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Introduction and Background

eScottish Enterprise

*Economic Development Government Agency

eScottish Development International

eInward Investment & International Trade

eSustainable Economic Growth

sInnovation and Technology Development
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Ocean Industries in Scotland
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Ocean Industries in Scotland

Offshore Wind

Fishing Subsea Oil and Gas Wave and Tidal
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Ocean Industries in Scotland

 —

» Ocean industries sector approx £33B of turnover
(¥5.6T)

23.3%

» Oil and Gas sector approx £25Bn (¥4.2T) core marine1\§ect0r

» Around 4000 employed in the core marine sector

» Of these, 30% were employed in seafood and

fishing
Il ‘0l and Cas Il Construction of water projects
Other maine B Building and repairing of ships
W Fishing and boats
Il Fish Farming Sea and coastal water transport
B Processing and presenving of fish 2nd SUpDOrting activities
B Service aciivities od and gas Renting of waier transport eguiprment
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Subsea Industry in Scotland
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Subsea Sector Output

» Scottish Output over £7.5 billion
=36y ° 30% of world subsea market

» Growth is due to both export and
domestic market.

* North East Scotland dominates
output due to presence of large
contractors.

m 57%

Global Subsea Market £21 billion (¥3.5T)

Expected to double over next 5 years
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KEY FACTS

» The subsea sector in Scotland is worth an estimated £7.5B per annum (¥1.2T)

«370 subsea companies, employing over 38,000 people

» Serving multiple sectors:
* Oil & Gas
» Defence
* Renewables
 Shipping

* Range of specialist activity areas:
* Manufacturing
» Consultancy
» Services
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SUPPLY CHAIN — percent of companies offering

Peroent of Cr 5 oiffering Sub Services
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Key Subsea Companies Profile
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SUBSEA GLOBAL SERVICES COMPANIES IN SCOTLAND

‘ b GE Qil & Gas

Y~  Schiumberger

ConocoPhillips

TOTAL i KONGSBERG — '\ ' c M A N

ks AkerSolutions Qe subsea /.
WU  HALLIBURTON Technip

subsea

1 Sta[0|l @CAMERON
*’ BIBBY """-1""‘ Ha"ln mes kenny“ Chevron

OFFSHORE L el

| —~—

HELI

ENERGY SOLUTIONS GROUP

HDdUE “+\MC Technologies

EXPRO
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http://www.halliburton.com/en-US/default.page?node-id=h92trayt
http://greensteam.dk/wp-content/uploads/2014/03/BP.jpg

company overvien —i-tech7 |l el

» Global leader in the supply of ROV and bespoke
tooling services to the subsea sector

» 40 years of ROV experience and an intensive
Research and Development programme with
R&D teams located globally including Aberdeen

« Design, build, operate and maintain exclusive,
globally available pool of subsea tooling
solutions

» Setting industry standards adopted by operators
across the globe

» Fleet of vehicles suited to survey and inspection
services aided collaboration with survey and
inspection departments in Subsea 7
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Company Overview — FMC TECHNOLOGIES Mc Te'ChI"IOI'Ugies

» subsea production systems for pressures up to

e subsea trees,

« wellheads

e production and processing systems,

« surface wellhead systems,

* high pressure fluid control equipment,
measurement solutions

* marine loading systems

* R&D facility of 250 people for the development of
technologies such as
» optical spectroscopy,
» optical fiber sensing
e wireless communications,
» fluorescence leak detection

¥4 SCOTTISH
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Company Overview — Bibby Offshore
OFFSHORE

» subsea construction, inspection, repair and maintenance

» surface vessel support fleet with permanent subsea deep
dive and ROV capability

* long track record of successful delivery:

BIBBY

Flexible flowline, umbilical installation and tie ins

Riser installation
Structure installation ( WHPS/PLETS/PLEMS etc)
Diver and ROV supported tie ins
Diverless construction activities
Deepwater IRM

Pipeline inspection services

www.sdi.co.uk
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Company Overview — Forum Energy Technologies

» World leading product manufacturing, and engineering
group incorporating a number of global brands across the
subsea industry

