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U.S. Energy Landscape and Key Goals

U.S. primary energy consumption by energy source, 2021

Total = 97.8 quadrillion Total = 12.3 quadrillion Btu
British thermal units (Btu)

Nuclear
Electric
Power, 8% Geothermal, 2%

Solar, 12%

Coal, 12%

Hydroelectric, 19%

Renewable

Wind, 27%
Energy, 13%

Biomass, 41%

Natural Gas, 36%

Note: Sum of components may not equal 100% because of independent rounding
Source: Data collected from U.S. Energy Information Administration, April 2022,
Monthly Energy Review, preliminary data

Administration Goals
include:

* Net-zero emissions economy

by 2050 and 50-52%
reduction by 2030

e 100% carbon-pollution-free
electric sector by 2035

Priorities: Ensure benefits to
all Americans, focus on jobs,
EJ40: 40% of benefits in
disadvantaged communities

EJ: Environmental Justice
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Snapshot of Hydrogen and Fuel Cells in the U.S.

* 10 million metric tons produced annually * More than 1,600 miles of H, pipeline ¢ World’s largest H, storage cavern

Use of Hydrogen
in the U.S. Today

8%

Metals (2%)

Ammonia
& Methanol

Refining
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Examples of Hydrogen Production Locations
&

" ® “Planned and current
| vkl electrolyzer (PEM)
installations

® -120mw

- .\ 50-100

™\ 0-50
)
\ 100-200

200-400

>620 MW of PEM® electrolysis in the U.S. 400-800
>3X increase since 2021 Hydrogen Production Units

using natural gas
Gaseous Metric Tons/Day

Examples of Deployments

Backup Power

T >s0000

Forklifts

4
*'.'.i::i.’ >620 MW

PEM* Electrolyzers

= T

Fuel Cell Buses

H, Retail Stations

6 ETTI

Fuel Cell Cars

*Proton exchange membrane
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PEM Electrolyzer Locations and Capacity — 2021 Snapshot

Operational and Under Construction: 172 MW Capacity

Douglas County, WA

Alabama, NY
southwest, wn. .
Oswego, NY
Prairle 1sland, MN NY (2)®
.Bustun. Ma
Canandaigua, NY g 0% Braintree, Ma
MA g .
Mahwah, M1 Lincoln, RI
Senoma, CA Dak Harbor, OH p,; g
Emeryville, CA
Bay Area, Cﬁ: Urbana-Champaign, IL OH ... il
san Carlos, ca {2) @ M 02Kiand, €A ] Leesport, PA
A0S 2)e . Colurmbus. OH Holtwood, PA
umbus,
Santa Clara, CA
L . San Jose, CA(2) Arvada, CO T
m r
]
cas) @ Hertford, NC
Costa Mesa, l:A.
Palm Springs, CA Tempe, AZ
Austin, TX (2)
Orlando, FL
@ @ sugariand,
O i)
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Electrolyzer Power
Capacity

® 120KwW
® 180KW
500 KW
1000 KW
1250 KW
® 1500KwW
2000 KW
® s000KW
30000 KW
120000 KW

PEM: Proton Exchange Membrane

Current and under construction
installations over 120 kW as of June 2021

Source: Arjona, et al, DOE HFTO Program
Record 20009, June 2021
hydrogen.energy.gov/program_records.html
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PEM Electrolyzer Locations and Capacity — 2022 Snapshot

Operational and Under Construction: > 620 MW Capacity

Douglas County, Wi

Alabarma, NY
Southwest, Wi
Electrolyzer Power
Oswego, NY Capacity
Alabama, NY
0.12 MW
Pralrie Island, MN NY [2)® o
. N r"I'.I:-ll'ml 1] ':A =I.::;|In Rl " 0:5 MW
E ““T::iﬂc[: A Oak Harbor, OH o - ' ® oomw
me i
" ¢ urbana-Champaign, IL "o @ Leespon, L .m LMW
San Carlos, CA (2] @ () 0akdand, cA ® o 1.25 MW
San Franclsco, CA Columbus, OH
santa Clara, CA Riveda, (O L ® 1s5Mw
San Francisco, CA al 5an Jose, CA (2] Denver, CO Kansas City, MO
c.n.[z. ‘ e ; o V(2 o 2mw
ca(8) Hertfard, "t-.ruc ® sMmw
Costa Mesa, CA
25 MW
Fresno, CA " paim sprin o 9 5
a ESr Tempe, AZ - r Bl W
GA 1230 MW
“"ﬂ‘ Eingsland, Ga
Austin, TX (2)

