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We are a French engineering consultancy specialising in transmission pipelines and are expanding
our expertise into the broader field of industrial engineering and power transmission.

We cover the entire project lifecycle: feasibility, sizing, route planning, process studies/EIA,
regulatory dossiers and works supervision. With a background in Oil & Gas, we are positioning
ourselvesin the field of new fluids linked to the decarbonisation of industry and energy (H, , CO,, e-
fuels, CCUS)

A cross-functional approach, combining technical, regulatory and
land-use expertise, to secure and accelerate our clients’ projects

Long-term training for our teams, made possible by very low staff
turnover, enabling the transfer of expertise.

TO BE ADAPTED TO EACH PROJECT
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Founded: 1936 (Berthe and Lacoste)

Head office in Tarbes and branch in
Septemes-les-Vallons (13)

Team of 55 employees
Turnover: €6.7 million (2024)
Independence

Geographical area of operation France and
international

Transport pipeline engineering

Industrial Engineering

High-voltage electricity transmission
engineering
A socially responsible company
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OUR VALUES

O

CORPORATE
CORPORATE

(-]

Our commitment has been
recognised by the Ecovadis label,
which has awarded us the silver

medal

|

SAFETY, OUR TOP PRIORITY

(]

We have been certified
since 2016

AMELIORER LA PERFORMANCE SSE

®

OUR
CARBON

We assess our GHG footprint annually
and strive to reduce our impactin a
sustainable manner

x \

ROOTS
ROOTS

]

We work to promote the development
of our region through
promoting, developing and supporting
local skills

‘

PRESERVING
BIODIVERSITY

We strive to minimise the impact of
projects on natural ecosystems and to
promote solutions that respect living
organisms

°

ETHICAL
AND PARTICIPATORY

An ethics committee has been
established to ensure that the values
of integrity, transparency and
accountability are taken into account
in our decisions.

INDUSTRIAL
INDUSTRIAL

We focus our activities on
a sustainable industry
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OUR CSR COMMITMENTS

Local Development Environmental Impact
Contributing to local development. _/I‘i' ﬂ Reducing the environmental impact of
our activities.
A 9 .
ﬂ Ethical Practice #% Q Employee Governance
AMELIORER LA PERFORMANCE SSE Committing to ethical and fair business Involving employees in the
practices. % organisation’s governance.

Labour Relations
Improve labour relations and working conditions.

R L e ENVIRONMENTAL OBJECTIVES ~ ------------------
P b Vehicle Replacement Accident Reduction
AJEERNZE | Top 35% Replace four diesel vehicles with vehicles Aim for zero accidents causing environmental
- . with lower CO, . damage.
ecovadis § - | g
Sustainability Rating
- NAR2022 @O
‘ ; CO2 Reduction (Type 2) CO2 Reduction (Type 1)
Reduce CO, emissions by 1% for sedentary Reduce CO, emissions by 2% for topographical
staff, management and CDP/IP. resources, estate agents and supervisors.
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General overview

» Molecular structure : 1 carbon atom double bonded to 2 oxygen atoms
» Non-toxic, colorless and odorless in gaseous form.
» Chemically stable : Inert gas, non-flammable

» Density:
v’ 2x denser than air (at 0 °C and 1 atm)
v Accumulates on the ground and in low spots

r A + SR
o v' Cryogenic liquefied gas expands 830 times -
when vaporized

v' 1kg of solid CO2 = 540 liters of gas at 15°C
and atmospheric pressure

J




Carbon Dioxide : Temperature — Pressure Diagram
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Composition

100 » Composition of fumes containing CO,

v Impurities modify the properties of the

mixture.
)
e v' Lot of products can generate unwanted
0 reactions with catalysts and materials
’ o}
- o - Generation of hydrates, saponification,
o
g— © polymerisation, etc.
=1
& --+--5% S02 v
o
£ o 9% 1S These products can have consequences
+ 5%N2 even intrace amounts (ppb)
— —5%H2 .
o . 5% 02 Example: SAF production = catalyst
g - o o 5% NO2 sensitive to sulphur compounds
o o 5%CO
o o--5% Ar
o © & 5% CH4 » Several CO, specifications
Pure CO2
0 v' Producer
0 5 10 15 20 25 30 35 40
Temperature / degC v Transporter

Enveloppes de phase pour du CO2 contenant 5% de diverses molécules. Source : Mothipour, Fig 4-5

v" User/ consumer
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Composition

A minimum of 95% CO, is required for EOR(*) operations and to maintain a
co, dense phase during transport. The higher the CO, content, the more favourable
the situation.

