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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)

Administration Goals
include:

* Net-zero emissions economy

Nuclear
Electric
Power, 8% Geothermal, 2%

Solar, 12%

Coal, 12%

Hydroelectric, 19% by 2050 and 50_52%
reduction by 2030

Wind, 27% 100% carbon-pollution-free
electric sector by 2035

Renewable
Energy, 13%

Biomass, 41%

Natural Gas, 36% Priorities: Ensure benefits to

all Americans, focus on jobs,
. . o . .

Note: Sum of components may not equal 100% because of independent rounding JUStlce40. 40/’ Of beneflts n

Source: Data collected from U.S. Energy Information Administration, April 2022, disadva ntaged communities
Monthly Energy Review, preliminary data

EJ: Environmental Justice
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U.S. Carbon Dioxide Emissions and Goals
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Carbon Dioxide Emissions by Sector
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Source: Annual Energy Outlook 2021, DOE National Clean Hydrogen Strategy and Roadmap
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U.S. DOE Hydrogen Program

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

Hydrogen Program

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

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

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

www.hydrogen.energy.gov

H2@Scale provides vision to guide how hydrogen can enable
clean-energy pathways across applications and sectors

Conventional Storage Transportation

Synthetic
Fuels

Generation

Upgrading
oil/
Biomass

S,

Renewables

| Ammonia/
v, ., Vad Fertilizer
' \

H20 Hydrogen
Generation

Nuclear

Metals
Production

Electric Grid
Infrastructure

Fossil

with CCUS
Chemical/Industrial

Processes

Heat/Distributed
Power

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

* 10 million metric tons produced annually

Use of Hydrogen
in the U.S. Today

8%

Metals (2%)

Ammonia
& Methanol

Refining
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* More than 1,600 miles of H, pipeline

Examples of Hydrogen Production Locations
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>620 MW of PEM" electrolysis in the U.S. 400 - 800

Hydrogen Production Units
using natural gas
Gaseous Metric Tons/Day

>3X increase since 2021

* World’s largest H, storage cavern

Examples of Deployments

Backup Power

S\ BT

Forkllfts

i i- >620 MW

PEM* Electrolyzers

= I

Fuel Cell Buses

H, Retail Stations

60 BT

Fuel Cell Cars

*Proton exchange membrane
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Recent Legislation Highlights

Bipartisan Infrastructure Law

* Includes $9.5B for clean hydrogen:

— S1B for electrolysis
— $0.5B for manufacturing and recycling

— S8B for at least four regional clean
hydrogen hubs

* Requires developing a National Clean
Hydrogen Strategy and Roadmap

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

Inflation Reduction Act

* Includes significant tax credits (e.g., up to $3/kg for production of clean hydrogen)
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Inflation Reduction Act (IRA) — Examples of H, and Fuel Cell Incentives

Clean Hydrogen Production Tax Qualified Commercial Clean Vehicles

Credit (45V) up to $3/kg Credit (45W)
-- Creates a new 30% credit for commercial
fuel cell electric vehicles through 2032,
4-2.5 $0.60 capped at $40,000:
2.5-1.5 S0.75 o Class 1-3 vehicles: $7,500 tax credit for
1.5-0.45 $1.00 purchase of qualified clean vehicles
o Class 4 and above: $40,000 tax credit
0.45-0 $3.00

Alternative Fuel Refueling Property Credit (30C)

Tax credit up to 30% of the cost of alternative fuel refueling property up to $100,000

View more at: www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects

* Well to gate, using GREET
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http://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects

Recent DOE Announcements and BIL Deliverables

DOE National Clean Hydrogen H2 Hubs Funding Opportunity Clean Hydrogen Production
Strategy and Roadmap Announcement (FOA) Standard (CHPS)
Draft Document Released FOA Released Draft Guidance Document Released
for Initial Standard
@ENERsY 6 to 10 H2 Hubs for a combined
DOE National total of S6B to $7B o

Clean Hydrogen
Strategy and
Roadmap

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

Submit any questions:
h2hubs@hqg.doe.gov

Feedback closed 12/1/22

Notice of Intent: On December 16, 2022, DOE announced its intent to issue $750 million in funding from President
Biden’s Bipartisan Infrastructure Law to dramatically reduce the cost of clean-hydrogen technologies.

