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w = PRHYDE

Protocol for heavy-duty

Hydrogen refuelling )
Time (CET) Subject
13:45 Join webinar
14:00 Introduction to project
14:10 Intentions of the project — detailed explanations for feedback / discussion:
. State of the Art (including surveys)
ii.  General description of protocols to be developed
ii. ~ 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 refuelling system components used, also RCS
requirements
15:20 Comfort break (10 minutes) 2
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State of the Art analysis: Survey (v1.1): Part 1.2 2=t PRHYD EJ

Hydrogen refuelling

Directed at:
- manufacturers of any hydrogen vehicle (road, marine, rail, other)

- also tank manufacturers

Responses:

____Road | Marine | __Ral | Other | __ Tanks __
5 1 2 0 1
Outside Europe

7 1
3
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.1: What compressed hydrogen storage systems (CHSS) are currently in use on
your existing gaseous hydrogen medium or heavy duty vehicles, and what are their
boundary conditions? (e.g. total and individual tank volumes, design temperature,
design pressure, number of design cycles, etc.)

Responses:
- (As expected) complete range depending on type of vehicle, and location

- Mostly 350 bar, some 700 bar, some 200 or 250 bar for marine applications

- Many reference EC79/2009, some UN-ECE R134
) Many Type 3 www.PRHYDE.eﬂ
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.2: What CHSS do you anticipate using for future gaseous hydrogen medium or
heavy duty vehicles, and what would you expect their boundary conditions to be? (e.g.
total and individual tank volumes, design temperature, design pressure, number of
design cycles, efc.)

Responses:
- Some considering movement from 350 bar to 500 or 700 bar
- Some considering movement from Type 3 to Type 4

- Interestingly EC79/2009 used for rail transport as well as road (but not maritime)

5
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.3: How do you anticipate installation of the storage vessels to influence the ability of
the vessel to dissipate heat gained during fuelling?

Responses:

Typically open air, mounted on top of bus or train, or in some cases onto the chassis

For marine, either externally, or under deck with large rate of forced ventilation

For Type 4 tanks, heat dissipation considered less relevant

Question raised on whether some form of heat extraction layer can be added to inner layer of Type
4 tanks

6
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.4: What hydrogen storage systems are currently in use on existing non-gaseous
(i.e. liquid, cryo-compressed, etc) hydrogen heavy duty vehicles, and what are their
boundary conditions?

Responses:
- Limited — most responders work with gaseous hydrogen only

- China - indicated LH2 storage under research, also testing of metal hydride for buses

7
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.5: What hydrogen storage systems do you anticipate using for future non-gaseous
(i.e. liquid, cryo-compressed, etc) hydrogen heavy duty vehicles, and what would you
expect their boundary conditions to be?

Responses:
- As above - limited experience with liquid hydrogen from responders

- Boil-off raised as an issue by a most manufacturers of gaseous hydrogen vehicles

8
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.6: What (ideal) targets are anticipated for future protocols? (e.qg. filling a train in X
minutes)

Responses:
- Dependant on size of vehicle (although some different ranges for similar vehicles)
- Many indicated need for <15 minute refuelling for >20kg

- Others pointed out that, cheaper hydrogen as a result of slower fuelling (i.e. reduced / no
precooling) may be necessary to make the business case viable

9
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.7: Which are the main factors currently limiting future fuelling protocol performance?
Do you anticipate a way by which these factors could be expected to improve?

Responses:

Communication / reliability (communication method & values communicated)

Heating of CHSS - constraints of current 85 °C limit

Limitations from station side on how much is available for medium / heavy duty vehicles using light
duty stations

Regulations — limiting flow to 120 g/s in some cases
10
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.8: What other considerations can be accounted for to facilitate fuelling of medium
and heavy-duty vehicles? (e.g. multiple systems being filled at the same time on the
same vehicle in parallel)

Responses:
- Multiple refuelling points in some situations (medium duty / trains)

- From HyTransfer: keeping the mass averaged temperature of dispensed hydrogen below a certain
limit determined at the beginning of fill is sufficient to prevent overheating

- Protocol that enables filling of systems larger than 250 litres (see SAE J2601 CHSS Cat D)

11
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Protocol for heavy-duty

Hydrogen refuelling

State of the Art analysis: Survey (v1.1): Part 1.2 wi=! PRHYDE

Q.9: What refuelling related components (e.g. receptacle, communications equipment,
etc.) do you use for gaseous hydrogen high flow dispensing (defined in this case as
>60g/s) and do you find any issues with these components?

Responses:

Come back to this in final section of agenda
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Hydrogen refuelling

State of the Art analysis: Survey (v1.1): Part 1.2 v 2= PRHYDE

Q.10: What gaps have you encountered in the capabilities of existing refuelling related
components on the market, including those required for interoperability?

Responses:

Come back to this in final section of agenda

13
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.11: Do you have any further comments / issues to raise regarding fuelling of
medium or heavy duty vehicles?

