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*Iistory o_f-Hydrogen Sciences at Sandia A

Sandia’s core mission to support the nuclear deterrent
has enabled science and engineering for energy programs
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" sandia’s Current Hydrogen program

Hydrogen Production Hydrogen Storage

Provide fundamental understanding of the phenomena
Develop technologies that utilize concentrated limiting solid-state hydrogen interactions

‘ solar power for large-scale, renewable production U 7 QT T—

of hydrogen (Ackorptontcesorpton)
Hydrogen Delivery i

(Dissociation/association) Surfacefinterface/
grain boundary

Identify pathways for reducing cost of steel hydrogen

pipelines without compromising reliability and integrity

diffusion
Safety, Codes and Standards oo B
Facilitate safe deplayment of hydrogen technologies a : Fuel Cells

with science-based codes and standards
Develop new membrane systems for

enhanced electrochemical performance

Demonstrate innovative engineering
solutions to harness clean energy
technologies
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- - il .
‘apabilities for Hydrogen Research and Development

Risk Assessment Solar Thermochemical

Infrastructure Research
and Statlon Technology
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‘apabllltles for Hydrogen RE‘Fch and Eevelopme E

Hydrogen Storage Matenals Fuel Cell Membranes

Infrastructure Scenario and
Techno-economic Analysis
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%apabilities for Hydrogen Resgrch and ngelopment

Thermal/Fluids Modeling and Simulation

Infrastructure for High-Performance Computing
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ent

Permeation and Thermal Desorption  Electron Microscopy-Based Expertise in
Interface Science and Material Defects

Instruments and Expertise
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B i W
Hydrogen Science is Key to Developing Predictive

Engineering Tools for Safety, Codes and Standards

Ignition of under-
expanded H2 jets o L.

Radiative properties
of H2 flames
guantified

Flame Centerline r

Buoyant jet flame model with

Barrier walls for multi-source radiation

risk reduction

Laboratory-scale

Ignition limits of
characterization of LH2

turbulent H2 flows
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Experiment and
simulation of
indoor H2 releases

Advanced laser diagnostics
applied to turbulent H2

combustion
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" Making Sci T Trteer T Tools R
aking Science Accessible through Integrated Tools
(_ application \ 4 behavior )
LIOUID WYDRoge, e E z
B —z(m 46 _4_3(?““?)4 6
Develop integrated Apply quantitative risk Deve'lop .a.nd validate
methods and hni scientific models
algorithms assessment techniques _
in real hvdrozen to accurately predict
for enabling consistent, infrastrugfcuregand hazards and harm from
logical and defensible emerging technology liquid releases, flames,
QRA etc.
\ J
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-Internatlonal Leadership in Materials Compatibility
Enables Innovation of Hydrogen Technologies

Develop test methods TR e ] ®
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Understanding physics of
hydrogen embrittlement

Predictive models

System validation
(suitability)
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B— N 4
Evaluating Materials Options and their Hydrogen
Compatibility Using Experiments and Modeling
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Station Technology (H,FIRST)

Goal: Leverage capabilities and expertise of national
laboratories to address challenges for hydrogen fueling
station deployment.

Key areas focused on include: BNREL (),
e Station Design, Status and Requirements SiFRsT)  HoUSA

e System Cost and Reliability Engineering

Comparison of
conventional vs. modular

e Station Acceptance and Qualification ESE
production vs. delivery

e Fuel Containment Detection i et o

Hydrogen Station Equipment Performance (HyStEP) —
Accelerate commercial hydrogen station acceptance by
developing and validating a prototype device to measure
hydrogen dispenser performance.

