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DOE H2 Storage Program Contacts

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

Ned Stetson – Program Manager

202-586-9995

ned.stetson@ee.doe.gov

Grace Ordaz

202-586-8350

grace.ordaz@ee.doe.gov

Jesse Adams

720-356-1421

jesse.adams@ee.doe.gov

Katie Randolph

720-356-1759

katie.randolph@ee.doe.gov

Vanessa Trejos
Support contractor

202-586-5153

vanessa.trejos@ee.doe.gov

Zeric Hulvey
ORISE Fellow

202-586-1570

zeric.hulvey@ee.doe.gov

John Gangloff
ORISE Fellow

202-586-7009

john.gangloff@ee.doe.gov
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• Background on the DOE H2 Storage Program

• Organization of the DOE H2 Storage Program

• The Lab Consortium Approach

– HyMARC

– Hydrogen Characterization Research Team Effort

• Why are we here today

– Core/Enabling Lab Capabilites

– Existing lab capabilities to complement current team efforts

Outline
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Mission and Focus

Advanced Hydrogen Storage technologies are critical for successful
commercialization of hydrogen fuel cell technologies

To enable and accelerate the successful commercialization of 
hydrogen fuel cell technologies through development of 
advanced hydrogen storage technologies able to cost-effectively 
meet application performance requirements.

Light-duty fuel cell electric 
vehicles 

High-value, non-automotive 
applications

• Primary focus 

• Driving range of at least 300 miles without 
compromising passenger and cargo space or 
vehicle performance

• Cost & performance targets established in 
consultation with automotive OEMs

• Secondary Focus

• Support advancement of FCEVs:

• Infrastructure / supply chain development 
(e.g., material handling equipment)

• Leverage prior DOE-supported R&D

• Targets for MHE and portable power 
established with stakeholder input
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Current State of H2 Storage Technologies

Initial commercialization occurring with compressed H2 storage

H2 fuel cell electric vehicles have arrived!

• 70 MPa onboard storage

• Type IV composite overwrapped tanks

• Driving range: 265-312 miles*

• 70 MPa refueling infrastructure being 
deployed in certain geographic areas

* Ranges based on EPA estimates for 2016 model year vehicles: https://www.fueleconomy.gov/feg/fcv_sbs.shtml

H2 fuel cell forklifts/pallet jacks 
successfully commercialized
• 35 MPa onboard storage

• Type I/III/IV pressure vessels

• Performance benefits over battery forklifts

• 35 MPa refueling infrastructure deployed, but 
at a premium over battery charging
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70 MPa System Performance

70 MPa compressed hydrogen storage has theoretical limitations 
that prevent it from meeting all onboard targets

While performance 
meets many 2020
targets, certain targets 
still remain a challenge:

• System cost

• Volumetric Density

• Gravimetric Density

• Fuel Cost

• WtPP Efficiency
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Dual strategy to address near and long-term needs

Near-term – address cost and performance of 70 MPa H2 storage;
Long-term – develop advanced technologies with potential to meet all targets
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Hydrogen Program Organization

Program organized to address near and 
long-term technology development

Designated Lab core/ 
enabling capabilities
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Hydrogen Program Organization

Program organized to address near and 
long-term technology development

Designated Lab core/ 
enabling capabilities
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Physical Storage

Going forward: leverage other CGS activities;
focus on aspects unique for onboard H2 storage

Current Activities (FY2016):
Compressed Gas Storage:
• ORNL – low-cost precursors
• Materia – alternative resin and manufacturing
• PPG – alternative glass fibers
• CTE – conformable pressure vessels
• CTD – graded construction (SBIR Phase II)
• SNL – alternative materials for BOP

Cold/Cryo-compressed
• PNNL – Synergistic system design – 200 K operation
• LLNL – Cryo-compressed (pump and system eval.)