TX [East Cartral)

0 @ SugarLand, TX

Orlande, FL

PEM: Proton Exchange Membrane

Current and under construction installations
over 120 kW as of May 2022

L LUE
Source: Arjona, V., DOE HFTO Program
Record 22001, June 2022
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Penetration of Renewables Drives the Need for Energy Storage

For the first time in history, in May 2022, renewable power in California exceeded demand

30GW

25GW

20GW - Batteries

15GW Around 3ip!m., renewables

briefly produced enough energy
Natu ral ( to supply Ealifornia’s energy
Gas
10GwW
—Muclear
Hydro
Other
S5GW renewables
o
12 AM. 6 AM, 12 PM & P.M 12 AM
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Key Hydrogen Provisions in Recent Legislation

Bipartisan Infrastructure Law

* Includes $9.5 billion 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

: E-P'-'},

* Aligns with Hydrogen Shot priorities by directing | gu) rut
work to reduce the cost of clean hydrogen to $2 . --
per kilogram by 2026

* Requires developing a National Hydrogen Strategy
and Roadmap
President Biden Signs the Bipartisan Infrastructure Law

|nf|ati0n REdUCtiOn ACt on November 15, 2021. photo Credit: Kenny Holston/Getty Images

* Includes clean hydrogen production tax credit
of up to $3 per kg
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Recent Announcements and BIL Deliverables

DOE National Clean Hydrogen H2 Hubs Funding Opportunity Clean Hydrogen Production

Strategy and Roadmap Announcement (FOA) Standard (CHPS)

Draft Guidance Document Released

Draft Document Released FOA Released for Initial Standard
©ENERGY
DOE National 6 to 10 H2 Hubs for a combined B 0 e il B
Clean Hydrogen St 7 :
Stra:legy and tOta| Of SGB to $7B e
Roadmap

nnnnnnnnnnnnnnnn

Concept papers due 11/7/22
Full applications due 4/7/23

vvvvvv
»»»»»»»»
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https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-webinars
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U.S. DOE Hydrogen Program

Secretary

Hydrogen is part of a broad portfolio of activities. The

Program includes multiple offices and addresses the entire
RDD&D value chain from production through end use.

Deputy Secretary

@ U.S. DEPARTMENT OF
>’

P

Department of Energy
Hydrogen Program Plan

FIELD OFFICES AND CONTRACTING FOR FUNDING OPPORTUNITY ANNOUNCEMENTS

) ¥
www.hydrogen.energy.gov PROJECT EXECUTION

. . V4 . P
Includes multiple offices across DOE, led by DOE’s Hydrogen o Universiie, National state and Local
and Fuel Cell Technologies Office Nonprofits SeBIRIOHES SONErmEnE
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H2@Scale: Enabler for Deep Decarbonization across Sectors and Jobs

H2@Scale provides vision for how hydrogen can
@@chle enable clean-energy pathways across applications
( Uereemeretes - gnd sectors.

Comnventional Storage Transportation

Power ‘ E
Generation

Synthetic Key Opportunities

Fuels

Upgrading " Industry and Chemicals
I
Biomass

Steel, ammonia, cement, syn-
fuels (e.g., aviation), exports

Ammonial
Fertilizer

= Transportation

HO Hydrogen
Generation

Trucks, marine, buses, etc.

Metals

Production = Power and Energy Storage

Electric Grid
Infrastructure

Fossil .
with CCUS Long-duration storage, NG
Chemical/Industrial

Processes blending, turbines, fuel cells

Heat/Distributed

Infrastructure ower
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Comprehensive DOE Strategy Across the Hydrogen Value Chain

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

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE 13



Draft DOE National Clean Hydrogen Strategy and Roadmap

* Provides a snapshot of hydrogen production, transport, storage,
and use in the United States today

U.5. DEPARTMENT OF

ENERGY . _
* Explores the potential for clean hydrogen to contribute to
DOE National national goals across multiple sectors
Clean Hydrogen cp- - . .
Soratugy snd Identifies opportunities for domestic production of clean
Roadmap hydrogen:
Draft - September 2022 » 10 million metric tons per year by 2030