* Visualsoft: ROV control and simulator software suite

» Sub-Atlantic: leading manufacturer of Comanche,
Mohican, Super Mohawk, Mohawk, Mojave,
Tomahawk and Navajo Electric Observation ROV
Systems and subCAN high speed communications
data network system

Rovdrill: specialized drilling and assessment system
enabling successful deepwater drilling and
exploration, in situ testing and coring tasks on the
seabed and easy integration with most work-class
ROV systems

www.sdi.co.uk
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Company Overview — AC-CESS i ﬂg,mgaégﬁdﬂ

==

«world leading manufacturer of remotely operated
vehicles (ROV) and underwater inspection systems
and products

AC-ROV 100 and 3000 Features

«weight of just 3kg at 204mm x 151mm x 146mm.

e applications, offshore, onshore or down pipes,

eone person can easily deploy the system in less
than 3 minutes

ecan also be controlled with one hand,

5 degrees of freedom equal forward
and lateral thrust

eapplication is Commercial, Security,
Emergency or Recreational

 depth rating 100m and 3000m

¥ SCOTTISH
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Company Overview — WFS TECHNOLOGIES M W FS

TECHNOLOGIES

eworld’s leading supplier of through-water and through-ground
wireless technology for communication, navigation and
power transfer.

*signal can penetrate water, air, across the air/water interface
and even through solid material (seabed, ground, harbor
walls, ice) to allow two-way comms at high data rates and Sl
with low latency. (~156kbps @ 4m -7m))

eapplications include data transfer between underwater
sensors and unmanned underwater vehicles (ROVs and
AUVs) and Wireless Pan Tilt Zoom Camera

*inductive charging function to sensors, data loggers, control
systems and AUV docks - wirelessly. 10W — 3kW at up to
90% efficiency at up to 30cm — No wet mate connection
needed

4 SCOTTISH
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e Underwater Vision Specialists

*Design, Manufacture and Supply....
» Visual inspection systems and controllers
« Xenon underwater strobes
e Subsea electrical and fiber optic connectors
* ATEX certified explosion proof systems

e Pan/Tilt/Zoom colour cameras

« Underwater LED lighting : 13023

e Customers across Subsea, ROV , AUV, Oil and Gas,

Defence, Nuclear, Oceanographic Research and Marine g ;
Science industries =
N\
www.sdi.co.uk »A ggglﬂit!



Company Overview — C-Technics

Manufacture high quality underwater video and

communications products for offshore and ROV industries CoTBEAIES

e Design and supply of electronic equipment for marine

environments

» Underwater video systems to suit most diving and ROV

requirements
» Underwater LED lighting and subsea scaling laser modules

» Supply and services to:
e Oil & Gas
o Military

e Scientific

4 SCOTTISH
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Company Overview — NAUTRONIX

NASNet
 subsea positioning system combining long baseline & GPS
concepts upto 5000m depth and 10Km range

NASCOM

 wireless systems for BOP with world first acoustic MUX

NASDrill

« vessel riser / anchor positioning using spread spectrum
NASDive
 Diver Communications - unscramblers , Emergency through water

NASeBOP
 acoustic control system to meet the requirements of mission critical BOP

* Pig Tracking — magnetic Pig signallers

www.sdi.co.uk W SCOTT|SH
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Company Overview — ALBA ULTRASOUND qlba

* Piezo-composite technology in both sonar
and NDT.

ecustomize Piezo-composite Transducers
and Arrays, employing state of the art
design and manufacturing techniques.

*in-depth understanding of materials and
processes for operation in the most
demanding and harsh environments.

emechanical, electrical and acoustic design
capability allows them to work closely with
their clients to optimize every aspect of the
transducer design.

54 SCOTTISH

DEVELOPMENT INTERNATIONAL

www.sdi.co.uk



_ Tritech
C N /e

especializes in high performance sonar, video cameras for
Energy, Defence , Security, Engineering, Survey, R&D

*multibeam, scanning, profiling, bottom profilers, side scan,
bathymetric systems, altimeters, FPSO, littoral zone

* Digital Sonar Technology , CHIRP

eriser and anchor monitoring system is a 360° riser and
anchor chain monitoring system for FPSOs beneath the
vessel to monitors the presence, integrity and position of
mooring lines and risers 24/7 from a single sonar head.

