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Project Goal

The overall vision of this project is to provide ownership and support for maintaining 
existing material-based hydrogen storage systems models. This includes making 
models accessible to the research community through a public web page and updating 
and enhancing storage systems models to support material developers in assessing 
their materials relative to DOE vehicle-level targets. Key elements for FY24:
• Continue to update and enhance existing models for broader application and user-

friendliness.
• Develop tools to evaluate the performance of hydrogen storage materials developed 

under HyMARC activities or other fundamental hydrogen storage materials discovery 
research.

• Expand the application of current hydrogen storage models beyond light-duty vehicles 
to include medium-, heavy-duty, and mining vehicles and stationary application(s).  

• Develop models for alternatives, such as LOHCs, to material-based systems (liquefied 
& gaseous H2) and compare for various mobile and stationary use cases.

2



Overview
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Timeline
• Start: October 1, 2015
• End: September 30, 2024*

Budget
• Total DOE Funds Received to Date**: 

$2,907,000
o FY16 DOE Funding:  $336,000
o FY17 DOE Funding:  $389,000
o FY18 DOE Funding:  $375,000
o FY19 DOE Funding:  $275,000
o FY20 DOE Funding:  $255,000
o FY21 DOE Funding:  $497,000
o FY22 DOE Funding:  $260,000
o FY23 DOE Funding:  $235,000
o FY24 DOE Funding:  $285,000

Partners
• National Renewable Energy Laboratory (NREL)
• Pacific Northwest National Laboratory (PNNL)
• Hydrogen Materials Advanced Research 

Consortium (HyMARC)

*Project continuation and direction determined annually by DOE
**Since the project started



Potential Impact – Addressing Barriers with Models
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Barriers Model Addressing Barrier
A. System Weight and Volume Sizing Tools
B. System Cost Tank Volume/Cost Model
C. Efficiency Framework Model

    - Onboard Efficiency
 - Fuel Economy

E. Charging/Discharging Rates Framework Model
Refueling Model

I. Dispensing Technology Framework Model
    - Initial and Final System Conditions
Refueling Model

K. System Life-Cycle Assessment All Models



Approach
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A collaborative effort to manage and enhance existing hydrogen storage 
system models and develop new models to support material developers 
in assessing their materials relative to DOE vehicle-level targets
• Transfer knowledge from vehicle-level system engineering studies to future materials 

research.

• Manage the hydrogen storage system model dissemination within the HyMARC web page.

• Manage, update, enhance, and validate the modeling framework and the specific storage 
system models developed for metal hydrides, adsorbents, and chemical hydrogen storage 
materials.

• Develop models that will accept direct materials property inputs and can be measured by 
materials researchers. 

• Ultimate Goal: Provide validated modeling tools that researchers will use to evaluate the 
performance of their new materials in mobile and stationary applications relative to the 
available DOE Technical Targets.  



Approach – Improving Model Utilities for Materials Researchers

6

Modeling Framework

DOE Technical Targets
Gravimetric and Volumetric Capacity
Durability and Operability
    Operating Temperature and Pressure
    Onboard Efficiency
Charging/Discharging Rates
    Start-up
    Refueling

Materials 
Research
H2 Capacity
Thermodynamics
Kinetics
Adsorption Isotherms

Isotherm 
Fitting Tool

Stand-Alone 
System Design 
Tools

Dubinin-Astakhov 
Parameters

Component and 
System Mass and 
Volume

Estimated Gravimetric 
and Volumetric Capacity

Stand-Alone 
Values

Available at 
https://www.hymarc.org/models.html 

Vehicle 
Models

Vehicle Models
Light-Duty Vehicle
Medium-Duty Vehicle 

(Class 4/6)
Heavy-Duty Vehicle    

(Class 8)

https://www.hymarc.org/models.html


Approach – Modeling Tools Available or In Progress
Framework Model with:
• Physical Storage UTRC/NREL
• Compressed/Cryo-Compressed H2 SRNL/NREL 
• Chemical Hydrogen (CH) PNNL/NREL
• Adsorbent (AD) SRNL/NREL 
• Metal Hydride (MH) PNNL/NREL
• Liquid Hydrogen (LH) PNNL/NREL
Stand-Alone System Design Tools:
• Adsorbent (AD) SRNL   
• Chemical Hydrogen (CH) PNNL  
• Metal Hydride (MH) PNNL 
• Compressed/Cryo-Compressed H2 SRNL
• Liquid Hydrogen (LH) PNNL/NREL
Additional Tools/Models:
• MH Acceptability Envelope (MHAE) SRNL
• Tank Volume/Cost Model (Tankinator) PNNL
• AD Isotherm Fitting Tool SRNL
• MH Refueling Model PNNL
• Round-Trip Efficiency Estimator PNNL

