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

Summary of key results and outlook Steve Mathison (FirstElement Fuel)

16:20 CET Questions / Discussion All

16:55 CET Closing remarks Martin Zerta (LBST)
17:00 CET ki End of Webinar ¥

1715 CET ... Lab tour (for visitors in Duisburg) Christian Spitta (ZBT)
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Background

LDV

(tank sizes 2 to 10 kg)

Protocol? O (SAE J2601)

Fast fuelling? O (3 to 5 minutes)
Hardware? O (max. 60 gls)

Current protocols are too limited or not existing for heavy duty fuelling J WW.pRHYDE.eJ
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HDV

(tank sizes 10 to 100 kg)

Protocol? O (JPEC S-0003 — Only for max 60 g/s))
Fast fuelling? @ (JPEC S-0003 - 10 to 45 minutes)
Hardware? 0 (90 g/s and 300 g/s under development)
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A new international standard has to be developed for H, refuelling &= PRHYDE

Protocol for heavy-duty

as existing ones are not sufficient for heavy duty vehicles Hudrogen refueiing

LV}

Under development: = PRHYDE
ISO 19885-3 Rl |

Inputs to ISO
HDV

(tank sizes 10to 100 kg)
(90 g/s and up to 300 g/s)

<
San 2= A -

Vehicle communicates with HRS

A new international standard should to be developed to define specific conditions for efficient & safe H, refuelling of HDV.
— 1SO TC 197 WG 24 (TF 3) has started to prepare a specific standard for HDV H2 refuelling in 01/2022.

— The PRHYDE project (01/20 — 09/22), EU-funded with international partners and cooperation (i.e. from the US),
provides inputs & support to the ISO group and H, technology developers to accelerate this protocol development.
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The PRHYDE project provides the new concept & methodology 4 & PRHYDE
for high performance H, refuelling of HDV (35/50/70 MPa) Hurogen refveiing

PRHYDE approach:

The PRHYDE H, HDV refuelling concept & methodology targets to optimise PRHYDE Advanced MC Formula Control Framework

. . NEW: Type 3: Dynamic data on CHSS
- the refue”mg t|me, status, eg temp., pressure,..

— the filling up to maximum tank capacity and E .)) M (((. :

— the energy efficiency by reducing demand for pre-cooling requisite.

NEW: Type 2: Static data on CHSS design

The new H, refuelling approach comprises three technical concepts for refuelling ] " ) t ( )
(protocol types): E )) — ¢ (( S
- New: High performance refuelling (type 3): the vehicle provides information to the IMPROVED: Type 1: No communication

HRS (dynamic data on the H, storage system conditions) ‘Q) ‘%

- New: Optimised static refuelling (type 2): the vehicle provides static data only to the
HRS (real CHSS values but no actual performance data, e.g. temp., pressure,...)

— mproved: Non-communication refuelling (type 1): Most conservative values for safe
refuelling (used as a fall-back option, if no communication is available)
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Hydrogen refuelling

PRHYDE Advanced MC Formula Control Framework TP EJ

[ Advanced MC Formula ]

:' Typel | Type 2 Type 3
; (Non-Comm & : (Static Data) (Dynamic Data)
I

«_JRComms) _, ‘

[ T, Initial ] [ T,.s Initial+ ] [TgasThrottle]
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Current SAE J2601 Fuelling Protocol Principle

The station takes full responsibility.
Using most conservative values slows down the fuelling

3 s R PPP .

u = PRHYDE
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D oL C
, _ C
ﬁ Break-away coupllng Pipe Manifold
Reduction valve  Heat exchanger Nozzle/receptacle
High pressure bank oTV Tank
— N N _J
Y Y Y
HRS supplier has impact in order to create good fuelling Known, but protocol Unknown. Protocol will use most
takes most conserative conservative values for each individual
values component, number of tanks, size of tank

PRHYDE will eliminate the use of most
conservative values for this part.

etc...
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=
OEM Tank Assembly Values are stored as a t; ., table W PRHYDE

Hydrogen refuelling

) ... together with
Actual CH§S Design & assumptions for A set of t-final tables are
thermophysical properties dispenser components produced and stored in

are put in a mode|, ...

