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Final PRHYDE Webinar (Hybrid event) | 22nd September 2022 

CET Timing (approx.) Topic Responsible

12:45 CET Join webinar (Note: webinar will start at 13:00 CET) Moderation: Martin Zerta (LBST)

13:00 CET Welcome Martin Zerta (LBST) and Christian Spitta (ZBT)

13:10 CET Introduction to PRHYDE Vincent Mattelaer (Toyota Europe)

13:25 CET WP3 – Protocol concept development Claus due Sinding (NEL)

Steve Mathison (FirstElement Fuel)

14:45 CET Break (15 mins) 

15:00 CET WP5 – Experimental validation Antonio Ruiz (Nikola)

15:30 CET WP4 – Modelling and validation Fouad Ammouri (Air Liquide)

16:00 CET
Summary of key results and outlook

Claus Due Sinding (NEL), Nick Hart (ITM), 

Steve Mathison (FirstElement Fuel)

16:20 CET Questions / Discussion All

16:55 CET Closing remarks Martin Zerta (LBST)

17:00 CET ********* End of Webinar *********

17:15 CET éLab tour (for visitors in Duisburg) Christian Spitta(ZBT)
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Key Results and future work
Claus Due Sinding (Nel), Nick Hart (ITM) & Steve Mathison (First Element Fuel)
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Key results and implications
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Paradigm Shift

ÁPrevious protocols: stacking worst case assumptions

ÁPRHYDE protocols: Using vehicle information for optimized fueling speed.
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Non-Comm fueling

ÁNon-Comm:

-Out-of-scope for PRHYDE

-Left to other Standards Development Organisations / industry groupings (e.g. SAE FCEV Interface 

Task Force and the CEP)

6
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Next steps for PRHYDE protocol

7
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Next steps for PRHYDE protocols

ÁStandardization effort

-Protocol

-Connection devices

-Communication

ÁInterim Protocol

ÁHigh Flow Testing

ÁModel for generating t-final values

ÁOther findings

8
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Standardization effort – Protocol(s) development

ÁPRHYDE protocol input to development of ISO 19885-3

ÁISO/TC 197: Hydrogen Technologies

ÁSCOPE: Standardization in the field of systems and devices for the 

production, storage, transport, measurement and use of hydrogen.

- Secretariat: SCC (Standards Council of Canada)

- Current Chair: (from 2022) Tetsufumi Ikeda (Japan)

- 18 published standards

- 17 standards under development

- 30 participating members

- 12 observing members

- https://www.iso.org/committee/54560.html 9

https://www.iso.org/committee/54560.html
https://www.iso.org/committee/54560.html
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Standardization effort – Protocol(s) development

ÁPRHYDE protocol input to development of ISO 19885-3

ÁISO/TC 197 fuelling protocol project underway:

ÁGaseous hydrogen -- Fuelling protocols for hydrogen-fuelled vehicles (allocated number ISO 19885)

ÁFurther information available in ISO/TC 197 document N1193

Á3 year project (commenced early 2021), Project Leader: Jackie Birdsall (Toyota), Convenor: Antonio Ruiz (Nikola)

ÁThree parts:

-ISO 19885-1: Design and development process for fuelling protocols

-ISO 19885-2: Definition of communications between the vehicle and dispenser control systems

-ISO 19885-3: High Flow Hydrogen Fuelling Protocols for Heavy Duty Road Vehicles

ÁNote: Contact your national standards organisationto find out about getting involved
10
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Standardization effort – Protocol(s) Development

ÁDiscussions and decisions to make as to what is communicated from vehicle to station:

ÁTo implement the PRHYDE protocols, examples of information could include:

-t-final:

o Option a) Vehicle communicates a single t-final table

o Option b) Vehicle communicates two rows of t-final values from a t-final table (above and below Tamb)

o Option c) Vehicle interpolates t-final on Tamb and communicates a single row of t-final values (vector)

-Parameter to identify the use of Tgas Throttle (all other fueling concepts operate the same)

o TgasThrottle = TRUE or FALSE and SelfAdjust = TRUE or FALSE (along with Tgas_target , a, b)

-All other parameters required (RT, FC, MP, Tgas_high , Tgas_max , Pmin )

11
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Standardization effort – Protocol(s) Development

ÁDiscussions and decisions to make as to if, and what, information is communicated from station to vehicle:

ÁTo implement the PRHYDE protocols, examples of information could include:

-NWP

-Protocols Available

-Tamb

-Pinitial

Decisions on what information is to be communicated, and how, to be made following discussion in appropriate 

Standards Development Organisations

12
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Standardization effort – Communications

ÁAdvanced communications outside the scope of PRHYDE, but the team assumed that reliable communications existed to 

properly transmit/receive data

ÁExisting IRdA system is likely insufficient for PRHYDE protocols due to amount of data and significant use of dynamic 

data from vehicle

-Multiple vehicle specific Tfinal tables need to be transmitted from vehicle to station

-Tgas Throttle uses real-time CHSS tank temperature throughout fueling

ÁWork on advanced communication by different groups around the world

ÁSignificant discussion occurring in ISO TC/197 WG24 (ISO 19885-2)

13
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Standardization effort – Connection Devices

ÁHigh flow connection devices are needed to implement fueling protocols for heavy duty vehicles

ÁPRHYDE modeling showed that pressure drop of these components have an impact on CHSS temperature and fueling 

speed

ÁThere is development work (unrelated to PRHYDE) being done on medium/high flow connection devices

-Japan is working on a medium flow (peak flow rate 90 g/s) system based upon existing LDV nozzle