54 SCOTTISH
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Company Overview — SEEBYTE

seebyte

Awareness Made Easy

eadvanced awareness control systems for unmanned systems
AUV and ROV, integrated technology into land, air and sea
solutions.

«first autonomous inspection of riser pipes using ROVs

«first AUV autonomous docking technology using sonar / video
eworld-record held for AUV pipe tracking demonstrated

in the North Sea - 22 km autonomous tracking

«first commercially available automatic manmade underwater

object-identifying software using side-scan

 partnerships with Subsea 7 for AlV system

54 SCOTTISH
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Video AIV platform with Subsea 7
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Company Overview — HYDRASON eq
A

HYDRAYON

solutions

* Biomimetic wideband pulsed sonar based on Dolphin capability for object identification in

shallow cluttered waters

» Standard sonar - Increasingly high frequency, limited range,

external view only black and white, intensity only, size; shape

e Biosonar — Wideband (30kHz to 150kHz) , Lower frequency,

* See what’s inside, more informaton

acoustic colour; texture, material; composition, contents; condition

4 SCOTTISH
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."“ TELEDYNE CDL

Company Overview — Teledyne CDL Everywhereyoulook’

* Inertial Navigation for both Subsea and Surface (Offshore and Onshore)
applications,
» High Accuracy GPS Positioning Systems

'  Remote & Topside Data Collection,
» Attitude (Heading, Pitch & Roll Sensors)
» Sensing, Data Transfer,

« Multiplexers

Smallest Fiber Optic Gyro in world
» World's First 3D Scanning Subsea LIDAR

54 SCOTTISH
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Company Overview — OCEANTOOLS - |

-

OceanSense leak detection systems
* Photo multiplier 50 times as sensitive as conventional “black light” detectors
 ROVs lights do not have to be turned off — improved safety
» Detection range up to 7m
* Results visible both on camera and via software
» Detects wide range of dyes & substances
* No dangerous lasers

 Fiber optic gyrocompasses
* ROV video overlays

» Pan and tilt units

e Subsea displays

» Heading, attitude and tilt sensors

4 SCOTTISH
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Company Overview — KONGSBERG

Underwater Camera Systems up to 8000m depth

e Harsh Environment CCTV Systems:
 Offshore Drill Support CCTV

« Commercial Vessel CCTV

* Naval Ships CCTV, Submarine CCTV

* Naval Underwater Vehicle and Diver Deployed Cameras

i

KONGSBERG

www.sdi.co.uk
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Company Overview — CODA OCTOPUS @
CodaOctopus

* 3D Real Time Sonars — Echoscope® and Dimension®

» Marine Geophysical Survey

* Motion Sensing

Instantaneous, high definition real time 3D sonar
3D scene completely updated at up to 20 Hz

Up to 3000m depth

Single or dual frequency sonar

Up to 16,000 beams using phased array

Marine construction, dredging, oil and gas, port

and harbour security, ROV & AUV

www.sdi.co.uk }Z‘ SCOTT|SH
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Company Overview — Caley Ocean Systems -— |

Caley Ocean Systems supplies innovative and bespoke offshore handling systems, design
consuitancy, professional project management and engineering senvices to the offshore oill and gas and
renewables industry, ocean science and naval defence markets.

Offshore Products

——— - T

= High Capacity Carousels,
Tumtables and Spoolers

= Pipe and Caollar Clamps

= Storage Reels

= Pipe and Cable
Tensioners

=« Caley Winches

= ROV / AL Handling
+ Dive Bell Handling
Systems

« The Caley Dawit

Ocean Science

F w3l ) \ﬁ"
V| = ¥
= Manned Submersible
Handling - Stem
A-Frames

# A-Frame Handling
Systems

» CTD Handling Systems

» Winch Systems

MNaval Defence

« Submarine Rescue
Systems

= Autonomous Undersea
Vehicle {(AUV) Handling
System

« The Caley Dawvit

www.sdi.co.uk
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Company Overview — THALES OPTRONICS THALES

» designs and manufactures world-leading electro-

optic night vision systems and equipment.

esupplier of periscopes and optronic masts for

Royal Navy's and Japanese submarines

esupplied most of the UK’s armoured fighting

vehicles with night vision equipment.

edesign and manufactures reconnaissance pods,

and Infra-Red Search & Track for the Eurofighter

4 SCOTTISH
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James Fisher

?

