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Power System

Even H, storage systems with > ~1.2 wt.% and <~5.5 wt.% gravimetric
system capacity open up an exciting design space.
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Concluding Remarks

Progress towards DOE’s Fuel Cell and H,-storage targets for
light-duty vehicles enables other high-value applications and this
design space warrants mapping and possible further exploration
and development

It is important to understand how fuel cell and H,-storage
technology systems scale with power (acceleration) and energy
storage requirements (endurance, range). Ask for weight and
volume over a range for sensitivity studies and mapping.

Multi-scale System Modeling is an efficient method to gauge
performance of fuel cell and H,-storage systems in practical
applications.

Advanced battery chemistries are in development that encroach
into the fuel cell + H,-storage system design space.

Off-ramps can be expected to have different targets than the
existing 18 targets that need to be met simultaneously for light-
duty vehicle applications.
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Questions and suggestions?

This presentation does not contain any proprietary, confidential, or

% United Technologies otherwise restricted information
Research Center



http://deniselefay.wordpress.com/2010/08/23/got-a-question/question-mark-man-120x-2/

Resources

L. Klebanoff, J. Pratt, T. Johnson, M. Arienti, L. Shaw, and M. Moreno,
Analysis of H2 Storage Needs for Early Market Non-Motive Fuel Cell
Applications, Transportation Energy Center, Sandia National Laboratories,
SAND2012-1739, March 2012:

Fuel Cell and Hydrogen Energy Association (FCHEA):

Canadian Hydrogen and Fuel Cell Association (CHFCA):

DOE FCTO:

International Partnership for Hydrogen and Fuel Cells in the Economy:

UK Hydrogen and Fuel Cell Industry:
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http://prod.sandia.gov/techlib/access-control.cgi/2012/121739.pdf
http://prod.sandia.gov/techlib/access-control.cgi/2012/121739.pdf
http://prod.sandia.gov/techlib/access-control.cgi/2012/121739.pdf
http://prod.sandia.gov/techlib/access-control.cgi/2012/121739.pdf
http://www.fchea.org/
http://www.fchea.org/
http://www.chfca.ca/
http://www.chfca.ca/
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://energy.gov/eere/fuelcells/fuel-cell-technologies-office
http://www.iphe.net/index.html
http://www.iphe.net/index.html
http://www.ukhfca.co.uk/
http://www.ukhfca.co.uk/

Resources

= Hydrogen and Fuel Cells 2 Joint Undertaking:
= http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-
fch-2-ju-under-horizon-2020-launch-activities-and-f
Office of Energy Efficiency & Renewable Energy:
= http://energy.gov/eere/office-enerqgy-efficiency-renewable-energy
International Energy Agency:
= hitp://www.iea.org/openbulletin/

United States Driving Research and Innovation for Vehicle efficiency and
Energy sustainability (U.S. DRIVE):

= http://www.uscar.org/guest/partnership/1/us-drive
Pathways to Commercial Success:

= http://energy.gov/sites/prod/files/2014/09/f18/pathways 2013.pdf
Association for Unmanned Aerial Vehicle Systems International:

= http://www.auvsi.org/home
UAV Market Space, Inc.

= DD WV 5 Bre Samalin R HAEShBE FoRtalh Ary proprietary Cantdential or

% United Technologies otherwise restricted information
Research Center



http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://www.fch-ju.eu/news/fuel-cells-and-hydrogen-2-joint-undertaking-fch-2-ju-under-horizon-2020-launch-activities-and-f
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://energy.gov/eere/office-energy-efficiency-renewable-energy
http://www.iea.org/openbulletin/
http://www.iea.org/openbulletin/
http://www.uscar.org/guest/partnership/1/us-drive
http://www.uscar.org/guest/partnership/1/us-drive
http://www.uscar.org/guest/partnership/1/us-drive
http://www.uscar.org/guest/partnership/1/us-drive
http://energy.gov/sites/prod/files/2014/09/f18/pathways_2013.pdf
http://energy.gov/sites/prod/files/2014/09/f18/pathways_2013.pdf
http://www.auvsi.org/home
http://www.auvsi.org/home
http://www.uavm.com/uavresources/tradeassociations.html
http://www.uavm.com/uavresources/tradeassociations.html

Resources

Blake A. Moffit and R. Zaffou, Polymer-Electrolyte Fuel Cells for UAV
Applications Providing Solutions to Revolutionize UAVs, SAE International,
2012-01-2161, doi: 10.4271/2012-01-2161

O. Gonzalez-Espasandin, T.J. Leo and E. Navarro-Arevalo, Review Article:
Fuel Cells: A Real Option for Unmanned Aerial Vehicles Propulsion, The
Scientific World Journal, Volume 2014, Article ID: 497642, 12 pages

A. Mendez, T.J. Leo and M.A. Herreros, Fuel Cell Power Systems for
Autonomous Underwater Vehicles: State of the Art, Conference
Proceedings Paper — Energies .Whither Energy Conversion? Present
Trends, Current Problems and Realistic Future Solutions”.

NASA:
FuelCellWorks:

Hydropole: The Swiss Hydrogen Association:

This presentation does not contain any proprietary, confidential, or

i United Technologies otherwise restricted information
Research Center



http://www.nasa.gov/centers/dryden/research/civuav/civ_uav_index.html
http://www.nasa.gov/centers/dryden/research/civuav/civ_uav_index.html
http://fuelcellsworks.com/
http://fuelcellsworks.com/
http://hydropole.ch/en/
http://hydropole.ch/en/

Resources

Unmanned Systems Integrated Roadmap FY2013-2038,
Department of Defense, United State of America, Reference
Number: 14-S-0553

Fuel Cells 2000

USCAR:

U.S. DRIVE Hydrogen Storage Tech Team

California Fuel Cell Partnership:
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Resources

H2USA:
= http://www.h2usa.org/
Unmanned Systems Technology Magazine:
= http://www.unmannedsystemstechnology.com/
Scandinavian Hydrogen Highway Partnership:
= http://www.scandinavianhydrogen.org/
FAA:
= http://www.faa.gov/
= http://knowbeforeyoufly.org/
Unmanned Systems Technology:
= http://www.unmannedsystemstechnology.com/
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http://www.h2usa.org/
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http://www.unmannedsystemstechnology.com/
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