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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 ðProtocol concept development Claus due Sinding (NEL)

Steve Mathison (FirstElement Fuel)

14:45 CET Break (15 mins) 

15:00 CET WP5 ðExperimental validation Antonio Ruiz (Nikola)

15:30 CET WP4 ðModelling 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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www.PRHYDE.eu

WP3 ðProtocol concept development 
Claus Due Sinding (Nel) & Steven Mathison (First Element Fuel, external expert)
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Developing a Fuelling Protocol
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Protocol development kick-off

Á2020Q1 state-of-the-art fuelingprotocols:

-SAE J2601 H70 Category D

-CEP Protocol

-Other

ÁFirst step: Set out to develop something that is not redundant with on-going parallel activities
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Need for faster fuelingof heavy duty applications

ÁWishlist a.k.aRequirements for a future refuelling protocol (D2.6) highlights:

-Faster than 60 g/s for H70 (120 g/s for H35) -> up to 300 g/s(H70)

-Enable lower pre-cooling needs(warmer fuel delivery temperatures)

-Primarily scope: 10 ï120 kg(CHSS capacity)

-Flexible to adjust to larger systems: Trains, Maritime, Aviation, etc.

6
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Interrelation: Protocol, Hardware, Comms

ÁA generic fuelingprotocol has dependencies with

a) Station-side components

b) Vehicle-side components

c) Communication between Vehicle and Station.

ÁDevelopment Phase: (a,b,c) Assumptions

ÁPublishing: Assumptions --> Requirements

Time
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Station 
Pressure

Vehicle CHSS 
Pressure

Example: Light Duty connection devices limits the H2 mass transfer 

at high ramp rates for Heavy Duty vehicles 7
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Assumptions

ÁStation-side components

-Compatible with Vehicle

-Suitable flow restrictions (Kv) and thermal properties (m*cp), based on stakeholder feedback

ÁVehicle-side components

-Suitable flow restrictions (Kv) and thermal properties (m*cp), based on stakeholder feedback

-Vehicle OEM is responsible for designing CHSS with suitable flow restrictions (Kv) and thermal properties (m*cp)

ÁCommunication

-Delivers the data needed for the developed fuelingconcepts

8
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Protocol naming

9
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Protocol types

ÁNaming the protocols based on their features:

-Level of Communication Usage

-Approachto fuelingparameters

-Approach to fuelingcontrol

10
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Types: Level of communication usage (Type 1/2/3)

11
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Types: approach to fuelingparameters (PR/PB)

12
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Types: Control (S/V)

13
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Protocol Types family tree

Potential Individual protocolsNo innovation
14
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Paths for improvements

15
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Paths for improvements

ÁFueling speed and pre-cooling requirements based on common denominators

ÁImprovements through reduction/ elimination of conservative assumptionsrelatedto:

-Volume rangesor categories

-Tank Type& # of tanksin CHSS

-Vehicle-side fuel delivery components

-Fueling history

-Initial CHSS temperature

16
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Paths for protocol development

17
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Change in philosophy

ÁOld paradigm: Worst-case assumptions and Fueling Parameters stored in Station

ÁNew paradigm: PRHYDE Fueling Concepts

-Advancements to MC Formula Framework

-Fueling Parameters stored in Vehicle

Ą Eliminates many conservative assumptions

18
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PRHYDE Fueling Concepts

19
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Current SAE J2601 FuelingProtocol Principle

High pressure bank

Reduction valve

Vehicle tank

Nozzle/receptacle

Flow

Break-away coupling

Pdisp Tdisp Vehicle tank

Vehicle tank

OTV Tank

Manifold
Pipe

hose

The station takes full responsibility.

Using most conservative values slows down the fuelling

Heat exchanger

HRS supplier has impact in order to create good fuellingKnown, but protocol 

takes most conserative 

values

Unknown. Protocol will use most 

conservative values for each individual 

component, number of tanks, size of tank 

etc...

