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Delivering Cost Effective CCS in the 2020s: Scotland and Teesside clusters meeting 

New value from the North Sea; new life for heavy industries 

Carbon dioxide (CO2) emissions from industry account for nearly a fifth of the UK’s total greenhouse gas 
emissions; carbon capture and storage (CCS) is currently the only option for achieving deep reductions from 
some industries, such as petrochemicals, cement, and refining. Major industrial clusters at Teesside and 
Grangemouth each produce large volumes of CO2. With CO2 capture technology in place, each cluster could 
handle several million tonnes of CO2 a year avoiding emissions and helping industry achieve decarbonisation 
targets. Availability of CCS infrastructure enables large-scale, low-carbon hydrogen supply allowing 
decarbonisation of ‘hard to treat’ transport and heat sectors. A coordinated approach and shared 
infrastructure for CO2 transport to storage in well-characterised sites in the North Sea can help to deliver CCS 
cost-effectively. 

Several large-scale CCS demonstration projects have been evaluated in Scotland. Numerous studies into the 
economic benefits of CCS clusters have pointed to cost efficiency through shared infrastructure and the 
conversion of existing equipment. The Teesside Collective project has developed a blueprint for industrial 
CCS, including technical feasibility studies, a business case and funding models. Industrial clusters in Scotland 
and north east England can benefit from access to a significant CO2 storage asset beneath the Central North 
Sea (CNS). There is also the potential for developing CO2 utilisation markets or CO2-enhanced oil recovery. A 
CCS infrastructure developed for these clusters will create a North Sea hub, which can serve regional, 
national and European CO2 storage needs and enable a new offshore industry in the longer term. 

Against this background, our meeting of key stakeholders and invited participants will briefly review previous 
activity and then focus on the next steps needed to progress opportunities in the short- to mid-term.  

This document contains the presentations given at the meeting. In due course a Chatham House Rule 
summary of the discussion will be made publically available on the UKCCSRC web site. 

Agenda 

1. Setting the Context - Stuart Haszeldine (Chairman), University of Edinburgh

2. CO2 Storage Resources in Central North Sea - Alan James, Pale Blue Dot

3. Emissions, Cluster & Transport Options - Peter Brownsort, SCCS

4. Teesside Collective Project Scope and Progress - James Watt, AMEC Foster Wheeler

5. Caledonia Clean Energy Project - Stephen Kerr, Summit Power
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Bruce Adderley  UKCCSRC 
Brian Allison  Department for Business, Energy & Industrial Strategy 
Tony Alderson  WSP Parsons Brinckerhoff 
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Presentations from the meeting 

These are provided on the following pages: 

Stuart Hazeldine Introducing Regional Cluster Assets: CCS in Scotland 4 

Alan James Seeding a CCS Industry in the UK 7 

Peter Brownsort CCS Clusters in Scotland: opportunities, transport options 13 

James Watt Teesside 19 

Stephen Kerr Caledonia Clean Energy Project 25 

3



Scottish Carbon Capture & Storage
Edinburgh Centre for Carbon Innovation (ECCI),  
Infirmary Street, Edinburgh EH1 1LZ
Telephone  +44 (0)131 650 0270 www.sccs.org.uk

Introducing regional cluster assets  
Carbon Capture and Storage in Scotland

15 Sept 2016
Stuart HASZELDINE

University of Edinburgh  

Professor of Carbon Capture and Storage

Edinburgh: home of CO2 discovery Regional partnership

Overview of CO2 sources
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SOURCES, PAST and CURRENT
Formerly UK’s most pollu@ng plant ‐ coal Cockenzie, coal Longannet, gas Peterhead

Current :  46 Mt/yr CO2e 20% power, 23% transport, 13% residen@al, 18% industry and  
business, 5% shipping and planes, 5% waste, 2% public building.  NEGATIVE 5Mt /yr forest

GOVERNANCE
ScoZsh Government decarbonisa@on, cross‐party agenda – on track.  Will head to 2050

FUTURE SOURCES
New gas combus@on plant 100 MW. Caledonia 570MW IGCC power plus H2  
Several poten@al biomass combus@on, onshore shale hydrocarbon,
liability for offshore processes, CO2‐EOR, Steam Methane Reformer 100’s – 1,000MW