Loss of volume

0

N,, O,, H,, CO, Ar, CH,

v Formation of hydrates
v" Acid formation in the presence of NOx or sulphur
v' Damage to pump seals.

— Content below the solubility limit of water in CO; is mandatory.

Non-condensible v" Loss of volume in the pipe
N,, O;, CO, H,, Ar, CH, v" Specific risks can occur: oxidation (0.), toxicity (CO), ATEX (CHa), etc.

v" Sulphuric acid precursor in the presence of water aAShi B A=

Sulphur compounds v" Corrosion

— EHS considerations

v’ Nitric acid precursor in presence of water

Nitrogen compounds ¥v" NH3 + CO2 = carbamate, a highly corrosive, abrasive and toxic salt

— EHS considerations

()EOR : Enhanced Oil Recovery

SUR=T=0 | 10



Toxicity and Health Effects

» Acts as an asphyxiant by displacing oxygen Q{ x 4
- Y A

» Exposure limits:
v Over 8 hours > 0.5 % (OSHA)
v" Short-term (15 min) > 3%

v" >10 % concentration: loss of consciousness, death

» Symptoms at high levels: headache, dizziness, rapid heart rate

Other gas Carbon dioxide
10%

1% Concentration of CO2 in the atmosphere
2% 4% 6% 8% 10%

Nitrogen
71%

Nitrogen

78%
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Safety & Design rules

SAFETY
> Nitrogen inerting - before and after each operation to prevent moisture condensation and oxygen ingress

» Continuous temperature/pressure control
> Be careful with cooling after expansion - At low pressure cooling of the flow of 1°C/bar
>

Loading and unloading arm = Emergency stop systems (ESD) with quick disconnect valves and an emergency release system (QCDC / ERC)
Allow “stop transfer” instantly in the event of an incident.

TSV on each section
Thermal expansion of No double valves or Double Block and Bleed

s N
Cco2 (risk of trapping liquid or dense CO2) Apomr TO PAY PARTICULAR ATTENTION TO
Ball valves: drilling on one side of the ball

» Cooling after expansion - At low pressure cooling of

Avoid the solid phase = very abrasive solid CO2 the flow of 1°C/bar

Be careful with filters and venting valves

Risk of abrasion

» Tanks without regular transfer - deposit phenomena

valves with high pressure differential = sacrificial valve

Hole

SURST=0 | 1
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CO2 pipelines — existing facilities

\‘::?

F . & i

Most CO2 pipelines located in the Usge the 1980s for
enhanced oil recovery from natural CO2reservoirs w

Economic optimizations leads to dense-phase transport between 90
bar and 200 bar for new projects, gas-phase transport <40 bar when
re-purposing existing pipelines

p

CCUS projects developed on a case-by-case basis
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CO2 pipelines — existing facilities

&
, Duran Station

USA is the cradle of long-distance CO2 transport by pipelines "

& _Poquita Station v
*x

CO2 pipelines in the United States operated by Kinder Morgan, ok s et |

including the Cortez pipeline, DN 750, MAOP 200 bar, with nine e wossun /2
3 Wiﬂ:‘tg:‘ station

intermediate pumping stations spread over 808 km, and the CRC
pipeline, DN 400, MAOP 140 bar, covering 354 kMm% T

ation
RC Pump 15
v
Pump tion 5
X

Legend

% Cortez Stations
—— KMCO2_CO2_Routes
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CO2 pipelines — recent CCUS projects