vehicle ECU

|
|
|
e
|i@

MODEL

o e e e =

_
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Example of a t-final table

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

I

MAT

-18

-16

-14

-12

-10

&= PRHYD

Protocol for heavy-duty
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Basic fuelling control for all PRHYDE concepts W= PRHYDE

Hydrogen refuelling

control
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The four PRHYDE Fuelling Concepts w &= PRHYDE

Hydrogen refuelling

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

. m using T ,-initia
1. Type 2 - Static protocol. Here is -
2. Type 3 - Dynamic - T, Initial 7Yt 06—
3. Type 3 - Dynamic - T, Initial+ |
4. Type 3 —Dynamic - T, Throttle
S 00 00"
(0

f the vehicle is not sending any table )
or protocol, then a most conservative
t: table, stored in the dispenser will 0

\be used. ) www.PRHYDE.eJ




Simulations at T, ,, =-15/C and T, , = 35/C

12

10

Fill time (min)
I o 00

N

o

Scenario 1 (Tgas,0 = 25 °C - Tvessel = 30 °C)

Different Initial Pressures + T, a0 @ 25 °C

2 5 10 15

Initial pressure (MPa)

W Static W Tgas Initial m Tgas Initial+ M Tgas Throttle (95 °C)

20

Protocol for heavy-duty
Hydrogen refuelling

"= PRHYDEJ

Comments:

» The Type 3 fueling concepts take advantage
of higher initial pressures very effectively by
drastically reducing the fueling time

» Ty Initialt and T, Throttle have the best

gas
overall fueling performance

» Ty Initial is also quite good

> The Type 2 Static fueling concept has
acceptable fueling performance but doesn'’t
take advantage of higher initial pressures or
lower initial gas temperatures
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. . Iy Cnp i w = PRHYDE
SlmUIatlonS at Tf [ - '23& and T mb — 35m &F;:colforheavy—duty
ue d Hydrogen refuelling
Scenario 1 (Tgas,0 = 25 °C, Tvessel = 30 °C) Comments:
12
Different Initial Pressures + T, ... @ 25 °C . .
gas_nital @ > The “relative” fueling performance between
10 the fueling concepts is very similar to that
~ shown previously with the SOFIL model and
£ 8 different CHSS
£
Z 6 » The same comments are relevant here
4
0
2 5 10 15 20
Initial pressure (MPa) 14
M Static W Tgas Initial MW Tgas Initial+ M Tgas Throttle 95C (New) www.PRHYDE.eJ




PRHYDE validated the concepts with an extensive experimental = PRHYDE

Protocol for heavy-duty

campaign as a basis for protocol development for HD applications ' Budrogenrefueiing

PRHYDE project:
PRHYDE experimental campaign:
— Focus on all CGH, pressure levels (35/50/70 MPa), considers pre-cooling conditions, but helps to lower energy efforts
— PRHYDE results provides concept validation with measurements and simulation based on selected and existing hardware

Provides recommendations of requirements for hardware (nozzles / communications) and industry

Further tests and simulations on single & multiple H, tanks are essential for further standardisation processes and vehicle
development (e.g. trucks, trains, ships, special vehicles...)

PRHYDE key results:
Universal protocol control framework for almost any application and any future hardware development.
Key elements of the H, protocol are so called “t-final tables” that are responsible for the safe and efficient H, refuelling of the

vehicles at the HRS.
Each H, tank system could use a specific t-final table optimizing the H, refuelling process.

PRHYDE results (formulas & subroutines) are available for standardization organization (ISO and SAE) and should enhance
the international harmonization process on H, refuelling.
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PRHYDE: Members of the PRHYDE Consortium:

Project Iifgtime: Jgnuary 2020 - September 2022 S
For further information about the project, see https://prhyde.eu @ o ] CNGIC
Project coordinator: ﬂa!ivre Ol'y!eq uide -

o . CRIGEN
Ludwig-Bolkow-Systemtechnik GmbH Za b Iudwig bolkow
Martin Zerta, Christopher Kutz, Susanne Goeritz C‘ .

systemtechnik oy

Daimlerstr. 15 - 85521 Munich - Germany
https://www.lbst.de

()1mMPower  NEl® AINKoLA

Energy Storage | Clean Fuel

Contact: info@prhyde.eu
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