operations
@ o . : Analysis 7 150:000mi/yr
8 o0 Carbon dioxide reduction potential y > 6.7 yearslife
9 :
0 2.0
0
5
@ 1500 1.6
: T
1.2
@ &
o 1,000 o
o g o8
=
2 500 o4
o
; Iﬂ
0 — | [ [
Class 6 Box Truck Class 8 Drayage Short-Haul Class 8 Long-haul Class 8 Transit Bus W General Ops  ®MSRP = Dwell
m O&M Fuel m Payload
. = Min — Max
WTW NOx from Transit Bus Class 8 Long Haul
. - 2.
FCEV: H2 from Wind/Solar . ° Fuel Cell
FCEV: H2 from Natural Gas - 2
%‘i 18
ICEV: Petroleum Diesel S
- 14
0.0 0.5 1.0 1.5 2.0 2.5 3.0
m Well-to-Pump  m Vehicle Operation B Well-to-Wheels U sots 020 aome soma s aoee s0m
Source: Elgowainy, et. al. (ANL), 2021 Preliminary analysis Source: Hunter, et al, NREL, 2021
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GREET GHG Emissions Analysis Tool

Identifies life cycle GHG emission from multiple hydrogen pathways

12
10
T s
()]
S
) 6
S 4 T
S
@ 2
é 0 —— — r— -
§ -
S
S
S 4
()
T 6
-8
Natural Gas Natural gas Landfill gas Municipal solid Solar/Wind Nuclear high- Nuclear low- Coal w CCS Biomass
Reforming (with reforming (with reforming waste digestion electrolysis  temp electrolysistemp electrolysis Gasification
Steam Credits) CCS)

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.enerqy.qov/eere/fuelcells/2021-hydrogen-and-fuel-cell-technologies-office-webinar-archives#date 10282021

CCS: Carbon Capture and Sequestration
GHG: Greenhouse Gas
GREET: Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model

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


https://www.energy.gov/eere/fuelcells/2021-hydrogen-and-fuel-cell-technologies-office-webinar-archives#date10282021

Analysis Determines Market Potential Scenarios

S7

Multiple studies show H, Scenarios based on H, cost
can reduce global CO,

emissions by 10 to 20%

* 5 MMT H,/yr if 20% trucks used fuel cells

* 9 MMT H,/yr if 50% of jet fuel was biofuel

* 4 MMT H,/yr for all domestic ammonia

* 6 MMT H, /yr for green methanol production

* 12 MMT H,/yr if all steel plants in the U.S. used 100% H,
* 16 MMT H,/yr if 20% H2 blend in NG network

* 10 MMT H,/yr for energy storage, 100% renewable grid

MEDIUM-
AND HEAVY-
DUTY
VEHICLES

Threshold hydrogen price [S/kg]

____________________ Need to get to <$2/kg"
TN s $1/kg will unlock market potential

SYNTHETIC FUELS IRON REDUCTION AND STEELMAKING INJECTION TO NG INFRASTRUCTURE ENERGY STORAGE

0 5 14 18 24 36 52 62

. . . . i i T
H, cost for trucks includes delivery and dispensing Cumulative hydrogen demand potential [MMT/yr]

“H, could compete at $1 to $2/kg higher cost with a carbon price Results based on preliminary analysis

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



President Biden and Energy Secretary Granholm at Climate Summit

“...I've asked the Secretary of Energy to speed the
development of critical technologies to tackle the
climate crisis. No single technology is the answer on its
own because every sector requires innovation to meet

. ”
this moment. President Joseph R. Biden

April 23, 2021

Launch of Hydrogen Energy Earthshot
First of the Energy Earthshots

June 7, 2021
at DOE Hydrogen Program Annual Merit Review

Secretary Jennifer Granholm
June 7, 2021

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE 22



Hydrogen Energy Earthshot

“Hydrogen Shot”

