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Making the Case for CCS 
 
When reading the National Audit Office (NAO) case study on the cancellation of 
the CCS Competition included in the report just issued on Sustainability in the 
spending review[1]  the memorable quote from J.F Kennedy’s inaugural speech 
comes to mind “ask not what your country can do for you – ask what you can do 
for your country.” 
 
The case study describes how DECC and the Treasury had different views on what 
the CCS Competition would both cost and offer.  But, since the Treasury held the 
purse strings, their views, as summarised by the NAO, prevailed: 
 
• The competition was aiming to deliver CCS before it was cost-efficient to do so.  
• The costs to consumers would be high and regressive.  
• The competition would not guarantee the further investment required to expand CCS.  
• There were better uses for the £1 billion.  
 
The Treasury additionally were of the opinion that “DECC’s bid showed that the benefits of CCS would not 
be realised until the 2030s, and only once CCS had been deployed more widely to bring down costs. HM 
Treasury challenged the strength of DECC’s long-term strategic plan and concluded the two competition 
projects could not guarantee a subsequent stream of projects required to justify the initial outlay.” 
 
The Committee on Climate Change(CCC) also recently commented on the role of CCS being mainly after 
2030 in their 2016 Progress Report to Parliament,  Meeting Carbon Budgets and supporting reports 
describing a new UK strategy for CCS[2], “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.” 
 
But the roadmap for CCS deployment published by the CCC makes it clear that, for such a major 
infrastructure development, 2035 is very soon indeed.  Preparatory work, with government support, on 
key issues of where, how and who has to start immediately and major investment decisions are required 
in the early 2020s.   
 
Looking back from 2050 it may be apparent, therefore, that 2016/2017 was the time that the first phase 
of CCS in North America and Western Europe came to a conclusion, when work on the last of the short-
lived ‘dash for coal’ CCS projects, ROAD[3], was started in the Netherlands.  Then, after a brief period of 
planning and assessment in the late teens, the steadily-increasing application of CCS to all other fossil fuel 
CO2 emissions, as well as to coal, began, leading to the very low emissions seen in 2050 and the clear 
track to net zero after that. 
 



 

 
 
What probably won’t be remembered so widely in 2050 was that this was also the time that the EPSRC 
renewed funding for a UK CCS research centre[4] but, if used appropriately, this EPSRC funding will 
support a great deal of the fundamental underpinning work that will have enabled this deployment. 
 
One major area for this underpinning work will be evidence that can be referred to by the Treasury and 
the other government bodies when scrutinising the next major CCS investment proposal.  It needs to be 
absolutely clear, using methods and metrics that will be accepted by all parties, how and why this 
investment has been planned and developed to be part of a strategy that maximises the benefits and 
minimises the costs and risks for the country.   
 
And this meeting brings the UK CCS Community together to start developing ways to deliver that! 
 
Welcome to Edinburgh, the 9th Biannual Meeting of the UKCCSRC! 
 
Best wishes, 
 
Jon 
 

 
Professor Jon Gibbins 
Director, UK Carbon Capture and Storage Research Centre (UKCCSRC) 
 
 
 

1. https://www.nao.org.uk/wp-content/uploads/2016/07/Sustainability-in-the-Spending-Review.pdf 
2. https://www.theccc.org.uk/publication/meeting-carbon-budgets-2016-progress-report-to-parliament 
3. http://road2020.nl/en/  
4.  https://www.epsrc.ac.uk/funding/calls/ccs/  

 

https://www.nao.org.uk/wp-content/uploads/2016/07/Sustainability-in-the-Spending-Review.pdf
https://www.theccc.org.uk/publication/meeting-carbon-budgets-2016-progress-report-to-parliament
http://road2020.nl/en/
https://www.epsrc.ac.uk/funding/calls/ccs/


 

Welcome to the University of Edinburgh 

 
We are delighted to welcome you to what we consider to be one of the most spectacular cities of the British Isles, 
and one of the world’s leading universities, for this Biannual meeting of the UK CCS Research Centre, which 
coincides with our Welcome Week for newly arrived students from around the world.   
 
CO2 has been a key interest at the University of Edinburgh since 1754 when it was discovered here by Joseph Black. 
(Some say the discovery was in Glasgow, but Edinburgh has Black’s laboratories.)  Our current research portfolio 
addresses several aspects of CO2 in a modern context encompassing key underpinning science and technology to 
reduce unwanted emissions from energy applications - and analysis of whole energy systems. We also undertake 
wide-ranging interdisciplinary efforts that investigate the environmental and climate effects of excess CO2 that is 
acting to change the shape of our world and the environments in which we live, and also the interactions which 
human and wild populations have in those ecosystems and built environments.   
 
In the CCS arena, we are proud to display a wide and deep portfolio of expert academic researchers, and the 
research groups supported by them. We are also proud to co-host both the UKCCSRC Secretariat and the Scottish 
Carbon Capture and Storage team.  Our research includes world-leading development of advanced materials for 
CO2 capture and the effective engineering integration of CCS into electricity and industry plants and systems. We 
also devote significant attention to improving understanding of how CO2 storage can be effectively identified, 
developed and monitored in the sub-surface.  Additionally, we explore stakeholder understanding of CCS and 
contribute to helping key stakeholders and the general public understand what CCS is and what its widespread use 
might mean for them. 
 
As we look to the future for CCS, and energy and climate systems more broadly, it is clear that continuing and 
accelerating decarbonisation is ever more urgent; especially following the demanding pledges made at CoP21 in 
Paris towards a net-zero carbon economy by mid-century. We aim to continue an intensive programme of research 
here in Edinburgh. Our researchers will continue to work alongside colleagues throughout the UK, including 
yourselves and others, and internationally to elucidate fundamental concepts, and to support development and 
deployment of key technologies that will facilitate successful deployment of CCS in the UK and beyond. 
 
Thank you for choosing to join us here, and a special thank you also to the meeting organisers (especially Steph, 
Fay, Ciara and Mike) for all their efforts.  We hope you are able to take some time to explore our beautiful city, and 
that you enjoy the opportunity to catch-up with the latest CCS developments and challenges for the field as it 
continues to develop towards more widespread deployment and use. 
 
Best wishes 

     
 
 

Professor Hugh McCann 
Head of School of Engineering 
Chair in Tomographic Imaging 
University of Edinburgh 
 
 

Professor Alexander W Tudhope 
Head of School of GeoSciences 
Professor of Climate Studies 
University of Edinburgh 



 
 
A LETTER FROM IAN DUNCAN, MEP FOR SCOTLAND 
 
Carbon Capture & Storage (CCS) is not well understood by the general public. For 
some it represents the prolongation of our dependency upon fossil fuels. You will 
all be familiar with the various permutations of the ‘Leave it in the Ground’ 
campaign. For those in the know, putting it back in the ground is perhaps the only 
realistic hope we have of addressing climate change.  Most of the population falls 
in the third category, not really knowing what CCS is all about. 
 
Your conference will tackle the crucial issue of how to make the case for CCS.  In 
making the case for CCS I believe there are two principal challenges to overcome: 
the enduring low carbon price, and the political landscape here at home and 
across the EU afield, all the more opaque post-Brexit.  
 
