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Delivering Cost Effective CCS in the 2020s: supporting a carbon neutral south east 

Achieving 2050 CO2 emission targets and subsequently net zero emissions will be challenging without CCS.  

So shaping current infrastructure planning to facilitate CCS is an effective way to future-proof major 

investments in energy-intensive assets, including heating and power systems in cities, utility power plants, 

industry, transport and gas and electricity supply networks. 

This meeting builds on previous stakeholder events for Yorkshire/Humberside/Teesside, the NW, Wales, 

Scotland and the North East, https://ukccsrc.ac.uk/about/delivering-cost-effective-ccs-2020s-new-start.  

The SE has significant CO2 emissions from a range of sources.  A shared CCS pipeline and offshore CO2 

storage infrastructure for the power sector, energy intensive industry and other possible uses such as 

hydrogen production is feasible from the Thames Estuary area.  Pipelines are the only likely option if CCS is 

to be deployed at significant scale in the UK (order 10 MtCO2/yr and above), but in the short term and for 

isolated sources CO2 shipping from and to the SE may also be an option. 

While the timescale for deployment depends ultimately on international policy developments planning for 

CCS is an essential part of a future-proofing strategy for the SE.   

 

 

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. 

 

Attendees 

Bruce Adderley  UKCCSRC 
Brian Allison  Department for Business, Energy & Industrial Strategy 
Amy Cutter  Department for Business, Energy & Industrial Strategy 
Jon Gibbins  UKCCSRC 
Chris Grainger  Greater London Authority 
Raphael Heffron Queen Mary University London 
Niall MacDowell Imperial College London 
Theo Mitchell  CCSA 
Alastair Rennie  Yoenergy 
Nilay Shah  Imperial College London 
Judith Shapiro  CCSA 

James Watt  Amec Foster Wheeler 

Apologies 

Lauren Downes Queen Mary University London 
Den Gammer  Energy Technologies Institute 
Dan Sadler  Northern Gas Networks 
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Agenda* 

1. Purpose of the Day – Prof Jon Gibbins, UKCCSRC 

2. Power & CCS in the South East - Prof Jon Gibbins, UKCCSRC 

3. Decarbonising Heat & the Transport Sector - Dan Sadler, Northern Gas Networks*   

4. CCS in the South East – Bruce Adderley on behalf of Den Gammer, ETI  

5. Infrastructure Requirements – James Watt, Amec Foster Wheeler  

6. Is Shipping A Viable Option? – Bruce Adderley, UKCCSRC 

7. The Legal Complexities of CCS – Raphael Heffron & Lauren Downes, Queen Mary Univ. London 

8.  Full group review of options plus potential links to other regions / CCS activities 

 WHAT HAVE WE LEARNED? 

 WHAT NEEDS TO BE DONE NEXT? 

 HOW TO PROGRESS IT? 

* In the absence of Dan Sadler, Alastair Rennie gave a verbal introduction to the H21 Leeds Citygate project  

 
Presentations from the meeting 
 
These are provided on the following pages: 
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The UKCCSRC is supported by the 
Engineering and Physical Sciences Research 
Council as part of the Research Councils UK 

Energy Programme

Power & CCS in the South East

Jon Gibbins
Director, UK CCS Research Centre
Professor of Power Plant Engineering and Carbon Capture
University of Sheffield
www.ukccsrc.ac.uk
jon@ukccsrc.ac.uk

About the UKCCSRC
www.ukccsrc.ac.uk

The UK Carbon Capture and Storage Research Centre (UKCCSRC) leads and coordinates a 
programme of underpinning research on all aspects of carbon capture and storage (CCS) 
in support of basic science and UK government efforts on energy and climate change. 

The Centre brings together over 290 of the UK’s world-class CCS academics from moe
than 40 UK universities and research institutes and provides a national focal point for CCS 
research and development.

Over 310 Early Career Researchers participate in an active capacity development ECR 
programme.

Initial core funding for the UKCCSRC is provided by £10M from the Engineering and 
Physical Sciences Research Council (EPSRC) as part of the RCUK Energy Programme. This is 
complemented by £3M in additional funding from the Department of Energy and Climate 
Change (DECC) to help establish new open-access national pilot-scale facilities 
(www.pact.ac.uk). Partner institutions have contributed £2.5M.