> 20 MMT by 2040
> 50 MMT by 2050

 The Strategy and Roadmap will be finalized in early 2023 and
updated per Bipartisan Infrastructure Law at least every 3 years.

https://www.hydrogen.energy.gov/clean-hydrogen-strategy-roadmap.html
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Draft DOE National Clean Hydrogen Strategy and Roadmap

Strategy
{ } @ Target strategic, high-impact end uses ..
CO; & BIC, NIgh-Imp Vision:
. Affordable clean hydrogen for a
Achieve 10 MMT/year of clean hydrogen by 2030 net-zero carbon future and a

sustainable, resilient, and

@ Reduce the cost of clean hydrogen ’ equitable economy

Enable $2/kg by electrolysis by 2026 and $1/kg H, by 2031 .
$2/kg by efectrolysis by $1kg Hy by Benefits:
Emissions reduction; job growth;
energy security and resilience

Focus on regional networks

@ Deplay 4 or more clean hydrogen hubs and ramp up scale

Work with other agencies to accelerate market lift off

0
: & il
c
m . . .
Workforce Safety, codes and Policies and incentives Stimulating private Energy and
o development standards sector investment environmental justice

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE
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Actions from Draft DOE National Strategy and Roadmap

2022-2025

OTED b

Catalyze RD&D in

Clean .
Hydrogen eIe:Etron5|s, thermal
Production conversion, & new pathways
to meet Hydrogen Shot
Delivery and Identify and prioritize
Storage barriers to infrastructure roll

Infrastructure out

lea

End Uses Engage regulators to lay
and Ma_rket groundwork for strategic
Adoption adoption across sectors
[ N ]
™
Engage stakeholders; address
Enablers safety codes and standards;

develop critical supply chains

U.S. DEPARTMENT OF ENERGY

>

2026-2029

Demonstrate replicable,
scalable production from
renewables, nuclear, & fossil
and waste with CCS

2030-2035

>

Deploy gigawatt-scale
electrolyzers and develop
domestic supply chains

Scale up electrolyzer
manufacturing and
recycling/reuse capacity

. | .

Initiate supporting
infrastructure for regional
hubs

Demonstrate advanced and
efficient infrastructure
components

Initiate transition for hard to
decarbonize industries

Develop sustainable regional
clean hydrogen networks

> % EHHHHEEE

Deploy at least four regional
clean hydrogen hubs

Use and expand workforce,
talent pools, and
apprenticeship programs

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Deploy technologies that
lower pollution and provide
resiliency

- % i

Ensure 40% of benefits
accrue to disadvantaged
communities in hub regions

Demonstrate business cases
and activate private capital

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE



Strategy 1: Target High-Impact Uses of Hydrogen

U.S. Energy Related CO, Emissions by End-Use
i

Hydrogen can provide
benefits particularly in
hard to decarbonize

sectors: industry, heavy
duty transport and to
enable energy storage

VCLRW - Ventilation, Cooking, Lighting, Refrigeration & Washing
BOM - Balance of Manufacturing

Other industrial: aluminum, cement and lime, construction, agriculture, plastics, wood,
electrical equipment, transportation equipment, computing and electronics equipment,

paper products, glass ,etc.
Note: Sum of sectors may not equal 100% due to independent rounding
Source: M. Koleva, DOE HFTO, NREL, adapted from EIA, 2020, U.S. Energy Information Administration - EIA - Independent Statistics and Analysis
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https://www.eia.gov/outlooks/aeo/tables_ref.php

Strategy 1: Target High-Impact Uses of Hydrogen

Threshold Costs for Hydrogen to be Competitive Across Sectors

$8-, s Hydrogen Shot production cost goal
Some anolications $7 Forkiifts L1 Current cost of electrolysis
PP I O Current cost of steam methane
can start to be 36 - reforming with carbon capture and
- . Commercial t
competitive at a g Buces  lTUCKS e
] 4 2
higher threshold cost > ¥ I |
. =8
and can jumpstart the e $4
market E Biofuels
2 93 - Iron and
= steel Export
= Synthetic Industrial markets
fuels heat

Chemicals I Seasonal

$2 5 storage

9
N 17 7

Hydrogen Shot production cost goal $1/kg.