I can’t join you today.  As you read this I will be at the Boundary Dam CCS plant in Saskatchewan, the world’s first 
and largest commercial scale plant of its kind. Since CCS was fitted at Boundary Dam back in 2014 the plant has 
captured over three quarters of a million tonnes of CO2, the environmental equivalent of removing 250,000 cars 
from the road.  Some 90% of the plant’s emissions are captured and stored deep underground. 
 
Europe, with the notable exception of Norway, lags well behind when it comes to capturing and storing carbon 
emissions. To be fair, it is not for want of effort. In 2009 the EU set aside €6 billion to establish CCS demonstration 
projects and renewable technology. The so called NER300 fund, however, was a flop.  The UK was the only 
successful bidder however, in the end, no CCS projects were judged far enough along and no money was spent.  
CCS will only take off when the cost of not investing in the technology is higher than the cost of investing. 
Attempts to monetise the cost of climate change notwithstanding, the emission reduction commitments made by 
developed world in Paris represent a beginning. To limit global temperature rise to ‘well below 2oC,’ something 
serious has to change.  
 
Back in 2005, when the EU initiated its carbon emission trading scheme, the carbon price was €30. It looked like 
the EU had stumbled upon the perfect generator of emission reduction; compel emitters to pay per tonne of 
carbon emitted. Then came the global economic crash and a carbon price of €4.50. Today I am working to change 
this. As the European Parliament’s lead law-maker for reform of the EU’s Carbon Trading System - for the 
moment anyway - I am trying to knock the scheme back in to shape: in simple terms, too many free allowances 
swooshing around depressing the price. In addition I have also proposed a dedicated £10 billion fund for CCS and 
Carbon Capture & Utilisation (CCU) called the innovation fund. 
 
In the coming weeks I will meet with the new Secretary of State for Business, Energy and Industrial Strategy Greg 
Clark MP to explore the UK’s future relations with the EU-ETS specifically, and more generally with the EU in 
terms of energy and climate change. Change will come. The question is how will CCS emerge from the 
tremblement de terre. Can the alchemy of Brexit and the catalyst of Paris bring CCS back to the front? 
As a policy maker I would like to hear your views on how we could make this happen.  I remain committed to 
seeing CCS as a reality here at home and will continue to make the case in the EU for as long as I remain an MEP.  I 
look forward to reading the conference report and from hearing from you, the experts, about how to progress. 

 
                                          Ian Duncan, MEP for Scotland



 

AGENDA 
 

WEDNESDAY 14 SEPTEMBER 2016 
 

10.00-12.00 Optional field trip 
The Journey of CO2 
A walking journey starting at the National Museum of Edinburgh where you will see exhibits 
about Joseph Black and the discovery of CO2. Then moving on to Hutton’s Memorial Garden, 
the former home of the “father of modern geology” James Hutton. And then on to Hutton’s 
Section where he observed the rock formations that informed his theories before ending at the 
conference venue.   
 
With Tacye Philipson (National Museum of Scotland), Stuart Gilfillan (University of Edinburgh) 
and Mark Wilkinson (University of Edinburgh) 
 

12.00-13.00  ARRIVALS, REGISTRATION AND NETWORKING LUNCH 
13.00-13.10 Welcoming remarks 

Jon Gibbins - Director, UKCCSRC 
Hugh McCann – Head of School of Engineering, University of Edinburgh 
 

13.10-13.30  Opening Keynote - CCS: a Government perspective 
Rupert Wilmouth (Government Office for Science) 
An overview of CCS from a Government perspective: the potential role for CCS in the UK energy 
system; the range of possible applications for CCS and the alternatives; and a brief discussion of 
how these options might be perceived or valued. 
 

13.30-13.50 University Coalition for Fossil Energy Research Funded by US DOE-NETL: Vision, Mission and 
Operation 
Chunshan Song, (University Coalition for Fossil Energy Research) 
A new University Coalition for Fossil Energy Research (UCFER) in the US was recently established 
through an open nation-wide competitive process and announced in May 2016 by the U.S. 
Department of Energy (DOE)-National Energy Technology Laboratory (NETL). The UCFER is based at 
Penn State and the founding members include MIT, Princeton U, Texas A&M U, U Kentucky, USC, U 
Tulsa, U Wyoming and Virginia Tech. The UCFER program envisions a clean carbon-based secure, 
reliable and affordable energy future with the more environmentally-friendly and more efficient 
production and use of fossil fuels including carbon (CO2) capture, utilization and storage (CCUS). The 
mission of UCFER is to advance the basic and applied energy research and promoting university - 
NETL collaboration on coal, natural gas, and oil research. UCFER will identify, select, execute, review 
and disseminate knowledge from university-based research that will improve the efficiency of 
production and use of fossil energy resources while minimizing the environmental impacts and 
reducing greenhouse gas emissions including CCUS. The UCFER also provides a mechanism for 
addition of new members with the needed expertise and for collaboration with industry.  The 
current status of the UCFER program and future prospective will be discussed at the UK CCS 
meeting. 
 

13.50-15.30 CCS in the Wider Economy 
Chair: David Reiner (University of Cambridge) 
 
Simon Bittlestone (National Audit Office) - Assessing government's role in CCS 
The National Audit Office has twice reported on government’s role in CCS, in 2012 on its first 
demonstration competition and earlier this year on the decision to cancel the second competition. 
The NAO plans to report again later this year on how DECC ran the second competition prior to its 
cancellation. This presentation highlights the main findings from these pieces of work, and describes 
how government assesses the costs and benefits of long-term programmes like CCS. 
 
 
 



 
Rob Gross (Imperial College London) – Is there a plan B for CCS and why did plan A fai?l 
The presentation would outline recent work with the Committee on Climate Change on how to take 
CCS forward after the decision to withdraw funding from the commercialisation and demonstration 
programme. It will consider some of the reasons that funding was withdrawn in the context of the 
wider political landscape for low carbon energy since the General Election in 2015. 
 
Ilkka Keppo (UCL) - Impact of technology uncertainty on future low-carbon pathways in the UK - 
Focus on CCS 
Energy and climate policy-making requires strong quantitative scientific evidence in order to devise 
robust and consistent long-term decarbonisation strategies. In addition to outlining least-cost 
technology pathways, energy modelling can provide crucial insights on the considerable uncertainty 
in such strategies which needs to be taken into account when designing appropriate policy 
measures. In this study we combine consistent  narratives on several technology dimensions with a 
global sensitivity analysis in a national, bottom-up, optimizing energy system model in order to 
derive structured insights on the impact of low-carbon technology and resource availability on the 
long-term development of the UK energy system under ambitious decarbonisation pathways. The 
results provide information on the variability of fuel and technology use across the uncertainty 
space, on the complementarity and substitutability of technologies, on critical low-carbon options 
and hedging strategies and on timing and path dependencies. The role of CCS, in particular, will be 
highlighted. 
 