\ " — L
Hydrogen Fueling Infrastructure Research and

AHFIRST

iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

[

Today's Problem: Each OEM performs vehicle test fills to validate station

Station Accepted
HyStEP acts as FCEV

eeeeeeeeeee

Vehicle OEM 1 Vehicle OEM 2
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Station Accepted

0 surrogate; operated

by testing agency QM @_

Fill safely
Follow standards:
SAE J2601-2014 (fueling protocol)
CSA HGV 4.3 (dispenser test
method)
Test stations
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*arge-ScaIe Renewable Hydrogen Production using
Solar Power Leads to a Sustainable Energy Future

MW scale concentrating solar power provides heat for . Con?en;ratted
: solar nea

1. Metal oxide reduction o G __
. . . Il r _I
2. Oxidation with water producing H, thermal reduction: 10,
Thighl Piow II ‘

Detailed Material
reactor/material discovery and
models characterizatio

Reactor
y construction and

Two-step
metal oxide cycle

The challenge is to develop efficient and
9 scalable solar-powered reactors up to
W 2 100,000 kg/day
CPR? technology produced 2 liters
of hydrogen on simulated sun.

‘?' HydroGEN

Advanced Water Splitting Materials
H,0
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-‘Hydrogen Storage — Advancing solutions for .

materials  https://hymarc.org  ([)ER, (3 kawrence Livermore

—

Hydrogen Materials Advanced Research LT TW 9 Bl o )
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Consortium (HYyMARC) - Develop A W ti I” g bouncry

. ’ J ' : \ ’/ diffusion

fundamental understanding of the =' \
underlying phenomena limiting solid- Ry

- // 5
state hydrogen storage materials, g BRNRE il
thereby enabling breakthroughs to new | 77~

materials meeting all DOE targets.
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-Early-Market Demonstrations of Hyd&en Tech
M,

MULTIQUIP
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Hydrogen Fuel Cell Mobile Light Tower
* Zero emissions

* Quiet alternative to mobile diesel power

* Quiet, deployable power

* Containerized, clean power

Zero Emission Hydrogen
Passenger Ferry (feasibility study) REp Ry
* Green transportation over water FLE;:_ My

Ry
&%
‘l

\ (e, / * Multi-use hydrogen station
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q—llgh-speed hydrogen fuel ce|| ferry | A

Ferry concept

e (Quiet, zero-emissions

e ~150 passenger, >25 kts
e 1,000 kg/day hydrogen demand

Enables deployment of large-scale

hydrogen station —- . r 0

Greenhouse Gas Emissions from One Ferry

® > 11 2 OO kg/ d a y Ca p a C Ity Ferry with Diesel Ferry with LNG Ferry with Fuel Cell Ferry with Fuel Cell
. Engine Engine Engine with Engine with
» Cost-effective fuel for vessels, , Hydrogen from _Hydrogen from
A - h ural Las enewabile Energy
. | )
cars, buses, and trucks e e
Feasibility study I Passenger ferry

SANDIA REPORT
SAND2016-9719

limited Release
ptember 2016

fu n d e d by :e::ibility of the SF-BREEZE:

a Zero-Emission, Hydrogen Fuel Cell,
High-Speed Passenger Ferry

DOT/MARAD

These vessels “have the potential to provide the Bay Area
and the country with an entirely new green industry.”
— letter from Monique Moyer, Director, San Francisco Port

e |
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- 4 - - -
Customers and Partners
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— | w .
‘Hydrogen could enable robust integration of energy

sectors |

H, Transportation

”‘@?“'\
Ilr Managed as an integrated energy

system H, production and storage
enables:

* Sustainability (clean energy)

* Resiliency

* Reliability
Flexibility

L




H2@Scale: Conceptual Low-Carbon Energy System*

Value Added
Applications

Hydrogen/
Natural Gas

Infrastructure
Wind

— AV AVA A

Electricity

Hydrogen

A
Vehicle »
Power >
Generation %\
. \©
Synthetic |
Fuels b
Hydrogen ! ;
Solar PV Storage/ =~
Distribution Upgrading | ©
oil/ |=
Biomass

Battery

Thermal
(nuclear,
geothermal
and CSP)

Hydrogen Other Metals

Generation End Use Refining
co,

Chemical
(fossil, biomass)

*lllustrative example, not comprehensive; from H2@Scale Big Idea Concept, Pivovar et al