Company Overview — James Fisher Defence

Submarine Rescue Products

Submarine Rescue Bell Mating Targeds

Intervention Targets ELSS Pods & Bags

The SEAL Pod

SEAL Carrier

www.sdi.co.uk LY‘ SCOTT'SH



SAMS Research Services Ltd

MARINE RENEWABLE ENERGY

SRSL facilitates the sustainable
development of marine renewable
energy generation in Scofland through
world-class environmental surveying,
sampling, monitoring and analysis

MARINE TAILINGS DISPOSAL

The world's leading environmental
consultancy in Deep-Sea Mine
Tailings Placement (DSTP) with over
ten years of experience in providing

marine environmental impact
assessments

AQUACULTURE SERVICES

SRSL deliver expert advice in
Integrated Multi-Trophic Aguaculture,
Biosecurity Planning, Macroalgal
cultivation technigues and feasibility
studies, as well as marine growth
assessments and field testing of anti-
fouling coatings and technologies.

MARINE SERVICES

Specialist marine consultancy and
survey services, under pinned by
cutting-edge science to enable the
sustainable exploitation and
management of the marine
environment

Deep Sea Mine Tailings
Placement (DTSP)

Oceanographic Surveys

Ecotoxicology

Sampling

Seafloor Mapping

www.sdi.co.uk
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Key Research Capabillities
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 exploration training environment preparing geoscientists
* state-of-the-art technology for exploration
« visualisation facilities gifted by Halliburton

e supported by:

4 SCOTTISH
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Research Overview — TUV NEL

e technical consultancy, research, testng, ﬂ P

flow measurement il ii.

measurement including
e Laser Induced Fluorescence
e Image Analysis
» Particle Detection

e Ultrasonic Acoustic Measurement

bp Chevron . #H,
“‘ ExonMobil ¥ saipem @ Natonal

Office

54 SCOTTISH
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Research Overview — Industry Innovation Technology Fund

» |Industrial Collaborative R&D Club

« facilitating collaborative technology innovation and
deployment in the oil & gas sector

» subjects have included apgeuu gSoljl

Soudi Aramco
e subsea communications, 'FMCTechnnlngies W

AUV inspection,

petro-physics,

seismic acquisition, o 6 PETRONAS

geomechanics, ToTAL
Schlumberger

 supported by most of the major producers and E)Kﬂl'lMﬂ-bll
support services companies

sand control

54 SCOTTISH
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Research Overview —Subsea Research Initiatives

@ e adirect link between the subsea community and
academia as well as government

&=
(n
S

i
%

nitiative « facilitate the development of subsea technologies

|

OGIC

Improving Exploration Qil & Gas Innovation Centre
Outcomes

Asset Integrity and

Life Extension Decommissioning Enhanced Recovery

e collaboration between industry
Well Construction, and academla

Shale Gas Exploration Drilling and
Completions

Production
Optimisation

www.sdi.co.uk LY‘ SCOTT'SH
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Research Overview — Sensor Innovation Centre -@CENSIS

» Around £200M worth of research ongoing Robert Gordon
' ' ' ' ' Aberdeen *
_|n Scottish Companies and University West of Scotlady \/
IN sensors every year Glasgo :\/Dundee
St. Andrews
Strathclyd _
o _ dinburgh
*CENSIS is interface with 90 research . t Watt
Caledonia

groups

esource of world class domain knowledge
and expertise in sensor product
development

«&} CENSIS : =

FOR MORE
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University Research Overview

Ocean Systems Laboratory

Prof Brown, Prof Lane, Prof Petillot
* bio inspired sonar systems, AUV planning prognostics
e  subsea robotics, computer vision, image and signal
processing, autonomous vehicles.
e sonar design, data fusion and underwater roboaotics,

autonomy for unmanned platforms

« Oil reservoir modeling, sensing and evaluation

HERIOT
_HES WATT

UNIVERMTY

www.sdi.co.uk

>
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. . ) HERIOT
University Research Overview EPWATT