Karen Turner (University of Strathclyde) - Making the macroeconomic case for CCS 
Attention to fiscal implications and potential economic benefits (as well as costs) of transformative 
solutions such as CCS in decarbonising the economy is particularly important in the current policy 
climate. Neglect of these issues (and an overly narrow focus on optimisation) is likely to negatively 
impact on the ability to gain traction/support for CCS with policymakers operating in a context of 
competing demands on resources and multiple wider economic, social and environmental 
objectives. We propose the development of multi-sector economy-wide modelling tools, where 
carbon capture, transport and storage activities are identified as economic service activities. This 
will facilitate consideration of socio-economic benefits in the form of ‘multiplier’ or ripple effects in 
output and employment via Scottish and UK supply chains, and related macroeconomic and fiscal 
impacts over time of scaled introduction of CCS, and of related carbon utilisation activities. The 
presentation will include results of some early work considering potential multiplier benefits of 
linked CCS and enhanced oil recovery activity. However, it will focus in particular on the need for 
inter-disciplinary and case study based work involving interaction between economic, engineering 
and other models in order to permit a holistic and well-informed focus in future research in this 
area. 
 
Rupert Wilmouth will join the panel for the Q&A at the end 
 

15.30-16.00 BREAK  
16.00-16.30 New CCS Projects  

 
EU Funded Projects 
LEILAC – John Blamey (Imperial College London) 
LEILAC (Low Emissions Intensity Lime And Cement) is a European Union Horizon 2020 (H2020) 
research and innovation project.  LEILAC will pilot a breakthrough carbon capture technology that 
would enable both Europe’s cement and lime industries to reduce their carbon dioxide (CO2) 
emissions dramatically without significant energy or capital penalty.   Running for five years from 
2016 to 2020, the project team comprises leading industrial, technology and research & 
development partners. The pilot plant will be hosted by Heidelberg Cement at Lixhe in Belgium.  
This €21m project has received €12m of funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No 654465.  The balance of the funds will be 
provided by the consortium partners. 
 
STEMM-CCS - Jonathan Bull (University of Southampton) 
STEMM-CCS is a EU -Horizon2020 funded project (2016-2020) that has 14 partners (co-ordinated by 
the National Oceanography Centre), and whose aim is deliver new insights, guidelines for best 



 
practice, and tools for all phases of the CO2 storage cycle at offshore CCS sites. The key objectives of 
the project are: (1) To produce new tools and techniques for environmental monitoring as well as 
CO2 emission monitoring, quantification and assessment (2) To generate new knowledge of the 
reservoir overburden by direct investigation of natural geological and manmade features (3) To 
deliver the first CCS demonstration project level implementation of an ecological baseline, 
incorporating geochemical and biological variability (4) To promote knowledge transfer to industrial 
and regulatory stakeholders and local and international communities.  
 
NERC Highlight Projects 
Characterisation of major overburden leakage pathways above sub-seafloor CO2 storage reservoirs 
in the North Sea (CHIMNEY) - PI Jonathan Bull (University of Southampton) 
The location and potential intensity of any possible CO2 leakage at the seafloor are critically 
dependent on the distribution and permeability of fluid pathways in the sediment overburden 
overlying any putative storage reservoir. Evaluation of seismic reflection data has revealed 
structures cross-cutting the overburden within the North Sea and Norwegian Sea. These seismically-
imaged pipes and chimneys are considered to be possible pathways for fluid flow. Natural fluids 
from deeper strata have migrated through these structures at some point in geological time. If CO2 
leaking from sub-seafloor storage reservoirs reaches the base of these structures, and if their 
permeability is sufficiently high, they could act as CO2 leakage pathways towards the seafloor and 
overlying water column. To provide a reliable prediction of potential seafloor seep sites, the 
hydraulic continuity, and especially the permeability of these pathways, needs to be better 
constrained and quantified. This NERC-funded project (CHIMNEY – 2016-2020) involves partners 
from the University of Southampton, University of Edinburgh and the National Oceanography 
Centre. We will implement a marine geophysical fieldwork programme, and associated rock physics 
experiments, geochemical characterization and modelling, to constrain chimney physical properties 
including permeability, potential flow rates and CO2-fluid-rock reactions. 
 
Migration of CO2 through North Sea Geological Carbon Storage Sites: Impact of Faults, Geological 
Heterogeneities and Dissolution - PI Jerome Neufeld (University of Cambridge)  
The migration and trapping of CO2 in geological carbon storage sites is dominated by geological 
heterogeneities occurring over a range of length scales.  Fault structures may provide sealing blocks 
to reservoirs or conduits for fluid flow, heterogeneities within reservoirs and in the cap rock on the 
centimetre to metre scale control the contact between CO2 and ambient brine, and heterogeneities 
in mineralogy and surface properties at the core scale control the multiphase propagation of CO2 as 
measured in core test.  This talk will briefly introduce the NERC funded consortia between 
Cambridge University, Imperial College, the University of Strathclyde and the British Geological 
Survey where expertise from a range of disciplines is being brought together to understand the 
impact of heterogeneities on the safety of storage in North Sea geological carbon storage sites. 
 
EPSRC Challenges in Industrial CCS Projects 
A compact CO2 capture process to combat industrial emissions - PI Xianfeng Fan (University of 
Edinburgh) 
CO2 capture by using amine solvents is the most mature technology employed in most carbon 
capture plants. Incremental improvements through the use of alternative amines or amine mixtures 
with higher capacity and/or lower regeneration/degradation costs are potentially possible. 
However, major problems with this conventional process remain without a fundamentally different 
design. They include (a) low mass transfer efficiency in the absorber and desorber, (b) high energy 
consumption in solvent regeneration, (c) corrosion caused by concentrated amine solutions, (d) 
thermal and oxidative degradation of amines above 100oC. We propose to meet this challenge by 
combining two technologies, rotating packed bed absorption and microwave-assisted regeneration, 
which will enable small and flexible capture devices to be installed at a wide range of industrial 
sites. A rotating packed bed column offers a dramatically reduced volume by 90% compared to a 
traditional absorption column, while microwave regeneration is a revolutionary method for 
regenerating amine solutions at a low temperature, leading to further significant reduction in capital 
costs (by around 50%), in the sensible heat used for CO2 desorption, and in corrosion and solvent 
degradation by over 90%. 
 
 



 
Versatile Adsorption Processes for the Capture of Carbon Dioxide from Industrial Sources – FlexICCS - 
PI Stefano Brandani (University of Edinburgh) 
The key challenges in carbon capture from industry lie in the wide range of conditions (temperature, 
pressure, composition) and scale of the processes encountered in industrial applications. The 
practical challenge and the real long term opportunity for R&D are solutions for medium to small 
scale sources. In developing this project we have collaborated with several industrial colleagues to 
identify a broad range of case studies to be investigated. Rapid cycle adsorption based processes 
will be developed to drive down costs by arriving flexible systems with small footprints for a range 
of applications and that can lead to mass-production of modular units. We will carry out an 
ambitious programme of work that will address both materials and process development for carbon 
capture from industrial sources. 
  

