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Hydrogen & Its importance in Energy

Transition
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Hyd rogen & Its Im portance in Ener gy Transition

A main challenge to shift to renewable energy

: : Model of a hyd t
Sources |S hOW Can the energy be eﬂ:ectlvely Stored [T Nm3/h] Deg'eaie?ro: inZus:rc;,grSQiﬁt;Ig:gZ;Z:gi::ket,generation from wind energy
and made available as required?

700

« H2 can be produced using electrolysis as required.
around 55 MWh of electrical energy is required to

500

400

generate one ton of hydrogen. T | | h H
* H2 can produce energy where required without any “ \H “ Ul | | L " | '{ I “|,

polluting by products and helps industrial mm' I W

decarbonisation. 5 8 & & §F 5 = 2 § 8§ & &

== Offshore production — H2 consumption

« Hydrogen can be stored, transported by pipelines, and
has hlgh energy densi’[y_ Offshore Wind Energy Production projected — [4]
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What are the Challenges for Hydrogen

Storage?
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Hydrogen & Its Importance in Energy Transition

Hydrogen and Pipelines

« Methane has 3 times the calorific heating of H2

* Though as hydrogen can flow 3 times as fast the
same pipeline can transport 3 times the volume and
an energy transportation only slightly less.

« Embrittlement (HIC) can be an issue which is process
where atomic hydrogen enters the metal lattice and
can embrittle the steel which can accelerate crack
propagation. This can potentially reduce service live
by 20 to 50%. Not like H2S where effect order of
magnitude higher than H2 gas. Subsea Pipeline Infrastructure-— [4]

» Fracture is an issue if there are high dynamic loads
and cracks already exists as well as the grade of steel
used.

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
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Hydrogen & Its Importance in Energy Transition

Hydrogen and Pipelines

« H2 permeation depends on pressure, temperature, 500

Hydrogen purity, stress, strain, material state,
presence of defects and material composition.
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1 Carbon Steels

'O X42 (3.3x10° mmis)
O A516 (8.5x10™ mm/s)

KIC for Carbon Steels , reaching limit around 20MPa-— [5]

16 24 32
H, gas pressure (MPa)
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Fracture Toughness Jic {in-Ibjind)
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Oftshore Wind Farms Iin North Sea
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[]
Operational wind farms et
-, . . The list can be sorted by clicking the triangle symbols at the top of each column.
* Government ambition of adding up to
) Depth
’ . Cap. i o Build Cap. km to
Wind farm s Country ~ Location ¢ ¢ Turbines ¢ | Commissioned ¢ ¢ ¢ range ¢ L Owner ¢
. . (Mw) Cost fac. shore
50GW by 2030 to offshore wind, of which -
y b} £§= United 00" 67 x Siemens Equinor
Dudgeon 402 2017 £1.5bn 32
Kingdom SWT-6.0-154 Statkraft
5GW from floating offshore wind in =
Humber Gateway 219 2015 €900 million 10-18 10 E.ON
Kingdom V112-3.0
- £§= United 35 x Siemens
Westermost Rough > 210 2015 €1,000 million 10-25 8 QOrsted
S S IS X . Kingdom SWT-6.0
£4= United < 531N 75 x Siemens .
Lincs 270 2013 £1,000 million 10-15 8 Centrica, Siemens, Orsted
. . Kingdom 0°29'0"E SWT-3.6-120
* Wind ener roduced offshore is 8 Unies 175 Semens ,
London Array 630 2013 £1,800 million 0-25 20 Orsted, E.ON UK Renewables, Masdar
Kingdom SWT-3.6
- - - - = United 27 x Siemens =
Teesside 62 2013 £200 million 7-15 1.5 EDF-EN
Kingdom SWT-2.3
£4= United 140 x Siemens .
Greater Gabbard 504 2012 £1,500 million 20-32 23 SSE Renewables
th Kingdom SWT-3.6-107
n O r S e a ] SI= United 88 x Siemens - Equinor 50%
Sheringham Shoal 317 2012 £1,100 million 12-24 17
Kingdom SWT-3.6-107 Statkraft 50%
£ United 48 x Siemens 3
Gunfleet Sands 1 & 2 172 2010 £300 million 2-15 7 Orsted
Kingdom SWP-3.6-107
£4= United G 100 x Vestas £780-900
Thanet 300 2010 ;. 20-25 1 Vattenfall
Kingdom 1°38°0"E V80-3.0MW million
Lynn and Inner SIS United 53°07'39"N 54 x Siemens Centrica 50%
194 2009 £300 million 37% 6-11 5
Dowsing Kingdom SWP-3.6-107 TCW 50%
£f= United SN
Beatrice Kinad 10 2 x REpower 5M 2007 £35 million 20% 45 23 SSE and Talisman Energy
ingdom