PURE CO2AVAILABLE
Amine separator at St Fergus – 0.3 Mt/yr ‐ can increase,  
Central Scotland  0.05‐0.1 Mt mul@source needs gathered
Shipping import to Peterhead from Teesside – assessed and outline design
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CCS assets previously considered
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Clusters
of CO2
sources

Previous CCS evaluaEons
Grangemouth refinery and petrochemical complex (BP , 2000)  
DF1 Peterhead to Miller  (BP, SSE 2005)
Longannet DECC Compe@@on   (ScoZshPower 2011)

Peterhead to Goldeneye (Shell, SSE 2015)  
Caledonia Clean Energy (Summit Power ….2016 )  
Acorn early startup (Pale Blue Dot …. 2016)

Legacy  
pipes  

onshore

Legacy  
pipes  

offshore

Storage  
site  

appraisal

Detailed
storage
modelling

MulEple
project
designs

Oil and  
gas skills

CO2‐EOR
market

Maintain offshore jobs; design and engineering and construcEon ; NEW jobs (on) offshore  
Maintain exisEng petrochemical jobs; NEW low‐carbon industrial investment zone

CriEcal path : pipe preservaEon now
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PIPELINES OFFSHORE

Several pipelines exist offshore, which could poten@ally be re‐used for CO2

Bacton pipes (east Anglia) to Heweg  – old pipes, noCO2

Humber old pipes to Rough field

Ellesmere Port – sources of CO2, pipeline available 2017/8

St Fergus – Atlan@c Under threat 2016/17
‐ Goldeneye Under threat 2016/17
‐Miller Water filled, could be re‐used

Re‐use of exis@ng pipes lowers entry cost by £10’s to 100’sM.  Can be reac@vated quickly

Need na@onal public  
data archived on well  
abandonment, and on  
dynamic pressures …..  
And pipe condi@on

OGA criteria and threshold not yet adequate to ensure deferred  
decommissioning for transfer of use from hydrocarbon to CO2
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Example SCCS reports in Sco2tland

UKCCSRC: CCS regional capacity Scotland 15Sept2016
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Opportuni@es for  
CO2 storage around  
Scotland 2009

CO2 Aquifer Storage  
Site Evalua@on and  
Monitoring  
(CASSEM) 2011

Progressing Scotlands  
CO2 storage  
opportuni@es2011

Central North Sea ‐ CO2  
Storage Hub 2012

CO2 storage  
and EOR in the  
North Sea 2015

CO2 Mul@Store :  
op@mising storage  
2015

Building a CO2  
storage hub  
2015

A CCS future for  
Europe 2014

Unlocking CO2  
storage for  
Europe 2013

www.sccs.org.uk/exper@se/reports
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Seeding a CCS industry in the UK

Discussion

15th September 2016

Alan.James@pale-blu.com
@AlanatPaleBlu

If it was easy we would be doing it by now

2

 Large projects are essential if CCS is to deliver its promise
 FOAK hurdle can be very high

 How can we mobilize CCS so that the large projects can be
deployed early?

 Borrow a concept from oil and gas
 “Minimum Viable Development”

 Smallest viable development that can be commercially justified
accepting that it may not be optimised

 Serves a key role in mobilizing more substantial development

• Eagleford shale has potential 3 billion
barrels of recoverable oil

• But initial developments were small

• Subsequently broader development has
followed

7



Follow the Leader – but who is it?
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Humberside / Teesside –
location of existing large
emissions centres

Large new or re-usable  
infrastructure – Humber  
Pipe or Feeder 10

Focus on high quality  
appraised stores –
Goldeneye / Endurance

Bring CO2 for EOR – Miller, 
South Brae, Fulmar,  
Claymore

Post CSR - Where would you start?