Responses:

- For fleets of known vehicles, useful to have flexibility to calculate suitable refuelling conditions (e.g.
required temperature) based on tank design characteristics

- Afew comments about making light duty stations more accessible to heavy duty vehicles with
small CHSS capacity aligned with that typically used on board cars, vans etc

14
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n = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

COMFORT BREAK

Back in 10 Minutes at 15:30
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n = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

Time (CET) Subject

15:30 Current status regarding refuelling protocols 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 fuelling stations

16:20 General Discussion / Submitted questions:
A Any required modifications to the plans for the project
A Requirements for future protocols

16:50 Summary and next steps

17:00 End
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State of the Art analysis: Survey (v1.1): Part 1.1 2=t PRHYD EJ

Hydrogen refuelling

Directed at:
- hydrogen refuelling infrastructure providers, operators and users

- also other stakeholders

Responses:

38 9 6 7
Outside Europe

19 5

17
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.1: What experience do you have of refuelling protocols for hydrogen vehicles?
(e.g. a manufacturer, operator, user, other)

Responses:

Wide range of responders, covering manufacturers and operators of light & heavy duty road
vehicle stations, also, to a lesser extent, maritime and, in the future, rail.

Also captured input from users — vehicle manufacturers or other (e.g. CaFCP)

Input from organisations involved in HyTransfer project

Additional stakeholders — tank manufacturer, station co-funding body, national measurement
18
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.2: What gaps/issues do you consider there to be with the existing protocols in use
today, whether for light, medium or heavy duty road vehicles?

Responses:

Clear protocol for medium and heavy duty — for Type 3 and Type 4 (+ testing to enable approvals)

Flexible protocol for medium and heavy duty (current protocols generally too limiting)

Lack of standardised way forward A many different solutions and none are universal

Cost / energy consumption of precooling, and related reliability issues

Reliable communication, to establish storage volume, also tank pressure / temperature 19
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.2: What gaps/issues do you consider there to be with the existing protocols in use
today, whether for light, medium or heavy duty road vehicles?

Responses:

Limitations from liner temperature requirements / capabilities

Name! SAE J2601 (light duty) is unrelated to vehicle weight / size

Absence of fuelling approach in SAE J2601: 2020 (or at stations) for H35 vehicles:<60 g/s; >6 kg

Metrology (variance in dispensed quantity vs the relevant regulations, i.e. OIML R-139)

20
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Hydrogen refuelling

State of the Art analysis: Survey (v1.1): Part 1.1 = PRHYDE ‘

Q.3: What types of fuelling protocols do you offer (manufacturer)/ have knowledge of
(operator/user) for compressed (gaseous) hydrogen vehicles with a high pressure
hydrogen storage capacity greater than ~250 litres? (i.e. greater than 6 kg @ 35 MPa
NWP or 10 kg @ 70 MPa NWP — the SAE J2601 definition of “light duty”)

Responses:

- Multiple individual approaches mentioned (thanks!) — references to SAE J2601-2 boundary
conditions (or equivalent), plus CUTE protocol, SAE J2601-2 and JPEC-S 0003 where appropriate

- Generally pressure control /fixed APRR and Ptarget, often with qualification of vehicles needed,

others with fixed orifices
21
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State of the Art analysis: Survey (v1.1): Part 1.1 = PRHYDE ‘

Hydrogen refuelling

Q.4: Do you make an assumption that a particular vessel type will be used in the
vehicle, or is the fuelling protocol considered suitable for all types of tanks? If you have
different protocols for different types of tanks, how does the station differentiate
between them?

Responses:

Mixed — some responses for “controlled” stations advised of protocols adjusted / defined
depending on expected vehicles (presumably meaning Type 3 only protocol)

- For other stations, stated that protocols assume worst case, or are designed for Type 4 vehicles

- Additionally, noted some have manual switch to enable heavy duty protocol over light duty 2
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.5: Have you ever carried out any modelling on the protocol and the thermal effect on
the vessel(s) receiving the hydrogen?

Responses:

- Large proportion of respondents carry out modelling on their refuelling protocols

23
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.6: Do you use (or anticipate using) hydrogen pre-cooling for fuelling of vehicles with
a storage capacity >250 litres?

Responses:

- Mixed — some “yes” depending on the specific case (especially Type 4), some “no’

- Example of refuelling larger marine projects - type 2 steel cylinders used, so temperature
limitations are not a concern

24
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.7: Do you have options for refuelling liquid / cryo-compressed hydrogen? If so, what
limitations are there in the protocol regarding the vehicle storage system capacity?

Responses:

- No responses from organisations involved with non-gaseous hydrogen refuelling

25
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Hydrogen refuelling

State of the Art analysis: Survey (v1.1): Part 1.1 v 2= PRHYDE

Q.8: What dispensing specific components (e.g. nozzle, hose, breakaway, flow meter,
pre-cooling if applicable) do you use for gaseous hydrogen high flow dispensing
(defined in this case as >60g/s) and do you find any issues with these components?