UNIVERMTY

Institute of Petroleum Engineering — 22 Professors
e Carbon Capture and Storage

. Carbonate Reservoirs

 Enhanced Hydrocarbon Recovery
 Hydrate-Phase equilibria
Multiscale Modeling and flow simulation

 Petroleum geosciences and reservoir geophysics

*  Production technology and chemistry

e Uncertainty quantification

B Cunocgﬁhillips .%JDG Wi HYDRAFACT

BG GROUP
@ petroc

4 SCOTTISH
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University Research Overview

Centre for Ultrasound Engineering — Prof Gordon Hayward

gototaotd
eoesontil
i

» world leader in the development of transducer arrays

» wideband piezoelectric composite technology to high frequency sonar applications

encompassing both military and commercial applications

e sonar applications in the frequency range 50 kHz to 1 MHz

» Ultrasonics, Sonar, NDT, Medical Ultrasound Imaging

SCOTTISH

DEVELOPMENT INTERNATIONAL
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University Research Overview

* Prof Neilson, Prof Wang, Prof Watson , Prof Allen

subsea quantum gravity gradiometers

subsea digital holographic imaging

wireless sensor networking for subsea

laser induced breakdown spectroscopy

« Prof Pollard, Prof Prabhu, Prof Steel
« subsea molecular sensing, taggants, leak detection
« fibre bragg integrity monitoring

» ultrasonic pipeline inspection systems

5 UMNIVERSITY | UNERSITY
of ABERDEEN

www.sdi.co.uk
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University Research Overview — Oceanlab 5“”'%“5”* E
. eanlab

 unmanned robot LANDERS used for data collection rated to
12,000m

e engineering laboratories, high pressure chambers, vibration

tables, immersion tanks and all facilities needed to design,

build and test deep-sea systems

* high pressure test vessel for testing subsea equipment and

certifying housings to 7,000m depth

o world-record for a remotely-controlled dive to 10.5km

depth in the Pacific Ocean trench,

 recording video of the world's deepest living creatures with

Atmosphere and Ocean Research Institute at University

of Tokyo

4 SCOTTISH
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Research Strategy

2013-2018 Research
strategy

Our Departments

Biogeochemistry and
Earth Sdence

Ecology Department
Microbial and Molecular
Biology

Physics, Sea Ice and

www.sdi.co.uk

Research Centres

Marine Bioenergy
Scotland

Centre for Sustainable
Coasts

Centre for Industrial
Ocean Impacts

Centre for Smart
Dbservation

Culture Collection of
Algae and Pr

National Facility for
Sdentific Diving

Research Theme 3¢

MARINE RENEWABLES

Other research

Facilities and
Capabilities

Conference fadilities
Rasearch vessels
Analytical capabilities
Modelling capabilities
Research aguarium
Library facilities

Research Theme 4:
PEOPLE & THE SEA

Scientific Staff ™

Adams, Dr Tom
Alexander, Dr Karen
Aleynik, Dr Dmitry
Anderson, Dr Phil
Benjamins, Dr Steven
Black, Professor Kenneth D.
Brennan, Ruth
Burrows, Professor Michae
Calder, Dr Lois
Carboni, Stefano

¢, Dr Elizabeth
Cottier, Dr Finlo
Crocket, Dr Kirsty
Cunningham, Dr Stuart
Dale, Dr Andrew
Davidson, Professor Keith
Day, Dr John
Ditchfield, Dr Arlene

" SCOTTISH
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Subsea Education and Training
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University Post Graduate Teaching @

o Strathclyde University - MSc Subsea Engineering

Inspection and Survey

Offshore Engineering Practice

Risers and Mooring Lines

Subsurface Technology

Marine Pipelines

Maritime Safety and Risk

Subsea Systems and Installation

Dynamics of Floating Offshore Installations or
Computational Free Surface Hydrodynamics or

Theory and Practice of Marine CFD

www.sdi.co.uk
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University Post Graduate Teaching UNERSITY

 Robert Gordon University : Introduction to Subsea Engineering
» Distance learning
» Subsea as an industry,
 the basic elements of the oil and gas industry for those new to the industry,

» the components used in subsea completions, production of fluids, interventions, flowlines,

manifolds, wells or multiwells.

