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Antli -Trust Reminder

A Meeting participants are reminded that the parties are competitors in certain markets, and are subject to
antitrust/competition laws

A The parties are committed to compliance with all applicable laws and regulations, including antitrust/competition laws

A Any discussions are for the purpose of the development of a system to wirelessly exchangergafatyfueling data

between hydrogen vehicles and dispensers and are subject to legal advice to ensure compliance with antitrust/competitio
laws

A Discussions which might be misconstrued as price fixing, customer or market allocation, attempts to alter the competitive
marketplace, or boycott suppliers and customers are not allowed

ASA&a0dzaaAz2ya 2F O2YLISUAGAQSt e aSyaAaldAadS adznmaeSoia adzOK |
forecasts, open season bids, vendor specifics, business strategy, and customer information are not allowed

A If any meeting participant has any questions/concerns regarding these antitrust considerations with respect to the meeting
he/she will consult his/her counsel

A All meeting participants are encouraged to promptly object to any material, presentation, comment, or question that they
do not believe is legally appropriate for the meeting
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Overview

A Introduction to Shell TechWorks

A Hydrogen Fueling Today

A Problem Statement

A Solution Space

A Functional Safety in Communication

A Industry Activities
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Introduction to
Shell TechWorks
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WHAT WE DO

=
=B

SYSTEMS
ENGINEERING
Understanding complex
systems and data trends in
order to identify and
quantify high value of
opportunities.

OUR APPROACH

PRODUCT
DEVELOPMENT

The development, testing,
and verification processes
that turn ideas into
prototypes and functional
products.
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DEPLOYMENT &
PRODUCTIZATION
Scaling solutions and
guiding adoption into

{(Telr:3 CUST Nes§
collaboration with internal
and external partners.

Design FutureState  Determine the Product Customer Deployment &

System Architecture Best Concept Development Adoption Productization
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Ideate Concepts
& Roadmaps

Implementation

opportunities and provide solutions that deliver real, tangible value to the organization. System Architecture Development Field Testing
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Working with TechWorks

Proof of concept demo Fieldtest or pilot
System architecture or design Quadlification |
& s Sl Requirement documentation DEP modification g:glf_{ );t\?oﬁsesef
I bl G S Specifications Vendor selection / handoff
Deliverables o i Commercidlization plan
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Value chain andlysis
Project T& assist

Needs
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Identify technology gap or need Prototype new technology

Modify commercially available tech Verification & Validation
Test new con-ops



Project Background

Colocation &
Collaboration

Heavy -duty
Fueling Times
Shell Hydrogen in the US was

born out of a systems study at
Shell TechWorks

Long fueling times for heavy duty
vehicles were identified as
challenge to Shells hydrogen
strategy
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Vehicle to
Dispenser Data

Bottleneck is communication of
safety critical fueling data from
vehicle to dispenser to be able to
use an advanced fueling protocol
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In -House Product
Development

Shell TechWorks has competence
in the area of electronics,
communications and networking



High -Capacity Storage Mobile Refueler

Shell Hydrogen
Power Dispenser

High -Capacity Transporter
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Hydrogen for Heavy Duty: path to success

A The key to success in heavyduty sector is parity with Diesel in:

A Total Cost of Ownership

A Range and Refueling speed

80 kg of hydrogen filled in 10 min

A This refueling performance is only achievable with these 4 elements

A HD components => Hydrogen Heavy Duty Industry Group o O P

Consortium
Highflow stations

A Advanced fueling protocol =>

EEEEEEEEEE

w = PRHYDE

Protocal for heawy-duty
Hydrogen refueliing

A Advanced communication => HyConnect
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Status of Hydrogen
Fueling Today
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Fueling Protocol SAE J2601 (State -of -the -art)

SAE J2601.: A Tank of H2 vehicle heats up during fueling,

C mandates control of fill rate and pre -cooling of H2
Uni-directional \ Des i hv for 12601
— A Design philosophy for
communications
—

A Station assumes full responsibility

"))l /__\PT: m A No exchange of safety critical fueling data
A Originally developed for passenger vehicles
Tgas_‘,:,? A Dispenser measures initial tank pressure, tank

‘ volume, ambient temperature and fuel delivery
» Gas temperature inside the CHSS temperature to calculate fill rate and final pressure

A Large safety margins, barely sufficient for

Graphics from Steve Mathison, NREL . . i i
passenger vehicles (fueling times 3-5 min)

Heavy duty:

A Fueling times >30 min if using J2601 (tank size 80
kg H2)

A Goal is <10 min, depending on tank size
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Infrared Communication Vehicle/Dispenser

SAE J2799 specifies IR interface and data protocol

A Unidirectional communication only ->
Intrinsically not possible to communicate safety -
critical data

A Communication activity
A Start after nozzle inserted and start up routine has
started

A Continuously during fueling; transmit: p, T, fueling
command

A Use as long as dispenser receives data

A Commes lost during fueling: abort or continue w/non -
comms

A Communication only to improve state of charge
(SOCQC)
A BUT limited by calculated target pressure
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