The UKCCSRC welcomes experienced industry and overseas Associate members and links 
to all CCS stakeholders through its CCS Community Network.
https://ukccsrc.ac.uk/membership/associate-membership
https://ukccsrc.ac.uk/membership/ccs-community-network
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Background and Purpose of the Meeting
• UK CCS plans 2008 -2015 were shaped by four relatively small competition 

projects with limited plans for follow-on development: Kingsnorth (Thames), 
Longannet (Forth), White Rose (Humber North), Peterhead

• But CCS value for money depends on delivery at scale, with multiple large sources 
sharing infrastructure  …..

• …. and UK-wide synergies that transcend administrative boundaries
• CCS relevance for meeting UK CO2 emission targets 2030-2040 also depends on 

delivery at scale – i.e. tens of millions of tonnes – the current ‘policy gap’ for the 
Fifth Carbon Budget in 2028-2032 is ~ 100MtCO2

• For UK 2050 targets and beyond CCS deployment has to build up to include all 
major fossil – and biomass – CO2 emissions sources including power, industry and 
heating 

• SE and London are responsible for a large proportion of UK emissions ….
• …. but there are a limited number of existing large point sources, mainly power 

plants …..
• …. and CCS is likely involve a high proportion of new CO2 sources: power plants 

and production of other carbon-free energy vectors i.e. hydrogen and heat
• Present meeting to review CCS in SE to date and examine future actions and how 

to progress them

Meeting Carbon Budgets - 2016 Progress Report to 
Parliament Committee on Climate Change, June 2016
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CAMPAIGN FOR NO NEW COAL
without carbon capture and storage

9 October 2007
Protesters who evaded police and spent the night on a 
power station chimney have been served with an 
injunction demanding that they come down.

Eighteen 
demonstrators were 
arrested on Monday 
night, but the five 
remaining members 
of the group painted 
"Gordon" down the 
side of the 656ft 
(200m) chimney.

6 August 2008

Climate Camp at 
Kingsnorth Power Station 
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10 September 2008

our actions did reach the attendees of the conference - one academic at the conference 
apparently spoke with a protester, and agreed that direct action was pushing matters in 
the right direction (he was a specialist in CCS, but held out little hope for it's 
implementation, given the probable massive costs) Score one massive point to us!

Climate 
Rush Bike 
Rush
London's 
streets • 
June 1st 
2009

http://www.ameliasmagazine.com/earth/climate-rush-bike-rush-1/2009/06/04/
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Gateway – proposed siteDam Head Creek – proposed site

Tilbury - 2x 800MW  
Capture ready- photo montage

(some details omitted)

Richard Hotchkiss, RWE npower R&D, RECENT DEVELOPMENTS IN CARBON CAPTURE AND STORAGE
COMBUSTION DIVISION OF THE COAL RESEARCH FORUM .  17 April 2007, http://www.coalresearchforum.org/pastmeetings.html9



Tilbury - 2x 800MW 
Capture ready- photo montage

(some details omitted)

Richard Hotchkiss, RWE npower R&D, RECENT DEVELOPMENTS IN CARBON CAPTURE AND STORAGE
COMBUSTION DIVISION OF THE COAL RESEARCH FORUM .  17 April 2007, http://www.coalresearchforum.org/pastmeetings.html

SEEDA, CCS Strategy and Action Plan for the Greater South East, 2011
www.ccsassociation.org/index.php/download_file/view/160/98/
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Maasvlakte CCS Project 
Capture: 250 MW; post-combustion
Storage: Offshore hydrocarbons field
Annual CO2 captured & stored: 1.1m tons

European Energy Programme for Recovery
EEPR Budget: € 389 m, € 180 m from EU
EEPR Activities Start date: 1 January 2010  
End date: 31 December 2014

http://ec.europa.eu/energy/eepr/projects/files/carbon-capture-and-storage/rotterdam_en.pdf

National Audit Office Report - Carbon capture and storage: the 
second competition for government support
The National Audit Office report on the second CCS competition
20 January 2017