111 1 1”
$1 for 1 kg clean hydrogen in 1
decade

Launched June 7, 2021
Summit Aug 31-Sept 1, 2021



How to reduce cost? Examples across pathways:

Hydrogen Shot Summit (Aug 2021): 3,200+ stakeholders discussed potential hydrogen
pathways to enable “11 1”

H, from Electrolysis H, from Waste Conversion + CCS Advanced Pathways
7 ;'i_ :
2020* m Capital
~$5/kg . W Electricity $200 N ® Fuel 7
5 | Capital Costs . lee.d "0\0‘}}@@\ o%®
® Fixed O&M 51.50 W Variable Y el
T, mCO2 T&S
o 1.00 @
> 2025 i — . o
~ 3 ol X
“:g $2/kg 5050 - _ high-T
2 2 2030
N sukg 5000 : _ -
! 2020 Waste 2030 Waste : ( ”
Conversion w/CCS Conversion w/ CCS '
0 * Waste coal, plastics, biomass residuals, municipal solid waste ( MSW), and biogas
* Reduce electricity cost, improve _ o _
efficiency and utilization * Reforming, pyrolysis, air separation, * Photoelectrochemical (PEC),
* Reduce capital cost >80%; operating & catalysts, Carbon Capture and Storage thermochemical, biological, etc.

maintenance cost >90% (CCS), upstream emissions

*2020 Baseline: PEM (Polymer Electrolyte Membrane) low volume capital cost ~$1,500/kW, electricity at $50/MWh. Pathways to targets include capital cost < $300/kW by

****** Hydrogen 2025, < $150/kW by 2030 (at scale). Assumes $50/MWh in 2020, $30/MWh in 2025, $20/MWh in 2030 ‘




Analysis guides RD&D and cost reduction strategies

Electrolyzer System Cost Reduction Needs — cost reductions needed for stack and balance of plant (BOP) components

600

Potential pathway to

500 ~$250 to $300/kW ——— = Cooling
by 2025
400 ® Hydrogen Processing
B Deionized Water Circulation
- Power Suppli
= 2o We are targeting " Fowersuppiies
~$150/kW by = Balance of Stack
200 2030 m Assembly & End-Plates
= Bipolar Plates
100
M Frame
o m Porous Transport Layer

O O o Qp m Catalyst Coated Membrane
A e ? ¢ \559 qﬁs§> cﬁs? ,\9‘-59 ,\’Q@ ,,,Q‘d&)

Annual Production Rate
( units/year)

Example for proton exchange membrane (PEM) electrolyzers, NREL, ongoing analysis underway
Hyd rogen Economies of scale projections for 1 MW per unit

@) earthshots

25




DOE Hydrogen Shot Summit Stakeholder Feedback

4,900+ total registrants, 3,200+ participants in Plenary, 33 countries + USA

Speakers included:

e Secretary Granholm,
DOE Leadership
across offices
Sec. John Kerry
Bill Gates

Industry CEOs, VPs
Congressional
Members, Labs,
Research and
Academic Experts

ENERGY

Hydrogen

ENERCY g

U.5. DEFPARTMENT © JF E

Responses to: What are the greatest barriers preventing public acceptance of
widespread H, in the US?

22%
19%
17%
8%
o
6% 5%
Public Costtoend  Need for Need for  Lack of gov. Safety Lack of Competing Lack of
awareness/ user technology sufficient support for  perceptions incentives  technologies suitable end
understanding advancements infrastructure R&D for uses
companies

https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit

Hydrogen Shot Summit



https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit

Hydrogen Shot Summit Responses to: How Can We Succeed?

What are your top 3 priorities for Hydrogen Shot to be successful?

20%

1
: - ( 1!
Policies to increase scale and cost parity
18%

ke

Reducing siting/permitting barriers
5%

Sarthshots

DE

Hydrogen

Focus on scale and deployments
20%

Increasing supply chain
6%

-——-—

.