Industrial concepts depend on the Process diagram CO2 treatment coz q::cl,lgtryeis:;ecs "

type of CO2 source, the availability
e  Transport via onshore e (C0,295%

of reusable pipelines, the type of pipelines in gaseous form and

Air Liquide Botlek offshore in dense phase after Amines * H0<70ppm
nearby  decarbonized energy Rotterdam compression (new project) treatmentby o  NOx<5ppm
refinery — Porthos the emitter ; )
b f | . . d e  Storage in the North Sea off e  Composés soufrés
(carbon-free  electricity and/or e (dont SOx) < 20 ppm
waste heat) e  Transport by sea in liquid s C0,299,81%
Yara- .S|uiski| forrTl, then by pipeline (new Amines e H,0<30ppm
S ifeati | bei fertiliser — project) treatment by
pecifications  (currently eing Northern Lights e Storage in the North Sea off N . e NOx<1.5ppm
e SOx<10ppm
amended) for mandatory levels to the coast of Norway PP
. he i f th . e  Transport by dense phase * C0;299,97%
protect against the impacts of the calcc Lhoist Air pipeline (new project) then by Cryogenic  ®  H;0<1ppm
Liquide Lime plant sea I
most problematic compounds Rety — d’Artagnan P * NOx<10ppm

e  Storage in the North Sea e SOx<1ppm

Focus on three major CO, projects in Europe

=UR=T=0 | 16



CO2 pipelines — Design rules

Example of a specific industrial

CO2:

= dense phase > 90 bar

= gaseous phase < 36 bar

Thermal-hydraulic studies to

cover all operating cases

Pression (bar g)

140

Supercritical

120

60

Liquid—gas equilibrium
within the phase

envelope Operation in gas

phase : what about

cooling ?

Gas

-60 -40 -20 0 20 40

Température (°C)
Phase envelope for a specific industrial CO,

sUR=T=0 | 17



CO2 pipelines — Design rules

= Thermo-hydraulic studies are required from the preliminary design phase onwards:
= To verify the feasibility of transporting CO2 in the selected phase and optimise transport capacity

= analyse overpressures and condensation, simulate controlled and accidental atmospheric release scenarios,
analyse commissioning and decommissioning operations and pipeline depressurisation, and simulate heat

transfer with the environment - avoid multi-phase flow, formation of hydrates, etc.
= Specific features related to the dense phase :
= Transport of CO2 in dense phase => behaviour similar to that of a liquid = flow assurance + need of storage

= Calculation of the thickness of pipes to be adapted according to the points in the network located at the

lowest altitudes, which must support the weight of the liquid column (extending to the highest points)

= Problem of sudden changes in flow rate (water hammer): R&D in progress (TOTAL and SINTEF)



CO2 pipelines — Design Rules for stations

[ [

Station design . . . . . .

S I S
o 7

| .

j
Source 1 N
= Co te
. . . y . nsommateur

N D IO I O

=  Purity analysis : specification, continuous analysis to manage deviations

cource 2 [ = No ATEX ! Avoid double block & bleed valve technology, vent with sacrificial
L high pressure differential valves + significant venting time + dry ice formation

= Manage cooling of the pipe downstream of the expansion valves

= Metering: Coriolis technology widely used, with multiple meter runs in parallel
if necessary

=  Appropriate commissioning and start-up SURST=0 | 19



CO2 pipelines — Design Rules

International codes and Standards

ASME B31.4 : 2022 Plpellne. Tr?msportatlon Systems for LI-qUId Hydrocarbons and
Other Liquids. Includes elements particular to CO2 transport D N V

Design and operation of carbon dioxide pipelines. Used in Europe
as a complement to general purpose pipeline codes such as ISO

13623 or ASME B31.4 A ("‘I\/I I '

Carbon dioxide capture, transportation, and geological storage 16
published ISO standards including :

- 1SO 27913 : 2024 Pipeline transportation systems, harmonized
ISO/TC 265 at world level.

working group - others on CO2 capture, CO2 stream composition, flow
assurance, transportation by ship...

+ 10 under development including :

- loading and offloading of CO2 at port facilities,...

DNV-RP-F104 :
2021

SETTING THE STANDAR

SURZT=0 | 20



CO2 pipelines — Safety

Impact on people

Wind —>

Accident involving a CO, pipeline with release into the Horizontal jet discharge behaviour for a plume denser than air (complete pipeline
atmosphere in the USA (Satartia, MS) in 2020 rupture) [Mohitpour, 2012]

SURST=0 | 2



CO2 pipelines — Safety

No industry standard for calculation of

impact areas.