"The Department has now tried twice to kick start CCS in the UK, 
but there are still no examples of the technology working. There are 
undoubtedly challenges in getting CCS established, but the 
Department faced an uphill battle as a result of the way it ran the 
latest competition. Not being clear with HM Treasury about what 
the budget is from the start would hamper any project, and caused 
particular problems in this case where the upfront costs are likely to 
be high. The Department must learn lessons from this experience if 
it is to stand any chance of ensuring the first CCS plants are built in 
the near future."
Amyas Morse, head of the National Audit Office, 20 January 2017

https://www.nao.org.uk/press-release/carbon-capture-and-storage-the-second-competition-for-government-
support/ 11



National Audit Office Report - Carbon capture and storage: the second 
competition for government support
Recommendations
In developing its next phase of supporting CCS, the Department should:
a. Maximise the potential value from the competition by incorporating the lessons 

it and the key stakeholders have learned into any new CCS strategy. 
b. Ensure it understands, from the outset, the position of CCS developers and their 

ability or willingness to carry certain risks and applies this in its approach. 
c. Assess options for how it can make early projects more affordable to taxpayers 

and consumers
d. Agree early with HM Treasury any affordability constraints. 
More generally, the Department should:
e. Work with HM Treasury to establish and use a consistent way of measuring the 

value of investments in different generating technologies that enable 
meaningful comparisons. 

f. Regularly revisit its commercial strategy and the value-for-money case in light of 
the evolving understanding of the delivery environment and market conditions. 

g. Consider the possible consequences of, and its risk appetite for, scenarios that 
are outside its central forecast or expectation when it develops a new project or 
programme. 
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•Gas price (£/MWh, HHV basis): 35 (Expensive); 20 
(Cheap); 10 (Very Cheap)
•Plant thermal efficiency without capture: 60% LHV
•Capture EOP: equivalent to 8 %’age points drop in 
LHV efficiency (normal); 4%’age points drop 
(extremely low) 
•Base power plant capital cost: £1000/kWe
•Capture plant capital cost: £1250/kWe (before 
capture) for FOAK, less 10% for NOAK, less 50% for 
low cost option
•WACC (weighted average cost of capital): 15% for 
FOAK, 8% for NOAK
• Plant economic life: 20 years
•Operating costs: 3% of capital costs per year
•CO2 emission charges: £30/tCO2

CCS with natural gas 
power plant essential 
for electricity sector 
decarbonisation –
costs can be very 
competitive in the UK 

Faraday discussion, 2016, 
http://pubs.rsc.org/en/content/articlelanding/2016/fd/c6fd00046k#!divAbstract
See also e.g. http://www.ccsassociation.org/news-and-events/reports-and-
publications/parliamentary-advisory-group-on-ccs-report/ and 
http://www.ccsassociation.org/index.php/download_file/view/1052/97/12



Committee on Climate Change May/June 2016: 
A strategic approach for developing CCS in the UK
https://www.theccc.org.uk/wp-content/uploads/2016/07/Poyry_-_A_Strategic_Approach_For_Developing_CCS_in_the_UK.pdf
https://www.theccc.org.uk/publication/meeting-carbon-budgets-2016-progress-report-to-parliament/

‘Sufficient scale of targeted roll-out: a combination of industry and power plants is 
necessary to realise economies of scale and allow a build-up of skills, developer and 
financial interest. Our analysis suggests that an overall scale of 4-7 GW of power CCS and 
3-5 Mt captured CO2 from industrial plants by 2035 would be sufficient to commercialise 
CCS and facilitate subsequent wide-scale deployment.’
‘An initial focus on one or two strategic clusters: clusters in areas of industrial activity 
around storage sites that have been identified and successfully characterised.’