Address hydrogen safety
5%

Develop partnerships
14%

Delivery and storage infrastructure
11%

~ TR

9
o-g
0%

Other

Source: Wieliczko, et al, DOE HFTO 27




Request for Information (RFI) collected stakeholder feedback

Includes regional, EJ, tribal, investor, and industry perspectives

STATES MENTIONED BY RESPONDENTS

Over 200 RFI
responses
described diverse
resources, end-
uses and impact
potential in
various regions

Powered by Bing
B GeoMarnes, Monasaft, TomTFom

edrthshots

U.S. DEPARTMENT COF ENERCY

Hydrogen

Hydrogen Shot Request for Information (RFI) closed July 7, 2021 28




Potential Locations for Hydrogen Demonstrations

Response to Question: Please select the region that you believe is most
ready for a large-scale hydrogen demonstration.

earthshots

DEFR

Hydi __ _..
Source: Wieliczko, Harting, et al, DOE HFTO 29




Examples of Resource Analysis Across the United States

Hydrogen Generation from
QOnshore Wind by Country

Hydrogen Generation from Hydrogen Generation from

i Solid Biomass by Country
(kg KA year) poksgen thadipdiyeay)
L -
240,000 100,000 <10,000 1,300,000 750,000 250,000 55,000 10,000 1000
| I |
| |
* S
Nuclear Natural Gas cC
e e
*e ® r . ..
@
VIS
o [ ] ] .
@
$ -0 2 : .

® 9 - .. e

AR
: E: ‘_‘}ail_-_. | =
. P WamiEen Famatan
18
™ ¢ . Cecar Kays and
Status Operating Copacity e = i W L S Laweon Dobres
B Currently Oporating m: 2081 . g ® I 0 Kilametars 5MF-.C Formation i
W Annaunced Retiremen: -‘Or 1 d o
SO 495
B Recently fltired & ﬁ;
- g *Steam methane reforming ﬁ sedimantary basing . footprint of trapped CO,
A . sedimentary rocks more than 800m thick T array of injection wells
facilities for most of the data points.

~Es fAnlts
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RFI findings: Regional clusters and geographic factors

Pacific Northwest

*  Port communities

* Tribal communities

» Extensive renewables

« 8jobs per $1M invested in H,

* Diverse populations

* Extensive infrastructure
* Emissions regulations

* 40,000+ jobs

 central U.s. I

«  Ample wind

Great Lakes

» Major national corridors « Nuclear power « 60,000+ jobs

* Geological storage

* Railway transport

* Nuclear resources

* >630,000 tonnes/yr
CO, reduction

Southwest

» Tribal and Hispanic communities

* Underutilized solar

* Nuclear power

* Up to 2B tonnes/yr emission
reduction potential

edrthshots | Hydrogen

Alaska and Hawaii

New England

Offshore wind

Fishing communities

Backup power and winter heating
~120K tons CO./year reduction

Appalachia

( )

* Retiring fossil plants

* Mining, refining transferable skills
» Carbon capture and sequestration
« 70,000 tons/yr H, production

Extensive renewables — geothermal, solar, ocean
Backup power

Isolated communities

86,000 tonnes/yr emission reduction

~

Gulf Coast

« Existing infrastructure

« Multiple opportunity zones
* Renewable resources

» 1,000s of jobs

» Chemical industry
Hydrogen Shot Summit
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Bipartisan Infrastructure Law (BIL)

(Infrastructure Investment and Jobs Act)



Bipartisan Infrastructure Law - Hydrogen Highlights

* Includes $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
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Key BIL Sec. 40314 Hydrogen Provisions — Overview

S y, U.S. DEPARTMENT OF

i
-
=
&
&
1TES Ot

“Clean H, Electrolysis Program”: BIL Includes research,
development, demonstration and deployment (RDD&D)
across multiple electrolysis technologies, compression,
storage, drying, integrated systems, etc. Directly supports
Hydrogen Shot

Raw

Processed
Materials Materials Subcomponents End Product

“Clean Hydrogen Manufacturing and Recycling”

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

Regional Clean H, Hubs: At least 4 Hubs, geographic
diversity, includes renewables, fossil + CCS, nuclear, for
clean hydrogen production, multiple end use applications.