Today Long term

Threshold cost for each application includes cost of production, delivery, storage, compression/processing/dispensing, as required, to the point of use for each application
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Strategy 1: Target High-Impact Uses of Hydrogen

Clean Hydrogen Demand and Costs for Market Penetration

i * %
Legend Scenario Analyses for H, Demand

. Dark Colors: Base Case Hydrogen volumes estimated for:
e ~10-15% of trucks using fuel cells

| Light Colors: High Demand Case * ~100% SAFs in 2050

e ~10% of U.S. steel making

* All domestic ammonia demand

* Energy storage in a clean grid

* Roughly half of domestic methanol

* H,/NG blends for high-temp heat and

MEDIUM- AND power in industry

HEAVY-DUTY * Additional applications, include stationary

VEHICLES power, synfuels, and export potential

$5

1
=

@ Circles: Higher bound of willingness to pay

L
L

L
(%]

1%
=

!

AMMONIA  ENERGYSTORAGE HTIHeT IIEAT DDITIONAL

Threshold hydrogen price ($/kg)*

DEMANDS

0 10 20 30 50
Hydrogen Demand (MMT/y)

* Power to Liquid
Costs include production, delivery, dispensing to the point of use (e.g., high-pressure fueling for vehicle applications) ** Volumes dependent on multiple variables

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



Strategy 1: Target High-Impact Uses of Hydrogen

Range of Potential Demand for Clean

The Opportunity for Clean Hydrogen
Hydrogen in U.S. by 2050

50  “Additional Demands 77 . Il Core Range of Estimates
Power-to-Liquid Fuels // Clean Hydrogen Use Scenarios Additional Seanarios
Methanol % 18
- Blending in Natural Gas for Heat .
§ %0 mEnersy Storage . Ca.taloyze.clean Hz usein 6
B = Steel existing industries (ammonia, 14
% m Biofuels f . < e f
T 30  mTrucks refineries), initiate use for 12
S “hmmoma sustainable aviation fuels $ »
8 efining and petrochemicals . P 8 .
$ 20 s (SAFs), steel, potential exports : . H n
oy
=  Scale up use for heavy-duty 4 =8
= , . 2 1-3
10 % transport, industry, and energy ,
Storage Transportation }BDi;)_fllJ:iI;:l Industry Blending Grid
0
2030 2040 2050 * Market expa Nnsion across * Corerange: ~18-36 MMTH,
sectors for strategic, high- - Higher range: ~ 36-56 MMT H,
impact uses
Refs: 1. NREL MDHD analysis using TEMPO model; 2. Analysis of biofuel pathways from NREL; 3.

Synfuels analysis based off H2@Scale ; 4. Steel and ammonia demand estimates based off DOE
Industrial Decarbonization Roadmap and H2@Scale. Methanol demands based off IRENA and IEA
estimates; 5. Preliminary Analysis, 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_k;r_safﬁc_i(;n_t i_nFra_as_tra;tJr;_ __1§°_Ao _______
Public awareness/understanding _ 17%
Need for technology advancements _ 1%

Lack of incentives for companies _ 8%
Competing technologies - 6%

Safety concemns

6% Over 3,000 participants at DOE

L ack of suitable end Uses - o Hydrogfen Shot Summit were reo.|uested
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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https://www.energy.gov/eere/fuelcells/hydrogen-shot-summit

)earthshots | Hydrogen

Hydrogen Energy Earthshot
“Hydrogen Shot”

"1 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 multiple pathways

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

H, from Electrolysis Thermal Conversion Advanced Pathways
7 - | Example: Natural Gas Conversion + CCUS
2020* 5160
~$5 /kg m Electricity mC02TE&S

5140 Fuel

. W Capital Costs B \Variable &M
® Fixed O&M 5120 B Fixed O&M
0 Capital

5$1.00
2026 50.80
$2/kg 50.60
2031 50.40
1 $1/kg 50.20

$0.00 I

Baseline Optimized

. Reduce electricity cost, improve
efficiency and utilization

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

*2020 Baseline: PEM (Polymer Electrolyte Membrane) low volume capital cost ~$1,500/kW, electricity at $50/MWh. Pathways to targets include capital cost <$300/kW by 2025, < $150/kW by 2030 (at scale). Assumes $50/MWh in
2020, $30/MWh in 2025, $20/MWh in 2030