List of Windfarms in the UK. Wikipedia
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Offshore Wind Farms In the North Sea
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Offshore Wind Farms In the North Sea

Bundle Location in the North Sea
Subsea 7 Installed Bundles

Bundles completed
59 - 2008

Longest Single Bundle Length
7448 Metres

Heaviest Integrated Structure
465 tonnes

Largest Carrier Pipe diameter
49.5 Inch

Deepest North Sea Installation
350 Metres

Shallowest North Sea Installation
42 Metres

Longest Tow North of Wick
580 nautical miles

Longest Tow South of Wick
360 nautical miles
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Subsea 7 Presentation
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What are Pipeline Bundles?
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Introduction to Pipeline Bundles

* Pipeline Bundles consist of a carrier pipe containing individual pipelines and umbilical
components which are carried by spacers on rollers.

» Pipeline Bundles terminate in Towheads.

i

- / B, ) —
e = * \
___J b ] '-.~
P
- .
il

»

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
For Hydrogen Storage *« Khurram Qadir




/
. L cyGIA
Introduction to Pipeline bundles

* Hot Water Heating

* Production

* Insulation

e Sleeve Pipe

* Gas Lift

e Scale Squeeze

* Methanol Injection

* Control Tubes

e Chemical Injection
 Power & Signal Cables

* Carrier Pipe

* Main Spacer

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
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Introduction to Pipeline Bundles

« Fabricated onshore in a single length — 7.6km long fabrication
site.

* Longest, moveable man-made structure in the world.
* Installed using Controlled Depth Tow Method (CDTM).

» Over seventy five Pipeline Bundles installed in the North Sea
and Norwegian Sea regions by Subsea 7 mainly if not all from
Wick.

Subsea 7 Wick Site
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Advantages of Bundles for Design
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Advantages of Bundles for Design o

* Provide a second barrier of protection due to the carrier.
* Onshore welding and system integration test
— Strength test, valve operations, etc.
* Pipeline Bundle installation
— Mitigates need for expensive pipelay spread
— Towheads replace large structures.
— Low stress / fatigue process beneficial for H2 storage.

— Reduced installation corridor in congested fields

For derogen Storage * Khurram Qadir



Advantages of Bundles for Design

 Efficient insulation systems
— High thermal performance
— Low cost materials available

— Thermal / electrical heating systems

* No need to trench / Rock-dump
— No risk due to soll type.
— No risk of upheaval buckling

* Bundle Pipelines are in a protected environment due to the
Carrier.
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Pipeline bundle Storage Pressure Range

Development of HPHT Fields

@ UK Field Developments M Pipeline Bundle Projects

225 HP/HT Bundles design range
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Pipeline Bundles Decommissioning
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Pipeline Bundles Decommissioning

* The first bundle was installed in the North Sea in 1980 and
since then more than 70 bundles have

« Bundles are not restricted to one per field.

o’ Northem
North Sea

* The size and length of the bundle will impact on the potential
decommissioning methods to be considered.