Enabling activities need to start in 2017 
to be able to deploy CCS in the 2020s 
and ensure delivery of the 2035 targets

ETI Strategic UK CCS Storage Appraisal Project
http://www.eti.co.uk/project/strategic-uk-ccs-storage-appraisal/

Also potential 
opportunities to 
ship CO2 from 
South Wales

http://www.eti.co.uk/project/strategic-uk-ccs-storage-appraisal/
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LOCAL AUTHORITY CARBON DIOXIDE EMISSIONS ESTIMATES 2014
Statistical Release: National Statistics, 30 June 2016

LOCAL AUTHORITY CARBON DIOXIDE EMISSIONS ESTIMATES 2014
Statistical Release: National Statistics, 30 June 2016
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~ 30 MtCO2 ~ 22 MtCO2 ~33 MtCO2 in 2016,
if 100kgCO2/MWh
~ 8 MtCO2 

Energy consumption by type in 2014
https://www.gov.uk/government/statistical-data-sets/total-final-energy-consumption-at-regional-and-local-authority-level-2005-to-2010

SEEDA, CCS Strategy and Action Plan for the Greater South East, 2011
www.ccsassociation.org/index.php/download_file/view/160/98/
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https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity
Oct 2015 

https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity
Oct 2015 
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https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity
Oct 2015 

Damhead Creek 2

CM Unit Name De-Rated 
Capacity 

Damhead Creek 2 CCGT 1474.2

Thorpe Marsh CCGT 1440.0

WILLINGTON C CCGT 1440.0

Gateway Energy Centre 1095.3

Knottingley Unit 1 743.4

Knottingley Unit 2 743.4

Keadby 2 738.0

Spalding Energy Expansion 612.0

Kings Lynn A 333.0

Thorpe Marsh

Willington

Gateway

Knottingley

Spalding
Kings Lynn

Keadby

Locations of 
CCGT bids to 
2016 T4 capacity 
auction

Only Kings Lynn 
was successful
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https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity

https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity
18



UK expects to build gas and nuclear power plants
Based on DECC Updated Energy Projections (UEPs), 18 Nov 2015 

GW

https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2015 , Table H

Department of Energy
& Climate Change

Reference Scenario
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2015 2020 2025 2030 2035

Coal (zero)

Power CCS

Oil (zero)

Natural gas

Nuclear

Renewables

Interconnectors

Storage (zero)

(for electricity import/export)

H21 Leeds City Gate System
http://www.northerngasnetworks.co.uk/document/h21-leeds-city-gate/
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Greenhouse gas removal technologies required before 
2050 - and limited biomass available

UK Committee on Climate Change
• The UK 2050 target to reduce emissions at least 80% from 1990 

levels (i.e. less than around 160MtCO2e/yr) is challenging and 
requires significant action across the economy, but can be met in 
various ways using currently known technologies.

• Our UK scenarios to 2050 include up to 67 MtCO2/yr removals from 
three GGR options: afforestation, BECCS and wood in construction. 
…….  BECCS could become capable of reducing emissions at a 
comparable cost to other technologies in the 2030s. This would 
require the Government to implement an effective new approach to 
CCS development and development of sustainable bioenergy 
supplies without locking these into alternative uses. Our scenarios 
include up to 47 MtCO2/yr removed by BECCS while generating 
energy. 

http://nas-sites.org/americasclimatechoices/

Direct Air Capture can capture CO2 for storage to offset 
fossil fuel emissions or for synthesis of hydrocarbon fuels 

using non-fossil energy sources
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Building South East CCS options for the 2020s and beyond
• History of CCS cluster planning in the SE, but not sustained recently
• Significant emissions from the SE, potential large point sources are now 

gas power stations and possibly hydrogen and district heating
• Limited existing industry point sources, no major new ones expected – but 

in the longer term BECCS and other GGR technologies required
• Gas power plants with CCS offer consumer/taxpayer value for money if 

deployed at scale
• The programme to deploy new natural gas plants is expected to lead to:

– Capture ready power plants
– CCS on power plants in favourable locations (which includes SE) 

when required to achieve national targets
– Infrastructure to support industry, BECCS, hydrogen, heat etc.

• CCS cluster scale (10MtCO2/yr +) is important to match regional 
emissions, also to achieve cost effective CO2 transport and storage

• Shipping of CO2 from the SE is feasible but not at the scale of regional 
emissions – could be used as an interim measure

• In what order will UK CCS clusters be developed?

