New Energy Solutions:
The Challenges of Connecting and
Future-Proofing an LNG Import Terminal
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Objectives of this Presentation @ & Zinfra

. Provide an overview of the Project.

. Describe the challenges of connecting an LNG Import Terminal to a transmission pipeline and how they
were overcome.

. Describe what it practically requires to make a new AS2885 pipeline ready to transport 100% hydrogen.



The Project - Overview
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Pipeline Details & Zinfra

12km of 18" diameter pipeline,
X65 carbon steel, 13.5mm wall
thickness, 2 Layer FBE

10 x HDD crossings

& 18" hot tap into EGP

: Metering facility at Kembla
= Grange

Ready to transport 100%
S hydrogen.



Connecting a Pipeline to an LNG Import Terminal % ZZINEI

Key Challenges

Meeting the East Coast Sales Gas Spec (AS4564)
§ Challenge: Heating value reduction (for heavy/old cargoes)

§ Solution: Started with a large-scale N2 injection solution part-
way along the pipeline (from a third-party facility), but
ultimately scaled back to air/N2 injection at the Port with the
ability to scale-up. O2 analysers added to Metering.

Licenced versus Unlicenced Pipeline

§ Challenge: Terminal Lease initially required that the first 4km
remain unlicenced (since confirmed that this section will also
be a Licenced Pipeline).

§ Solution: The entire pipeline was designed and constructed
in exactly the same way, to AS2885, regardless of whether it
was expected to be licenced or not. The entire pipeline will
also be operated to AS2885.




Connecting a Pipeline to an LNG Import Terminal L,

Equipment Location

§ Challenge: Optimisation of equipment location at Onshore
Receiving Facility or Pipeline Station (e.g. custody metering,
odorant injection, air/N2 injection, analysers).

§ Solution:

§ FSRU has its own metering, but custody transfer meters
and analysers are located at the EGP connection point;

§ Odorant, air and N2 injection at the Port.

Isolation of the Pipeline from Terminal (and vice-versa)

§ Challenge: Different design pressures (FSRU vs onshore),
specifications and regulatory bodies complicate the isolation
requirements.

§ Solution: Critical isolation valves are installed on the FSRU
itself, onshore HIPPS, at the pipeline inlet, at the fence of the
Port facility, and at the ownership interface point (KP4.3).



How do you Future Proof a Pipeline?

Initial Demand - Gas
AEMO GSOO 2024 identifies an impending shortfall in Southern markets.
New sources of supply are required.

The Port Kembla Energy Terminal and Pipeline is the best short-term
solution to the supply shortfall

Future Demand - Hydrogen

“AEMO identified an emerging potential for natural gas demand to be reduced
if hydrogen and biomethane producers commenced supplying the ECGM.”

Designing and constructing pipelines that are ready for hydrogen service
presents an opportunity to ensure infrastructure is future-proofed with only
relatively minor modifications required at the time of changing service.

But what exactly is required?

@ &7 Zinfra

Fglre 4 Acteal daily southern gos syilem odequacy snce Januvary 2022 and forecast fo 2028 wing exhiing
cammiftted and anficipated profech (1J/d)

Image and quote from AEMO Gas Statement of Opportunities 2024



Hydrogen Compatibility - Interface With Existing Assets @ V 4 le‘lfl'a

While new facilities can be designed and built to mitigate the specific
challenges of hydrogen, they will typically:

1. Connect to existing ageing infrastructure that did not consider
hydrogen in its design; and/or,

2. Require further modifications (physical or nameplate) following
the completion of future research and trials, and subsequent
updates to standards such as B31.12 and AS 2885.

In the case of the Port Kembla Pipeline, the focus of “future proofing”
was placed on sections that are most difficult to modify in the future,
mainly the buried pipeline.

Jemena continues to research the ability of the existing EGP to
transport hydrogen at different concentrations within natural gas (i.e.
to answer the question of “what happens at the blending point?”)



Hydrogen Compatibility - Pipeline Material Considerations

Design Inputs - ASME B31.12, current & ongoing research
and industry knowledge was assessed to compare the existing
pipeline specification and AS 2885 to the meet the
requirements of 100% hydrogen capability.

GPA Engineering conducted research and prepared a
hydrogen compatibility report covering the various components
of the project scope.