16.30-18.00 Getting the message across: Communications workshop  
Facilitators: 
Kirsty Anderson, Sarah Anderson, Sophia Collins, Leslie Mabon, Indira Mann, Heather Rea, David 
Reiner, Clare Taylor 

18.00 Sessions close 
18.00-19.30 NETWORKING RECEPTION AND POSTER SESSION 

Data Archive drop in session 
19.30-23.00 NETWORKING DINNER 

Speaker – Charles Hendry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
THURSDAY 15 SEPTEMBER 2016 
08.30-09.00 ARRIVALS AND REGISTRATIONS AND REFRESHMENTS 
09.00-09.10 Update on UK government CCS policy 

Brian Allison (BEIS) (Will Lochhead was unable to attend)  
09.10-09.15 Assessing the potential of CO2 utilisation in the UK  

A quick introduction to a newly started study for Department for Business, Energy & Industrial 
Strategy (BEIS) 
Niall Mac Dowell (Imperial College London) 

09.15-09.20 Latest Horizon 2020 call and CCS 
Chris Young, EU Energy Focus 

09.20-09.40 Update on the UKCCSRC investigation into the development of an onshore test injection site in the 
UK 
Andy Chadwick (British Geological Survey) 
UKCCSRC has been carrying out a scoping assessment of the potential to carry out a pilot-scale CO2 
injection research project in the UK. This included a review of existing pilot sites worldwide, existing 
UK subsurface research activities, suitable sources of CO2 in the UK, possible UK pilot site locations 
and regulatory issues. A number of possible site options have been reviewed, including the 
utilisation of sandstone aquifers and depleted oilfields. Our current focus is on the Permo-Triassic 

UKCCSRC Data and Information Archive drop-in session, 18:00 - 19:30, Wednesday 14 September (during 
the Networking Drinks reception) 
 
Grab a glass of wine and come along to this drop-in session to learn more about the UKCCSRC Data and 
Information Archive. 
 
The UKCCSRC Data and Information Archive holds data and other outputs (posters, presentations, papers, 
reports) generated by UKCCSRC and EPSRC-funded projects and makes them available long-term to search 
and download for reference and data re-use. Important and hard-to-access historic reports have also been 
included in the archive and voluntary submissions of reports and data are welcomed. 
 
Maxine Akhurst and Mary Mowat from British Geological Survey, who host the archive on behalf of the 
UKCCSRC, will be on hand in this session to provide advice to UKCCSRC and recent EPSRC projects who are in 
the process of preparing data for the archive (or soon will be), and all others interested in using or voluntarily 
contributing data to the archive are encouraged to also come along. 
 



 
sandstones of north Cheshire. This is partly serendipitous, in that the NERC ESIOS project (Energy 
Security & Innovation Observing System for the Subsurface) is deploying an array of boreholes to 
monitor subsurface operations in the vicinity of the Thornton Science Park near to Ellesmere Port. 
The ESIOS main focus is on surveillance for Carboniferous shale gas operations, but our assessment 
suggests that the shallower geology in the area might also suitable for running a CO2 injection pilot 
project. The Permian Collyhurst Sandstone in the Thornton area is representative of important 
aquifers beneath the Irish Sea and the southern North Sea that might be used for large-scale CO2 
storage in the future. In the vicinity of Thornton it is locally more than 200 m thick, laterally 
extensive, and in many places lies at depths in excess of 800 metres (to ensure dense-phase CO2 
injection). The Thornton area also hosts a number of CO2 sources which could provide industrial CO2 
for such a test experiment in the locality. A well planned pilot injection experiment could improve 
understanding across a range of storage research issues including CO2 plume stabilisation processes, 
seal security, monitoring technologies, and wellbore integrity. 
 

09.40-10.30 UKCCSRC Call Project updates – Getting the Message Across 
 
Call 1 Project - Mixed matrix membranes preparation for post-combustion capture, PI Maria Chiara 
Ferrari (University of Edinburgh), presented by Nicholas Bryan (University of Edinburgh) 
Separation of carbon dioxide from combustion flue gases using selective membranes shows promise 
to be a low energy carbon capture option.  Polymeric membranes exhibit a trade-off between 
permeability and selectivity which limits their viability as an economically feasible option for use in 
post-combustion carbon capture. A great deal of attention has been focused on mixed matrix 
membranes (MMMs) which combine polymeric membranes with particulate materials. By 
combining particulate materials and polymers to make thin membranes it is possible to combine the 
useful separation properties of both phases. 
 
Call 2 Project - Quantifying Residual and Dissolution Trapping in the CO2CRC Otway Injection Site, PI 
Stuart Gilfillan (University of Edinburgh) presented by Sascha Serno (University of Edinburgh) 
Residual CO2 trapping is a key mechanism of secure CO2 storage, an essential component of the 
Carbon Capture and Storage technology. Estimating the amount of CO2 that will be residually 
trapped in a saline aquifer formation remains a significant challenge. Here, we present the first 
oxygen isotope ratio (d18O) measurements from a single-well experiment, the CO2CRC Otway 2B 
Extension, used to estimate levels of residual trapping of CO2. Following the initiation of the drive to 
residual saturation in the reservoir, reservoir water d18O decreased, as predicted from the baseline 
isotope ratios of water and CO2, over a time span of only a few days. The isotope shift in the near-
wellbore reservoir water is the result of isotope equilibrium exchange between residual CO2 and 
water. The similarity of oxygen isotope-based near-wellbore saturation levels and independent 
estimates based on pulsed neutron logging and numerical simulations of noble gas tracer injection 
and recovery indicates the potential of using oxygen isotope as an effective inherent tracer for 
determining residual saturation within a few days. 
 
Call 2 Project - Performance of Flow Meters with Dense Phase CO2 and CCS Recovery Streams, PI 
Mercedes Maroto Valer (Heriot-Watt University), presented by Mahmoud Nazeri (Heriot-Watt 
University) 
The amount of CO2 to be transported by pipeline from the capture point to the storage location 
needs to be accurately measured by flow meters. Under the DECC funded COMET project at Heriot-
Watt University, a mass flow rig based on gravimetric calibration and start / stop operation was 
designed and constructed to investigate the performance of Coriolis flow meter using pure CO2.  
There are several challenges in CO2 flow measurement. For example, the presence of impurities in 
the captured fluid can change the physical properties as well as multiphase flow can arise which can 
impact the performance of flow meters. In this work, the impacts of the presence of impurities on 
the performance of Coriolis flowmeter were investigated. Gas mixtures representing the fluids 
captured from pre-combustion, post-combustion and oxyfuel technologies were procured. Several 
tests were carried out with each mixture in the mass flow rig in order to obtain the relative 
deviation of each test. The results show that, although the presence of impurities can increase the 
deviation and uncertainty of the flow meter as well as the operating conditions such as transient 
flow, the chosen flowmeter is still in agreement with the European Union Emission Trading Scheme 
(EU ETS) requirements. 