T 4 T
= k]
S,
4‘.!‘_'1-. L7 Y
-3 I
—
o <
Ez

* Reforming; pyrolysis; air separation;
catalysts; carbon capture and storage
(CCS); upstream emissions

* Photelectrochemical (PEC),
thermochemical, biological, etc.
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Technology Targets Guide RD&D 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

$227/kW

10k/yr

$185/kW

100k/yr

@ 3$80/kwW

Production Cost
(electrolytic hydrogen)

I $7/kg*
$5/kg*
$ s

$450/kg * (Potential for
I <84/kg, based on
latest analysis,
pending final
review)**

@ S1/kg

$3.50/kg *

Delivery & Dispensing Cost

Tube trailers

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

$8/kg*

Liquid tankers
&
Tube trailers

S5/kg

@ 52/kg

Onboard Storage Cost!

(700 - bar compressed system)

] $21/kWh

10k/yr

O $16/kWh

100k/yr

@ 59/kWh

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

!5 to 7 cents/kWh, 90% capacity factor at $1500/kW

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

** See Hydrogen Technologies Plenary presentation for more
information about pending Program Record

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

'Storage costs based on 2019 storage cost record

Low-Volume
(Current)
Estimate

High-Volume
Projection

2030 Target

All costs based
on $2016

Note: Graph is not at scale. For illustrative purposes only

HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE
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Examples of Cost Drivers and Focus Areas for Hydrogen Technologies

Hydrogen Production Cost
(High Temperature Electrolysis)

Capital
27%

Electrical Energy

53%

H, Production (Electrolysis)
Cost Drivers:
Electrical energy
and capital costs

Hydrogen Storage Cost
H2 Infrastructure (700 bar Type IV, 5.6 kg Hydrogen Storage System)
COSt D r|Ve rS. Vinyl Ester Resin
o Other Tank 4%
Compressors, Chiller, Components ___

10%

Dispenser and Storage

Hydrogen Fueling Station Levelized Cost

(700 Bar, 800 kg/day Station) BOP & Assembly ~_ PAN-MA

Carbon fiber
52%

34%

Chiller
14%

Doz H, Onboard Storage
Dispenser 49% . .
o Cost Drivers:
Carbon Fiber Precursors

and Processing

Storage
15%
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Strategy 3: Focus on Regional Networks

Build Regional Networks through “Clean Hydrogen Hubs”

X "o iy n Jin foee Examples of Stakeholder and RFI Input

A\
T &
P aci
Regional Clean Hydrogen Hubs fH_ y & @ o Q@
a 0 a o0 O 0 =) \8

mare W
== — .
Clean Clean California

hydregen e T hydrogen
producers

Pacific Northwest

Infrastructure
located in close

- |
CONSUMers .'/Fé = ‘ __."'.__' e & = \&/

OO® Pk

' ¢ o - L) . Appalachia
Regional mE mE Industry, (mmml) { . 5 o
resources and power, " » o 7%; N
feedstocks transportation, T Ik L > ( g J @ @

P— buildings S o - v
A e ey P, o - .1"." — \.‘,L‘

oy 1Ll

- [ T ) P
. Foundational Enablers: N @ __ ':: =/ 2
*  Workforce development - Stimulating private sector Investment S/ Alaska and Hawaii @ %

= Safety, codes, and standards = Meaningful stakeholder engagement o "“\
- Policies and incentives +  Energy and environmental justice @ = @
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Stakeholder Feedback Identified Opportunities for Regional Clusters

Pacific Northwest .