FY23-24: Incorporate the CH-LOHC model into the 
framework model
FY24:  Inclusion of passenger train and a stationary 
application.
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FY23-24:  Expand CH model to catalyzed LOHC
FY24: plan to release CH-LOHC model

FY23-24:  Release Tankinator 4.0 

Note: Updates in blue text



Accomplishments and Progress – Tankinator Published
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• Tankinator 4.0 was released in FY23
• “Methods for Estimating Hydrogen Fuel 

Tank Characteristics” published
– Describes the design philosophy and 

analytical process of the tank 
characteristic estimation methodology 
(spreadsheet calculation tools and 
system-level analysis tools)

– Each of the three tank types (type I, type 
III, and type IV) uses a different analysis 
methodology with some common 
elements.

– Provides examples of implementing the 
methodology to perform parametric 
studies of all three pressure vessel types.



Accomplishments and Progress – Expanding Chemical Hydrogen Model to LOHCs
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Fixed bed continuous flow 
catalytic dehydrogenation reactor 

• Expanded the CH Stand-Alone System 
Design Tools to include the capability of 
using Liquid Organic Hydrogen Carriers 
(LOHCs)
– Tested for various LOHCs and 

corresponding catalysts, including 
methylcyclohexane, H18-dibenzyl-toluene, 
ethylene glycol, and ethanol.

– Supported SNL/SoCalGas team for the 
initial fuel selection for a hydrogen-powered 
train application

– Incorporated with the Vehicle Framework for 
LD/MD/HD vehicles

– Identified challenges and needs for further 
improvement

• Plan to release a CH-LOHCs model in FY24



Accomplishments and Progress – Vehicle Framework Graphical User Interface

10MD: medium-duty, HD: heavy-duty

Passenger Train Added 
Alongside Light Duty, 

Medium Duty, Heavy Duty, 
and Mining Truck

Model uses 
MATLAB/Simulink 2022b



Accomplishments and Progress – Model Website Analytics: 
Activity (July 1, 2023–September 30, 2023)
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Activity every week; 77% of sessions 
were by new visitors 

(New web configuration analytics 
stopped tracking in late August)



Accomplishments and Progress – Model Website Analytics:
Web Flow (July 1, 2023–September 30, 2023)
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• Starting on HyMARC or Models page

• Models page had 2nd highest number of sessions 
by the 2nd interaction



Accomplishments and Progress – Model Website Analytics: 
Locations (October 1, 2023 – March 15, 2024)
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Model download registration by country shows 
global interest from India, South Korea, Morocco, 

China, Italy, UK and others



Accomplishments and Progress – Model Downloads
 (through March 15, 2024)
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MODEL Total Totals 
AMR2023

Additional through 
FY24 Q2

H2 Storage Tank Mass 
and Cost Model 825 675 150

MHAE Model 356 285 71
MHFE Model 426 350 76
Vehicle Simulator 
Framework Model 625 502 123

CH System Design 
Stand-Alone 430 332 98

Adsorbent System 
Design Stand-Alone 397 315 82

MH System Design
by Usable H2

346 263 83

MH System Design by 
System Volume 315 225 90

Most downloads are for Tank Mass and Cost 
Model and Vehicle Simulator Model



Collaboration and Coordination
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Organization Relationship Type Responsibility

NREL Team Member National Lab Update website and framework

PNNL Team Member National Lab Chemical hydrogen and catalytic LOHC 
modeling

SNL-SoCalGas Material 
Research

National Lab/ 
Collaboration LOHC data

HyMARC—PNNL Material 
Research

National Lab/ 
Collaboration LOHC data
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DEIA/Community Benefits Plans and Activities

• This project did not have a Diversity, Equity, Inclusion, and 
Accessibility (DEIA) plan or Community Benefits Plan (CBP)
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Proposed Future Work – FY24 Milestones and Next Steps

Deliverable Due
FY24-Q1 Improve LOHC models in the Vehicle Framework for LD/MD/HD 

vehicles. Complete

FY24-Q2 Provide update on web portal activity—web site hits and time on 
site, web site use location and model downloads. Complete

FY24-Q3 Develop reactor model for chemical hydrogen storage materials 
based on catalytic liquid organic hydrogen carriers (LOHCs). 6/30/2024

FY24-Q4 Storage System Modeling:  Develop and integrate at least 2 
mobile and/or stationary applications into the Vehicle Framework 
and demonstrate its use with adsorbents, MH, chemical 
hydrogen and liquid H2 storage

9/30/2024

Any proposed future work is subject to change based on funding levels



Summary
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Relevance • Provide materials-based hydrogen storage researchers with models and materials requirements 
to assess their material’s performance over a range of applications.