Stay Tuned: DOE Life Cycle Emissions Analysis and GREET tool webinars and outreach planned
www.hydrogen.energy.gov
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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
4

il

Department of Energy.
Hydrogen Program Plan

FIELD OFFICES AND CONTRACTING FOR FUNDING OPPORTUNITY ANNOUNCEMENTS

) ¥
www.hydrogen.energy.gov PROJECT EXECUTION

. . 7] . P
Includes multiple offices across DOE, led by DOE’s Hydrogen o Universiies National state and Local
and Fuel Cell Technologies Office Nonprofits SARRIGIONES SOuEmEnE
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Draft DOE National Clean Hydrogen Strategy and Roadmap

* Provides a snapshot of hydrogen production, transport, storage,

and use in the United States today
ENERGY . _
* Explores the potential for clean hydrogen to contribute to

DOE National national goals across multiple sectors
Clean Hydrogen e .. . .
Strategy and Identifies opportunities for domestic production of clean
Roadmap hydrogen:
DBl Septa e 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 . .
{COz? 8 S ARG Vision:
. Affordable clean hydrogen fora
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 electrolysis by S1/kg H, by Benefits:
Emissions reduction; job growth;
energy security and resilience

Focus on regional networks

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

Work with other agencies to accelerate market lift off

o

| -
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Workforce Safety, codes and Policies and incentives Stimulating private Energy and

. development standards sector investment environmental justice
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Actions from Draft DOE National Strategy and Roadmap

U.S. DEPARTMENT OF ENERGY

2022-2025

@1TED |

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
[ 3 |
i
Engage stakeholders; address
Enablers safety codes and standards;

develop critical supply chains

>

2026-2029

O

v

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

> "z i:;%

-
=

Deploy gigawatt-scale
electrolyzers and develop
domestic supply chains

Scale up electrolyzer
manufacturing and
recycling/reuse capacity

v

g | .

Initiate supporting
infrastructure for regional
hubs

Demonstrate advanced and
efficient infrastructure
components

Develop sustainable regional
clean hydrogen networks

Initiate transition for hard to
decarbonize industries

> ﬁ Eﬂﬂqnaltﬂ

Deploy at least four regional
clean hydrogen hubs

Deploy technologies that
lower pollution and provide
resiliency

Use and expand workforce,
talent pools, and
apprenticeship programs
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Ensure 40% of benefits
accrue to disadvantaged
communities in hub regions

Demonstrate business cases
and activate private capital

2030-2035
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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

L
N9

@ Circles: Higher bound of willingness to pay

L
L

L
(%]

L%
=

!

AMMONIA  ENERGYSTORAGE N Nel I‘EA 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
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Strategy 1: Target High-Impact Uses of Hydrogen

U.S. DEPARTMENT OF ENERGY

Opportunities for Clean Hydrogen

Across Applications

50 v Additional Demands
Power-to-Liquid Fuels
m Methanol
40 Blending in Natural Gas for Heat

m Steel _

m Biofuels
30 B Trucks
B Ammonia
Refining and petrochemicals

20

?’iii;iiiiii
) :/// .
0

2030 2040 2050

Million Metric Tons H, per Year

Clean Hydrogen Use Scenarios

 Catalyze clean H, use in

existing industries (ammonia,
refineries), initiate new use
(e.g., sustainable aviation fuels
(SAFs), steel, potential exports)

Scale up for heavy-duty
transport, industry, and energy
storage

Market expansion across
sectors for strategic, high-
impact uses

U.S. Opportunity:
10MMT/yr by 2030, 20 MMT/yr by 2040, 50 MMT/yr by 2050

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

MMT H,/year

Range of Potential Demand for

Clean Hydrogen by 2050

. Core Range of Estimates
Additional Scenarios

18
16
14
12
10

o N Ok o0

Transportation Biofuels &  Industry Blending Grid
PtL Fuels

* Corerange: ~ 18-36 MMT H,
* Higher range: ~ 36-56 MMT H,

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

Nee;ﬁc;r_saﬁic_ign_t i_n;re_as_tr:l Etar;_ _ _152'_/0 _______ i
Public awareness/understanding _ 17%

Need for technology advancements _ 1%
Lack of incentives for companies _ 8%

Competing technologies

Safety concerns

6% Over 3,000 participants at DOE

Lack of suitable end uses - 5o, 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

ENERGY

)earthshots | Hydrogen

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 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 mCO2TES
: . 5140 Fuel
5 W Capital Costs B Variable OZM
® Fixed D&M 51.20 B Fixed O&M
— N B Capital
T 4 I 5100
¥ ¥
= X S 5080
3 T
=
= g 50.60
w2 50.40
8
50.20
' o0
0 Baseline Optimized

* Reduce electricity cost, improve
efficiency and utilization

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

*2020 Baseline: PEM (Polymer Electrolyte Membrane) low volume capital cost ~$1,500/kW, electricity at $50/MWh. Pathways to targets include capital cost <$300/kW by 2025, < $150/kW by 2030 (at scale). Assumes S50/MWh in
2020, $30/MWh in 2025, $20/MWh in 2030

