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H2@Scale Vision

Making, moving, storing,
and using hydrogen, which
embodies the goals of
carbon-free electricity
resources and generation,
by 2035 and a net-zero
energy system by 2050.
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NREL’s FCHT
Strategy is Focused
on Accelerating
Progress & Impact

Energy justice and
American jobs are
considerations that
underlie all these efforts.

©

NREL Research Spans
MAKE/MOVE/STORE/USE

=50

Make Move Store Use
R&D on Advanced Infrastructure Hydrogen Storage Hydrogen
Production Research & Materials and Penetration into
Technologies Large-Scale Systems Research Heavy-Duty
Demonstration Transportation
and Deployment Sector

Expanding Green
Hydrogen Into New
End-Use Cases

NREL | 3
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NREL's Flatirons Campus grows * Hydrogen infrastructure construction progresses at

capability to de-risk large-scale Flatirons Campus

deployments (~100MW) « All major sub-systems now installed: Nel Hydrogen 1.25
h h Il | lidati MW PEM electrolysis system, 600 kg ground storage

through smaller scale valication system, hydrogen compressor, Toyota 1 MW PEM fuel

(1-5MW) with analysis to cell generator, and 3.7 MW integrated cooling system

eXtraPOIate to Iarger systems * Engaged with HFTO on electrolyzer capability expansion

Photo by Dennis Schroeder, NREL 62283
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Electrochemical

Characterization Ink Composition and Optimization Roll-to-Roll Manufacturing

e —

MEA integration Performance Evaluation

Ink Composition and Optimization

Electrolysis and Fuel From Powders to Power

Cell Research
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As the first facility of its kind,
NREL’s heavy-duty hydrogen
fueling station opens the door
to new frontiers in hydrogen
storage and fueling research.

Innovating High Throughput Hydrogen Stations (IHS) Project « 75.9 kg fill in 5 min 43 sec with

NREL researchers have successfully demonstrated high-flow-rate mass flow rates of 13.2 kg/min
hydrogen fueling into a heavy-duty (HD) vehicle system using state-of- average and 23.6 kg/min peak (91-
the-art capabilities at NREL's Energy Systems Integration Facility as part 97% SOC) — All 9 HDVS tanks

of the Advanced Research on Integrated Energy Systems environment.

Photo by Joe DelNero, NREL 68245
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Partnerships Key
for Larger Impact

Funding doubled
from FY20 to FY 21

35 new strategic
partnership projects
in FY22

$23.7M total value
(S7.4M cash to
NREL)

Academia

Industry

Recent Agreements in the News

September 2022: Fortescue Future Industries, SSOM
over 10 years

October 2021: Electric Hydrogen, $3.6M over 3 years



This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable
Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. The views

expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.

Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S.

Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the & “
published form of this work, or allow others to do so, for U.S. Government purposes.
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Hydrogen-CCS
Value Chain

Brian J. Anderson, Ph.D.
NETL Director
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The National Energy Technology Laboratory

CHNOLOGY

Organization Shapshot LABORATORY

MAJOR INITIATIVES A

+ Decarbonization & Carbon + Integrated Energy & * On? of three applied research
Management Industrial Systems national labs

Driving innovation and delivering
solutions for an environmentally
sustainable and prosperous energy

future: + Environmentally Sustainable + Advanced Data & Computing +  Government owned
Supply Chains Solutions for Applied Energy & operated
» Ensuring affordable, abundant and Challenges

» 1000+ R&D projects in 50 states

« $5.0B total award value
3 RESEAR H“. LABS &2 __STRATEGIC OFFICES . $1.28 FY22 budge

reliable energy that drives a robust
economy and national security, while

» Developing technologies to manage
carbon across the full life cycle, and

» Enabling environmental sustainability
for all Americans.