» Subsea Completions, control systems, flow assurance, pipeline fundamentals, installation,
umbilicals, power cables, risers and topsides, new systems

» Subsea boosting to enhance oil recovery from marginal and depleted reservoirs
- The development of lightweight risers and pipes for deepwater applications
- Thermal management of pipelines to assure flow
- Post-Macondo oil spill response technology

www.sdi.co.uk LY‘ SCOTT'SH
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University Post Graduate Teaching %&ﬂgféﬁﬂﬁm

e University of Aberdeen : MSc Subsea Engineering
» 27 month distance learning or 12 month onsite

» accredited by the Institute of Marine Engineering, Science & Technology
(IMarEST) and Institution of Mechanical Engineers (IMechE), the Institution of
Civil Engineers (ICE), the Institution of Structural Engineers (IStructg), the
Institute of Highway Engineers (IHE) and the Chartered Institution of
Highways & Transportation (CIHT).

» understanding of the development and operation of subsea technologies and
systems, from wellhead to topside structure interconnections.

» Subsea Production Systems

* Fundamental Safety Engineering & Risk Management Concepts
» Subsea Control

» Subsea integrity construction inspection and maintenance

* Pipeline, soil mechanics, riser systems, hydrodynamics, flow assurance

www.sdi.co.uk LY‘ SCOTT'SH



_ _ _ HERIOT
University Post Graduate Teaching & WAT'T

« MSc Petroleum Engineering and Geosciences

* running since 1975, Distance learning or onsite 4 programmes. CPD short programmes

Reservoir Evaluation
and Management
Programme

GUIPT Samesie 2
PRODUCTION TECHROLOGY
GHOF Sampter 3 PiccaiioniCabaitall ALPIGL

CESIGH PROUECT Exar A ook
RicrarionTeballall ALPIDL
Riepaxt only

Petroleum
Engineering
Programme

GIAPG Sameder |
GESEIENCE FOR
FETROLEUM ENGIKEERING

Ficarionil kil &LROL
Exan cuwy 0110E S
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North Sea Future Strategy
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Centres of Excellence

A long tradition of innovation and 15 universities allow Scotland to consistently
punch above its weight as a destination for world leading R&D operations.

 Some examples of internationally excellent or world-class oil & gas research
capability in Scotland are:

Resonance Enhanced Drilling research Aberdeen University
Mineral law and policy University of Dundee
Gas Separation research University of Edinburgh
Materials/nanotechnology research Glasgow University

Flow Assurance Heriot-Watt University
Drilling simulator Robert Gordon University
Environmental Studies St Andrews University
Asset integrity Strathclyde University
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Scottish universities have a diverse range of capabilities and facilities that focus on Oil and Gas education, research and development. Each of the universities noted above has different focuses and approaches. Collectively, Scottish universities have a common deep understanding of the underpinning mechanisms and processes that govern the production of Oil and Gas and there are a number of academics based in Scotland whose research has had worldwide impact. These impacts have been notable in the fields of oilfield chemistry, geosciences for exploration and reservoir characterisation, computer modeling, technological development, sensors technology, and subsea processing.

Knowledge exchange between HEIs and industry remains of paramount importance in this sector. For example, Scotland’s HEI have a long history in the development of sensor technology suitable for asset integrity monitoring, down hole applications and seismic imaging.