CCS research and skills needs challenges 
National CCS roadmaps highlight the following research and skills needs challenges 
for the next 5 year phase of the UKCCSRC:
1. Issues related to the challenges of achieving CCS deployment at scale and 

evidence on the costs and benefits of CCS in future UK energy systems. 

2. Research and skills for cost reduction and/or improved efficiencies for offshore 
CO2 geological storage.

3. Skills and capacity for capture cost reduction after initial CCS deployment 
highlights areas for development, in collaboration with industry practitioners.

4. Underpinning research for:
– future deployment of transformative capture technologies on fossil power plants 

and industry, including high levels of capture to minimise residual emissions;
– future deployment for all aspects of BECCS;
– other CCS-related GGR technologies such as DACS (direct air capture + storage);
– future production of hydrogen with CCS as part of UK heat decarbonisation.

5. Engagement with CCS practitioners and regions where UK CCS clusters would 
be located is also important for an understanding of the nature of future CCS 
deployment. 
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CCS in the South East 

Den Gammer – Bruce Adderley

©2017 Energy Technologies Institute LLP - Subject to notes on page 1

Recent CCS technical developments

• SaskPower started up the world’s first coal fired power station with
CCS. After a period of plant shake-down, performance now meets expectations.

• Shell has stored 1 million tonnes at its Quest Project – another new CCS plant decarbonising
a hydrogen production plant

• 2017 Petra Nova has started up the world’s largest
CCS plant. Rapidly met expectations (coal).

• Work on a CCS projects on a steel plant in UAE
started in 2016.

• 22 plants in operation or construction worldwide.

22
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CCS in UK  - “Interesting” 18 months
• May 2015 election

- £1Bn for CCS in Manifesto

• Autumn 2015 
- CSR 
- Cancelled CCS Projects
- “Too expensive/ doesn’t work”
- Push back - “CCS still an option”

• COP21 Paris, Committee of Climate Change
& Fifth Carbon Budget
- Harder to meet targets without CCS,       

biomass with CCS.

• DECC Appraisal Project Published.

• Oxburgh Report.

• Brexit - ?

• BEIS  still showing interest in CCS 
development and projects.

Lights on 

Acceptable Cost

Directionally clean

Sustainable

Affordable Secure

Coalition
Trilemma

Public 
Focus

©2017 Energy Technologies Institute LLP - Subject to notes on page 1

Taking Stock 

• Peterhead – project looked landable – simple chain.

• White Rose – assigning risks across several chain
companies was too difficult.

• 3  CO2 stores have been appraised , plus 5 partially
appraised - 8 sites totalling 1600MT -
enough for many decades, at “10 GW” - 40MT/a+ CO2.

• Top risk of leakage is abandoned oil and gas wells. 

• Transport and storage costs are £8-16/te – about 
£7/MWh for a gas fired power plant. 

• Data is publically available on BEIS and ETI websites.

• Storage accessible to the South East and East England 
arguably the largest, and best.
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SE Emissions
• SE  has the fastest growing economy in UK – London growing at twice UK average, (plus MK, 

Cambridge, Norwich).

• SE is a very large regional CO2 emitter – you cannot make a big impression on UK CO2 emissions 
without tackling the South East/East.

• High “quality” point sources e.g.

- Large new power stations – e.g. Grain.
- LNG import facility.
- Nearby consented stations.
- Wissington (bio) already produces CO2 (East).
- Fawley area in future? (local store option?). 

• CO2 out via Thames ( Medway) or East via Bacton Gas Terminal.

Point sources South East and East 
(data from NAEI database, 2014 set)

©2017 Energy Technologies Institute LLP - Subject to notes on page 1

Stores in  South East and East

• In spite of long pipeline, scale could make economics
competitive (next slide)

• Depleted gas fields (decommissioning), and saline
aquifers well understood due to gas industry

• SNS stores prominent in all advanced appraisal projects
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Hewett, Viking, Bunter Stores – all “early” candidates for storage

£30/T
Levelised Unit CostLevelised Unit Cost

£10/T

£20/T

£0/T

* Costs adapted from UK FEED Study KT deliverables 
+ Costs estimated by analogy with Bunter Closure 36