— Fossil Energy & Carbon Management
— Energy Efficiency Renewable Energy:
— Electricity

— Cybersecurity, Energy Security, &
Emergency Response

— Manufacturing, & Energy Supply
Chains

—  Grid Deployment

To be the nation’s premier energy
technology laboratory, delivering
integrated solutions to enable
transformation to a sustainable
energy future.

— Clean Energy Demonstrations

. U.S. DEPARTMENT OF 1

ENERGY 0




Innovation Across Hydrogen Value Chain N=]|nATONAL

TL TECHNOLOGY
Technology Accelerator LABORATORY
Production Transport & Storage Utilization
Solid oxide Advanced Microwave- Sensors forreal- | Operability of Hydrogen and
electrolysis of natural gas enabled modular time pipeline SOFCs with ammonia gas
water for reforming and ammonia monitoring and engrteg;qi?gms coﬁrl?:;ﬁon
hydrogen gasification with production from hydrogen gy sy

Incticatos o
[ . Evanescent
* Fiold

Distributed Fiber Optics : . i coLri‘Zilsrg;IfalZ?g b(;fc "
50 kW Chemical NETL’s ReACT Laboratory Sensors for temperature, Hybrid Performance with increasing H2
Looping Reactor strain, gas chemistry, pH, Cyber-Physical Test content in natural gas
corrosion, and acoustic i g
Multi-scale SOEC vibration Facility

Strategic Systems Analysis

DEPARTMENT OF

10/19/2022




Scaling H, Technologies with Systems Analysis N=|NanonaL
TL TECHNOLOGY
LABORATORY

TEA/LCA

* NETL has developed Tech
numerous tools to assist with e
managing the hydrogen
value chain, from
production, to tfransport and
storage, to utilization, and for
carbon emission SR

management. Assessment

H, Pipeline Cost
Model

 These fools assess:

+ Techno-economic and Design/
life-cycle analysis technology Optimizatio

* Economic analysis
* Resource availability
+ System design and optimization

ICTHEREY Utilization €0,
Storage Management

Production

Many tools are publicly available

Number of tools within Fewer W More 0

ponring Hy Ivestron
planning H, Investment -

U.S. DEPARTMENT OF

'ENERGY




Optimizing Subsurface Storage VS
T Leveraging CO, Transport & Storage Capabiiies for fydrogen LV Lo)IASORATORY

~,
S
CO, and H: Infrastructure Literacy ,’ CO, & H, Transport CO, & H, Storage S

Leveraging CO, Transport & Storage Capabilities for Hydrogen

U.S. storage capacity of formations
(saline, salt and depleted wells) with
economic implications
H, under development (2023)

A coordinated update of carbon
capture and storage (CCS) potential
across the United States

How fo grow a hydrogen economy
in a region — Appalachia (2022):

Also assess Appalachia H,costs in geologic
ethane storage reservoir

?@’Q\ U.S. DEPARTMENT OF

) ENERGY

FECM/NETL CO, Transport
Cost Model

Publicly Available:

Tool to calculate the
technical performance
and costs of transporting
CO, by pipeline

FECM/NETL Hydrogen
Pipeline Cost Model
(H2_P_COM)

And accompanying models
Near completion

FECM/NETL CO, Saline
Storage Cost Model

Publicly Available:

H, Subsurface Storage
Cost Model
Under development

Demonstrate CO, and
H, Subsurface Risks
via EDX:

CO2 Price (201851]
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https://netl.doe.gov/carbon-storage/riskintegration/publications#collapseFE0031888
https://netl.doe.gov/energy-analysis/details?id=6c82cedf-a2a9-48f0-b0c8-af4eba87e51d
https://edx.netl.doe.gov/nrap/
https://netl.doe.gov/energy
https://netl.doe.gov/energy-analysis/details?id=543
https://netl.doe.gov/energy-analysis/details?id=2403

Revitalizing America’s Energy Communities N=|NAToNAL

NETL’s Role in the Interagency Working Group on Coal & Power Plant
Communities & Economic Revitalization