. Ample wind Major national corridors e« Nuclear power ¢ 60,000+ jobs
*  Port communities * Geological storage
e Tribal communities * Railway transport New En g| and
* Extensive renewables *  Nuclear resources
* 8jobs per 51M invested in H, s >630,000 tonnes/yr s Offshore wind
CO, reduction *  Fishing communities

\ J . .
el * Backup power and winter heating
L tons year reduction
120K €O,/ ducti
Diverse populations ' N '
Appalachia

* Extensive infrastructure
*  Retiring fossil plants

*  Emissions regulations
* 40,000+ jobs

* Mining, refining transferable skills
* Carbon capture and sequestration

Southwest * 70,000 tons/yr H, production

* Tribal an_d_ Hispanic communities

* Underutilized solar

*  Nuclear power *  Existing infrastructure

* Up to 2B tonnes/yr emission Multiple opportunity zones
reduction potential Renewable resources

1,000s of jobs

Chemical industry

Alaska and Hawaii

J
[

* Extensive renewables — geothermal, solar, ocean
*  Backup power

* [solated communities

* 86,000 tonnes/yr emission reduction
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Example: Industrial Clusters to Enable Large-Scale Offtakers

Priority deployments for hydrogen in industry include sectors where other decarbonization pathways are

challenging, such as high-temperature heat generation, steelmaking, and ammonia production.

National Distribution of Industrial Sites, CO, Output,

and CO, Sink Demand .
2 Industrial Sites N
Aluminum ® Lime L
T
Efn?ﬁé:’:l R i P § Mapping industrial
dizon .
Gae | ©  Soaah . & sites to CO, sources
Iron and Steal @ Trtanium Dioxide 4
Lead ® Zinc ® and demands can
co.s N help identify
ources (kt/year . .
20 o > industrial clusters
. . # .
- 125001 - 9000 . for potential
\ L] { 3000.01 - 6250 . .
B oo T > 6250 0¢ decarbonization
R R B
o\ ) ) hubs
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Adapted from Carbon Capture and Utilization in the Industrial Sector | Environmental Science & Technology (acs.org)
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Program Enabled Accomplishments

m Technology-to-Market Market Uptake

30 Technologies Commercialized "'Y‘J"mgei':1 mee' ﬁe_l,' forklifts

By private industry

More than

50,000

65 With Potential to Enter Market

in the next 3-5 years

1,256 Patents Examples of Technologies Enabled Approx. 790

in hydrogen and fuel cell _ DOE-cost By Industry
. Fuel Cell Catalysts Hydrogen Tube Trailers shared
technologies AN
through HFTO funding gl American-made
from Labs, '”d”_StrV and o 8 S e ol e T G sro small-scale hydrogen refueler
Academla e Electrolyzers Hydrogen Tanks ‘._.._ = mm 1':':
B —— | e Exported
o to Japan
35% from | P
| . | B | * Uses
N at I o n a I La bs Electrolyzer System PEM Electrolyzer System Q;Tﬁtriumrﬁ::ﬁiﬂ:; e|eCt rOIVSiS

Proton Series Giner
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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 15t of a kind demonstrations and systems H2 Hubs, loan guarantee program,
individual projects and consortia integration to de-risk deployments workforce development
Examples: — _— Example: Regional

Clean-Hydrogen Hubs
- y__ g - W
$8 billion for at 3 r r

least 4 hubs: ’i“_@ ; ' g__.l!

Renewables,

Consortia Examples

Core Team:
National Labs

N,
h’ HYdI'OGEN

Advanced Water Splitting Material

FOA

University & Indust National -
HZNE‘N on-profit nuw b fossil w/CCS, ﬁ_@r J \ T__# e I
nuclear; multiple ' -
end-uses Clean-H,  Clean-H,  Clean-H,

Producers Infrastructure Consumers

@ Miat|— @ttectrocat BIMARC

/ C I :JE ._Lé : ._T_ T:Gé; Renewables and nuclear to H,, 15 delivery .
~ o 27 2 new loan guarantee projects (51.5B total)
NN oy - trucks in disadvantaged area, 3 Super Truck . .
wiaSHASTA i ) on pyrolysis and large-scale electrolysis, H,
e e s projects, data center, fueling for passenger .
energy storage and power generation

Basic science user facilities, theory, modeling ferry, energy storage, H, for steel

CENTER FOR C,
H,EDGE Hydrogen iyslend” [

* Analysis and tools

Enabling * Safety, codes & standards
Activities * Manufacturing \ i e SAFETY
- Workforce development Lo | ‘ r/‘_;' [ Decorbonized Global Economy Connecting a Global Community
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° ) Mﬂffﬂ
DOE National Laboratories o> <N
@Oﬁeﬁc\ LOAKRIDGE atcad Laboricry 5 % >

