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Context

Oil & Gas offshore field developments trend :

More and more demanding technical requirements and
stringent economical constraints :

> Need for very high thermal performances : long tie-

backs, deepwater fields

» Need for simpler and cost-effective architectures :
heated single line

Subsea electrically heated flowlines procure
» Hydrate and wax formation prevention
» Can be used for both preservation and production
» CAPEX-OPEX savings

Several heated flowlines are currently operated
subsea, mostly for shutdown management.

E-: SAIPEM

Hybrid loop

Single heated
flowline



Distributed Heating Technologies

Heating efficiency
Power factor
Main installation method

Deepwater installation

Tieback distance limitation

E-: SAIPEM

WET DEH
40%

0.3
S-lay / Reeling
Yes

30mi (HV cable rating)

Reeling

No

ETH PiP
90%
0.9
J-lay
Yes

25mi (heating cables rating)

DEH PiP

60% — 90%
0.8
Slay / J-lay

Yes

20mi — 40mi (3kV annulus)
40mi — 65mi (6kV annulus)




DEH-PiP Basis of technology

= Power generator is connected to the outer and the inner pipes
close to the middle of the flowline

= Inner and outer pipes are used as conductors for current flow

= Current passes from one to the other at electrical connections
(standard bulkhead) at flowline ends

Outer pipe «—Power source

Annulus & Inner pipe

P.i.P-

g‘ "
. — — — Insulation
Y Y Y Y Y Y Y Y Y Y7979 Y Yy Vv YTYyeyey vy
Main bore
I YT Y Y YT Y Y T Y Y Y Y Y YY!
| — — — «— € < €« < < < =
x
- /
Current End bulkhead

=+ Useful Heat Inflow

[
»

- Full flowline length
I:-J SAIPEM
| ]




Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology

ANNULAR LAYERS

MECHANICAL COMPONENTS

In_ner Thermal  Air Outer Polymer Metallic Metallic Termination

Pipe Insulation gap pipe Centralizer Shear Stop Bulkhead

/ Layer / / \

/ / A ‘l
- 14 ' ] = [ ] [ .
s [ 0 0 = [ L 0
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Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Thermal Air Outer Polymer Metallic Metallic Termination
Pipe Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer i
/ 1
, / I \ \ \
I A d— - l —1 I [ 1 i i
Midli
| ] L E i Elelctrlir(]:ZI — 1 | L | i
Copnpector
MLEC

E-: SAIPEM



Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS
Inner

MECHANICAL COMPONENTS

_ Thermal  Air Outer Polymer Metallic Metallic Termination
Pipe Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer ] i \\
B E=CT iﬁ
EI: ——
- 1/2
Midline !
Connector 1/2
MLEC
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Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer ] i \
1
i 'k
1/2 — 12
1atine
1/2 Connpector 1/2
MLEC
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Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electric_al Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer Layer i
y y L \
? 'k :
/2 — /2
1atine i
1/2 Connector 1/2
MLEC
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Conventional DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electric_al Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer Layer | i \
1
? &
/2 — /2
1atine
1/2 Connector 1/2
MLEC Inner pipe

Electrical insulation I
Thermal insulation I'

Air gap X:

—] .
I:-J SAIPEM Outer pipe
[ =5

Outer pipe coating



DEH-PIP

ANNULAR LAYERS MECHANICAL COMPONENTS

1/2 1/2

Inner pipe

Electrical insulation I

Thermal insulation

Air gap

—] .
l:: SAIPEM Outer pipe
[ =5

Outer pipe coating



DEH-PIP

ANNULAR LAYERS MECHANICAL COMPONENTS
. U A S VA S, S, B i ] o l—‘ﬂ
1/2 1/2
. w—_—— . us | — | — |
Inner pipe

Electrical insulation

Thermal insulation

Air gap

—] .
I:-J SAIPEM Outer pipe
[ =5

Outer pipe coating



'High performance DEH-PiP

Additional feature #1: Aluminium Liner

The SAIPEM-patented configuration includes an aluminium liner on
the inner surface of the outer pipe

» Electrical current flowing in the outer pipe passes through
aluminum liner instead

= Increased efficiency and reduced required supply voltage

Aluminium liner
48m long thin split tube
Inserted into OP QJ

Aluminum liner

El-: SAIPEM




'High performance DEH-PiP

Additional feature #1: Aluminium Liner

MAIN BENEFITS

Electrical efficiency increased : 60% — >90%

Reduced operating voltage : About -35%
Slightly increased power factor

RESULTING ADVANTAGES :
= Reduced OPEX
= Fewer Green house Gases Emissions

= Tradeoff between:

» Reduced rating of the power chain
(connectors, cables, transformer...)