 
Call 2 Project - The Development and Demonstration of Best Practice Guidelines for the Safe Start-up 
Injection of CO2 into Depleted Gas Fields, PI Haroun Mahgerefteh (University College London) 
Highly-depleted gas fields represent prime potential targets for large-scale storage of captured CO2 
emitted from industrial sources and fossil-fuel power plants. The most effective way of transporting 
the captured CO2 for subsequent sequestration using high-pressure pipelines is in dense phase. The 
CO2 arriving at the injection well will typically be at pressure greater than 70 bar and at temperature 
between 4 and 8°C. Given the substantially lower pressure at the wellhead, the injection of CO2 will 
result in its rapid, quasi-adiabatic Joule-Thomson expansion leading to significant temperature 
drops. This could pose several risks, including hydrate and ice formation around the wellbore and 
thermal shocking of the wellbore casing steel, leading to its fracture and ultimately escape of CO2. 
This UKCCSRC Call 2 project addresses the development and validation of a model for the simulation 
of the highly-transient multi-phase flow phenomena taking place in wellbores during the start-up 
injection of CO2 mixtures into depleted gas fields. The model provides a basis for the development 
of optimal injection strategies and best-practice guidelines for the minimisation of the risks 
associated with the start-up injection of CO2 into highly-depleted gas fields. 
 
Call 2 Project - CO2 Flow Metering through Multi-Modal Sensing and Statistical Data Fusion, PI Yong 
Yan (University of Kent), presented by Jinyu Liu (University of Kent) 
This presentation summarises the outcome of the Call 2 project (UKCCSRC-C2-218) entitled CO2 
Flow Metering through Multi-Modal Sensing and Statistical Data Fusion. Key issues to be covered in 
the presentation include the establishment of a mass reference platform under CCS conditions 
(pressures up to 72bar), calibration of gas-liquid two-phase CO2 flowmeters and development of a 
multi-modal sensing system and data fusion algorithms for mass flow metering of CO2. Experimental 
evaluation of the multi-model sensing system under single-phase and two-phase CO2 flow 
conditions is reported. The mass flow error achieved is within ±1.5% under two-phase CO2 flow for 
a liquid flow rate from 250 kg/h to 3200 kg/h and a gas volume fraction from 0 to 92%. The 
flowmeter has achieved errors within ±0.15% and ±0.25%, respectively, for single-phase liquid CO2 
from 250 kg/h to 3600 kg/h or single-phase gaseous CO2 from 120 kg/h to 400 kg/h. 

10.30-12.00 Parallel Discussion Sessions (Coffee BREAK during session) 
 
Storage - Offshore storage: how ready is ready? 
Chair: Michelle Bentham (British Geological Survey) 
Alan James (Pale Blue Dot Energy) - Storage Storage Everywhere - But Where to Start? 
In 2016, the Strategic UK CO2 Storage Appraisal project managed by ETI on behalf of DECC 
completed its one year programme.  The project stood on the shoulders of previous work to select a 
portfolio of five storage sites which could form the basis of a new CO2 Storage industry for the UK 
and suggested that offshore CO2 transport and storage might less than £10/MWH to the levelised 
cost of gas fired electricity generation. This presentation will look at the results of this project in the 
light of the November 2015 Spending Review decisions and examine the question of where the UK 
might reasonably mobilise CCS at the lowest cost and where UK R&D effort in CO2 storage should be 
focussed to support cost reduction effort. 
 
Philip Ringrose (Statoil) - Using operational experience from Norway to define cost-effective and 
optimal future storage plans 
The presentation discusses the development robust and cost-effective solutions for large-scale CO2 
storage using operational experience from the Sleipner and Snøhvit CCS projects offshore Norway. 
The experience of 20 years of CCS operations in Norway is vital in building confidence in CCS and in 
helping future projects to define and refine site selection and project design criteria.  The three 
main barriers for developing large-scale CO2 storage can be summarized under the themes of cost, 
capacity and confidence. In developing new CO2 storage projects, concerns are often raised about 
storage capacity, formation injectivity, and the long-term integrity of the cap-rock and wellbore 
containment systems. Using the experience from the Sleipner and Snøhvit projects we show how 
detailed models of fluid flow, fluid pressure, and rock strain give the best basis for preparing for 
future projects. Real projects are always impacted by geological and subsurface uncertainties. 
Geophysical and downhole monitoring data reveal how site performance has been optimized using 
fit-for purpose monitoring strategies and flexible well designs. These learnings in turn help us to 
bring the storage costs down by ensuring future projects collect the most critical site 
characterisation data and use the most appropriate monitoring data and injection control systems. 



 
Panellist in addition to above speakers: 
Brian Allison (BEIS) 

 
Capture - CO2 Capture Cost Reduction: Innovation to reduce the £/MWh cost of CCS  
Chair: Niall Mac Dowell (Imperial College London) 
Speakers:  
 
Patrick Dixon (CCSA) (Will Lochhead was unable to attend) 
 
Tim Golden (Air Products) - Large Scale Demonstration of Adsorption-Based CO2 Capture and 
Sequestration 
The vast majority of hydrogen produced is today is accomplished by steam reforming of natural gas, 
followed by catalytic shift to maximize the hydrogen content in the synthesis gas and then pressure 
swing adsorption purification to produce high purity hydrogen at high pressure.  The current 
worldwide production capacity of hydrogen is estimated to be 500 million Nm3/year, which results 
in annual CO2 emissions from hydrogen production of about 150 million tons.  In 2009, Air Products 
and Chemicals, Inc. was awarded US DOE funding to demonstrate an adsorption-based CO2 removal 
process from the feed gas to two world scale H2 PSA’s (3 million Nm3/day per plant) located in Port 
Arthur, Texas.  The process, called CO2 VSA (vacuum swing adsorption), had previously been 
commercialized in the late 80’s for CO2 recovery from both landfill gas and synthesis gas.  However, 
the application of CO2 VSA to a world class H2 plant represents a two order of magnitude increase in 
scale over previous processes.  The two CO2 VSA’s have been on stream since 2012 yielding over 3 
million tons of captured CO2 which is being fed to a CO2 pipeline for enhanced oil recovery 
application.  The presentation will outline the CO2 VSA process for CO2 capture from high pressure 
streams, the status of the project and some thoughts about the application of CO2 VSA in the CO2 
capture and storage. 
 
Stuart Scott (University of Cambridge) - The potential for high temperature looping cycles 
There is a large academic community which works on high temperature looping cycles (e.g. calcium 
looping or chemical looping). This talk will look current progress towards a full scale system and how 
the research is linked to realising cost reductions using this technology for carbon capture. 

12.00-12.30 Lessons learned from UK CCS Programme  
Patrick Dixon (CCSA) 
This presentation will review the main conclusions of the report into  "Lessons Learned - Lessons and 
evidence derived from UK CCS programmes, 2008 - 2015" published by the CCSA in June 2016.  
Following the decision of the UK Government (HMG) to cancel the UK CCS Commercialisation 
Programme in November 2015, it became clear that there was a need to identify and collate the key 
lessons learned by those who have sought to develop CCS in the UK. It is hoped that making these 
lessons available will help to inform the future development and deployment of CCS in the UK.  
This exercise was led by Patrick Dixon (Independent Director, CCSA) and the Carbon Capture and 
Storage Association (CCSA). Interviews were conducted with CCS project developers and a selection 
of other CCS stakeholders between January and April 2016. Views were sought on the recent UK CCS 
Commercialisation Programme (2012 – 2015); and more generally around experiences with 
developing CCS projects in the UK and Europe over the last decade. This exercise was evidence-
based. The document identifies 36 key lessons based on evidence provided by participants. This 
document aims to avoid advocacy, and does not provide any specific recommendations; however 
readers should be able to draw a number of important conclusions from this evidence. 