TL TECHNOLOGY
LABORATORY

Clean-Up
Environmental Damage

Community, Stakeholder Deliver Quality Jobs

Engagement

. DEPARTMENT OF

775 Delivering Federal Resources to Help
: ' Revitalize America’s Energy
R "

% ¢ e
" Communities

S195B+

Value of Open/Planned

Opportunities
Open/Planned Agencies Opportunities w/
Opportunities Represented no cost share

$135B+ in Bipartisan Infrastructure Law funding in Clearinghouse



Brian J. Anderson, Ph.D.
NETL Director
brian.anderson@netl.doe.gov

Nathan T. Weiland, Ph.D.
Senior Fellow and Hydrogen Lead
nathan.weiland@netl.doe.gov

VISIT US AT: www.NETL.DOE.gov
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- Addressing the world’s most pressing challenges
through research, development, and demonstration

VISION MISSION VALUES

INL will change the Discover, demonstrate and Excellence, Inclusivity,
world’s energy future secure innovative nudear Integrity, Ownership,
and secure our critical energy solutions, clean Teamwork, Safety.

infrastructure. energy options and critical

infrastructure.

IDAHO NATIONAL LABORATORY



- Shifting the energy paradigm through innovative integrated
energy systems research, development & deployment
Nuclear Energy

Generation Lok roét%:af:t?ggy
(Light water reactors, s : / (Variable

small modular reactors, renewables, municipal
microreactors, etc.) waste, etc.)

|
m Hydrogen for

Biofuel ' vehicles and industry

New chemical - -
processes  Cleanwater  Industry

IDAHO NATIONAL LABORATORY



Enabling commercial developers to operate,
verify, and validate fully integrated high-
temperature electrolysis module performance

IDAHO NATIONAL LABORATORY



Hydrogen creates new opportunities for the existing
commercial fleet and for future advanced reactors

Constellation: Nine- Energy Harbor: Xcel Energy: Pinnacle Northwest
Mile Point Plant Davis-Besse Plant Prairie Island Plant Hydrogen
* H, production * H, production * H, production * Project award in discussion
beginning in 2023 beginning in 2024 inning i
g gi ginning i . beginning in 2024 - 20 MW, PEM
* NEL Hydrogen PEM * 2 MW Cummins * Bloom Energy HTE Electrolysis
module PEM module modules

* H, storage for gas turbine
combustion test

A wRs | (@esce ‘ LINREL * SaguroNGeG pan
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- Converting the INL fleet to hydrogen
and electric vehicles is essential to
achieve net-zero by 2031 S AchEs

H, ELECTROLYZER o | A

W sy 4 | MILLION MILES DRIVEN
j e/ EACH YEAR

GALLONS OF
FUEL USED
EACH YEAR




ldaho National oborotory

Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE’s strategic goal areas: energy, national security, science and the environment.




	NREL: Driving Hydrogen Advancement
	H2@Scale Vision
	NREL’s FCHT Strategy
	ARIES Hydrogen Expansion
	Electrolysis and Fuel Cell Research�
	NREL achieves record HD FCEV fueling rates
	Partnerships Key for Larger Impact�
	Thank You

	NETL: De-Risking the Hydrogen-CCS Value Chain
	The National Energy Technology Laboratory
	Innovation Across Hydrogen Value Chain
	Scaling H2 Technologies with Systems Analysis
	Optimizing Subsurface Storage
	Revitalizing America’s Energy Communities
	Thank You

	INL: U.S. Research Labs Driving Hydrogen Advancement
	Addressing the world’s most pressing challenges �through research, development, and demonstration
	Shifting the energy paradigm through innovative integrated energy systems research, development & deployment
	Enabling commercial developers to operate, verify, and validate fully integrated high-temperature electrolysis module performance
	Hydrogen creates new opportunities for the existing commercial fleet and for future advanced reactors
	Converting the INL fleet to hydrogen and electric vehicles is essential to achieve net-zero by 2031
	Idaho National Laboratory




