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AGENDA, 1st Workshop(1/2)
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Time (CET)Subject

13:45 Join webinar

14:00 Introduction to project

14:10 Intentions of the project ïdetailed explanations for feedback / discussion:
i. State of the Art (including surveys)

ii. General description of protocols to be developed

iii. Modelling / simulations

iv. Testing

Questions and answers

14:50 Current status regarding medium and heavy duty vehicles, including specifics on the 

hydrogen storage systems and refuellingsystem components used, also RCS requirements 

15:20 Comfort break (10 minutes) 
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AGENDA, 1st Workshop(2/2)
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Time (CET)Subject

15:30 Current status regarding refuellingprotocols for light, medium and heavy duty vehicles, 

including RCS requirements

16:00 State of the Art regarding dispensing system components 

used for medium and heavy duty vehicle fuellingstations

16:20 General Discussion / Submitted questions:

ÁAny required modifications to the plans for the project

ÁRequirements for future protocols

16:50 Summary and next steps

17:00 End
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Introduction
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ÁPRHYDE-Protocol for heavy-duty hydrogen refuelling

RefuellingProtocols for Medium and Heavy-Duty Vehicles

Á01 JAN 2020  - 31 DEC 2021

ÁThe PRHYDE project has received funding from the Fuel Cells and Hydrogen 2 Joint 

Undertaking under grant agreement No 874997. 

This Joint Undertaking receives support from the European Unionôs Horizon 2020 

research and innovation programme.
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Objective of PRHYDE (1/3)
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ÁDetermine relevant requirements for HDV fuelling - in particular with regards:

-to driving range, 

-fuelling time, 

-tank sizes, 

-average kg/fill, 

-SoC, and

-customer impact, particularly taking the commercial boundary conditions of typical HDV operators 

into account
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Objective of PRHYDE (2/3)
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ÁDetermine limitations and gaps of current fuelling hardware capability (for HDV):

-Capability of state-of-the-art nozzle and receptacle to achieve the flow required for HDV and 

potential gaps

-Capability of state-of-the-art vehicle data collection and communication hardware to achieve 

sufficiently reliable data collection and communication of vehicle data to station and potential gaps

-Consider how a potential HDV fuelling protocol is to navigate and transition from current state-of-

the-art component capability to a future required capability/norm 
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Objective of PRHYDE (3/3)
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ÁDevelop concept(s) for HDV fuelling protocol(s)

ÁValidate the impact of HDV fuelling protocol(s) concept(s) on achieving key metrics 

(temperature and pressure) on the vehicle side

-through tank refuelling simulation with simplified model and CFD approaches 

-through experimental validations on fuelling of tank(s) at station(s).

ÁFormulate recommendations (outcome of project) for HDV fuelling protocol(s) for use 

in relevant standardization forums ïwith the aim of eventually achieving 

standardization.
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PRHYDE project partners

9

No. Participant organisation name Short name Country

1 
Ludwig-Bölkow-SystemtechnikGmbH

(Coordinator)
LBST DE

2 ZentrumfürBrennstoffzellenTechnikGmbH ZBT DE

3 Air Liquide SA AL FR

4 Engie Lab CRIGEN ENGIE FR

5 Toyota Motor Europe NV TME BE

6 ITM Power (Trading) Limited ITM UK

7 NEL Hydrogen AS NEL DK

8 Shell Deutschland Oil GmbH SHELL DE

9
Commissariat ¨ lô®nergie atomique et aux 

énergies alternatives
CEA FR

10 Nikola Motor Company Nikola USA

Third linked partners: MAN and Toyota North America 
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Work plan

WP2 ðState-of-the-art & specification

WP3 ðProtocol development

WP4 ðSimulations

WP5 ðExperimental validations

35MPa

50MPa

70MPa

WP6 ðRecommendations and dissemination

WP7 ðProject coordination

Iterative 

process

P

WP2: Defining state-of-the-art on protocols, vehicles and component 

capabilities, gap analysis of current protocols, Specifying (new) tank categories, 

boundary conditions (flow temperature, connections etc.) target fueling times 

and quantities for the three pressure levels

Outcome: A detailed specification guiding the following

protocol development and test efforts

WP3: Develop protocol approaches for the three pressure levels 

Outcome: Protocol approaches for simulations (WP3) and test (WP4)

WP4: Modeling and Simulations of tank systems/categories to determine 

flow/temperature/pressure aspects

Outcome: Simulation results in order to assess impact of different 

protocol approaches

WP5: Experimental validation of protocol approaches at HRS(s)

Outcome: Validation of technical feasibility of protocol approaches

WP6: Formulate recommendations for standardization forums and dissemination

Outcome: Specific recommendations that can help create 

international standards on HDV hydrogen fueling 10
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Work plan ðworkshops 
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Your inputs 

Áfrom the surveys, 

Áthis 1st workshop and

Áfurther comments / inputs 

will be reflected and 

discussed in 

The 2nd workshop on 

23 April 2020

24th MAR 20

MAR / APRIL 20

APRIL 20

~SEPT 20

~ JUNE 2021
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Intentions of the project 
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ÁRunning order:

Subsection Presenter Slides

WP2 Paul Karzel Included

WP3 Claus Sinding Included

WP4 Fouad Ammouri Included

WP5 Antonio Ruiz Included
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WP2 SoAand specifications
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ÁObjectives

WP2 has as an aim to review the current state of art, set targets for future protocols 

and to perform a gap analysis between the status quo and the requirements of future protocols.
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State of the Art  - High Level Introduction
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Current refueling protocols are insufficient for use in heavy duty applications, as they do not support:

ÁFills to the required amount of hydrogen

Most refueling protocols are limited to 10 or 30kg. 