©2017 Energy Technologies Institute LLP - Subject to notes on page 1

For more information 
about the ETI visit 
www.eti.co.uk

For the latest ETI news 
and announcements 
email info@eti.co.uk

The ETI can also be 
followed on Twitter 
@the_ETI

Registered Office 
Energy Technologies Institute
Holywell Building
Holywell Park
Loughborough
LE11 3UZ

For all general enquiries 
telephone the ETI on 
01509 202020.
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CCS – South
Imperial College
23 01 2017
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30/01/20173

What is CCS “infrastructure”
Networks, clusters etc

Apologies
►Speaker: James Watt, Amec Foster Wheeler
►Where am I: Apologies but I was double booked and my boss won 

the argument!
► The following presentation is based on our work on infrastructure studies in 

the UK
► Studied solutions for: Scotland, Teesside Collective, North East, Yorkshire 

and Humber, South East
► FEED studies for Longannet, Kingsnorth, Don Valley, MASDAR, 

Peterhead etc.,
► The information used here is from our UK CCS Infrastructure model and 

2015 EUTL data.
► Our North West work?

► IEA GHG study, NW was the example area
► Selected on the back of our extensive work with NG and on Gas Storage 

in the region
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Developing Infrastructure

►For industrialised nations cluster 
potential tends to be high

►How will projects come to 
market?

►Will future conditions make CCS 
economic?

►Reduced deployment costs
►Right sizing is beneficial
►Shipping could enable other 

emitters/clusters
►Key risks

► Deployment offshore
► Dynamics

► Drivers
► Energy security issues
► Alternative technology roll-out 

rate
► Policy

► Social engagement
► Value to economy
► Public support
► Managing bigger energy bills!

► Reduced costs in CCS chain 
► Successful demonstration
► Identification and qualification of 

storage

Key Factors

►General issues 
►Commercial, design, HSE

►Scenario planning
►Who, what, where, when

►Entry spec and access
►Routing
►Dynamics
►Comparison to source/sink
►Re-use of existing infrastructure

►Regulation and planning
►Ownership
►Pipeline design

►Flow assurance
►Operating Philosophy
►Code of Practice
►Routing

►HSE Issues
► Infrastructure

►Re-use of existing
►Network vs A to B

28



Definitions of common infrastructure (clusters)

►No fixed definition 
►Five basic considerations (left)
►Requires key “anchor” projects

►Anchor projects provide a base 
to consider options and 
scenarios

►Not just a single large project
►Not just capture either

►Emitter or Storage projects

►Committed “anchor” projects –
numerous projects with CCS 
ambitions
► Humber
► Rotterdam

►Density of emissions
► Humber
► Tees

►Regional policy
►Proximity of emitters

► Tees
►High potential of accessible 

storage volumes
► East of England
► Scotland
► Irish Sea

What do we know about the South

►CCS in the south
►Kingsnorth

►Competition 1 FEED project
►New coal fired power plant
►Cancelled in 2010

►Tilbury 
►Storage

►Hewitt – depleted hydrocarbon 
field

►UKCS Southern North Sea 
Resources

►Previous work
►Camco report
►EEGR
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Compared to other regions

1. Dee Basin
2. Scotland
3. Ayr Valley
4. Humber
5. Tees Valley
6. South East
7. South
8. East Midlands
9. Severn Valley
10. Wales
11. South West
12. Cumbria
13. North East (Greater)
14. Yorkshire
15. Anglia
16. Central
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NORTHERN IRELAND = AREA 17
OFFSHORE = AREA 18

CHANNEL ISLANDS = AREA 19
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AREA 3 IS A SECONDARY SUBSET OF AREA 4

► Includes Areas, 6, 7, 15 
► Needs to consider 8 and 9 too

► Enabling route north through Area 8 to UKCS CNS
► Major loss of big power and industrial emitters since 2006
► Biggest emitter? – Fawley Refinery
► Other projects coming – Biomass, EfW, some CCGT’s

10626999

4209859

1367690

IEA Tier Distribution

0 1 2
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South and the wider regions
► Picture: AFW UK CCSI model

► Low resolution route 
options

► Issues to consider
► London

► Lots of small emitters
► Typically “bound”, access 

difficult
► Big emitters, diverse locations
► Very wide spread of emitters
► Majority of emitters are low 

volume
► Some transport issues

► Access
► X-country routes
► Planning
► Population density

► Could connect to SNS or CNS 
via East Midlands Cluster

Thank you!