Concentrations retained as per French
regulations are 5% for IRE (irreversible
effects), 10% for PEL (first lethal
effects) and 20% for ELS (significant
lethal effects)

Example of CO2 leak modelling

After 10's : e
e IRE: 5% CO,

PEL: 10% CO,

ELS: 20% CO,
0 30.000 60.00 (m) i—‘o.

After 7 mn :

IRE: 5% CO,

PEL: 10% CO,

ELS: 20% CO,

SURST=0 | 2



CO2 pipelines — Construction Rules
Construction rules:

Pipeline :
= |nstallation similar to that
for natural gas facilities
= Specific pre-commissioning
for CO2, 2 strategies:

= Prior filling with N2 at
operating pressure and
introduction of CO2
directly in dense phase

=  Filling with CO2 at low
pressure + pressurize




CO2 pipelines — Materials

Pipe materials

=  Brittle fracture: sudden fracture without plastic deformation, like
glass breaking. Steels becomes brittle due to cooling of CO2
expansion through a leak = rules are in general pipeline design

codes with usual levels of resilience

=  Ductile fracture: An initial fracture will propagate due to the slow
decompression of CO2 - select appropriate materials or install

crack arrestors.

Prevention of ductile fracture propagation for CO2 pipeline still a

major research subject. More acute problem for dense phase.

»
~ .

e -
W %

Stopping ductile crack propagation using
composite collars [Di Bagio et al, 2017]
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CO2 pipelines — Materials

Large-scale tests have been conducted on ductile

fracture prevention.

Semi-empirical methods exist = lead to high
resilience values, but limited for certain pipe
diameter range (16” to 36”), wall thickness (10 to , ’ 7
26 mm), grade X60-X65... | . South side

- Gas phase : materials qualified

Figure 3: Test result - overview. R

- Dense phase : R&D in progress, evalua e

project on case by case basis

Figure 4: Fracture surface appearance along the axial propagation.
SURST=0 | 25



CO2 pipelines — Materials

Non-metallic materials:
= Case-by-case study
=  Generally compatible with CO, if pressure is limited

= Extensive research to be conducted, particularly regarding the compatibility
of elastomers and thermoplastics with CO,

=URZT=0 | 2



CO2 pipelines — Operation, maintenance and integrity Management

For operation and maintenance, the main adjustments for gas operators will involve training staff in safety
aspects and new operating procedures, and very strict monitoring of the quality of the gas transported

(particularly its water content) and operating parameters.

Integrity management will need
to be reviewed in light of the
specific integrity threats posed
by CO, : internal corrosion,

fatigue, degradation of materials,

equipment failure, welding

% o \ >y o
Photos of a geometric tool (left) and MFL (right) after inspection of a CO2
pipeline in dense phase [ROSEN, 2021]

issues, blow down /

depressurization....

SURST=0 | 2






Hydrogen — an energy vector

» The tiniest molecule, 2 atoms of hydrogen bonded together
» Non-toxic, colourless and odourless (not odorized)
» Highly flammable but flame quasi-invisible and hotter than natural gas

» Density :

v/ 0,07 (at0 °Cand 1 atm) = natural gas / 9 — very light, disperses quickly,
high velocity

v Always at gaseous state under normal or accidental operation

[ N
o v’ calorific power vs natural gas : / 3 in volume

but x 3 in mass

v thin molecule = issues with tightness,
embrittlement of steel

v" higher flammability = blanketing
N\ )

Qo

Hydrogen

H2 flame may
not be visible
in daylight

Zur=T=0
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H2 pipelines — Standards and Codes

General purpose pipeline | Description
standard

ASME B31.8 : 2025 Gas Transmission and Distribution Piping Systems

ISO 13623 : 2017 Petroleum and natural gas industries — Pipeline transportation
systems
= = RSPl ER Industries du pétrole et du gaz naturel — Systémes de transport
par conduits

EN 1594 : 2024 Gas infrastructure - Pipelines for maximum operating pressure
over 16 bar - Functional requirements.
Includes informative appendix about hydrogen pipelines.