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE 20

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

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




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/kwW

100k/yr

@ 3$80/kW

Production Cost
(electrolytic hydrogen)

I $7/kg*
S5/kg*
$ s

$4.50/kg * (Potential for
I <84/kg, based on
$3.50/kg *

latest analysis,
pending final

review)**

@ 51/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)

u $21/kWh

10k/yr

] $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 1V, 5.6 kg Hydrogen Storage System)

Cost Drivers:
o Other Tank
Compressors, Chiller, Components __
. 10%
Dispenser and Storage

Vinyl Ester Resin
4%

Hydrogen Fueling Station Levelized Cost

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

Carbon fiber
52%

34%

Chiller
14%

S 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”

. ws G4 n o Examples of Stakeholder and RFI Input

X .
i S -
Regional Clean Hydrogen Hubs D& @ lﬁﬁ

Pacific Northwest

P S
. Y Y

9 0 a o°0 0 0 New England
—— —— EE— |
Clean : -C-lean .
hydrogen Connective Snaderinen
;uducers infrastructure :
P@ EEE located in close runsume;
proximity EEEE
Regional . Industry,
resources and power,
feedstocks [; " transportation,
. buildings
o e S = B .
Foundational Enablers:
= Workforce development = Stimulating private sector investment
*  Safety, codes, and standards *  Meaningful stakeholder engagement
*  Policies and incentives *  Energy and environmental justice
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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 ~

Industrial Sites
Auminum ® Lime L
e s e, 3
i . T Licia il Mapping industrial
F Il n .
i B S sites to CO, sources
Iran and Steal @ Ttanium Dioxide 4
Lead ® Zic ® and demands can
help identify
CO, Sources (kt/year) . .
. . . industrial clusters
: L * o
1250013000 $ for potential
3000.01 - 6250 - -
> 6250 . ’ decarbonization
i hubs
CO, Sink Demand (kt)
500
250

0.0 L -

Adapted from Carbon Capture and Utilization in the Industrial Sector | Environmental Science & Technology (acs.org)
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubs.acs.org%2Fdoi%2F10.1021%2Facs.est.7b01723&data=05%7C01%7Cvanessa.arjona%40ee.doe.gov%7Cb5c4f13689064215ecf408da475c9cd0%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C637900760360918925%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=zcMHOO89X1FYxnUy84MS6Ysuct8krcYIDFCqOxj3naI%3D&reserved=0
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Program Enabled Accomplishments

m Technology-to-Market Market Uptake

30 Technologies Commercialized "'Vdmgei'; fthl 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. 700
DOE-cost By Industry

in hydrogen and fuel cell _
. Fuel Cell Catalysts Hydrogen Tube Trailers shared
technologies O\ o
through HFTO funding NN American-made
from Labs, '”d”_StrV and I PR TR e e T G i small-scale hydrogen refueler
Academia N Electrolyzers Hydrogen Tanks TR f‘
— = . M . * Exported
35% from B to Japan
- - T i Y e '.i * Uses
N at I o n a I La bs Electrolyzer System PEM Electrolyzer System Q;Tﬁtriumrﬁ::ﬁi—l;; electr()IySiS

Praton 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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LPO

Loan Programs 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 s gt
carbon black reactor and storage facility
technology, Monolith E N E RGY STO RAG E capable of providing
is a pioneering clean long-term seasonal
hydrogen and carbon energy storage.

HALLAM NEBRASKA utilization project.
r

DELTA, UTAH ¢
LOAN GUARANTEE:

CONDITIONAL
COMMITMENT

FINANCED BY
U.5. DEPARTMENT OF ¥ lP’

LOAN GUARANTEE:

CONDITIONAL
COMMITMENT

FINANCED BY i
s r— O | 1FO ENERGY
$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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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.



Examples Promoting DEIA, bridging academia, labs and industry

Tommy Rockward, Scientist, Los Alamos National Lab (LANL) § LANL and Pajarito Powder Establish Collaboration
Advancing Diversity, Equity, Inclusion, & Accessibility (DEIA) with Minority Serving Institutions (MSlIs)

-~ Lead for Minority Serving Institution
= Partnership Program (MSIPP) at LANL. —
| Has mentored over 100 minority
students, enabling fuel cell jobs

AJARITO |

INCREASE YOUR Featured with others in February’s spotlight
H IQ in celebration of Black History Month!
hyd SN And view Oct 6, 2022, webinar for more.