12.30-13.00 Closing Keynote - Lowest cost decarbonisation for the UK: Findings of the Oxburgh Committee 
Stuart Haszeldine (University of Edinburgh/SCCS) 
The UK abruptly reversed out of CCS in November 2015.  Why should the UK undertake CCS, and 
why now, and at what price and on what?  Lord Oxburgh gathered an all-party group, including 8 
diverse opinions from the UK energy, industry, business, and finance communities to examine if and 
how CCS could be re-set in the UK. During that work, government Ministers and officials changed 
yet again. This presentation summarises the arguments and recommendations and futures.  Subject 
to formal report release date. 

13.00-13.10 Closing remarks 
13.10 MEETING CLOSE AND LUNCH 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ECCSEL UPDATE 
ECCSEL has established, and provides access to, a world class research infrastructure in Europe for CO2 capture, 
transport and storage research.  It is funded through the European Union’s HORIZON 2020 programme and brings 
together 9 Centres of Excellence on CCS research from across Europe.  It currently involves 14 partners with 44 CCS 
research facilities.  More facilities are planned for the next implementation phase.   
 
The ECCSEL Research Infrastructure is open for access now, and grants are available via a sponsored Transnational 
Access Programme.  The grants allow researchers (groups) to access the current ECCSEL facilities ‘free of charge’, 
including logistical, technological and scientific support, a fixed daily subsistence fee and reimbursement of 
international travel expenses. 
 
The scheme is open to any researcher from an institute located in an EU or associated country (although some 
access is also available to other countries) with a project proposal related to CCS to be completed in a second 
country.  Applicants are invited to submit a short online application and an independent panel will evaluate 
proposals based on scientific merit.  In return, users agree to disseminate the results they generate under ECCSEL’s 
Transnational Access Programme.   
 
ECCSEL’s 2nd call for Transnational Access proposals is now open.  The call, along detailed descriptions and 
capabilities of the research facilities involved, will be available at www.eccsel.org.   For more information see the 
ECCSEL website www.eccsel.org or e-mail ECCSEL’s Operations Centre through Volker Röhling 
volker.rohling@ntnu.no    

HORIZON 2020 - €50M AVAILABLE FOR 
DECARBONISATION PROJECTS 
 
Later this month (20 September 2016) the European Commission will publish the following Calls for Proposals under 
Horizon 2020 Energy: 
• LCE-27-2017: Measuring, monitoring and controlling the risks of CCS, EGS and unconventional hydrocarbons 
in the subsurface 
• LCE-28-2017: Highly flexible and efficient fossil fuel power plants 
• LCE-29-2017: CCS in industry, including Bio-CCS  
• LCE-30-2017: Geological storage pilots 
The deadline for proposal submission is 5 January 2017.  The total budget for these topics is expected to be €50M. 
 
Kerry Young and Chris Young, the UK National Contact Point for Horizon 2020, are attending the conference and is 
available to answer your questions on the Call topics and to discuss your proposal ideas.  The National Contact Point 
service is a free, Government-funded service that aims to ensure that UK companies, research institutions and other 
organisations are well informed and have every chance of success in applying for and securing European funding for 
energy-related projects. Our services include one-to-one discussion of proposal ideas, webinars on key subjects and 
review of draft proposals.  The certainty over future funding, provided by the recent Treasury announcement 
regarding the underwriting of funding for approved Horizon 2020 projects applied for before the UK leaves the EU, 
means that UK organisations should continue to bid for Horizon 2020 Calls while the UK remains a member of the 
EU.  
 
Kerry and Chris can be contacted after the event on:  Tel - 0845 6000 430,  Email - mail@euenergyfocus.co.uk 

http://www.eccsel.org/
http://www.eccsel.org/
mailto:volker.rohling@ntnu.no


 
CHAIRS, SPEAKERS AND PANELLISTS 
 
Brian Allison 
Assistant Head CCS R&D and Innovation Policy, BEIS 
brian.allison@beis.gov.uk 
Brian has worked on UK energy policy since 2002; he joined the BEIS CCS Policy Team in 
2010 and leads on CCS R&D and innovation policy. Brian represents the UK at the 
Technical and Policy Groups of the Carbon Sequestration Leadership Forum (CSLF), IEA 
Greenhouse Gas R&D Programme (IEAGHG) and IEA Working Party on Fossil Fuels 
(IEAWPFF) where he is pursuing opportunities to encourage the development of CCS R&D 
internationally. Brian recently completed working with The Energy Technologies Institute 
(ETI) on the Strategic UK CCS Storage Apprasal Project and is currently leading the CCS 
ERA-NET (ACT) for the UK with international partners, the Caledonia Clean Energy Project with Scottish 
Government, project managing two studies on CCS capture technologies and carbon capture utilisation. Brian is 
also a part time Associate Lecturer with The Open University, where he tutors on their Renewable Energy and 
Communication and Information Technology courses. 
 
Michelle Bentham 
Head of Partnerships and Innovation, Principle Geoscientist, British Geological Survey 
mbrook@bgs.ac.uk 
Michelle's role is to work as part of the BGS Executive and with BGS Science Directors to 
develop partnerships which bring together business, government and civil society with 
BGS scientists to address the challenges and opportunities of managing the environment. 
She also works internally within BGS to develop opportunities to innovate for UK business 
and societal wellbeing. Michelle has a background in energy geoscience and has 
undertaken research in geological storage of CO2 for over 16 years. 
 
Mr Simon Bittlestone 
Audit Manager, National Audit Office 
simon.bittlestone@nao.gsi.gov.uk 
Simon is an Audit Manager on the NAO's Energy and Climate Change value-for-money 
team. His recent reports include 'Nuclear power in the UK' and 'Green Deal and Energy 
Company Obligation'. He previously spent 3 years on the NAO's Local Government value-
for-money team, where he worked on studies on City Deals, Financial sustainability of 
local authorities and the government's accountability arrangements for local government 
spending. 
 
Dr John Blamey 
Research Associate, Imperial College London 
jblamey@imperial.ac.uk 
John obtained a PhD in Chemical Engineering at Imperial College London [2012], 
investigating high temperature solid looping cycles for CO2 capture (specifically: sorbent 
enhancement in calcium looping).  His first postdoc was at University of 
Ottawa/CanmetENERGY [2012] and investigated a direct air capture technique in 
collaboration with Carbon Engineering.  He returned to Imperial College London as a 
Research Associate in 2013 and has subsequently worked on two EU projects: (i) BioSonic, 
FP7 [2013-2016], scale up of a biomass fractionation technique; (ii) LEILAC, H2020 [2016 to 
present], capture of process emissions from lime and cement industries. 