National Hydrogen Strategy and Roadmap: Includes working
with EPA to develop an initial clean hydrogen production
standard per Sec. 822 < 2 kg CO,e/kg H,

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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Collaboration &
Diversity, Equity, Inclusion



“No one can whistle a symphony. It

takes a whole orchestra to play it.”
- H. Luccock



Emphasis is on Benefits in Underserved & Disadvantaged Communities

Example: DOE project with CTE for UPS Fuel Cell Delivery Vans

45 T G B

O
¥
J_: & i
2 $:F_| L
PEELS,
"5:%:‘20&.'- fl
&

i g Ll

23 Trucks will be demonstrated in Ontario, CA- disadvantaged community

box @ OpenStrestMap "
Goal: Demonstrate 15 fuel cell trucks (up to 125-mile range)

New index ranks America’s 100 most disadvantaged communities

| University of Michigan News (umich.edu) Project impact per year: Savings of
Funding Opportunities will encourage broader engagement, * 285 metric tons of C.OZe.
demonstrating benefits, including DEI (minorities, gender * 280,000 grams of criteria pollutants
equity, etc.) * 56,000 gallons of diesel
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https://news.umich.edu/new-index-ranks-americas-100-most-disadvantaged-communities/

Examples of International Collaborations

\\ The International Partnership for
E Hydrogen and Fuel Cells in the Economy

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

www.iphe.net

& CLEAN ENERGY

R*q,j’i""‘lINISTERI.«"'«.L

ed

" INITIATIVE
AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

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

Task Force to facilitate
international trade of H,

H, Production Analysis (H2PA)

o)

2

MISSION
-2 INNOVATION

CLEAN HYDROGEN

MISSION
ﬁm Fca KRBREEE V¥ —
y rOgSAFETY
COnnectlng a Global Communlty h
YSafe

v = PRHYDE

RCS&S Compendium

* Reports, workshops, safety sharing

* Assessing gaps
* Education, student engagement,

compiling country info

* Developing a common analytical
framework to determine emissions
footprint for H,

* Harmonizing approach across
countries and pathways

California LCFS / TUV SUD CMS70

i Embsions
eeeeeeee

uuuuuuuuu

.............

{Source: Abod et ol., Energy policy 138 (2020) 111300)

%r_mm!for rqfhmgdu:y
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Example of Collaboration: Global Center for H, Safety (CHS)

CENTER FOR

Information to be available in

O AIChE

H Yd Fo ge n CENTERFOR_ KFELZEE ¥ —
Council <7 Hydrogen ,

Pacific Northwest

HYdrog multiple languages

MNATIOMAL LABORATORY YOROGEN Connecting a Global Community

Safety Panel

hySafe @
KEEBELEFOKEAT—V/aRELICHERTES:
. p— —
CHS mcludes_over 70 @ Er:qergéncy Response HEHEFLLE DTS SUEN LT bl T ERA T AT TS

