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ITP Interpipe — PiP specialist

Provider of thermally insulated pipelines
Founded in 1992

GLOBAL

Paris and Houston
Fabrication facilities in Normandy, France

TECHNOLOGY LEADERS

Several world’s first
e.g. LNG buried pipeline

PROJECT ORIENTED

Business model adaptable to project and clients
From EP to EPCI

Life of Field

Construction
support

Solution
conception&
qualification

Engineering

Project
Management

Procurement
& fabrication
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Ammonia Pipe-in-Pipe - Introduction

WHY AMMONIA ?

Transporting hydrogen is complex due to its low boiling point (-253°C at 1 bar), low volumetric energy density and

need for complex cryogenic infrastructure.

Ammonia is a hydrogen transport vector that can be used as fuel.

Advantages Challenges

« High hydrogen density « Toxicity and safety risks

« Existing global infrastructure * Volumetric energy density lower than LNG or oil

« Easier liquefaction (-33°C at 1 bar) » Efficiency losses in hydrogen recovery (15-30% of
* Proven commodity energy content loss)

« Large-scale tanks and terminals available « Combustion challenges (NO, emissions)

» Lower boil-off losses » Large-scale export/import hub

* Direct use as fuel
« Decomposable (“cracked”) into H2
« Known safety protocols
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Introduction

Key features

INNER PIPE

Low Temperature carbon steel
Ductile at -40°C/-50°C

IZOFLEX
Best thermal performances
Load bearing

OUTER PIPE
Standard carbon steel
Double protecting hull

OPTIONAL FIBER OPTIC

Distributed Temperature Sensing

Optional Leak Detection Location

COATING

Anti-corrosion

Other applications:
« LPG,

* Propane (-45°C),
« Butane (-18°C),

i-I-) « CO,

Anti-abrasion
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Pipe-in-Pipe components — In-situ examples

Inner pipe bend with thermal insulation
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Inline bulkhead Cryo Pipe-in-Pipe bend laid in a trench
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Ammonia Pipe-in-Pipe — Design principles

Design choices Advantages

Inner pipe made of low temperature carbon steel Excellent weldability, availability and cost

Non ageing material

Izoflex® insulation )
No need for centralizers

Validated by industry design codes

Fully restrained design Eliminating expansion loops

Continuous monitoring system More sensitive than conventional methodology
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Ammonia Pipe-in-Pipe — Benefits

Enhanced Safety: Superior robustness and
leak detection, reduce risks to communities,
infrastructure, and the environment.

Terminal enabler: Subsea or buried
refrigerated pipeline enable terminal location
in congested environment.

Operational Efficiency: Minimal heat
ingress due to excellent |zoflex
performance enhances production and
reduced OPEX.

Cost-Effectiveness: Jetty-less
solutions and reduced boil-off for
significant CAPEX and OPEX savings.
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P_refabrication & onsite construction

WHAT?
Fabrication of pipe-in-pipe single joints & bends, to be
shipped on construction site

WHERE?
In ITP’s facilities or client’s site or contractor’s site, as

per project requirements (local content, supply chain /
import tax optimization)

HOW?
Using in-house equipment & procedures
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Prefabrication steps

1. Pipe reception, inspection and cut to length
Wrapping of I1zoflex panels on inner pipe

2
3. Insertion of inner pipe into outer pipe
4

Final inspection and packaging before shipment

10
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P_refabrication of PiP bends

1. Hot induction bending

2. Wrapping of Izoflex panels ‘ g ) N\

3. Insertion of inner bend into oute bend
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Onsite construction — Final assembly

STEP 1

Inner pipes welding and NDT

STEP 2

Field joint insulation

STEP 3

Quter pipe sliding

STEP 4

Outer pipe welding, NDT and Coating

Girth welds for inner & outer
pipes

Qualified welding procedures
& welders

100% of the welds NDT
inspected

Pipe-in-pipe string length
depending on construction
site and final location

ITP Proprietary and Confidential Information | 12
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Onsite construction — Base case

Subsea (near shore) Buried Above ground
+ Assembly of PiP string onshore, + Assembly of PIP string is outside ¢ Sequence of construction is project
and closure by endline bulkhead trench before being lower into specific depending on routing
* Pulling of the complete PiP length trench « Long PiP string and/or PiP modules
in place can be used

» Connection of the PiP extremities

to onshore & offshore facilities

13
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Past projects

TRACK RECORD

« 2 projects in operation (subsea and buried) and 1
ongoing (aerial-modularised)

* More than 6 km of Ammonia Pipe-in-Pipe
* 4 Horizontal Directional Drillings

 U-values < 0.4 W/ m#K

* Inner pipe ODs from 4.5” to 18"
* From EP to EPCI
» Leak monitoring systems (PIMS)

* Local contractors using ITP welding procedures
specifications
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Conclusion

« Ammonia Pipe-in-Pipe is an enabler for challenging environments: congested environments, road / rail
crossing, subsea or horizontal directional drilling

« Without any compromise on safety: double-walled system enhances safety and reliability

« Keeping high operation efficiency: I1zoflex performance allows a reduced boil-off gas

WAY FORWARD

Ongoing qualification of a liquid Hydrogen pipeline (-253°C / 20K) featuring:
« 36NiFe alloy (Invar) for inner pipe, as it has a very low CTE

* No expansion loop / bellow

« Buried / subsea / above ground installation

« High safety & reliability based on double-walled design

15
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Q&A

My-Lan ROCABOY
Innovation Engineer
my-lan.rocaboy@itp-interpipe.com
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