» Possibility to unlock longer line length
20 miles — 40 miles (3kV annulus)
40 miles — 65 miles (6kV annulus)

E-; SAIPEM

Electrical current

Carbon Steel Outer Pipe

Aluminum Liner

Current density

1 in the outer pipe

Possible
air gap,

BN

Outer pipe

Aluminum
liner




DEH-PIP qualification

> Insertion tests
Performed on SJ & QJ

E'-: SAIPEM



DEH-PIP qualification

Strong effort on an accurate electrical model building

Validated by electrical tests
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DEH-PIP qualification

> Electrical tests
Performed on SJ & QJ

E-: SAIPEM



DEH-PIP qualification

> Electrical tests
Performed on SJ & QJ

Supply Voltage [V/m] versus Heating

Supply Voltage [W/m] vs Heating Power [\W/m]

1 1.0
& HUMEPRICAL MO DEL o 0.9 ® NUMERKALIMODEL
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= - = a7
= ¥
B . 2
a0 - 06
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S 05 - = 05
2 o4 - b 2 04 B ]
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™ 3 L4 o oo3 - -
= =
» .
= Y
o =
= - L
o 01
3 ,.
S0 100 150 200 =0 300 |0 400 450 S00 (] S0 100 150 200 =0 300 B0 400 450 SO0
Inner Pipe Heating Power per unit length [W,/m] Inner Pipe Heating Power perunit length [W,/m]

Without aluminum liner with aluminum liner

e
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'High performance DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electric.al Thermal Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead
Layer Layer i
[ A SIS \ \ \
1/2 _— 1/2
; e | | P ; El Itl-ne| | < L | ;
f 1/2 CO?’IC;I(I;ICCtZI’ 1/2 - -
MLEC

Aluminium liner
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'High performance DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS

In_ner Electric.al Thermal Air Outer Polymer Isolated wedge Metallic Termination

Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead

Layer Layer i
/ / / / / 'i . ‘
; - ! l | i ‘?
1/2 - 1/2
; e | | P ; El I t I-ne| | < L | ;
f |/2 CO?’I?’](I;ICCIZI’ |/2 - -
MLEC

Aluminium liner
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Qualification of the HP DEH-PiP

= Fulfil the mechanical role of an IBH

E'-: SAIPEM



Qualification of the HP DEH-PiP

= Fulfil the mechanical role of an IBH

OUTER-PIPE

DRY-INSULATION
WET-INSULATION
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Qualification of the HP DEH-PiP

Additional feature #2: Wedge shear stops

= Fulfil the mechanical role of an IBH

= |nsulate the IP-OP interface

Composite Wedges
Rigid and isolating inner/outer
links made of polymer




Qualification of the HP DEH-PiP

e Qualification activities:

1. Mechanical modeling of the system

....

2. Raw material characterization '
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Qualification of the HP DEH-PiP

e Qualification activities:

1. Mechanical modeling of the system

,,,,

2. Raw material characterization :

3. Laboratory-scale (1/3) test campaign:
» Deflection and rupture tests
> Creep tests : e -

>
W=

E-: SAIPEM



Qualification of the HP DEH-PiP

Additional feature #2: Wedge shear stops

e Qualification activities:

1. Mechanical modeling of the system
2. Raw material characterization

3. Laboratory-scale (1/3) test campaign:
» Deflection and rupture tests
» Creep tests

4. Full-scale validation test campaign:
» Mechanical tests
» Electrical tests

Els SAIPEM



Qualification of the HP DEH-PiP

Additional feature #2: Wedge shear stops

e Qualification activities:

1. Mechanical modeling of the system
2. Raw material characterization

3. Laboratory-scale (1/3) test campaign:
» Deflection and rupture tests
» Creep tests

4. Full-scale validation test campaign:
» Mechanical tests
> Electrical tests

> Installation operation tests onboard of a SAIPEM FDS2
J-lay installation vessel

E-: SAIPEM



Qualification of the HP DEH-PiP

* Qualification activities:

1. Mechanical modeling of the system

2. Raw material characterization

3. Laboratory-scale (1/3) test campaign:
» Deflection and rupture tests
» Creep tests

4. Full-scale validation test campaign:
» Mechanical tests
> Electrical tests

> Installation operation tests onboard
of a J-lay installation vessel

SAIPEM FDS2

E'-: SAIPEM




Qualification of the HP DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electrical Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead

/ IL./ayer L}yer / | / 'il J | | \ ‘?
& 1 ol

12 - 112
I : | v . clectical | s | !
' 1/2 Connector 1/2
/ MLEC

Aluminium liner
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Qualification of the HP DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electrical Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead

[ ]l ﬁ,
8 1 ot

1/2 = 1/2
Midline ‘
l' i s £ i Electrical P W 4 l,
/ 1/2 Copnector 1/2

Aluminium liner
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Qualification of the HP DEH-PiP

» Interface between power chain and DEHPiP system for
power input to the heating system

E-: SAIPEM



Qualification of the HP DEH-PiP

» Interface between power chain and DEHPiP system for
power input to the heating system

* Qualification activities:

v Housing design handled internally
» Focus on Electrical Connectors and Penetrators
Qualification ROAD MAP well defined
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Qualification of the HP DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
In_ner Electrical Thermal  Air Outer Polymer Isolated wedge Metallic Termination
Pipe Insulation Insulation gap pipe Centralizer Shear Stop Bulkhead

/ IL./ayer L}yer / | / 'il J | | \ ‘?
8 1 ot

12 - 112
I : | v . clectical | v | s !
' 1/2 Connector 1/2
/ MLEC

Aluminium liner
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Qualification of the HP DEH-PiP

- Sliding Pipe-in-Pipe Technology + Additional elements

ANNULAR LAYERS MECHANICAL COMPONENTS
Inner Air  Outer Polymer Isolated wedge Metallic Termination
Pipe gap pipe Centralizer Shear Stop Bulkhead

/'11*1 e ﬂ-!\'-. e

12 - 112
I : | v . clectical | v | s !
' 1/2 Connector 1/2
/ MLEC

Aluminium liner
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Qualification of the HP DEH-PiP

Additional feature #4: Electrical insulation
3 Polypropylene (PP) based products:

» Linepipe: 3LPP (3 Layer PP)

» Field joints: HSPP (Heat shrink sleeve PP)
> Forged pieces: FSPP (Flamed spray PP)




Qualification of the HP DEH-PiP

Additional feature #4: Electrical insulation o =y
3 Polypropylene (PP) based products:

» Linepipe: 3LPP (3 Layer PP)

» Field joints: HSPP (Heat shrink sleeve PP)
> Forged pieces: FSPP (Flamed spray PP)




Qualification of the HP DEH-PiP

Additional feature #4: Electrical insulation

* Purpose:
» Prevent any shortcut in case of annulus contamination (foreign object or free water)

* Qualification activities:
1. Dielectric characterization of insulation materials

2. Thermal and Electrical aging tests of insulation materials
5 ‘ \‘ Thermo-mechanical
’ W * - , embrittlement
v

Thermal aging

5: Electrical aging
g sensitivity sensitivity
Condition 2 Condition 1 Condition 4
135°C 135°C 125°C
3.5x U0 3x U0 3x U0

= T
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Qualification of the HP DEH-PiP

Additional feature #4: Electrical insulation

* Purpose:
» Prevent any shortcut in case of annulus contamination (foreign object or free water)

* Qualification activities:
1. Dielectric characterization of insulation materials

2. Thermal and Electrical aging tests of insu}ation materials

i (I |

Accelerated
aging
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Qualification of the HP DEH-PiP

- Qualification ratings

Design Parameters Limit Values
Application Flowline

Design life 25 years
Water depth 3000 m

AC
T

Cold Restart: up to 60km
Flowline Heating Capacity
Preservation: greater than 60km

Pipelines Material CS X65

110°C

r—
|:-J SAIPEM | 39



Conclusion

Technology Maturity and qualification

Roadmap

A0 Aluminium lining
Electrical Insulation n

Field Joints insulation n

N2 Shear stoppers n

Mid-Line Electrical Connector u

E'-: SAIPEM

Outer pipe

Dry insulation

Electrical insulation

Inner pipe

Aluminium liner

Target TRL4 API 17

Functional
Aluminum liner inserted on a quad joint.
All electrical simulations done.

Functional
Solution is selected: 3LPP.
All electrical simulation done.

Functional

Solution under selection with preliminary electrical tests.

Functional

Solution is selected: Wedge shear stops.

All mechanical simulations are done. To be tested.
Functional

Qualified electrical components

assembled into a SAIPEM designed housing.

Q4 2023 Q4 2024

Insertion and electrical testing on a QJ

-Extended electrical characterization testing
-Extended electrical and thermal aging testing

Same as parent coating >

-Extended mechanical and electrical :testing
-Operational test on FDS2

Forged piece mechanical design
FEA validation

Other components:
O Shear stops

U MLEC
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