ÁFills in the required speed / high enough transfer rates of hydrogen to the applications

The required flow rates for HD applications are just not supported by current protocols

ÁThe meeting of cost targets for hydrogen to customer

Current refueling protocols do not support the required cost decrease path to diesel parity by forcing the 

station to over-design

ÁClear but flexible criteria on how to fill an application with hydrogen

Either the protocols are too prescriptive or non-informative, such as with SAE-J-2601/2
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Work Package 3 (WP3)

ÁPurpose

-To develop technical approaches for fuellingprotocol(s) that meets WP2 spec

-Specify fueling protocol(s) for use in validation tests (WP4, WP5)

-Safety and risk assessment of fuellingprotocol(s)

-Optimization of fueling protocol(s) based on validation test results
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Work Package 3 (WP3)
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ÁFirst steps

-Standard shall not provide prescriptive protocols

-Standard shall provide process limits and guidelines on how to refueling HD vehicles.
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Work Package 3 (WP3)
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ÁAssumptions on Hydrogen Single Vessel geometry and material properties

Type III Type IV
   

Description H35 H50 H70 Unit  
Internal volume 0.350 0,531 0.350 m3 

Internal length 2.52 2.7 2.52 m 

Internal radius 0.20 0.50 0.20 m 

Liner thickness 0.005 0.005 0.005 m 

Composite layer thickness 0.015 0.022 0.032 m 

Liner material density 945 945 945 kg.m-3 

Liner material specific heat 

capacity 
2100 

2100 
2100 

J.kg-1.K-

1 

Liner material thermal 

conductivity 
0.5 

0.5 
0.5 

W.m-

1.K-1 

Composite wrapping material 

density 
1494 

1494 
1494 kg.m-3 

Composite wrapping material 

specific heat capacity 
1120 

1120 
1120 

J.kg-1.K-

1 

Composite wrapping material 

conductivity 
0.740 

0.740 
0.740 

W.m-

1.K-1 

Boss material density 7900 7900 7900 kg.m-3 

Boss material specific heat 

capacity 
500 

500 
500 

J.kg-1.K-

1 

Boss volume 0 0 0 m3 

Boss contact surface with 

hydrogen 
0 0 0 m2 

Boss contact surface with ambient 

air 
0 0 0 m2 

 

  

Description H35 H50 Unit  
Internal volume 0.350 0.50 m3 

Internal length 4.433 2.52 m 

Internal radius 0.134 0.20 m 

Liner thickness 0.005 0.004 m 

Composite layer thickness 0.010 0.017 m 

Liner material density 2700 2700 kg.m-3 

Liner material specific heat 

capacity 
1106. 1106. J.kg-1.K-1 

Liner material thermal 

conductivity 
164. 164. W.m-1.K-1 

Composite wrapping material 

density 
1494 1494 kg.m-3 

Composite wrapping material 

specific heat capacity 
1120 1120 J.kg-1.K-1 

Composite wrapping material 

conductivity 
0.740 0.740 W.m-1.K-1 

Boss material density 7900 7900 kg.m-3 

Boss material specific heat 

capacity 
500 500 J.kg-1.K-1 

Boss volume 0 0 m3 

Boss contact surface with 

hydrogen 
0 0 m2 

Boss contact surface with 

ambient air 
0 0 m2 
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WP4 simulations: to help establishing protocols 

for HD refuelling

Structure
To launch the different simulations, these elements are 

mandatory (should be defined in WP2 and 3):

ǒ Composite tank characteristics

ǒ HRS characteristics

ǒ Refuelling protocol basics

The different simulations (Air Liquide and Engie) needed:

ǒ Fast simulations (SOFIL / HYFIL) for the different refuelling 

conditions

ǒ CFD calculations in some specific cases (outside the 

applicability range of engineering models)

Validation of some modelling cases with experimental results in 

WP5
19
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SOFIL: software to estimate gas temperature & mass when 

refuelling / defueling gas tanks for safety & energy 

optimization

In-house software @ R&D Air Liquide since 2010

Validated during 

HyTransfer project

- On experimental fillings and CFD 

results

- For horizontal tanks type III/IV

Major benefits
- Quick computations (~ min)

- Precise

Simulation 

assumptions
- 0D-gas

- 1D-wall

- 2D-piping discretization

Stations

Filling Centers

Storage tanks

H2, O2, Ar,...

Mass & energy balance equations

SOFIL

Refuelling

Defueling

Refuelling 

protocols

Metallic or composite cylinder

Pressure ramp rate

Precooling  T°

Final pressure