UKCS Evolution
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UKCS Production

* UK is in the top 25 global producers of both oil (25th) and gas (22nd)
® Produced 1.44 million boe per day in 2012

160
140
120
100
80
60
40
20
0

Million Tonnes Qil Equivalent

2007 2008 2009 2010 2011

oitL | Gas

www.sdi.co.uk LY‘ SCOTT'SH




UKCS Reserves

* Up to 24 billion boe still to be recovered

* Technology and investment key to unlocking potential

o 30

S

o 25 Yet to Find

()]

3-9 . ‘

5 20 Undeveloped Discoveries
0

s 15 1-4 Possible
o |

. Probable

o 10
'2 . . Existing Fields and Sanctioned Investment
o
E ] B Production in 2011

-0.66

www.sdi.co.uk LY‘ SCOTT'SH



S

Industry Strategy

* Oil & Gas Industry Leadership Group

* Vision — Maximising Resource Recovery
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The following six priority areas have been identified as central to our objectives:

Supply Chain – Domestic		- Skills
Supply Chain – International		- Innovation
New Opportunities		- Industry Place Promotion

The vision of maximum resource recovery will be built around:

strengthening our supply chain expertise - at home and overseas
applying innovation and technology

I will now talk about one of the areas of opportunity for improving recovery rates in the UKCS – CO2-EOR
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CO2-EOR Potential

The most likely technical incremental oil potential for CO,-EOR exceeds 5
billion barrels, dispersed across the UK, Norwegian and Danish sectors
of the North Sea.
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Scottish enterprise commissioned a study in 2012 to look at the potential impacts of CO2-EOR in the North Sea. The study indicated the potential to recover an additional 5 billion barrels of oil and significant economic benefits to Scotland. However the window of opportunity is narrowing as oilfields become depleted and the economic case for maintaining infrastructure is difficult if alternative commercial use is not found. The only way to deliver the necessary volumes of CO2 is to implement Carbon Capture & Storage.


Carbon Capture and Storage (CCS) - Overview

Safely Storing CO- i I

The liquid CO3

is pumped deep
underground into
one of two types

of CO2 storage
reservoir =
(porous rock) 5

Source: Gov.UK, Peterhead Project
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What is Carbon Capture and Storage? 





Once developed at scale CCS could:
- allow the safe removal and permanent storage of carbon dioxide emissions from coal and gas power stations 
- remove and permanently store emissions from large industrial sources such as steel or cement factories
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The Vision of a CCS Hub

“The Central North Sea can produce multiple CCS
projects quicker than anywhere else in the UK.

Central North Sea
. —CO; Storage Hub

Enabling CCS deployment

The CNS fulfils the UK’s own needs, and also opens  © in the UK and Europe
a gateway to Europe, to safeguard high value jobs in :
the UK and provide long-term taxable revenue”.

Prof. Stuart Haszeldine, Research Director SCCS

Sets out the vision of the Central North Sea as a hub
and presents several scenarios on how it might 5 ; 5
expand in the future. R ety iy %ELSU'E[—" :

gl

. ~AFFORDABLE
- DELIVERABLE _
_DIVERSE == -
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The picture in front of you shows a cross section of the Captain Sandstone which is one of the most well studied saline formations in the North Sea.

This was the starting point of our work around a Central North Sea Storage Hub and this vision was published by Scottish Carbon Capture and Storage in 2012. This report at a high level identified the Central North Sea as a potential storage solution for Scotland and indeed Europe. It also set aside a vision of how the CCS Hub concept could develop over the coming decades.
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Scotland’s assets for CCS

Storage Experienced Existing
assests Oil and Gas Infrastructure
supply chain In place
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Transition from looking at Peterhead at a local level to the national level. 


North Sea Storage Assets

Offshore, Scotland has an abundance \ °s
of storage under the Central North o e . B
Sea (CNS), including depleted O Saine aquier (open) ¥
hydrocarbon fields and large saline ;‘ oepieted ydrocarbun felds c%
. izeMT »
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The potential CO, storage capacity in
the North Cea is enormous; estimated
at severals tens of Gt.

There should be sufficient capacity to
meet the UK’s needs up to 2050
using CNS stores. This would still
leave capacity to satisfy a storage
demand from North Sea basin [ _
. ) .
countries. cecnenersy 2

Source: DECC- CCS Roadmap/ Scottish Government / Scottish
Enterprise Hub report
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There are abundant CO2 storage capacity (tens of gigatonnes) in the Central North Sea – the Goldeneye gas condensate field being an immediate possibility and it is likely that saline aquifers (such as Captain sandstone saline aquifer) and some of the many depleted hydrocarbon fields in the CNS can provide bankable storage capacity by the 2020s.