 
Prof Stefano Brandani 
Chair of Chemical Engineering, University of Edinburgh  
s.brandani@ed.ac.uk 
Stefano Brandani holds the Chair of Chemical Engineering at the University of Edinburgh 
since 2007, having previously been Professor of Chemical Engineering at University 
College London. His main research interests are the fundamentals of adsorption and 
adsorption processes; he has over 140 publications addressing the simulation of 
adsorption processes and experimental measurement of adsorption and diffusion, 
including zero length column (ZLC) measurements for rapid ranking of novel adsorbents. He is the recipient of a 
Philip Leverhulme Prize and a Royal Society-Wolfson Research Merit Award. He is a Fellow of the IChemE and a 
senior member of the AIChE.  He is the research area champion for adsorption and membranes for the UKCCS-RC 
and serves on the Directorate of the Scottish Carbon Capture and Storage centre with responsibility for carbon 
capture from industrial sources. For more information on the Carbon Capture group at the University of 
Edinburgh visit http://www.eng.ed.ac.uk/carboncapture/  
 
Nicholas Bryan 
PhD Student, University of Edinburgh 
nickbryan1@hotmail.co.uk 
Nicholas Bryan is a PhD student from the University of Edinburgh with a strong interest in 
carbon capture. Nicholas holds a Masters in Chemical Engineering and specializes in gas 
separation using mixed matrix membranes. 
 
Prof Jonathan Bull 
Professor, University of Southampton 
bull@soton.ac.uk 
Jon leads a group at the University of Southampton working on applications of high 
resolution marine seismology to topics as diverse as active faulting, quantifying gas flux at 
the seabed and sub-seabed, remote determination of the physical properties of 
sediments, and object visualisation in 3-dimensions. He has substantial experience of 
working on marine, applied and coastal research. His current research focus is on 
quantifying gas flux through near-surface sediments and across the seabed, as well as 
understanding pathways of fluid flow through sedimentary basins. He has received grant 
funding from a wide-variety of sources including NERC, EPSRC, EU, and industrial sources, 
and has to date published 87 peer reviewed publications. At this meeting he will give 
short presentations on two CCS-related projects that have recently started in 2016:  STEMM-CCS, and CHIMNEY. 
 
Prof Andy Chadwick 
Individual Merit Research Scientist, British Geological Survey 
rach@bgs.ac.uk 
Andy is an Individual Merit Research Scientist with the British Geological Survey and an 
Honorary Professor at the University of Edinburgh. He has been involved with CO2 
storage since 1998 participating in many European CO2 storage research projects and a 
number of UK government, research council and industrially-funded ones.  His main 
interests lie in storage site characterisation, monitoring and regulation. Current research 
directions include quantitative analysis of time-lapse seismic data to characterise CO2 
plumes,  history-matched flow modelling to understand CO2 migration in reservoirs and the understanding, 
prediction and monitoring of pressure propagation in the subsurface. He has advised a number of national and 
international regulatory bodies and is particularly interested in developing pragmatic integrated monitoring 
systems and strategies for industrial-scale storage sites. 

http://www.eng.ed.ac.uk/carboncapture/


 
Patrick Dixon 
Independent Director, CCSA 
Patrick Dixon is an independent Director of the CCSA and was the independent  Expert 
Chair for CCS at the Department of Energy and Climate Change in the UK from 2012 to 
2015. In this role he worked both with DECC, and with companies and developers 
looking to develop CCS projects in the UK, on the practical development of CCS in the 
UK. Patrick is a Chemical Engineer, and spent 28 years at BP in a variety of roles in 
Refining, Chemicals, Strategy, Trading, M&A and Marketing. In his last role he was in 
charge of all BP's refineries outside the US. Patrick also served for seven years as a non-
executive director of the UK Nuclear Decommissioning Authority. 
 
 
Dr Xianfeng Fan 
Senior Lecturer, University of Edinburgh 
x.fan@ed.ac.uk 
Dr Xianfeng Fan is a senior lecturer in Scool of Engineering at the University of 
Edinburgh. Prior to joining the University of Edinburgh, XF was a Senior Lecturer at 
London South Bank University, and a Research Fellow at the University of Birmingham.  
Dr Fan has authored or co-authored over 160 peer reviewed publications and 
contributed 3 book chapters, including “Post Combustion CO2 capture” to “The 
Handbook of Clean Energy Systems” (John Wiley & Sons). He is an editorial board 
member for 3 international journals. He has been invited as a keynote speaker or to 
give lectures more than 20 times at international conferences or symposiums. XF leads a research group with 8-10 
members, working on CO2 capture, multiphase flow in porous materials for EOR and CO2 storage, particulate 
materials processing, photocatlysis. The research work has been supported by EPSRC, Royal Academy of 
Engineering, the Carnegie Trust, and the Royal Society. 
 
 
Dr Timothy Golden 
Research Associate, Air Products 
goldentc@airproducts.com 
Tim Golden is a Principal Research Associate at Air Products and Chemicals, Inc.  After 
gaining a B.S. degree in Chemistry at Wilkes College in 1978, he enrolled in the Fuel 
Science program at Penn State and earned his Ph.D in 1981.  After a stint as a post-doc, 
Tim joined Air Products and Chemicals, Inc. in 1983.  Since that time, Tim has worked in 
R&D in the area of adsorptive separation and purification of gases.  He has worked on 
the development of various adsorption-based separation processes including landfill 
gas purification, non-cryogenic O2, N2 and CO production, pressure swing adsorption for the production of 
hydrogen, improved air pre-purification technologies for cryogenic air and syn gas separation, Xe recovery and 
recycle systems, recovery of monomers from polyolefin plants and purification of NF3.  Tim is a co-inventor on 74 
US patents and author of 43 papers and book chapters.  He previously served on the editorial boards of the 
Journal of Porous Materials and Industrial & Engineering Chemistry Research.  Tim is married with two children 
and enjoys playing soccer, traveling and pubs. 
 
  



 
Dr Robert Gross 
Reader, Imperial College 
robert.gross@imperial.ac.uk 
Robert Gross is Reader in Energy Policy and Technology and Director of the Centre for 
Energy Policy and Technology (ICEPT) at Imperial College London. He is Policy Director of 
Imperial’s Energy Futures Lab. He is a Co-Director of the UK Energy Research Centre. Dr 
Gross has published extensively on energy policy and technology, with a strong focus on 
innovation policy and theory. He has made a substantive contribution to UK energy 
policy development since the early 2000s. Recent research, cited in the Fifth Carbon 
Budget (2015), analyses the timescales for innovation from basic research to widespread commercialization.  In 
2014-15 Dr Gross was commissioned by the Committee on Climate Change to Chair an Advisory Group overseeing 
research into cost reduction strategies for offshore wind and CCS technologies. A recent update for the CCC 
reviews options for CCS in the light of the decision not to fund the commercialisation and demonstration projects 
in 2015. During 2013 and 2014 he was a member of the Expert Commission for Energy in an Independent 
Scotland. 
 
Prof Stuart Haszeldine 
Professor of CCS, University of Edinburgh/SCCS 
Stuart.Haszeldine@ed.ac.uk 
Stuart Haszeldine trained as a geologist, and has 40 years research and industry 
experience in hydrocarbons, fracking, radioactive waste, energy, climate, and 
environment. He leads SCCS (Scottish Carbon Capture and Storage), and co-leads 
UKCCSRC (UK Carbon Capture and Storage Research Centre) research on natural and 
engineered geological storage and monitoring of CO2, which is gradually developing the 
North Sea subsurface as CO2 storage for a European sized CCS industry. He was awarded 
the Geological Society William Smith Medal for applied geology in 2011, and in 2012 was 
appointed OBE for services to climate change technologies. 
 