PRHYDE eliminates the use of most 

conservative values for this part.
20
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Influence of Various Factors & Assumptions 

on LD / MD / HD FuelingPerformance

Factors / Assumptions

Influence

LD

(< 250L)

MD

(250-750L)

HD

(750-2500L)

Station fuel delivery component thermal mass & soak temperature HIGH MED LOW

Station fuel delivery component flow coefficient (pressure drop) LOW MED HIGH

Vehicle CHSS fuel delivery component flow coefficient (pressure drop) LOW MED HIGH

CHSS tank size and L/D ratio MED HIGH HIGH

Fueling History HIGH HIGH HIGH

CHSS Initial Gas / Soak Temperature MED MED MED

PRHYDE focused on designing fueling concepts which provide options for minimizing 

the effect of the most influential factors / assumptions on fueling performance
21
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Comparison of the four PRHYDE Fuelling Concepts

Assumptions / Boundary Conditions

Type 1 Type 2 Type 3

SAE J2601 Static Tgas Initial Tgas Initial+
Tgas

Throttle

CHSS Volume Categories X

Worst Case CHSS Thermophysical Properties X

Fueling History Always Present X X

CHSS Initial Temperature @ Hot Soak X X X

Worst Case Station Component Thermophysical Properties 

(breakaway, hose, nozzle/receptacle) X X X X

Station Components soaked at Ambient Temp X X X X

ü Type 1 (J2601):  No Vehicle Information used (to control the fueling rate)

ü Type 2 (PRHYDE):  Static Vehicle Information Used

ü Type 3 (PRHYDE):  Static and Dynamic Vehicle Information Used PRHYDE Fueling Concepts

22
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OEM CHSS Specific Control Parameters 

are stored as a tfinal table

T P

Χ ǘƻƎŜǘƘŜǊ ǿƛǘƘ 
assumptions for 

dispenser components

Actual CHSS Design & 
thermophysical properties 
ŀǊŜ Ǉǳǘ ƛƴ ŀ ƳƻŘŜƭΣ Χ

Fueling 
Model

A set of t-final tables are 
produced and stored in 

vehicle ECU

é and sends it to the station

The vehicle ECU selects the right tfinaltable, é

Á tfinal is the calculated by the fueling model

Á tfinal is defined as the time required to fuel the CHSS 

from a minimum pressure Pmin to a maximum 

pressure Pfinal without:

Á exceeding the gas temperature limit (typically 85 

ÁC), and

Á maximum mass flow rate (e.g. 300 g/s for H70)
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Example of a t-final table

t-final table format:  MAT values every 2 ÁC and ambient temperature values every 5 ÁC

Format = mm.m

This indicates the tfinal value in minutes

Example:

MAT = -14ÁC, Tamb = 25ÁC

Ą tfinal = 08.4

08.4

24
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Underlying basic fueling control for all PRHYDE concepts

Tfuel MATC

tfinal

PRR

Pramp
Pressure 

control

PdispTfuel Tamb

PLC

Pin

Pramp

Advanced MC Formula

Mass 

Flow 

Meter

Flow or 

Pressure 

Control 

Valve

ά

Pressure

Time

Pinitial
25

ÁMC Formula uses the inputs of Tamb, Pdisp, Tfueland mass flow rate

Á A mass average of the fuel delivery temperature is calculated (MATC)

Á tfinalis calculated from Tamband MATC and this is used to calculate PRR & Pramp
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The four PRHYDE Fuelling Concepts

If the vehicle does not communicate the protocol 

and tfinaltable, then a most conservative tfinaltable, 

stored in the dispenser will be used (i.e. Type 1).

1. Type 2 ïStatic

2. Type 3 ïDynamic ïTgasInitial

3. Type 3 ïDynamic ïTgasInitial+

4. Type 3 ïDynamic ïTgasThrottle

The vehicle will decide which protocol to use. It is the choice of the OEM.

Iôm using Tgas Initial 

protocol. Here is 

my tfinaltable

26



www.PRHYDE.eu
Final PRHYDE Webinar | 22ndSeptember 2022 

Type 2 ðStatic Fuelling Concept 

Example:

Vehicle measures PCHSS= 12 MPa

Pmin = 1 MPa Pmin = 6 MPa

P 12 MPa

E.g. table Pmin= 6 MPa is sent to the HRS

Only 2 tables stored in vehicle

It is assumed that all tanks are in hot soak condition
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CHSS hot soak 

temperature

CHSS gas temperature is not taken into account. CHSS 

temperature is assumed to be at the red hot-soak line.