-High flow (peak flow rate 300 g/s) nozzle assemblies being worked on by two industry groups

ÁSignificant discussion on these components are occurring in ISO/TC 197/WG 05 (ISO 17268) 

ÁOnce available, these will facilitate the implementation of heavy duty fuelling protocols such as those developed in the 

PRHYDE project

14
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Interim protocol

ÁRoadblock: Timeline for upgraded connection devices and communication

ÁSolution: Interim protocol

SAE Interface Task Force has proposed new document, SAE J2601-5, to provide guidance on MC Formula HF General 

Purpose (MCF-HF-G). Key differences between PRHYDE and MCF-HF-G:

- t-final tables stored in dispenser PLC

- t-final tables derived on conservative consensus-based CHSS assumptions

- Multiple t-final tables based on CHSS volume + largest vessel volume.
15
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Standardization effort – Protocol outlook

ÁRecommendation: Relative timelines between parallel fuelling protocol standardisation activities

16
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Interim protocol

ÁConflict having interim in SAE and final PRHYDE protocol in ISO?

ÁISO and SAE in talks of content-sharing.

17
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Testing high flow H2 fueling

(presented as part of WP5)

18
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Model for generating t-final values

19
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Model for generating t-final values

ÁDevelop and validate industry-accepted model:

-e.g. NREL H2FillS

ÁProof-of-concept:

-Have an OEM or multiple OEMs go through the 

complete process of t-final derivation to confirm 

that it is described adequately and clearly

-Conduct experimental testing to verify the 

derived t-final tables

-Use the above to develop a validation process 

which can be standardized
20
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Other findings

21
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Other findings: OTV (specifically temperature sensor) 

compatibility with tank

ÁRequirement

ÁOTV gas temperature shall resemble the 

averaged Thermo-Couple Tree (TCT) gas temperature.

ÁObservation

During some tests gas temperature measured by On-Tank 

Valve (OTV) was impacted by incoming pre-cooling gas to 

a degree it follows the dispenser fuel temperature.

ÁPotential issue

As most CHSS utilize only one temperature sensor inside 

the tank, this observation should raise concerns for even 

existing fueling protocols: SoC calculation becomes very 

inaccurate.

Example: OTV gas temperature followed averaged TCT gas temperature. 

Example: OTV gas temperature followed dispenser fuel temperature 22
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Guidance for Vehicle OEMS and CHSS Designers / 

Suppliers

ÁAchieving good mixing in the tank and minimizing temperature stratification

-Through PRHYDE and other projects (e.g., HyTransfer), learnings and best practices should be communicated 

and assembled into guidance that is then provided in relevant fueling protocol and CHSS standards.

o Consideration of the tank L/D ratio

o Consideration of injector geometry, minimum flow velocity, tank-wall flow impingement, T-sensor location, etc.

ÁUtilization of simplified 1D / 0D fueling models (such as SOFIL, HyFill, H2FillS, etc) for t-final derivation

-The t-final tables need to account for any issues remaining following the measures above.

o e.g. under certain conditions, where the temperature sensor is not representative of the bulk-average fuel 

delivery temperature, utilizing a more conservative Tgas_max in t-final derivation

ÁThe inherent benefits of qualifying the CHSS to be robust to gas temperatures above 85 C

-Some of the above issues can be diminished or even eliminated by qualifying the CHSS to be robust to higher 

gas temperatures (e.g. 95 C)
23
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Q&A Guidelines

ÁQuestions can be asked via Teams (Q&A section) and during live 

workshop (in person).

ÁTeams:

-Please use Q&A section of Teams.

-Selected Questions will be forwarded and read out during in-person 

Workshop. 

-We will collect all questions and answer them after the Webinar. 

ÁIn-person participation:

-Please wait for the microphone before start speaking 

(so that webinar participants can also hear you).

-Please say your name and company.
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Martin Zerta

LBST

Susanne Goeritz

LBST

Christopher Kutz

LBST

Coordinator of the project

Ludwig-Boelkow-Systemtechnik GmbH, Daimlerstr. 15 - 85521 Munich - Germany 

https://www.lbst.de / coordinator@prhyde.eu

PRHYDE contact details: Email: info@prhyde.eu;          Project website: https://prhyde.eu/

Contact: PRHYDE coordinator team
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PRHYDE – Protocol for Heavy-Duty Hydrogen Refuelling

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now 

Clean Hydrogen Partnership) under Grant Agreement No 874997. This Joint Undertaking 

receives support from the European Union’s Horizon 2020 Research and Innovation programme, 

Hydrogen Europe and Hydrogen Europe Research.

Please note: Further linked third partner to the project are MAN and Toyota North America. 

We also thank the following companies and institutions for their contribution to the project 

(in alphabetical order): 

Bennet Pump, Daimler, FirstElement Fuel, Hexagon Purus, Honda, LifteH2, Luxfer, National 

Renewable Energy Laboratory (NREL), National Technology & Engineering Solutions of Sandia, 

LLC (NESS), Risktec, Savannah River National Laboratory (SRNL) and TÜV SÜD Rail. 

PRHYDE: 

Á Project lifetime: January 2020 - September 2022

For further information about the project, see https://prhyde.eu

Á Project coordinator: 

Ludwig-Bölkow-Systemtechnik GmbH

Martin Zerta, Christopher Kutz, Susanne Goeritz

Daimlerstr. 15 - 85521 Munich - Germany 

https://www.lbst.de

Á Contact: info@prhyde.eu

Á Acknowledgement:

Members of the PRHYDE Consortium:

https://prhyde.eu/
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