The study categorised stores within brine-saturated sandstones (saline aquifers) and hydrocarbon fields identifying some of the latter as having potential for Enhanced Oil Recovery (EOR) using CO2.  All or part of each of ten saline aquifers shortlisted, out of more than 80, lie within the central North Sea; between them they could have a storage capacity in the range 4,600 to 46,000 million tonnes. Twenty of the 29 hydrocarbon fields identified, out of more than 200, also had potential for CO2 storage. 
These results have since been substantiated and qualified by the ETI’s £4m UK Storage Appraisal Project, although the results have not yet been made fully public. The theoretical potential CO2 storage capacity within the central North Sea (central estimate ca. 40 Gt) is the largest within the UK Continental Shelf (UKCS). The prospective capacity will be less, as will be the case in all parts of the UK offshore. 



=

The existing Oil and Gas supply chain

The Exploration & Production industry is
serviced by a very well developed supply
chain. In principle there is nothing unique
about offshore CCS operations.

The following services are applicable to an
offshore CCS industry:

- Seismic Byt LI “I S
. . ik NN (A I

- Reservoir modelling

- Drilling & well services

- Fabricators

- Pipeline & equipment services

- Facilities services (inspection/repair)

- Logistics

- Dive services
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You could mention that the development of a dedicated CCS supply chain, or the diversification of the existing one could extend the life of the North Sea beyond exploration an decommissioning. 


The existing network and installations

Decades of exploration of Oil and Gas in the
North Sea has led to an extensive pipeline and
infrastructure network on the East Coast and in
the North East of Scotland

70% of Scotland’s CO, emissions from
power and industry sources are located
within 10km of the Feeder 10 pipeline

The Peterhead / St. Fergus area is therefore
the ideal location for a CCS Hub in Scotland

It paves the way for a large scale and low
cost roll-out of CCS in the UK.

Demonstration projects
« Potendal pipeline
Planned pipeline

B Compression facilities
L ]

Zx sling pipe| ne
& Polenbal _OR Nelds
Gas feld storage

€y Aouter storage
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Scotland offers a number of opportunities for onshore transport infrastructure. There is no single “optimal” solution however, as stakeholders have diverse priorities and investors will need to manage real uncertainties around the timing, location and capacities of sources and sinks, and also factor in public opinion. 
Some of these uncertainties could be contained, but not eliminated, with pro-active efforts to designate corridors where CO2 pipeline infrastructure is favoured. Based on current proposals, useful pipeline corridors would be between Peterhead and St. Fergus, around the industrial emitters near the Forth estuary, and between the Forth Estuary and St.Fergus. Connection of the small, isolated CO2 emitters in the south or west of Scotland, or on Scottish islands, by dedicated new pipelines to an integrated network based around the Forth or the Forth-St.Fergus is expected to be prohibitively expensive, unless these sites can be anchored to a new large power CCS project. 



Future scenarios
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Looking further ahead into the 2030’s you can see that the CCS Industry is developing at pace with cost of capture transport and storage all reducing due to the increased understanding and developments in technology. We have the formation of clusters or hubs which drive the economies of scale, In Scotland we have the anchor hub of Peterhead/St Fergus as well as a cluster around the forth Estuary where the Captain Clean Energy Project is based.

In England you can see the Clusters around Teeside and Humber region where a number of major emitters co-exist. In the 2030’s with the increased supply of CO2 and connecting infrastructure  there will be a strong uptake of CO2 for Enhanced Oil Recovery as well as permanent sequestration.

In addition further geological appraisal of storage formations will continue to facilitate EU level storage. 

By 2050s you can see the formation of yet more hubs across Europe with the opportunity to transport CO2 via a shared European pipeline connecting Western Europe to the North Sea. Such is the storage potential of the North Sea it offers a European level storage resource. 

In addition to the increased storage it is likely that CO2 EOR will be commonplace extending the field life of many north sea oil fields and generating substantial tax returns in the process. 

And of course to deliver all of this will require extensive expertise, technology and experience form the oil & gas industry and in particular the subsea engineering sector.


Thank You
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