partners from in d ustry, Training Resources 3 . n W 22 CERATERSIICER MR BHFEES S BHREh TE
. BEPEEEHE TR F—E/FoTH . ENEFENICRRS LB T B.
govern ment, and academia - LI Be O EEIE AT ORI RSV RIS SAT A TR BICER
Accessto >110 countries, vron | ruvos TEREHBE, AR T2V TR FCEV) I, BRREDTHIC
(2 sz RITE N B ER RS TRAEATLS,
Ll 12
60,000 members N a M BRI, RO T 9> S5 — THENTBS. 25
g SERENIARLD SR OIR SREERES & BUSN IO AES
Fhusi TOFDIL CHT =
XD EFDMEEFI:
KBERERZ— BEABOKERIF: A ey
CENTER FOR s e ) R o
fos | THREFNTLS.
IR, T B, ARE. OO T R0 LF—HR =1=15)) ; i X
ﬁ ) BSHESATIS, KR LR LF—FUT—EL o/ ﬁ e o
D VHEE '-.L TEREENTLS. . SER BERISsayOuERE
= HBFRELT, 5 2o S W
ﬁmﬁ._ [i=hs w/azj.m/ L] Q @y !EI n _'5
EEOROSRECEED LFTH MR RTI®  EEERR 60 I HEER AR E
(m) Td. T —
S AFETY y y:\| n _,-",'. AR =
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Connecting a Global Community TR IoOn] Y DAL = 5) SRR o
20,000 &
: sext BL*WW;—W%
H 203FRAHEH 20185%M
www.aiche.org/CHS -
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H2 Twin Cities Initiative Launched at COP26

Connecting Communities Around the World to Deploy Clean Hydrogen Solutions

Phase 1: Phase 2: Selections
November 10 — January 3 WG will
December 29, — March evaluate

2021 18, 2022 proposals

Applicants self- A single, joint Announce
identify and self- application is winners in early
pair on t_h‘_? H2 prepared spring 2022
Tm‘gbi:les Open submission
until March 18
Pairing Types
OFFICIAL APPLICATION Sibling Cities Mentor - Mentee
GUIDELINES
H2 Twin Cities 2021

Share and learn more: www.energy.gov/eere/twincities
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IPHE Early Career Network

Calling all hydrogen-enthusiast STUDENTS (undergrad &
grad), POST-DOCS, and EARLY CAREER PROFESSIONALS
worldwide!

Connect with peers, mentors, scientific researchers, Education & Outreach Directors

. . . Qingwang Yuan Bikram Roy Chowdhury
industry professionals, and policymakers! (USA) (USA)

Join 200+ members from over 30 countries!

Communications &
Social Media Director
Yangwei Liu
(USA)

www.iphe.net/early-career-chapter

Special Events Director Regional Director of Europe Regional Director of Africa '
Sanskar Vaishnav Thilo Krechlak Faan Du Preez Community Manager  IPHE Comm. Liaison

(Denmark) (Germany) (South Africa) Ander Marti.nez Alonso Ted Kwon
(Belgium) (Korea)



Summary and Next Steps



Timeline for Key Hydrogen Provisions in Bipartisan Infrastructure Law

2022 2023 2024 2025 2026

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

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

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

: Meet S2/kg H, f
Electrolysis RD&D Additional electrolysis and related RD&D. Total $1B from FY22 through FY26 eeelsec{rglyszis rom

Manufacturing &
Recycling RD&D

Additional Manufacturing & Recycling RD&D. Total $0.5B from FY22 through FY26

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



Stakeholder Engagement and Enablers

Tools and
(-Webinars, Listening ) Enablers CNationaI 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

Engagement
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Summary: Strategy and Next Steps

1) Accelerate RD&D to reduce cost

2) Ramp up replicable and
sustainable demonstrations
and deployments across the H,
value chain & leverage private

sector

3) Enable benefits: Disadvantaged
communities, emissions
reduction, jobs, air quality
improvement, and more.

Heating
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“% ~I Electrolysis
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'-Reforming'-' i
Pyrolysis
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Fertilizers

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Upcoming Opportunities for Engagement

DOE Annual Merit Hydrogen and Fuel Cells Day
: October 8
-@eqrth \ Hudrogen Review and Peer 1
oo . . - Held on hydrogen’s .
Evaluation Meeting very own stomic
June 6-8, 2022 weight-day

Hydrogen

INCREASE YOUR

Visit H2tools.Org For

Hydrogen Safety And HYdI" 4 gen

Lessons Learned

Join Monthly
H21Q Hour Webinars

Download
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
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https://h2tools.org/

Thank you

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

www.energy.gov/fuelcells

www.hydrogen.energy.gov
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