80~
70k
I 2000-present
| 1990-1999
1980-1989
Bundle Distribution in Northsea
0 UK ' Norway T NESMF « Re-Purposing of Decommissioned Pipeline Bundles
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Pipeline Bundles Decommissioning
Decommisioning Options

Re-use at another site

* OQUTSIDE DIAMETER OF CARRIER PIPE NUMBER OF BUNDLES %

. - . 0-500mm 4 5 %
Full removal to shore for disposal at landfill S — . e
and/or recycling of materials 750 mm - L m 24 32%

More than 1 m 15 20%

* Removal for deep water dISposal Bundle Population by Diameter [3]

* In place’ decommissioning.

BUNDLE LENGTH NUMBER OF BUNDLES %

In place decommissioning is more often than not > - -

the preferred method. 5-75km 27 36 %

Bundle Population by Length [3]
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Pipeline Bundles Decommissioning
Decommissioning landscape

» Lot of assets offshore would need to decommissioned soon.

250 = jnuse
— removed/re-used 2020
removed/re-used 2019
200

. N
i
50 [\

i ,/J’HfJJ \\\

1990 2000 2010 2020 2030 2040 2050 2060

Number of installed and removed offshore installations Netherlands [1]
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Pipeline Bundles Decommissioning

Distribution of assets to be decommisioned.

150
well

Bl rpipeline
Il patiorm

120

90

60

t--l.llllllll_

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Number of objects (to be) decommissioned

Realised and forecasted decommissioning — offshore infrastructure [1]
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Leadon Bundle Decommisioning

Example

6" Gas Import spool PL1843 6.63 0.160 | Duplex stainless Gas 6" Gas Import Surface laid Suspended | Flushed with
riser base - MLS 1600ppm
TROS 650

12" Aquifer spool pL1842.5 12.75 0.124 | Duplex stainless Water 12" Aquifer riser Surface laid Suspended | Flushed with
base - MLS 1600ppm
TROS 650

12" Production PL1842.1 12.75 0.11% | Duplex stainless Production 12" Production Surface laid Suspended | Flushed with
spool fluid riser base - MLS 1600ppm
TROS 650

8" Test PL1842.2 8.63 0.131 | Duplexstainless | Preduction 8" Test riser Surface laid Suspended | Flushed with
fluid base - MLS 1600ppm
TROS 650

6" Gas Lift PL1841.3 6.63 0.155 | Duplex stainless Gas 6" Gas Lift riser Surface laid Suspended | Flushed with
base - MLS 1600ppm
TROS 650

H:sm-dedwdl

North Towhaad
307 Te (i ai1

Gravity Weiht
River Bases - 58 1o 95 Te fin air)

Note: Typical 3 line: toeschtrae
Production, Gas Lif: end Control umpar
Neve: All Rigid 5poals typically

-, 47.57 Carrier Pipe
42.5" Carrler Pipe coveredwithconcrete mattresses
Control Tubes North Bundla South Bundle
& Gables Midline Structure
& Gas 232 Ta (inair) 12 Weter Injection Gt Wi
& Cables
. 4Gas
10" Water Injection 8 Test
16 Aquiter 12" Production
)
16" Production ,‘\vﬁ
i«
< al
i 8 Test
=<
v c B7 Suspended
- Guide Base & Well
g & R 3
] |4 South Towhead
) 3 275Ta (inair)
South Drill
Centre
o R —
Water Depth 120m . -

Note: Typical 3 lines to eachtree e
o L BANAS
Leadon Subea Pipeline Bundle Decommisioning [2] " NESMF
Transforming a Circular
Economy Through

Manufacturing
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Leadon Bundle Decommisioning

Decommissioning of large diameter bundles is recognised as a general industry challenge,
with no common approach to the recovery of large diameter bundles. The conclusion of a
Joint Industry Project (JIP) report in 2013 was that there was no available technology to
enable safe, diverless retrieval of large diameter bundles such as the Leadon bundle. This
remains the case.