Funding for MSIs and Historically Black Colleges and
Universities (HBCUs) to join HFTO consortia

‘ A“‘dd&‘l B, »,

DOE Announces $1.5 Million to Train the Next-Generation
Hydrogen Workforce | Department of Energy

Pajarito Powder and LANL host Industry day
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https://www.energy.gov/eere/fuelcells/articles/doe-announces-15-million-train-next-generation-hydrogen-workforce
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Example of DOE-funded Project in Disadvantaged Community

EERE HFTO project with CTE for UPS Fuel Cell Delivery Vans in Ontario, CA

AR G TH il T
iy S ailrrwire B 3.5 ramsdie e 35508 L i

38 AL
[T

Disadvantaged
~ community location”

Goal: Demonstrate 15 fuel cell trucks (up to 125-mile range)
Project impact per year: Savings of

* 285 metric tons of CO,e

* 280,000 grams of criteria pollutants

* 56,000 gallons of diesel

Key Accomplishments and Status:
* 15 trucks built with validation testing complete on 10.

* Third party inspection soon to be completed on remaining trucks
* Operations have begun in disadvantaged community out of UPS
Service center in CA. Vehicle deployment is beginning soon.
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H2 Twin Cities 2022 Winners Announced!

‘ l
D D%
_ S € ,f"
3 i
= \ - :

>H- * Announced at COP27
on Nov 16 by US DOE

Sec. Granholm in
H2 Twin Cities 2022 Wlnners Annou nced collaboration with UK,
Connecting Communities Around the World to Deploy Clean Hydrogen Solutions Japan and CEM H2I

— -

AR

H2 - TRANS - PACIFIC Team Hydrogen is Here! Team  [isidiiiiniven

To be launched early
Mentor-Mentee Cities Sibling Cities 2023 and to focus on

Lancaster, CA (US), County of Hawaii, HI (US), Aberdeen (UK) and Kobe (Japan) Mentor-Mentee
and Namie Town (Japan) partnerships

Learn more about the winners: www.energy.gov/eere/h2twincities/h2-twin-cities-2022-winners
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Call to Action: Join the Center for Hydrogen Safety!

FU]I DAHEH'I‘AI.
AI C h E S HYDROGEN SAFETY
The Global Home of Chemical Englneers CENTER FO’R CR EDE'PM-
Hydrogen Ppacific Northwest I IYd rog
Council NATIONAL LARORATOR | SAFETY New Hydrogen Safety
h Credential!
ysaf.e Composed of 7 fundamental

hydrogen safety e-courses,
including:

* Properties & Hazards
» Safety Planning

Over 90 members from industry, government, and ' ISVStem.Operat'O.“
* Inspection & Maintenance

academia—and growing!

www.aiche.org/CHS
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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

1ed

% CLEAN

'\,JMINISTFRIAI

"'! INITII—‘-.TIVE

MI MISSION
-2 INNOVATION

LENTER FOR }'}(ﬁ:’a"’é“}_’}’#'—— CLEAM HYDROGEN

drogm 1

onnecting a a Glokal |CﬂmmJn|t¥'

@, - » B PRHYDE pRE!LH\f

The International Partnership for
Hydrogen and Fuel Cells in the Economy

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

Glasgow
ek v H, Production Analysis (H2PA)
To facilitate international trade
.;. Common analytical framework for
H GHG emissions footprint

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

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

T Hpbag a1y
ke Frd [ .

e
o

U.S. DEPARTMENT OF ENERGY
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IPHE Early Career Network
Calling all hydrogen-enthusiast STUDENTS ¢

(undergraduate & graduate), POST-DOCS, and EARLY ng,Z‘égZ‘L%znﬁ”{ff'ﬁ'm
. : apar [; 5
CAREER PROFESSIONALS worldwide! Carnade” South Korea CHHE, .
Uniteo States of z‘%zeg(ca
Connect with peers, mentors, scientific researchers, South Afi-ica 00 777"

g Vietram
7 ermartlf Spain
Be /y!‘ﬂgggeafag ‘y /)a'

Zortuanl E Sweden
" Australia /VOI;‘ oy
it Argentina Y
’g’q i

Walta
230+ members from
37 countries

industry professionals, and policymakers!

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

www.iphe.net/early-career-chapter

A A

2022-2023 Leadership Team



Resources and Opportunities for Engagement

@) edrthshots ) Hydrogen Save the date! Hydrogen and Fuel Cells Day

H2 Matchmaker

2023 DOE Annual October 8

Merit Review and Peer| - Heldon hydrogen’s 1

ORIy SO ver '
¢ e . . y own atomic
g o s o N Evaluation Meeting welght.day

- 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 e 2o  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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