4

A quality 
Storage  

Site

Pre-
captured  

CO2

Existing  
or short  

new  
pipeline

Willing  
Operator

 Site best located to avoid my CO2 Tax – ?Sleipner?
 Site which could re-use my infrastructure and avoid or delay imminent

decommissioning costs – ?Goldeneye?
 Site not already licensed by a Petroleum Operator – ?Endurance?
 Site with a good EOR opportunity – ?Miller?
 Site is nearest to the shore – ?Hewett?
 Site with most public money invested into it – ?Goldeneye?
 Site with Lowest Lifecycle Cost per Tonne – ?Endurance?
 Site near to existing CO2 Capture – ?Hamilton?
 Site that would mobilise CCS early in the UK at minimum cost

Pre-requisites
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Portfolio Assessment

Lifecycle costs and Unit costs
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Proximity of CO2Stored Resource Capacity
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 Option 3 – Wirral

 Option 4 – St Fergus

Where might that take us?
 Option 1 – Bacton

 Option 2 - Humber

7

Northern  
Infrastructure

 In the central and northern
North Sea there is a
significant oil and gas
infrastructure
 Focus on pipelines

 As with the SNS, much of
this is aging and not very
suitable for CO2 re-use

 There are some key
exceptions

 These are now under
threat of decommissioning
because there is no
immediate CCS customer

8
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Acorn Project – St Fergus
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Twin amine towers  
already remove CO2 
from SAGE gas  
stream and vent  
before onpass gas 
to NGTS

Three offshore gas  
pipelines available for CO2  
transport at threat of  
decommissioning – routing  
to high quality storage sites

Additional local  
incremental capture  
opportunities

Spare FEEDER 10  
line to connect to  
future Central  
Scotland Industrial  
emissions

Short link to  
Peterhead Harbour  
for shipping  
interchange

Acorn – Storage Site Selection Area

10
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Conclusions

 CCS could be mobilised very quickly in the UK from existing industrial
CO2 streams (Oxburgh agrees…)
 laying the ground work for major CCS projects soon after

 But only when combined with
 Nearby high quality storage sites
 Re-usable and available existing pipeline infrastructure

 There are several locations around the UK where these play
components combine to present early low cost opportunity
 St Fergus is one of these

 Immediate rescue of strategic infrastructure from oil and gas
decommissioning is required -> OGA
 Oxburgh’s CCSDC or equivalent could hold such assets for the next few

years if it existed

11

14thC Lesson Learned - “Great Oaks from Little Acorns Grow”

12
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Scottish Carbon Capture & Storage

www.sccs.org.uk

CCS Clusters in Scotland –
opportunities, transport options

Dr Peter Brownsort,  
Scottish Carbon Capture & Storage

Delivering cost-effective CCS in the 2020s, 
Edinburgh, 15th September 2016

CCS Clusters in Scotland –
Talk outline

• CO2 emissions in Scotland

• Capture cluster opportunities

• CO2 transport options for Scotland
– pipelines

– shipping

2
Image: K Ratcliffe, used with permission 13



Electricity generation  
53%

Refineries and gas  
processing

20%

Chemicals  
10%

Inorganic materials  
4%

Pulp and paper  
6%

Environmental
services  

3% Food and 
drink  
2%

Primary metals
1%

Mineral extraction  
1%

Manufacturing  
0%

Scottish emissions, 2014

• Total Scottish GHG emissions 44.4 Mt in 2014
• 58% from sectors with generally point-source

emissions
• In 2014 data, electricity generation 53% of

2large point-source CO emissions

Energy
Supply
13.8
31%

Industry  
8.1

18%
Waste

Management  
2.2
5%

1.1
3%

Industrial  
Process Public

0.5
1%

Transport  
10.6
24%

Net Land  
Use
2.1
5%

Residential  
5.9

13%

58.1%

NAEI data. http://uk-air.defra.gov.uk/reports/cat07/1605241007_ukghgi-90-
14 Issue2 pdf

3
SEPA data, SCCS analysis. http://www.sepa.org.uk/environment/environmental-data/spri/
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Manufacturing  

Mineral extraction  

Primary metals  

Food and drink

Environmental services  

Inorganic materials  

Pulp and paper  

Chemicals

Refineries and gas processing 

Electricity generation

9.9

Scottish point-source CO2 emissions by sector
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Top 25 point-
source emitters,  

2014

5Brownsort, Scott, Haszeldine 2016. Reducing costs of carbon capture and storage by shared reuse of existing pipeline—Case study of a CO2
capture  cluster for industry and power in Scotland. International Journal of Greenhouse Gas Control. 52: 130-138. (2016). DOI:
10.1016/j.ijggc.2016.06.004

Potential Scottish  
capture clusters

6

• Industry clusters in Grangemouth, Fife &
Upper Forth areas

• New power developments – Caledonia
Clean Energy Project

• Potential capture volumes fit well with
Feeder 10 capacity

15



Pipeline network options

7

• Most of network
could follow existing
pipeline corridors

• Dunbar cement
works out on a limb
(Feeder 8
availability unlikely?)