Maersk Oil Proposal to bundle decommissioned insitu.

No free spans were present

North and South towheads and MLS removed with cut ends rock dumped to
render bundle over-trawlable

An inspection and monitoring regime

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
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Why Pipeline Bundles for Hydrogen
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Why Pipeline Bundles for Hydrogen Storage?

« Sustainable decommissioning which has potential to be
profitable.

* Bundle location in the Northsea near Windfarms can act as
reserve for Hydrogen to be used to bridge the gap in electrical
supply using fuel cells.

» Bundles by there design and the way they are commissioned
are low stressed and have high fatigue tolerance.

» Previous life extension studies have shown minimal damage to
bundles.

» Possibility to use Carrier pipe which are large diameter and
have even larger storage capacity but lower pressure capacity. Bundle Distribution in Northsea

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
For Hydrogen Storage *« Khurram Qadir




Why Pipeline Bundles for Hydrogen Storage?

Feasibility Calculations

« Sustainable decommissioning which has potential to be
profitable.

4

e 207 bara NPS 16 1Dfinal 325.494 mm Length 7 km
Temp 4C Sch Sch 160
Density 15.9538 kg/m° [ — 325424 mm A 0.083210273 m*2 Vol 582.4719139 m’
Mass of H, 10000 kg Bundle Depth 50 m e 7.532842856 km
Vol 626.8099136 m* Psea 6.034008 bara
DP 200.965992 Available H,  9670.484806 kg
Material Data Pressure Effects
E 207 GPa O 80.76 MPa T -,
o 1.58E-05 mm/mm/C e, 3.902E-04 on 100% of Pass
OFatigue Limit 300 MPa Thermal Effects st
€y -1.738E-04
e, -1.738E-04

Calculation based on NIST data for H ,
Ambient temp at deployment assumed to be 15C

Bundle Distribution in Northsea

Average seawater density of 1023 kg/m3 used
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Why Pipeline Bundles for Hydrogen Storage?

Calculations based on Ship siphoning of H2 gas

Mass of H2 Stored (kg) Pressure 207 bar.a
Depth 90 m
Length of Bundle Pipeline Length 1.25 3.75 6.25
0.00 1.25 2.50 3.75 5.00 6.25 7.50 NPS 8 12 18
8 0.00 555.97 1111.93 1667.90 2223.86 2779.83 3335.80 Schedule 80
o@"o‘qz" 12 0.00 1237.59 2475.19 3927.93 4950.38 6187.97 7425.57
q@b « 18 0.00 2487.02 4974.04 7461.07 99438.09 12435.11 14922.13
26% 38% 36%

0-2.5km 2.5-5km 5-7.5km

Value of H2 Stored (USD)

Length of Bundle

0.00 1.25 2.50 3.75 5.00 6.25 7.50

8 $0.00 $3,335.80 $6,671.59 $10,007.39 $13,343.19 $16,678.99 $20,014.78

b\)&"}{l" 12 $0.00 $7,425.57 $14,851.13 $23,567.58 $29,702.26  $37,127.83  $44,553.39
E 18 $0.00 $14,922.13 $29,844.27 $44,766.40 $59,688.53 $74,610.66 $89,532.80

Estimated ROI
Cost of Ship $25,000.00

Length of Bundle
0.00 1.25 2.50 3.75 5.00 6.25 7.50

>
& & 12
RO 18

$4,702.26  $12,127.83  §$19,553.39
$4,844.27 $19,766.40 534,688.53 549,610.66 564,532.80

O
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Concluding Remarks
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Concluding Remarks

« Bundles have the potential to be repurposed for H2
storage for windfarms.

« Many bundles would be requiring Decommisioning and
with new and current wind farms might offer the best way
forward.

» Further work could be carried out on a real opportunity in
the North sea.

« Bundles might offer also the platforms to be repurposed to
produce and process hydrogen.

NESMF « Re-Purposing of Decommissioned Pipeline Bundles
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