Transfer of Knowledge from Other Projects

— Jemena also owns and operates the Western Sydney
Green Gas facility. Some early lessons were transferred to

the Port Kembla project. WELCOMETO

— Northern Gas Network (United Kingdom) — Hydrogen
; e o Hydrogen
network and home. Project team members visited this site it Home -
to inform design decisions, future applications and BN )
challenges. = ]




Hydrogen Compatibility - Procurement of Line Pipe

Talk to the experts!

8
§

Zinfra procured the line pipe from Corinth Pipe Works (CPW) in Greece

At the time, CPW were the only pipe mill in the world that could provide pipe that was certified to ASME B31.12
Option B, with all testing completed in-house by CPW.

The project team visited the CPW facilities during manufacturing and came away with high confidence in the
selection of the pipe.

The project owners were prepared to pay a small premium to procure hydrogen-certified pipe. 10



Hydrogen Compatibility - Procurement of Line Pipe

Testing was performed in CPW'’s hydrogen autoclave

Testing conditions were 100% hydrogen gas at 16.55 MPa pressure and
ambient temperature for 1000 hours (42 days).

Test samples were selected from three different pipes and heat numbers.
Notches were made in both base metal and weld.

The requirements of ASME B31.12 were met for all test specimens.




Corinth Pipe Works — Gastronomic Testing @ Zlnfra




Hydrogen Compatibility - Welding

Developing a “Hydrogen Compliant” Weld Procedure

GPA Engineering recommended hydrogen-specific considerations be
added to the pipeline construction specification, such as pre-heating,
hardness values and weld cleaning requirements.

We designed a hybrid weld procedure with a low-hydrogen
consumable for the root run and standard cellulose electrodes for the
hot pass, fill and cap runs.

The objective was to minimize the amount of hydrogen was contained
in the solidified root run, which is in contact with gas in the pipeline.

The weld procedure trial found that the low-hydrogen root run was
about 50% slower to execute compared to standard cellulose.

Conclusion - using a “hydrogen compliant” weld procedure was
not onerous, did not cause any quality issues or delay the
project.




Hydrogen Compatibility — Equipment Selection Zinfra

Equipment Material Selection Considerations

Fittings — Increase toughness, targeting Charpy testing to
186J minimum average @ -10degC.

Valve Pups - The welding procedure included a TIG root
run (inherently low hydrogen).

Hard materials were not permitted in the valves: E.g.
Copper, aluminium, titanium, cast or ductile iron, inconel.

Soft materials considered hydrogen compatible: Eligiloy,
Graphite, Polyester, PTFE, Halon, Bakelite, Nylon,
HNBR/XNBR, Neoprene, Viton and perfluoroelastomer.




Hydrogen Compatibility — Future Considerations for Facilities &7 Zinfra

Process design
— Consider ASME B31.12 recommendations for cold vent design. Hydrogen is more susceptible to self-ignition;
— Bespoke leak detection system, e.g. funneled roof over instrument and threaded fitting panels.

Electrical and instrumentation

— Select hydrogen-suitable instruments (e.g. gold-plated diaphragm);
— Re-evaluate hazardous area zone size;

— Use electrical equipment category IIC in hazardous areas;

— Gas chromatography to detect hydrogen in the process fluid.

Mechanical:

— Minimise mechanical joints, which provide additional leak paths;
— Apply tighter weld defect tolerances;

— Test weld hardness;

— Anticipate changes to the pipeline connections — e.g. blending.

15



Conclusions 4 Zinfra

Key considerations for connection of an LNG Import Terminal to a pipeline

Meeting the East Coast Sales Gas Spec (AS4564) — heating value adjustment using air/N2 injection.
Licensed versus unlicensed pipeline based on land use/owner — uniform design for simplicity
Equipment location — port versus pipeline station.

Isolation requirements may be complicated by different design specifications and regulatory bodies.

Key considerations for future-proofing new pipelines for hydrogen service

Consider existing assets (tie-ins) before you start
Go with the proven industry leaders (e.g. line pipe procurement)
Pipeline welding procedure is likely to be customized for hydrogen service

Hydrogen service adds criteria to material selection for facility components such as allowable hard and soft
components in valves.
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