
Niche Application Opportunities 

Bart A. van Hassel 

United Technologies 

Research Center (UTRC), 

East Hartford, 

Connecticut, USA 

 
DOE Materials-Based 

Hydrogen Storage Summit 
Defining pathways for onboard 

automotive applications 

Golden, CO, USA 

January 27-28, 2015 

This presentation does not contain any proprietary, confidential, or 

otherwise restricted information 

1

10

100

1000

10000

0 100 200 300 400 500 600 700 800 900 1000

U
s
e
fu

l 
S

p
e
c
if

ic
 P

o
w

e
r 

[W
/k

g
] 

Useful Specific Energy [Wh/kg] 

Automotive 80 kWe

Portable Power 100-250 W

Portable Power 2 W

DOE Design Points

b
a
tt
e
ri

e
s
 

Fuel Cells 

+ H2 Storage 



This presentation does not contain any proprietary, confidential, or 

otherwise restricted information 

Acknowledgements 

This material is based upon work supported by the Energy Efficiency and 

Renewable Energy (EERE) and the Fuel Cell Technologies Office (FCTO) of the 

U.S. Department of Energy (DOE) under Contract No. DE-FC36-09GO19006. 

 

I would like to thank all members of the Hydrogen Storage Engineering Center of 

Excellence (HSECoE) and Blake Moffitt (UTRC), Rob Roy and Vern Swartley 

(UTAS) for stimulating discussions and Jesse Adams, Ned Stetson and Bob 

Bowman for their outstanding support. 

 

Disclaimer: This presentation was prepared as an account of work sponsored by an 

agency of the United States Government. Neither the United States Government nor 

any agency thereof, nor any of their employees, makes any warranty, express or 

implied, or assumes any legal liability or responsibility for the accuracy, 

completeness, or usefulness of any information, apparatus, product, or process 

disclosed, or represents that its use would not infringe privately owned rights. 

Reference herein to any specific commercial product, process, or service by trade 

name, trademark, manufacturer, or otherwise does not necessarily constitute or 

imply its endorsement, recommendation, or favoring by the United States 

Government or any agency thereof. The views and opinions of authors expressed 

herein do not necessarily state or reflect those of the United States Government of 

any agency thereof. 

 

2 



This presentation does not contain any proprietary, confidential, or 

otherwise restricted information 

Power System 
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Even H2 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 H2-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 H2-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 H2-storage systems in practical 

applications. 

 Advanced battery chemistries are in development that encroach 

into the fuel cell + H2-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? 
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http://deniselefay.wordpress.com/2010/08/23/got-a-question/question-mark-man-120x-2/
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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: 

 http://prod.sandia.gov/techlib/access-control.cgi/2012/121739.pdf 

 Fuel Cell and Hydrogen Energy Association (FCHEA): 

 http://www.fchea.org/ 

 Canadian Hydrogen and Fuel Cell Association (CHFCA): 

 http://www.chfca.ca/ 

 DOE FCTO: 

 http://energy.gov/eere/fuelcells/fuel-cell-technologies-office 

 International Partnership for Hydrogen and Fuel Cells in the Economy: 

 http://www.iphe.net/index.html 

 UK Hydrogen and Fuel Cell Industry: 

 http://www.ukhfca.co.uk/ 
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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-energy-efficiency-renewable-energy 

 International Energy Agency: 

 http://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. 

 http://www.uavm.com/uavresources/tradeassociations.html 

  
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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: 

 http://www.nasa.gov/centers/dryden/research/civuav/civ_uav_index.html 

 FuelCellWorks: 

 http://fuelcellsworks.com/ 

 Hydropole: The Swiss Hydrogen Association: 

 http://hydropole.ch/en/ 

  
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Resources 

 Unmanned Systems Integrated Roadmap FY2013-2038, 

Department of Defense, United State of America, Reference 

Number: 14-S-0553 

 http://www.defense.gov/pubs/DOD-USRM-2013.pdf 

 Fuel Cells 2000 

 http://www.fuelcells.org/ 

 http://www.fuelcells.org/pdfs/specialty.pdf 

 USCAR: 

 http://www.uscar.org/guest/index.php 

 U.S. DRIVE Hydrogen Storage Tech Team 

 http://www.uscar.org/guest/teams/19/U-S-DRIVE-Hydrogen-

Storage-Tech-Team 

 California Fuel Cell Partnership: 

 http://cafcp.org 
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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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