Going forward:
• Leverage IACMI for system design and manufacturing
• Focus on unique features for H2 storage:

• Low-cost precursors/alternative fibers
• Conformable designs
• Sub-ambient storage
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Designated Lab core/ 
enabling capabilities

Hydrogen Program Organization

Program organized to address near and 
long-term technology development
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Materials System Engineering

Guide future material development efforts through leverage of 
system models and “reverse engineering” to material properties

Current Activities (FY2016):
System Model Validation and Dissemination:
• NREL – lead on HSECoE model maintenance
• SRNL – sorbent and MH model validation/modifications
• PNNL – chemical hydrogen model validation/modifications

System Engineering
• SRNL – systems for UUV applications

Going forward:
• Continue to evolve models to benefit R&D community
• Apply system engineering to near-term applications
• As new materials are developed:

• Evaluate performance through framework models
• Refine materials property requirements
• Develop optimized designs to benefit new materials
• Build prototypes and evaluate new materials in systems
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Designated Lab core/ 
enabling capabilities

Hydrogen Program Organization

Program organized to address near and 
long-term technology development
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What’s needed for hydrogen storage materials development, 
is an approach that is:

•Smarter
•Better
•Faster

DOE Hydrogen Storage Program 2016 and beyond

A more intelligent approach for hydrogen storage materials
development to meet system performance requirements
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The Consortia Approach

Annual funding competitions to generate fresh innovative ideas

Core Lab Team

University
&

Non-Profit
Industry

National 
Lab

Core lab team:
• Foundational science for hydrogen storage 

materials development
• Develop resource tools for the R&D 

community:
• Computational methodologies
• On-line databases
• Synthetic protocols

• Knowledge disseminated through core lab 
team to the R&D community

Individual Projects:
• Selected through FOAs/Lab Calls
• Investigations focused on specific 

innovative materials
• DOE provides support to demonstrate 

feasibility, a prerequisite for obtaining 
longer-term support

• Innovation through competition 
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• Synthetic, Computational and 
Characterization Methodologies

Complementary
Lab Capabilities

The Hydrogen Storage Consortium Model

RolesConsortium Framework

Hydrogen Storage 
Characterization Resources 

PNNLNREL

LBNL NIST

• Characterization Resources
• Validation of Performance
• Validation of “Theories”

• Characterization Method 
Development

• “User-facility” for 
HyMARC/FOA projects

 

1 
 

Executive Summary 

 

The Lightweight Materials Multi-Lab Consortium (“LightMat”) will create an enduring industry-

DOE laboratory ecosystem to increase U.S. competitiveness in manufacturing and reduce the 

time from development to deployment of advanced materials by 50% within five years. 

 

To accomplish this goal, the LightMat Consortium will create a network of unique and 

accessible technical capabilities existing within the DOE National Laboratories (the National 

Lab Capability Network) that are highly relevant to industrial needs in lightweight materials, and 

provide unprecedented ease-of-access to the National Lab Capability Network through a single-

point-of-contact, the LightMat Concierge.   

 

LightMat will establish Lab Expert Teams from each participating National Laboratory and 

network these groups via the Concierge to rapidly deliver technical capabilities, data storage & 

management, and technology transfer & agreement support to the industry partner.  Using this 

approach, LightMat directly overcomes the major perceived impediment to U.S. companies 

working with DOE National Laboratories: the excessive complexity and time required to identify 

R&D capabilities and formalize teaming agreements. 

 

PNNL’s expertise in lightweight materials technology, its nationally recognized ability in 

working with industry, and its experience in managing multiple national, multi-laboratory 

programs qualify PNNL for managing the LightMat Consortium. In concert with DOE, PNNL 

will be responsible for identifying the lightweight materials capabilities of the participating 

laboratories, establishing the cross-lab concierge service and its online presence, developing the 

data aggregation tools, and overseeing the technology transfer process.  