James Watt
Process Engineering Manager
AMEC
Lingfield Point
Darlington, County Durham
DL1 1RW, United Kingdom
Tel +44 (0)1325 744400 Fax +44 (0)1325 744404
DDI +44 (0)1325 744652
mailto:james.watt@amecfw.com
www.amec.com
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Route Issues – where from/where to

►Pick your targets
►Geographically
►Pressure ranges

►Define the network 
coverage/cluster size

►Sea fall 
►Crossing
►Compressor/pump needs

►Consider expansion capability
►Phased implementation

Common issues

►Who is included in the study –
emitters types, size, industry 
sector, geography

►Cluster definitions – geography, 
emission density, policy driven

►Scenario developments
►Timelines for roll-out
►Storage and capture issues and 

options need to be considered
►Flexibility requirements of 

network

►Comparison methods for 
optimisation

►Consideration of anchor 
projects 

►Right sizing for future 
development

►Compression/pumping strategy 
and costs

►Environmental and social 
impacts/considerations

► Influence of shipping
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Scenario Planning

►Define the baseline – who and where
►Storage availability and location
►Emitter location, type and capture
►Right – size the pipelines
►Optimize the network

► Consider the risks to the time-line
► Deployment rates of emitters and sectors
► Consider capture and storage deployment timelines

►Expansion requirements – Future emitters
►Check cost
►Technical

► Flow and pressure profile
► Entry specifications

Who do you include?
►Built list from public data

► IEA database
► EUTL/ETS NAPS data
► Known or potential future projects
► Development goals

►Filter elements
► Emitter type
► IEA Tier classification

► Tier 0 > 1 million tonnes per year 
(mtpa)

► Tier 1 > 50,000 mtpa
► Tier 2 < 50,000 mtpa
► Being replaced by AFW tier’s 0-7

► Plot availability
► Site access
► Storage access
► Age

IEA emissions database, EU lists & NAP
data

Announced, planned or proposed projects

Emitter Type

IEA Tier Classifcation

Plot availability

Site access

Storage access

Age

Filtered List
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Preferred Outcomes of a North West 
study

►Comparable report to;
► Teesside Collective
► Humber (CO2Sense and 

Yorkshire Forward)
►Consider

► Future plans and emitters
► Role in enabling

► Irish Sea access
► Celtic Sea access
► Central, Severn, North Wales, 

West Scotland, Northern Ireland
► Business case for region
► Value CCS brings, or protects in 

region

Emerging Issues – things keeping me awake!!

►Entry Specification
► Impact of mixed streams

►Flexibility
► Two levels

► Strategic
► Operational

► More complex given number of sources and sinks
► Balance required between diversity and complexity
► Do you need a “plan B”/intermediate storage?
► What happens in shipping scenarios?

►Right sizing
► What is the right size pipe to put in?
► What will save you money in the future, but cost more now?
► How do you justify that expenditure now?
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Is Shipping A Viable Option?
Dr Bruce Adderley                                       (bruce@ukccsrc.ac.uk)
UKCCSRC SE Cluster Meeting
23rd January 2017

Acknowledgements: Olav Skalmeraas – Statoil
Peter Brownsort – SCCS

Shipping for CO2 Transport
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Shipping vs Pipeline
Ship Transport of CO2, IEAGHG, PH4/30 , 2004

A Commercial Offering
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Scale & Technology 
Development example

Scale & Technology 
Development example
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Shipping CO2 to Scotland?

Shipping CO2 to Teesside?

• Located well to 
service North Sea:

– direct to remote 
storage or EOR 
assets

– receive remote 
assets

• Small existing facility
• Port is capable of 

handling suitable 
tankers. 
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Shipping CO2 to Norway?