Marional Laborarary 6‘6

& St Ac - LesAlamos 4

& Argonne™ 3 _M..&m =i

Strategy leverages DOE & prRt LiNREL ) e

. . et 2 Ener i
National Laboratories, A ¢§¢us- syrﬁ% L @% ?%
. e ‘ 2 Y | 3%
partnering with |rfdustry and e P i N X
academia g c B
o

Technology

DOE National Laboratories across
energy, science, and security:

- Support RD&D

- Offer User Facilities and science

resources
- Help to de-risk technology
adoption, accelerating progress
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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)

National lab consortium to assess and & Pipeline materials compatibility R&D,
improve performance and reliability of HyB|e nd technoeconomic analysis, and life-cycle
materials in hydrogen, reduce costs, and o gnalysis to assess the feasibility of
inform codes and standards hydrogen blending in the U.S. natural

gas pipeline infrastructure

Over 30 partners

Online data portal shares Testing pipeline materials i
. ] , A . Cost and emissions
information with R&D in H; blends for risk .
: ; : life-cycle analyses of
community'worldwide, analysis tool data and to 4
i i y blending and RNG to
and international MOUs inform codes and )
s inform RDD&D
enable coordination standards

Materials R&D aims to
lower cost of components
in H, infrastructure and
enhance life by 50%

Labs

AAAAAAAAAAAAAAAAAA

) s B @D SRNL¥155: argonne & Labs | ©INREL (i) i, ER¥: aeome ST
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LPO

Loan PFrograms Office

Financing to Enable Deployment at Scale

Loan Programs Office (LPO) has $40 Billion in Available Debt Capital

LPO announces loan guarantees for two clean hydrogen projects
(one guarantee pending, as “conditional commitment”)

First-of-its-kind
MONOLITH Employing innovative ADVANCED CLEAN Iachrogan prodiatian
carbon black reactor and storage facility
technology, Monolith E N E RGY STORAG E capable of providing
iz a pioneering clean leng-term seasonal
hydrogen and carbon energy storage.

HALLAM NEBRASKA utilization project.
r

DELTA, UTAH ¢
LOAN GUARANTEE:

CONDITIONAL
COMMITMENT

FINANCED BY
U.5. DEPARTMENT OF w ¥ lP)

LOAN GUARANTEE:

CONDITIONAL
COMMITMENT

FINANCED BY = lpa
U.S. DEPARTMENT OF o

$1.04B for the first-ever commercial-scale project $504.4M for large-scale hydrogen energy storage,
to deploy methane pyrolysis technology. Will enable 220 MW electrolysis and turbine. Will enable up to
1,000 construction jobs and 75 operations jobs. 400 construction jobs and 25 operations jobs.
(Conditional commitment for loan guarantee (Loan guarantee closed in June 2022)

announced December 2021)
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Supply Chain Report

Investigated key U.S. opportunities to enable the growth of electrolytic hydrogen and fuel cell markets

Example: PEM fuel cell & electrolyzer supply chain Example: Scenario for U.S. electrolyzer capacity

s =
Platinum Iridium 1200
i i Mickel Titanium Chromium Raw Materials {h] . SDEE Cumulative manufactured
ﬁ Graphite Chemical Precursors \ 4 = PEMEC electrolyzer capacity
@
. includes stack replacement at
lohomers  Catalysts (Precursors, Powders, Inks) Y \ E“ N0 B Alkaline I:End of lifetime) P
Foams/Plates/Rolls Graphite composites  Stainless Steel F;.;?::?;T: g
Carbon fiber Thermoplastics/Elastomers  ePTFE I y 4, l‘-j 800
Membranes Catalysts/Electrodes Gas Diffusion Layers [ (Sub) ) - g E
“ Bipolar HMMMEF : E Z‘If:::mm Companents E E E
I il BOP N & -1
1 " £ £ 600
. = | ] o 'E
Stacks, Power Electronics & Controls, System . 58
BOP subsystems - c
. ‘ : - g S 400
v - E
&= o | i
e | ] —
Transportation, Power Generation and Energy Storage, End Uses - i)
Chemical & other Industries < . = 200
el . -
| |
| |
. 0
Endof Life -
Recyclingand .