 

 

 

FOA 
Projects 

HyMARC Consortium

HyMARC
Director

Direct 
Work

• Material development tools
• Foundational R&D
• Computational modeling 

development
• Synthetic/characterization 

protocol development

• Guidance to FOA projects

• Database development

SNL

LLNL

LBNL
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Hydrogen Materials – Advanced Research Consortium 
(HyMARC)

All future Hydrogen Storage Materials Development
efforts will be coordinated with HyMARC

HyMARC
HyMARC Lab Core Team:
• SNL/LLNL/LBNL
• Coordinated basic and applied R&D to understand the phenomena 

of hydrogen interactions with materials related to hydrogen storage
• Create tools for use by the materials R&D community to develop 

tailored hydrogen storage materials

Going forward:
• Funding opportunities to select individual projects to work with the 

HyMARC Lab Core to develop specific materials
• Funding opportunities to select individual projects to supplement the 

capabilities of the Lab Core Team

2014/2015 FOA Projects:
• HRL – boron-based materials
• Ardica/SRNL – alane production
• Caltech – C-sorbents from graphene
• UMich – best-of-class MOFs
• TAMU – new MOFs
• Ames Lab – Si-based borohydrides
• LLNL/SNL – Mg(BH4)2
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Materials Characterization Resources

Consolidating world-class materials characterization capabilities
as a ready resource for DOE H2 Storage R&D projects

Current Activities (FY2016):
Materials characterization resources consolidated under one 

umbrella – NREL to be the overall lead
Material Characterization Core/Enabling Capabilities:
• NREL – sorption characterization, measurement 

methodologies/protocols, variable temp. TC
• NIST – neutron methods (diffraction, scattering, PGAA, 

imaging and interpretations of data)
• PNNL – advanced NMR & microscopy (EMSL), calorimetry
• LBNL – DRIFTS, surface area measurements

Going forward:
• Characterization team to be a resource for H2 Storage 

Program projects
• Characterization team to be resource to validate material 

property claims for the DOE
• Characterization team to help validate various theories, e.g., 

spillover, binding of multiple H2 per metal center
• Inclusion of other capabilities may be possible through future 

funding opportunities
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• Development of tools for materials discovery
– Computational methods based on foundational R&D

– Synthetic methods development for morphology/defect control

– Characterization method development to understand hydrogen interactions

• Guidance to the individual projects
– Computational materials design

– Compositional modifications

– Morphology control

• Database development
– Computational methods

– Material properties

The Role of the HyMARC Core Lab Team

HyMARC Core Lab Team accelerates hydrogen storage materials development 
through foundational science and rapid transfer of information
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• Selected through FOAs and Lab Calls on periodic basis

• Materials discovery projects
• Focused on specific materials/materials classes

• Work with the Core Lab Team

• Access to the Characterization team resources

• Demonstrate concept feasibility for funding support beyond Phase I

• Complementary capability projects
• Provides access to unique capabilities to supplement core lab team

• Characterization, synthetic and computational capabilities

• Resources to complement, not duplicate those of core lab team

HyMARC – Individual Projects

FOAs/Lab Calls to provide stream of innovative ideas to the consortium
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H2 Storage Program Lab Capabilities Matrix

Identifying and establishing key lab core and enabling capabilities
for the H2 Storage Program
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• Accelerate the rate of hydrogen storage materials 
development

• To be able to rapidly identify concepts that have potential 
from those that do not have potential

• Establish a suite of capabilities as resources to benefit 
program supported R&D efforts

• Avoid difficulties for non-lab partners to access lab 
resources

• Target is to complement the current team efforts, NOT 
duplicate the capabilities

Complementary Capabilities

The program cannot afford to continue to make long-term commitments 
to material development efforts that will not meet the needs
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•Smarter
•Better
•Faster

• Coordinated basic and applied R&D
– Foundational research for better understanding phenomena

• Computational methods to guide materials development
– Less Edisonian approach to materials development

• National lab capabilities as a resource for R&D projects
– Eases access and takes the guess work out of it

• No long-term commitment without demonstrated feasibility
– Better use of funding and resources, stimulates innovation

DOE Hydrogen Storage Program 2016 and beyond

A more intelligent approach to develop hydrogen storage materials
to meet system performance requirements
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Thank you
Dr. Ned Stetson

Program Manager, H2 Storage
Fuel Cell Technologies Office

ned.stetson@ee.doe.gov

hydrogenandfuelcells.energy.gov

mailto:Sunita.Satyapal@ee.doe.gov
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