Feeder 8

Dunbar,
0.5 Mt/yr

Grangemouth
5.9 Mt/yr

Shipping for CO2 Transport

• Ship transport of CO2 feasible using
known technologies, related to LPG

• Established on small scale

• Can be cost competitive
– at lower scales and/or greater distances

• Some advantages over pipeline transport
– flexibility, low entry capital, reduced financial risk

8Brownsort, 2015. Ship transport of CO  for Enhanced Oil Recovery – Literature Survey.2

http://www.sccs.org.uk/images/expertise/reports/co2-eor-jip/SCCS-CO2-EOR-JIP-WP15-Shipping.pdf16



Shipping CO2 to Scotland?

• Central North Sea as a storage hub
• Port landing, or direct to offshore
• Shipping studies

– Rotterdam
– Norway
– Baltic
– Le Have
– (Korea)
– (Japan)

9Brownsort, 2015: Offshore offloading of CO₂: review of single point mooring  
types and suitability. http://www.sccs.org.uk/images/expertise/misc/SCCS-CO2-
EOR-JIP-Offshore-offloading.pdf

Brownsort et al, 2016: Scottish CO2 Hub: A unique opportunity for the  
United Kingdom. http://www.sccs.org.uk/images/expertise/reports/working-
papers/wp-2016-01.pdf

CO2 port landing options

• Braefoot Bay
– Fife Ethylene Plant export

terminal

• Grangemouth Docks
– import/export terminals

• Hound Point
– BP export terminal

10

Peterhead

• Peterhead
Peterhead CO2 importation  
feasibility study Petrofac Engineering Ltd, (2012). 

http://www.scottish-enterprise.com/~/media/SE/Resources/Documents/PQR/ 
PeterheadCO2ImportationStudyPreliminaryFindings

Braefoot Bay

Grangemouth

Hound Point

17



Clusters and hubs in Scotland

• Central Scotland industry and power CCS
developments compatible with Feeder 10
capacity expansion potential

• Cost savings through sharing and reuse

• Options for CO2 ship import for cost sharing
for transport and particularly storage
– Forth terminal for early option?

– Peterhead for expansion?

– Offshore hub development?

11

12

Thank you!

Contact details: peter.brownsort@sccs.org.uk www.sccs.org.uk
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© Amec Foster Wheeler 2016.

Delivering cost-effective CCS in the 2020s:  
Teesside

© Amec Foster Wheeler 2015.

15 09 2016
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Disclaimer

3 © Amec Foster Wheeler2016.

Please note that the opinions and information within are those of  
the speaker.

james.watt@amecfw.com

For further information on the Teesside Collective

sarah.tennison@teesvalleyunlimited.gov.uk

Teesside Collective

4 © Amec Foster Wheeler2016.

“Teesside Collective is a cluster of leading industries with a shared vision: to establish 
Teesside in Tees Valley as the go-to location for future clean industrial development  
by creating the UK’s first Carbon Capture and Storage (CCS) equipped industrial  
zone”
► Members

Largest steam methane reformer in UK  
Largest UK ammonia fertiliser producer  
Produces PET for 15bn drinks bottles per year 
Global Power and Industrial Park operator  
Global Petrochemical Company
Arm of Tees valley Combined Authority  
Industry Cluster Body

► BOC
► Growhow
► Lotte Chemicals
► Sembcorp
► SABIC
► Tees Valley Unlimited
► NEPIC

► Work so far
► Pre-FEED studies
► Infrastructure studies
► Business Case

► Current work

► New phase looking at options for Lotte and a utilisation test centre
► Refinement and development of the Hybrid Incentive Model for ICCS

20



Blueprint for Industrial CCS in the UK

► Business case (Societe Generale)

► Economic Impact report (Cambridge Economics)

► Business Case (Pale Blue Dot)

► Engineering Design reports (Amec Foster Wheeler, Progressive
Energy)

► Cost Estimates (Amec Foster Wheeler, Rider Hunt International)

► http://www.teessidecollective.co.uk/teesside-collective-blueprint-for-
industrial-ccs-in-the-uk/

5 © Amec Foster Wheeler2016.