Á Pmin is the initial pressure used in the 

fueling model to derive the t-final table

Á Higher Pmin values facilitate shorter           

t-final values and thus faster fueling

27
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Type 3 ðDynamic ðòTgasInitialó Fuelling Concept

Multiple tables stored in vehicle based on Pmin

E.g. Pmin= 1, 6, 11, 16, 21 MPa Ą five t-final tables

Tgasabovehot soakĄUselowerPmintable
(e.g. Tgas= 30ÁC, Tamb= 5ÁC, PCHSS= 12 MPa ĄUsePmin= 1 MPa table)

Tgasbelow hot soak ĄUse normal Pmintable
(e.g. Tgas= 20ÁC, Tamb= 10ÁC, PCHSS= 12 MPa ĄUse Pmin= 11 MPa table)

Example:

Vehicle measures PCHSS= 12 MPa

P 12 MPa

It is assumed that all tanks are in hot soak condition

Pmin = 11 MPa

CHSS gas temperatureis taken intoaccount. CHSS 

gastemperatureis usedtoscreen forfuelinghistory, whichifabsent 

allowshigherPminvaluestobeusedbasedon Pinitial.

28
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Type 3 ðDynamic ðòTgasInitial +ó Fuelling Concept

Tgasabove hot soak ĄUse lowest Pmintable
(e.g. Tgas= 30ÁC, Tamb= 5ÁC, PCHSS= 12 MPa ĄUse Pmin= 1 MPa table)

Tgasbelow hot soak ĄUse hot soak Pmintable
(e.g. Tgas= 20ÁC, Tamb= 10ÁC, PCHSS= 12 MPa ĄUse Pmin= 11 MPa w/ hot soak table)

Multiple tables stored in vehicle based on Pminand CHSS soak temperature

Tgasbelow hot soak ĄUse hot soak-5 Pmintable
(e.g. Tgas= 0ÁC, Tamb= 0ÁC, PCHSS= 12 MPa ĄUse Pmin= 11 MPa w/ hot soak ï5C table)

Tgasbelow hot soak ĄUse hot soak-10 Pmintable
(e.g. Tgas= -5ÁC, Tamb= 10ÁC, PCHSS= 12 MPa ĄUse Pmin= 11 MPa w/ hot soak -10C table)

Tamb

Tgas

E.g. Pmin= 1, 6, 10, 15, 20 MPa and CHSSsoak= (Thot_soak), (Thot_soakï5 ÁC), (Thot_soakï10 ÁC) Ą fifteen t-final tables

CHSS gas temperatureis taken intoaccount. CHSS 

gastemperatureis usedtochoosea set of t-final

tableswithdifferent CHSS soaktemperaturesin 

combinationwithdifferent Pminvaluesbasedon Pinitial

29
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Type 3 ðDynamic ðòTgasThrottleó fuelling concept

Pmin = 1 MPa

P

Only 1 table stored in vehicle

T1

T2

T3

T4

T5

T6

This tfinaltable uses Pmin = 1 

and is based on a max CHSS 

temperature decided by the 

OEM.  (e.g. 95ÁC)

PdispTdisp

CHSS Tgas Tgas_low Tgas_high

T1 16°C

16°C 23°C

T2 18°C

T3 22°C

T4 17°C

T5 19°C

T6 23°C

Tgas_high

Å CHSS gas temperature istaken into account.The actual CHSS 

gastemperature (Tgas_high) is used to reduce the pressure ramp rate (PRR) 

when a thresholdtemperature is reached.

Å The t-final table is derived with a higher CHSS gas temperature (e.g. 95 C) 

facilitating faster fueling in the early portion of the fill.
30
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Improvements to TgasThrottle

31
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Problems with Original TgasThrottle

Ç The original pressure ramp rate throttle equation for Tgas Throttle was very simple

Ç Problem:

Á If Tthreshold is set too high, Tgas can overshoot the maximum gas temperature limit of 85 ÁC

Á This can be avoided if Tthreshold is set to a lower value, but this causes the fueling time to suffer (be extended)

Á If the pressure drop between station and CHSS pressure is high, reducing the PRR has less effect on temperature rise

Á This means that the appropriate Tthreshold depends on how much pressure loss is in the system

Where PRRthreshold = PRR at the time Tgas = Tthreshold

32
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Problems with Original TgasThrottle

Å Here, Tthreshold is 80 ÁC
Å Tgasovershoots and reaches 86 ÁC momentarily
Å Fueling time = 15.9 minutes

Å Here, Tthreshold is 74.7 ÁC
Å Tgasstays below 85 ÁC (peak is 84.5 ÁC)
Å Fueling time = 16.7 minutes (almost 1 minute longer)

PRR goes negative

33