Large Scale Feasibility Studies
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Step-wise Growth Strategy

Conclusions

• Shipping is an option for the South East but cost-effectiveness becomes 
an issue at ‘regional’ volumes of CO2

• But shipping could initially service a smaller ‘start-up’ volume of CO2
and latterly support outlier ‘close to coast’ emitters

• Teesside, Scotland and Norway all looking at the potential to develop a 
capability (Norway most advanced)

• Emitters would benefit from have 2 or 3 ‘suppliers’, and at least one of 
these ought to be UK-based
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London
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About me:

Raphael J Heffron
Background:

Jean Monnet Professor in Energy & Natural Resources Law & Policy

Barrister-at-Law,
PhD (Energy Policy Research Group, University of Cambridge).

Energy and Natural Resources Law Institute at Queen Mary

General Research Area - Energy Law & Policy 

- Liability in energy sector
- CCS
- Energy infrastructure development
- Future of Energy Law
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Our Project

GATEWAY Pilot Case
Developing a Pilot case for a European CO2
transport infrastructure

Project Team

Horizon 2020

The EU Framework Programme
for Research and Innovation

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

Legal issues – 3 Layers of Law

- International
- National
- Local

Need to meet legal challenges at these three levels to ensure 
progression and to reduce costs
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Legal issues – 3 Layers of Law
Legal Issues The Netherlands UK Belgium

International Legal Issues
International 
participation

London Protocol

National Legal Issues
National Law & Policy

Law & Economics

Liability Issues

Local Legal Issues
Planning law and 
Permitting Issues

Other Issues

Major issue for many 
countries

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

Legal issues – 3 Layers of Law

International

- EU support via PCIs and TEN-E Regulations
- Int. climate change movement (i.e. need a solution)

- But London Protocol – is there real cooperation?
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Legal issues – 3 Layers of Law

National

- Support by both public and private sector stakeholders
- National economic and energy policy support

But how will project partners share the Risk on Liability?

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

Legal issues – 3 Layers of Law

Local

- Planning and local legislation support
- National economic and energy policy support

Are there other issues?
- Yes, some regions in Belgium against it
- Proving cooperation
- Sharing the risk
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Legal issues – Law & the Stakeholders (engagement)

Stakeholders – 3 Levels
International 

Limited international action by international institutions on this issue
Does this mean limited financial support from potentially EIB, EBRD etc.?

National
Public v Private Sector Actor Groups, sharing the risk, how do we achieve this?
Can long-term policy commitment be ensured?

Local
Local stakeholders (communities) can be managed (i.e. follow trend in building alongside or 
at similar energy/industry sites)
Education in ‘new technology’

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

Legal issues – Law & the Stakeholders (engagement)

Stakeholders – what is the essence of the contract between them?

Contracts with project partners
Public
Partners

Contracts with Finance Providers
From Private Sector?
From Public Sector ?

Local Public
Community interests, are they represented?
Do they need any guarantees?
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New Directions from our project – Part 1

• 21 CCS projects worldwide
• Latest in Texas
• UK contribution of £60 million

• Need more learning from international experience
• How does aw and policy formulation develop over time

• Need more international legal cooperation from country-to-country
• Similar to nuclear energy sector

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

New Directions from our project – Part 2

• Stakeholders interested

• Ensuring participation – ‘risk’ sharing a problem

• Problem of mixed ‘EU policy goals’

• Funding via EU sources – 2018/19

• Presenting the Business Case (in 2 weeks)
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New Directions from our project – Part 3

• Recent Decision in the UK
• Yorkshire and Humber CCS Cross Country Pipeline

• “case for the Development has not been sufficiently demonstrated”
• Therefore against human rights (i.e. ECHR – right to peaceful enjoyment of his 

possessions)
• Needed more support from ‘other potential emitters’

• Recent Scottish Climate Plan 2017-2032  
• includes CCS as solution by 2030
• Law needs to be ready by then
• Nuclear takes 13 years! Already 2017

www.ccls.qmul.ac.uk

Energy and Natural Resources Law Institute

The Legal Complexities of CCS 

Final Issues

Is there co-operation?

Project Management Literature – majority delays due to planning law 
and other legal issues

Cost Motivation
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Thank you 

and Questions…....

Please feel free to contact me: r.heffron@qmul.ac.uk

Stakeholder Meeting – 14 Feb 2017 – 13.00-15.00 - @QMUL
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