ASME B31.12 : 2019 Hydrogen Piping and Pipelines

EIGA 902/02 Hydrogen Transportation Pipelines

Lo Ay AV TR G118 Hydrogen at scale and horizontal energy systems
A lot of standards published and under development for
mobility (fuelling stations, etc.) but not for hydrogen pipelines

A

SETTING THE STANDAR

| 31



H2 pipelines — H2 Design Rules

“Line pack design” : customer consumption profiles (minimum, maximum,

duration, frequency, probability) play an important role in the design of the

transmission network and its operating pressure, and the need for buffer

capacity in the transmission backbone
Anticipate future branches (not hot tap)
Operating pressures and temperatures similar to natural gas (in France usually around 60 bar but up to 130 bar)

Transport capacity : at same operating conditions (pipe size, pressure), the flowrate is 3x higher than natural gas but

calorific power is / 3 2 energy transported is comparable with increased CAPEX and OPEX in compression
Pipe wall thickness : increased above 8” compared with natural gas in line with code and material specifications
Safety : impact areas similar to natural gas

. . L SUR=T=0
Spacing of shut-off stations similar than for natural gas =SmiEe e



H2 pipelines — Pipe materials

* General-purpose pipe manufacturing standard :

Standard ___ |Description |

1SO 3183 : 2012 Petroleum and natural gas industries — Steel pipe for pipeline
transportation systems

* Extra requirements according to ASME B31.12 and experience :

[ltems | Spec according ASME B31.12 + experience feed-back

Chemical S <0,015%, P < 0,015%, seek low CEV
composition

Steel grade In theory up to X70 but max recommended X52 (L360)
Significantly limit the maximum stress (ex : 30% to 50% according to
ASME B31.12 or lower in the event of non-compliance with some
hydrogen specifications)

T B adt -4 Prefer seamless or longitudinally welded according to ISO 3183 spec
process level PSL2

S0l e e Ensure normalized heat treatment condition and a fine-grained final
metal structure to prevent hydrogen embrittlement.

=UR=T=0 | 33



H2 pipelines — Typical delivery station

V3 _ v3
v3 SIGNE X X

&  Main branch

c 0 4 0
. ™1 —m‘ CUSTOMER
PCV PRV cv vl
vi v2 III ™
> 80

F

1 Possible secondary branch for redundancy

]
: -
NETWORK ==d - T

Double block and bleed for shut-off stations and delivery stations — filter upstream control valve — all instruments ATEX

=  Connection for pig trap

= Nitrogen injection points for blanketing

All vents gathered to safe location > 6 m
SURSTZ0 | 34



H2 pipelines — H2 Construction Rules

Line : construction specificati

Stations : cleaning of piping ¢
tightness-tested with Helium
slab at site

Welding : specific welc
testing,...)

Pre-commissioning : cl
or air tightness testing

Blanketing prior to co

RCFEE U35 308 EMENT



H2 pipelines — Operation, maintenance an integrity Management

Blanketing of pipeline section in case of intervention — not hot tap (may require large amounts of nitrogen with tankers and
vaporizers, see picture)

Best practices in terms of regular inspection of surface installations, equipment maintenance, periodic cathodic protection
checks, route monitoring, and administrative management are similar to those for natural gas pipelines.

A leak detection system other than mass balance is not usually implemented for hydrogen pipelines
Preference for direct inspection instead of intelligent pigging

For stations, systematic blanketing before shutting down, use of sparkless tools in bronze or brass

=URZT=0 | 36
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CO2 & H2 pipelines — Re-purposing existing lines

Requalifying existing pipelines for the transport of either CO2 or H2 - guidelines in the relevant codes

Will probably involve downgrading the service conditions from the original pipeline

For CO2 and H2 pipelines, conversion will involve common steps: review of all available information on original
design and construction, history and operation records, technical documentation on materials, inspection of
above-ground parts, determine max operating pressure, adapt shut-off stations and metering stations, update risk

analysis... Good practice is to perform an inspection by intelligent pigging to evaluate integrity

Some points specific to H2 pipelines (ref. ASME B31.12) : determine material performance factor —if certificates
are not available, determine properties by chemical analysis on samples taken every 1.6 km + limit stress to 40% if

material is not qualified as per standard + analyze weld samples taken every 1,6 km

Some points specific to CO2 pipelines (ref. ISO 27913 and DNV-RP-F104) : perform thermal-hydraulic analysis,
check compatibility of materials elastomers, lubricants... check wall thickness design to absorb water hammer

effects...
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