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Sandia’s History i

Exceptional service in the national interest
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Sandia Operates in Many Locations
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Sandia California Laboratory is a Strategic (@)
Asset

* National Laboratory
Partnerships:

o Lawrence Livermore
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S—— o Lawrence Berkeley
i L F =\ * University Collaborations-
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" provide access to world-
class minds and unique
facilities
* International Partnerships
* Industry Collaborations
e State of California —

""'slj,m@ ' leadership in energy policy
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Livermore Valley Open Campus (LVOC) ) e,

Enhance collaborations between the external world and the Labs

South campus North Campus
(SNL Facilities) (LLNL Facilities)
. : E. High
A. Cybersecurity Perfor rr%ance
Technology Computing
Research Innovation
Laboratory Center
B. Bio-tech F. Discovery
Facility Center
C. Clean Energy G. Hertz
Demonstration Hall
Field Complex
H. HPCIC
. leverages
D. Combustion proximity to
Research future
Facility Advanced
Computing
Complex

Over 250,000 square feet of office and lab space




Sandia’s Energy Program ) e

Energy Researc te & Engineered Earth Systems

Chemical, Geological, Biological, Materials, Measurement & Modeling, Energy & Water, Fossil
Computational, and Nano Sciences Energy, Biofuels, DOE Managed Nuclear Waste

lear Energy & Fuel Cycle

Commercial Nuclear Power Generation,
Nuclear Energy Safety & Security

Infrastructure

Renewable Energy, Energy Efficiency, and Grid
Modernization

Transportation Ene

& Systems

Vehicle Technologies, Biomass, Fuel Cells &
Hydrogen Technology
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Sandia’s Hydrogen Program i) dos

Hydrogen Storage

- ot Provide fundamental understanding of the phenomena
- Develop concentrated solar power for large-scale, limiting solid-state hydrogen interactions
renewable production of hydrogen ?

Hydrogen Delivery

Identify pathways for reducing cost of steel hydrogen
pipelines without compromising reliability and integrity

Hydrogen Produc

Surface chemistry
(Adsorption/desorption)
(Dissociation/assaciation) Surf?cel\nterfacei *
grain boundary

Safety, Codes and Stz Wy |
Facilitate safe deployment of hydrogen technologies ‘ kb - 4 € Fuel Cells
with science-based codes and standards \ ..
Systems Engineerin

Demonstrate innovative engineering solutions
to harness clean energy technologies

Develop new membrane systems for
enhanced electrochemical performance




FUEL CELLS TECHNOLOGY OFFICE (FCTO) and

SANDIA’S HYDROGEN CAPABILITIES

Chris San Marchi
Hydrogen Program Manager
Distinguished Member of the Technical Staff




History of Hydrogen Sciences at Sandia i) i _

Core mission to support the nuclear deterrent
Enabling science and engineering for energy programs =TT
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Core Hydrogen Capabilities ) S,

* Hydrogen behavior and risk evaluation (QRA)
o Turbulent Combustion Laboratory

 Compatibility of materials in high-pressure hydrogen
o Hydrogen Effects on Materials Laboratory (HEML)

* Solar thermochemical hydrogen (STCH) production
o National Solar Thermal Test Facility (NSTTF)

e Storage materials discovery and development

o Hydrogen Materials — Advanced Research Consortium

* Membrane synthesis and development
* Infrastructure scenario and technoeconomic analysis
* Solid-state hydrogen storage system engineering

 Hydrogen Fueling Infrastructure Research and Station
Technology

o Hydrogen Station Equipment Performance (HyStEP) device
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Hydrogen Science is Key to Developing Predictive ) i,
Engineering Tools for Safety, Codes and Standards
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Making Science Accessible through Integrated Tools ) e
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Develop integrated Apply quantitative risk Deve.lop .a.nd validate
methods and hni scientific models
laorithms assessment techniques '
alg : to accurately predict
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QRA &Ing &Y etc.
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International Leadership in Materials Compatibility (i)

Laboratories

Enables Innovation of Hydrogen Technologies

§ 1\I str;inHarda;cd313L1' 2
Develop test methods P AN - -
e[\ v | v 20°C,10MPaH, [
= SN b A ccteawak] o %
$gL W 3
= X 2
? e \\e"o\‘\ g E
o < s ‘fﬁ ‘Q\ :
Performance-based testing g =
S a=f Qe ]g®
(compatibility) o froasmror VS Ponse

1e+03 1e+04 1e+05 1e+06 1e+07
Cycles to Failure

Understanding physics of hydrogen
embrittlement

Bulk interaﬁn«n}/'
H — H

Hydrogen-assisted
H fracture 4H

Predictive models

System validation
(suitability)

Mechanics



Large-Scale Renewable Hydrogen Production using (i) i

Solar Power Leads to a Sustainable Energy Future

Two- step thermochemical water-splitting cycle
: " MW scale concentrating solar

reactor/material discovery and
models characterization

producing hydrogen
t”"j. :"-J .
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power facilities provide heat for o] FTRGEET
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Reactor
construction and

operation Two-step
metal oxide cycle

The challenge is to develop efficient and scalable solar-powered
reactors up to 100,000 kg/day




Early Hydrogen Market Demonstrations (1.

Hydrogen Fuel Cell Mobile Light Tower
* /Zero emissions
e Quiet alternative to mobile diesel power

for Maritime/Ports
* Quiet deployable power
* Containerized, clean power

Zero Emission Hydrogen

Passenger Ferry (study)
* Green transportation over water

Multi-use hydrogen station
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Sandia’s Hydrogen & Fuel Cells Program

Providing the science and engineering to accelerate the deployment of clean
and efficient hydrogen and fuel cell technologies
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costly due to Sandia’s scientific and technical leadership