Blueprint for Industrial CCS in the UK

► Highly Productive Industry

► High GVA - £10bn (€ 13bn)

► Average GVA per person is £49,000 (€ 63,700)

► Average in chemical sector is £89,000 (€ 115,700)

► Average in chemical sector in Teesside is
£104,000 (€ 135,200)

► High wages

► Average UK wage is £27,000 (€ 35,100)

► Average UK chemical wage is £30,500 (€ 39,650)

► Average Teesside chemical wage is £35,600 (€
45,500)

► Consistent trade surplus - £4bn exports (€ 5.2bn)
21



Why ICCS/U and
Why Teesside?

2 million 
tes/yr CO2  

from 
Teesside 
Collective

What do we know about the North East

The region was first examined in 2008, 
then 2010 and in 2014

► Features
► High industrial emitter content

► Very small geographical concentration in
Tees Valley

► Highest CO2/km from emitters

► Access to CNS and SNS

► High Gross Value Add industry

► Mixed tiers of emitters

► High potential for future developments

Provides a focal point for other areas

► Wider north east

► Scotland

► North Yorkshire

► North West

► Central England

Previous Studies

► Internal network design by AFW
in 2008

► ONE Capture and Infrastructure
Options (inc shipping), 2010

► Teesside Collective, Blueprint for
Industrial CCS, 2015

Hosts

► Teesside Collective

► Led by Tees Valley Combined
Auhtority

► Process Industries CCS Initiative
(PICCSI)

22



► The largest emitter was the SSI
Iron and Steel works, which closed
2014.

► Currently the emission levels are
around 5 millions tonnes/year

► New plant is being built

► Future emissions could be as high
as 9.2 million tonnes/year by 2025

► This excludes the H21 City Gate
Proposal

0

1000000

► 2 off Energy from waste

► 2 off Advanced gasifiers 5000000

► 1 off 299MW Biomass PS

► 1 off 40 MW Biomass PS
4000000

► +340,000 tonnes per year by 2020 3000000

► 1 off Potash handling terminal, etc,.. 2000000

6000000

7000000

8000000

9000000

10000000

Future EmissionsCurrent Emissions

CO2 Emissions

9 © Amec Foster Wheeler2016.

North East England Emissions

► Blueprint priced for,
► Storage at Goldeneye, via

offshore pipeline
► Storage at 5/42 Endurance, via

offshore pipeline

► Local transport infrastructure
► 5 million tonnes/year

► 15 million tonnes/year

► Shipping studied in 2010
► Teesport is one of larger terminals

in the UK

► CO2 export capable

► Overland
► Connection to Scotland to access

CNS or NNS

10 © Amec Foster Wheeler2016.

Transport options

CONFIDENTIAL – AFW UK CCS
Infrastructure Map

23



► Wider than Teesside?

► Act as North East hub
► Could connect overland to Feeder

10 at Dunipace

► To the west East Irish Sea

► To east,
► Lower CNS and SNS

► To North
► Direct access to CNS and NNS

► Could use Scotland (St Fergus,
Forth) as a recompression node.

► Shipping hub (South and Wales?)

► Recompression hub for North
West and Eastern England for
CNS access

► Image – extract for UK CCS infrastructure map

11 © Amec Foster Wheeler2016.

Wider Infrastructure

CONFIDENTIAL – AFW UK CCS
Infrastructure Map

Thank you!

12 © Amec Foster Wheeler2016.

James Watt  

james.watt@amecfw.com 

t: +44 1325 744652

m: +44 7976 325299
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Caledonia Clean Energy Project

Delivering CCS in the 2020s

UKCCSRC/SCCS

15th September 2016  

Stephen Kerr

Project Director

Summary

• Summit Power Caledonia Clean Energy Project (CCEP or the Project) could export between circa
587 MW and 775 MW of low‐carbon electrical power and, depending on the configuration,
could economically provide 150,000 tonnes of hydrogen per annum for industrial, heat and
transportation applications.

• Different technical configurations of power generation, CO2 capture, transportation and storage
have been studied and three configurations are being studied further to maintain option value.

• CCEP represents an economically and technical viable project with key changes in commercial
approach to make the Project affordable and investable.

• CCEP provides an opportunity to anchor a cluster development at Grangemouth and lead UK
east coast regional development using existing infrastructure to reduce cost and de‐risk
delivery.