Come back to this in next section of agenda

26

24 MAR 2020 1t Workshop - WEBCON WVWVPRHYDEEJ



State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.9: SAE J2601 (to be published 2020) now includes an example “standard” fuelling
protocol for 700 bar NWP vehicles with storage capacity above 230 litres (10kg):

a) if a refuelling station (or refuelling point) manufacturer, would you anticipate
providing this to a customer?

Responses:

- Mixed — some “yes” depending on customer requirements (some already providing it), some “no”,
some concerned / wanting to look into it further first

- Also some doubt that vehicles needing these conditions would become commercially available

27
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State of the Art analysis: Survey (v1.1): Part 1.1 v 2= PRHYDE

Hydrogen refuelling

Q.9: SAE J2601 (to be published 2020) now includes an example “standard” fuelling
protocol for 700 bar NWP vehicles with storage capacity above 230 litres (10kg):

b) if a refuelling station operator, would you find this useful to be able to buy a
refuelling point with this capability?

Responses:

- Mixed — some “yes” depending on customer requirements (some already providing it)

- Also some doubt that vehicles needing these conditions would become commercially available (as
per part a)

28
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.9: SAE J2601 (to be published 2020) now includes an example “standard” fuelling
protocol for 700 bar NWP vehicles with storage capacity above 230 litres (10kg):

c) would you prefer to see this fuelling protocol integrated into a “light duty” vehicle
refuelling point, or as a stand-alone refuelling point?

Responses:

- Extremely mixed! — some “yes”, others expressed concern about heavy duty vehicles using the
same refuelling points (safety and performance wise), some would prefer all “light duty” refuelling
points to be designed in a way that heavy duty vehicles can also access them

- Also, operational concerns for large tank systems depleting storage for light duty applications
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.9: SAE J2601 (to be published 2020) now includes an example “standard” fuelling
protocol for 700 bar NWP vehicles with storage capacity above 230 litres (10kg):

d) would you like to see an equivalent for 350 bar NWP vehicle fuelling?
Responses:

- Largely “yes”, although some also suggest it would not have as much benefit for heavy duty
applications at H35 due to existing options for high flow refuelling at this pressure

- For smaller CHSS (e.g. on “medium duty” vehicles) that are >250 litres, but not big enough to merit
“high flow” this could have the most benefit

30
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.10: Have you considered fuelling of medium or heavy duty vehicles to a NWP of 500
bar? (or other pressures)

- If so, what do you see as being the benefits of refuelling at this pressure?

- Also, what constraints have you found with the components on the market currently?
Responses:

- Some “yes” but not many — benefits listed included increased range for same space but without the
additional cost of 700 bar (including reduced precooling requirements) and with improved reliability,
conversely, some don’t see much cost gap between 500 and 700 bar

- Opinion that it might be more suited to regions where distances travelled are shorter BJ
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.11: Do you have any further comments / issues to raise regarding fuelling of
medium or heavy duty vehicles?

Responses:

- Very wide range: to be summarised as a deliverable from the project

32
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n = PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

Time (CET) Subject

15:30 Current status regarding refuelling protocols 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 fuelling stations

16:20 General Discussion / Submitted questions:
A Any required modifications to the plans for the project
A Requirements for future protocols

16:50 Summary and next steps

17:00 End
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State of the Art analysis: Survey (v1.1): Part 1.1 W=t PRHYDE

Hydrogen refuelling

Q.8: What dispensing specific components (e.g. nozzle, hose, breakaway, flow meter,
pre-cooling if applicable) do you use for gaseous hydrogen high flow dispensing
(defined in this case as >60g/s) and do you find any issues with these components?

Responses:

- Whilst only manufacturer mentioned is WEH, mixture of WEH TK25 or TK16HF nozzles -
suggesting vehicles will not always be compatible with stations

- Issues raised: heavy and awkward to use TK25, and concerns about lack of diversity of supply

34
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Protocol for heavy-duty
Hydrogen refuelling

State of the Art analysis: Survey (v1.1): Part 1.2 wi=! PRHYDE

Q.9: What refuelling related components (e.g. receptacle, communications equipment,
etc.) do you use for gaseous hydrogen high flow dispensing (defined in this case as
>60g/s) and do you find any issues with these components?

Responses:
- Again only manufacturer mentioned for receptacles is WEH, and only IrDA mentioned

However, other options for communications understood to be used, so further
investigation needed (presentation from Air Products to come)

35
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State of the Art analysis: Survey (v1.1): Part 1.2 W=t PRHYDE

Hydrogen refuelling

Q.10: What gaps have you encountered in the capabilities of existing refuelling related
components on the market, including those required for interoperability?

Responses:
- No standardisation of components specifically for H50 refuelling

- No existing H2 components certified for use on railways

36
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