Approach • Improve stand-alone model and framework utility by bridging the gap between the information 
generated by the materials researcher and the DOE Technical Targets. 

Technical 
Accomplishments 
and Progress

• Tankinator 4.0 and methods published in the ASME Journal of Pressure Vessel Technology
• Stand-alone tools and framework are being expanded beyond light, medium- and heavy-duty 

vehicles to mining vehicles and passenger train
• Modeling and adding CH-LOHC into the framework model
• Stand-alone tools and framework have been used to evaluate materials for HyMARC to help 

better understand the potential benefits of new materials.

Collaborations
• Project team includes NREL and PNNL
• Maintained communications with material developers from HyMARC and other academic 

institutions regarding new hydrogen storage materials.

Proposed Future 
Research

• Expand the use of models by demonstrating their utility with other storage materials, such as 
LOHCs, and vehicle class options, and compare to storage using liquid H2 and gaseous H2.  

Any proposed future work is subject to change based on funding levels
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Technical Backup and Additional 
Information



Technology Transfer Activities

• Maintaining model web portal on HyMARC site.
• Continued collaboration and outreach with industry and university partners to 

expand the application of the models.
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Technology Transfer Activities – Maintaining Model Web Portal
H2 Storage models are accessible through the HyMARC/System Models site.

https://www.hymarc.org/models.html
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https://www.hymarc.org/models.html


Publications and Presentations
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Nickolas Klymyshyn, Kriston Brooks, and Nathan Barrett, “Methods for Estimating Hydrogen Fuel Tank 
Characteristics,” J. Pressure Vessel Technol. 2024, 146, 11501. https://doi.org/10.1115/1.4063884.

 



Previous Accomplishments – Stand-Alone Sizing Routine for Mining Vehicle
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Property Units Metal Hydride Chemical 
Hydrogen Adsorbent

Material Studied -- NaAlH4 NH3BH3 MOF-5
System Mass kg 4510 3239 3146
System Volume L 4066 5645 5899
# Tanks 5 4 5
Active Material Mass kg 2260 1939 497
Active Material Volume L 2898 2179 4409
Single Tank Mass kg 350 656 409
Single Tank Volume L 580 553 1167
Tank Length m 2.0 2.0 3.0
Tank Diameter m 0.75 0.59 0.72
BOP Mass kg 500 1170 252
BOP Volume L 1167 3433 65.8



Previous Accomplishments – Liquid Hydrogen Sizing 
Routine

• Inputs
• Usable H2 or maximum 

volume
• Initial Temperature or 

Pressure
• System Power Rating

• Calculation
• Sizes multiple tanks
• Sizes vaporizer
• Total Mass and Volume
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Previous Accomplishment – Liquid Hydrogen Framework Storage Module

• Developing liquid H2 
boil-off model

• Use during dormancy 
and operations
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• HHDDT Cruise Drive Cycle
• Usable H2 = 57.91 kg
• On-Board Efficiency = 99.8%
• Distance Travelled = 467.4 miles
• Fuel Economy = 8.073 mpgge
• Very little internal heater usage—

only in early operation

Previous Accomplishment – Liquid Hydrogen Framework Storage 
Module, Heavy Duty Vehicle

LH2 achieves very high on-board efficiency
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Previous Accomplishment – Evaluation of HyMARC Storage Materials
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Previous Accomplishment – Mining Vehicle in Framework
• Metal Hydride:  Nano-Li3N (4.74 wt%)

 6179 kg System Mass
 5.4 m3 System Volume
 Number Tanks = 8
 Tank Length = 2 m
 Tank Diameter = 0.7 m
 Pmax = 100 bar
 H2 Burned = 36.8 kg

• Mining Drive Cycle:
 Average Speed = 10.4 mph
 H2 Delivered = 175 kg
 On-Board Efficiency = 95%
 Distance = 63.5 miles
 Fuel Economy = 0.34 mpgge



Sample Results
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Previous Accomplishment – Round Trip Efficiency Estimator

Inputs
Outputs

Initial values:  
-500 kg H2/day
-50 miles via truck
-2% losses

H2 carrier had lower daily operating cost due to savings in shipping 
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