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Technology Roadmap

Hydrogen and Fuel Cells

International
Energy Agency
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Some Key Findings:

* Hydrogen is a flexible energy carrier that can
be produced from any regionally prevalent
primary energy source. Moreover, it can be
effectively transformed into any form of energy
for diverse end-use applications.

*  Hydrogen with a low-carbon footprint has the
potential to facilitate significant reductions in
energy-related CO, emissions and to contribute
to limiting global temperature rise to 2°C.

*  While the potential environmental and energy
security benefits of hydrogen and fuel cells in
end-use applications are enticing, the
development of hydrogen generation, T&D and
retail infrastructure is challenging.

The great benefits & challenges are recognized world-wide
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New Material Innovations for Clean Energy 2X Faster and 2X Cheaper

U.S. Department of Energy

j> ? Energy Materials Network

Computational
Tools

Coordinated resource network with a suite of
capabilities for advanced materials R&D
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we're all in this together

accelerating pathways to affordable, industrial scale renewable H,




U.S. DEPARTMENT OF Energy Eﬁ:ICIenC.y &

The EMN Overarching Vision ENERGY | renewavie Eneroy

Fuel Cell Technologies Office | 6

industr
i

CLEAN ENERGy pu

» EMN creates a nexus of
product development framed by end-use process & manufacturing requirements industry, government, &
fEngectae laboratory stakeholders
with resources focused on
qualification accelerating materials
innovation into products

systems
integration

» Invites industry pull in

development of specific
design &t clean energy products to
componen

development ‘exercise’ and expand the
network

optimization

Spanning discovery through deployment in enerqgy applications
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ADVANCED WATER SPLITTING ENERGY MATERIALS NETWORK FRAMEWORK

analytical framework

TARGETS: <$2/kgH, <5 kg CO,/kg H,
major contributing factors
technology materials theory,
benchmarking, EMN EMN computation,
demonstration and . synthesis and
industry bridge top-level system parameters & metrics bridge characterization
system conversion efficiency system lifetime
engagement materials costs manufacturing at-scale  carbon mitigation resources
P technology-specific multi-level parameters & metrics T
representing tradeoffs among top-level system parameters and critical SC lentrﬁc
P ull to establishing requirements for functional- and balance-of-system materials push

materials requirements

technology-specific functional materials properties and metrics

including thermodynamic, kinetic and structural properties of the active materials, structures and interfaces

essential to water-splitting reactions and processes

technology-specific balance-of-system materials properties and metrics

including thermodynamic, kinetic and structural properties of the materials, structures and interfaces

in the balance-of-system in the water-splitting reactor

Water-splitting materials RD&D within a technoeconomic framework
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»To build a robust community of
practice of stakeholders in
advanced water splitting
technologies for viable large-scale
renewable hydrogen production

»To lay the foundations for an
Energy Materials Network
consortium to accelerate
commercialization of clean and
sustainable hydrogen production
from water

Mahalo for joining in this critically important endeavor!
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getting organized for two busy days of work

Thursday, April 14, 2016 Room Eriday April 15 2016 Room
800 am [Check-in [outide 8:00 am  [Check-in outsde
Ciubhouse Clubhouse
Ballroom Balliroom:
Renewable Hz Production and the Advanced Water Splitting EMN Renewable Ha Production and the Advanced Water Splitting EMN
830 am |[Welcome and Mission Overview, Eric Miller, DOE 8:30 am  [EMHN Framework Examples, Meha Rustagi, DOE
840 am [he DOE Hydregen and Fuel Cells Program, Sunita Satyapal, DOE 850 am  nnovative Demonstration Flatforms: Clubhouse
. e Ballroom
2:55am  Motivational Talk on Renewalble Fuels: Former Acting Under Secretary of | Clubnouss Blectrolysis: Bryan Fivovar, NREL
Energy, Arun Mojumdar, Stanford University Ealeem PEC: Frances Houle, JCAP/LBNL
925 am  Motivational Talk on the Energy Materials Metwork (EMN]: Deputy STCH: To”V_MCan'EL_SNL
lssistant Secretary for Transportafion, Reuben Sarkar, DOE 920 am  Breakout Session Insiructions
950 om  [Coffee Break = = =
Breakout Session on Demeonstration and Benchmarking Platforms
Framing Analysis for Applied Materials RDLD in Advanced Water Splitting 930 am  [Breakout Session I Innovative Benchmarking/Demonsiration Platforms | Becholysis
10:05 am [fechnoeconomic Studies & Cverarching Hz Cost Targets *  For each of the three fechnology areas, suggest a redlistic near-ferm Clupnouss
Brian James, Strategic Analysis Inc. Clumnouse demensiration platforms to: serve as a materials benchmarking foof rﬂﬂ
Ball " ; " S By :
10:25 am |ifecycle Analysis & Overarching GHG Emission Targets alreem under fechnology-specific operating conditions; and provide o cardinal
N X pathway for advancing TRL and MRL for attrocting potential indusfry
lwmgad Elgowainy, Argonne MNational Lab imvestars Room
Breakout Sessions on Framing Analysis and Critical Materials Metrics Z':“i
press
10:45 am  Breakout Sessions Instructions for AE, PEC and STCH Groups Clupnouss Lounge
- - el 11:00 am [Lunch Fickup and Return to Full Assembly
11:00 am Lunch Fickup [ Assemble into AE, PEC & STCH Breakout Groups
- . — 11:30 am  Bession lll Report Outs and Panel Discussion
11:30 am Breakout Session |2 Analytical Framewonc: System and Components Heclrolysis:
< Clubhouse - -
fAstrics saliroom Breakout Session on EMN Resource and Gap Mapping
e Share informatfion about existing TEA and LCA case sfudies =
s+ |ldenfify standardized processes for fechnical and economic inputs and Car\.:lir'al 12:45 pm [Breakout Session [V: EMN Gap & Rescurce Mapping Eleciolysis]
assurnpions . B scom s Populate g rescurce map of state-of-the-art toals in materals theory, Clupnouse
* FRecommend refinements fo FCTO MYRDAD FLAN metrics SToH oar computation, synthesis, characterization, analysis and benchmarking ~ |2alicom |
& Idenfify needs for further studies and analysis i relevant to establishing an advanced water splitiing EMN consortium, ZE?‘;. |
B - arginal
115 pm  |Coffes Break and devefopng."er‘.ﬂed.FOA ?.opucs ) ) foam
»  Perform gap analysis of imporfant resouwrces for the EMN consorfium Ton
1:30 pm  Breakout Session |1 Crifical Materials: Performance Parameters and Hecirolysis: Cypr\;_,ss
pietrics Clubnouse e
» |Identify pathway-specific crfical materals (e.g.. cafalysts, separators, :Egr?:om 2:30 pm |Coffes Break
absorbers, heat-fransfer media, funcfional interfaces...] cardinal
s |denfify appropriate materials RD&D metrics and targets fisd fo Room Group Re-assembly and Workshop Wrap Up
owerarching TEA and LCA requirements STCH: Dak
o Identify crifical resource needs in benchmarking mafedals against East 245 pm  [ession IV Report Ouls and Panel Discussion of Synergistic Opportunities
mefrics
400 pm  Wrap-up and Path Forward
Group Re-assembly and Day One Wrap Up Clubhouse
r i Ballircom
345 pm  Bessions | & Il Report Oufs & Panel Discussion of Cross-Cutting Synergies | Slubhouss 430 pm  Adjoum
Baliroocm
530 pm  Adjoumn

Thank You all for participating!
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