• The project will take approximately four years to construct from the site preparation stage with
analysis confirming there are no significant technical constraints that would delay start‐up date
beyond 2022.

• Policy, fiscal support and commercial basis remain over‐riding uncertainties

25



Technical Analysis
Power Generation & CO2 Capture

CCEP Locations

26



Power Generation & CO2  Capture Summary

• Summit has confirmed viable alternative technical configurations for the Power Generation &
CO2 Capture elements of CCEP based on warrantable technology.

• Further development planned on technical and commercial optimisation of 3 power & capture  
configuration options.

• Technical and commercial optimisation of the Project are inextricably linked.

• Optimisation is further dependant on;

o UK policy and fiscal approach to energy (electricity, heat, transport)

o Approach to parts of the CCS chain and cross chain issues

o Approach to risk based decisions – perfection is expensive and meanwhile we pollute…

Technical Analysis
CO2 Transportation and Storage

27



Interim Report ‐ Economics & RiskAnalysis

CO2  Transportation and Storage Summary

• Analysis of CO2 transportation and storage configurations indicates technically viable lower cost
alternatives than previously identified

• Additional opportunities remain to reduce cost / risk

• It is fundamental to the ongoing viability of CCEP that a mechanism is identified to secure the  
future of essential national assets for CCS including Feeder 10, Atlantic & Cromarty, and  
Goldeneye pipelines

• Commercial model to develop and operate CO2 transportation and storage multi user system in
conjunction with industrial CCS is the challenge

• Costs, risks and liabilities required to develop, operate and monitor a CO2 transportation and  
storage system have been over‐stated and should be entirely reassessed. Potential risks and  
liabilities have been assessed more akin to hydrocarbons or hazardous waste; over‐priced into  
Projects.

Environmental and
Permitting Analysis

28



Permitting

• Permitting requirements for the full chain Project have been assessed. The number of main  
Consents, Permits and Licences Required for CCEP is;

Power Generation & CO2 Capture 26

Onshore CO2 Transportation 34

Offshore CO2 Transportation and Storage 25

Total 85

• Processes are;

o Complex

o Lengthy ‐ 3 years +

o Needs significant commitment from large number of agencies and stakeholders

o High cost involved, c £10 M – at risk without CfD = not investable given uncertainty

o Legal challenges more common for large energy/infrastructure projects in UK

• Make it simpler and less risky – needs firm policy and fiscal support.

Economic and  
Commercial  
Analysis

29



Economic & Risk Summary

• Economic, sensitivity and risk analysis confirms CCEP can deliver in the £85 / MWhr Strike Price range (2012 Prices) through cost  

effective re‐use of existing assets and with key changes in policy and commercial approach to reduce revenue  risk.

• Key policy / commercial changes include:

– Alternative development and charging model for CO2  T & S, reducing cost and risk

– Appropriate CfD contract terms and stability to underpin investment and secure low cost debt (at least 20 years)

– Maximise operability, dispatch / capacity factor of plant

– Reduce commercial risk arising from cross chain issues and consequential penalties

• Other “cost” reduction opportunities exist but many heavily dependant on approach to risk based decision making, e.g.

o System performance / redundancy – particularly in CO2  T & S

o Indexation / Forward Price Risks e.g. FOREX

o Alignment of permitting limits with commercial operability

o Deemed storage approach

o Commercial implications arising from Monitoring, Measurement and Verification

• Rethink appropriate metrics to understand system wide benefits and linkages to Heat, Transport (Hydrogen) and MER

• Projects must become investable at each stage of Project Development with stable policy and fiscal support mechanisms and  

predictable timescales.

Next Steps
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Next Steps

1. Lord Oxburgh report offers an alternative vision that can be developed

2. UK and Scottish Government Policy Development through 2016/early 2017

3. Government and Industry working together to develop implementation options

4. Re‐assess value of wider socio economic and health benefits of CCS and North Sea CO2 storage
development in European context

5. Retain option value of existing national infrastructure – Feeder 10 and offshore pipelines

6. Grangemouth Cluster Focus (and other UK Regions)

7. Retain investor interest

MAINTAINING MOMENTUMESSENTIAL

Summit Power

Caledonia Clean Energy Project

Thank You
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