2020 2025 2030 2035 2040 2045 2050

Reuse

Recycling
-
[ |

More information: www.energy.gov/eere/fuelcells/water-electrolyzers-and-fuel-cells-supply-chain-deep-dive-assessment
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The redwoods are the tallest trees
on earth—growing tall and enduring
long dry spells—on harsh terrain and
despite shallow roots.

They are able to do this through the
collective strength of their roots
which are an interwoven system,
where each tree supports—and is
supported by—the trees around it.



Focus on Benefits in Underserved & Disadvantaged Communities

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

i

TF
3
{3
. ?‘ e
s
w7,
e

EECTT
o W A5
1T

B 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 (:.02'.9q
demonstrating benefits, including DEI (minorities, gender * 280,000 grams of criteria pollutants
equity, etc.) * 56,000 gallons of diesel

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


https://news.umich.edu/new-index-ranks-americas-100-most-disadvantaged-communities/

Call to Action: Join the Center for Hydrogen Safety!

e AI C h E HYDROGEN SAFETY
: A The Global Home of Chemical Englneers CENTER FO’R ':REDEIM'L
Hydrogen Ppacific Northwest I Iyd rogen
Council NATIONAL | ABORATORY \ SAFETY New Hydrogen Safety
h Credential!
ySafe Composed of 7 fundamental
hydrogen safety e-courses,
including:
www.aiche.org/CHS * Properties & Hazards

e Safety Planning
* System Operation
* |nspection & Maintenance

Over 90 members from industry, government, and
academia—and growing!
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Examples of |

nternational Collaboration

Collaborating through multiple global and bilateral partnerships—key priority is creating coordinated

framework to leverage activities, identify gaps, and avoid duplication to accelerate progress

ed

The International Partnership for
Hydrogen and Fuel Cells in the Economy

g __; Ell.Emﬂ:l":l =SSR TWI = Enabling the global adoption of hydrogen and fuel cells in the economy
] Glasgow
B e H, Production Analysis (H2PA)
To facilitate international trade
M) MISSION .,. Common analytical framework for
g IRENOVARION H GHG emissions footprint
conTERFoR . KRELEL S = cmmmmono _
HYdr@gﬁr! h Regulations, Code§, Standards,
Connecting a Global Cﬂmr;J:llty ySafe Safety and Education &
Outreach Working Groups
@, (2] +SPRHYDE pRé!LHv

www.iphe.net

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

BREAKTHROUGHS

Breakthrough Agenda in
collaboration with other partnerships
is mapping activities across global H,
initiatives to identify gaps, focus
areas, and prioritized workstreams

m @ m T W E m
e i
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IPHE Early Career Network

Calling all hydrogen-enthusiast STUDENTS ot FFANCE gl H

Tarkey Maluysia

(undergraduate & graduate), POST-DOCS, and EARLY Crrine, Uniited Kingdom
P 0/&”& Japan (1t a' o Netterlards
CAREER PROFESSIONALS worldwide! Caradd” South Korea AT, .
United States of z‘i{/:}zegma
Connect with peers, mentors, scientific researchers, South Afiica 00 7277

e ermany Spain
Ll JCotriany oo

z‘hl;tm/m 0[" ’?“9
P ﬂryentma

230+ members from
37 countries

industry professionals, and policymakers!

Networking @ Career Development ® Webinars
G Research @ Policy @ Leadership @ Science 4

www.iphe.net/early-career-chapter

A A

2022-2023 Leadership Team



Handoff from Current Chair and Vice-Chairs for New Term

Chair: Gaurav Shukla (India)

Chair
Christine Watson (USA)

2

i
N

Vice-Chair M

Gaurav Shukla (India)

Vice-Chair Vice-Chair Vice-Chair

Sookyung Kang Tomas Green Manan Prathak
(France/Korea) (USA) (India)

Vice-Chair
Kendall Parker (USA)




Resources and Opportunities for Engagement

Hydrogen Save the date! Hydrogen and Fuel Cells Day

2023 DOE Annual October 8
: Merit Review and Peer| - Heldonhydrogens 1
ZJ. e e . . very own atomic
e Evaluation Meeting weight-day
1 June 5-8, 2023
Hydrogen
CENTER FOR

Visit H2tools.Org For

Hydrogen Safety And HYd rog
SAFETY

Lessons Learned

INCREASE YOUR Join Monthly

H IQ H21Q Hour Webinars
Download

hydrogen oAy 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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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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