Rt Hon Charles Hendry 
President, British Institute of Energy Economics 
Charles Hendry was Minister of Energy from 2010-12, where his remit included policies 
regarding CCS.  On leaving office, the then Prime Minister appointed him as his Trade 
Envoy to Central Asia.  He left Parliament at the 2015 election and remains very involved 
in energy and trade matters and is currently carrying out a review of tidal lagoons for the 
Government. 
 
Mr Alan James 
Managing Director, Pale Blue Dot Energy 
alan.james@pale-blu.com 
Alan has worked in the energy sector for over 30 years.  He graduated in Geology from 
Imperial College in 1981 and after a career with Britoil and BP as a geologist and 
reservoir engineer, he founded and developed a series of successful technical 
consultancies.  In 2007 he set up CO2DeepStore, the UKs first CCS development company 
which has been involved in many of the UK’s CCS development projects including as a 
partner to the Longannet, Peterhead, Hunterston and Caledonia Clean Energy Projects. 
Alan now works as Managing Director at Pale Blue Dot Energy where he advises 
executives and board members in the energy sector to drive growth and development of 
businesses through the Energy Transition and in particular through CCS. 



 
Dr Ilkka Keppo 
Senior Lecturer, UCL 
i.keppo@ucl.ac.uk 
Ilkka Keppo is a Senior Lecturer at the UCL Energy Institute. Before joining UCL, he was a 
researcher at ECN policy studies, the Netherlands, and before that a research scholar at 
the International Institute for Applied Systems Analysis (IIASA) in Austria. He received his 
MSc and DSc degrees (in 1999 and 2009 respectively) from the Helsinki University of 
Technology. He specialises in the use and development of energy and integrated 
assessment models and has used such models for studies, ranging from techno-economic 
analyses of small energy systems to studies of global issues, such as climate change mitigation. He is a co-lead of 
the whole systems energy modelling consortium ( wholeSEM) and leads  UCL's contributions to the EC funded 
modelling projects REEEM (H2020) and ADVANCE (FP7). 
 
Jinyu Liu 
PhD student, University of Kent 
jl541@kent.ac.uk 
Jinyu is a PhD student working under the supervision of Professor Yong Yan at the 
University of Kent. He received his master's degree in Energy and Sustainability with 
Electrical Power Engineering from University of Southampton, and joined the School of 
Engineering and Digital Arts at the University of Kent in 2014. He is an ECR member of the 
Kent Instrumentation team who is working actively on CO2 multiphase flowrate 
measurement using Coriolis mass flow meters incorporating advanced signal processing 
algorithms. 
 
Will Lochhead 
Head of CCS Policy Team, Department of Business, Energy & Industrial Strategy 
will.lochhead@beis.gov.uk 
Will has led the CCS Policy Team since December 2014, being responsible for CCS Policy 
which includes supporting the Lord Oxburgh CCS Advisory Group. Will also has 
responsibility for CCS R&D/innovation and international activity. Before working on CCS, 
Will led the development and implementation of the regulatory framework that brought 
the Capacity Market into force, part of Electricity Market Reform. Will has also held a 
number of roles in Defra. 
 
Dr Niall Mac Dowell 
Senior Lecturer, Imperial College London 
nmac-dow@ic.ac.uk 
Niall is a Senior Lecturer (Associate Professor) in Energy and Environmental Technology 
and Policy in the Centre for Environmental Policy (ICL) and a member of CPSE. He is a 
Chartered Engineer with the IChemE and is on the Executive Board of the IChemE’s 
Energy Centre. He currently leads a research group of 4 PDRAs and 10 PhD students all 
of whom are focused on the generation and utilisation of low carbon energy. He has 
published work at the molecular, unit, integrated process and network scales in the 
context of decarbonised Energy Systems. He provided written evidence to members of 
the Select Committee on Energy and Climate Change and has given advice to DECC, the 
IEA, the ETI and the JRC in a number of paid consultancy roles and has travelled on behalf of the Foreign Office to 
China and Korea to promote low carbon power generation. 
 



 
Prof Haroun Mahgerefteh 
Professor of Chemical Engineering, UCL 
h.mahgerefteh@ucl.ac.uk 
Haroun Mahgerefteh’s  main research interest is in Safe and Economic Operation of CCS 
where he is the coordinator of the EC FP7 CO2PipeHaz and CO2QUEST CCS projects 
involving the collaboration between  Europe, China and Canada. PI of the UKCCSRC 
project on the Development of Safe Practice Guidelines for the Injection of CO2 in Highly 
Depleted Gas Reservoirs. Recent CCS awards include  IChemE Frank Lees Medal in Safety 
and Loss Prevention and IChemE 2016 Global Safety Award finalist. Member of the 
working group on the policy document issued by the European Academies Science 
Advisory Council on CO2 transport issues, EC public consultation communication on European energy technologies 
policy perspective as a follow-up to the Energy Roadmap 2050, contributor to CCS ISO Standard for CO2 pipeline 
transportation. 
 
 
Dr Mahmoud Nazeri 
Research Associate, Heriot-Watt University 
M.Nazeri@hw.ac.uk 
Mahmoud Nazeri is a postdoctoral research associate at Centre for Innovation in 
Carbon Capture and Storage (CICCS) at Heriot-Watt University. He obtained his PhD in 
petroleum engineering from Heriot-Watt University in 2015. During his PhD, he studied 
the impact of impurities on thermo-physical properties of CO2-rich systems by 
conducting experiments at wide ranges of pressure and temperature as well as 
modifying the models for density and viscosity predictions. Currently, he investigates 
the performance of Coriolis flow meters to transport and measuring CO2 and 
impurities. Nazeri has work experience in the oil and gas industry as a process and flow 
assurance engineer. He holds a BSc degree in chemical engineering from the University of Tehran. 
 
 
Dr Jerome Neufeld 
University Lecturer, University of Cambridge 
j.neufeld@bpi.cam.ac.uk 
Dr Jerome Neufeld is a University Lecturer and Royal Society University Research 
Fellow at the BP Institute, the Department of Earth Sciences, and the Department of 
Applied Mathematics and Theoretical Physics at the University of Cambridge.  His 
research on carbon sequestration has focused on models of buoyancy driven 
propagation, rates of leakage, the dynamics of convective dissolution and capillary 
trapping, and the seismic imaging of sequestered CO2. The work typically combines 
theoretical models with laboratory experiments and field data.  Other research 
interests include the emplacement and solidification of magmatic systems, the 
solidification and magnetic field generation on early asteroids, and the flow of glacial ice. Dr Neufeld currently 
leads the NERC consortia on the migration of CO2 through North Sea geological carbon storage sites: impact of 
faults, geological heterogeneities and dissolution. 
 
  



 
Dr David Reiner 
Senior Lecturer, University of Cambridge 
dmr40@cam.ac.uk 
David Reiner is Assistant Director of the Energy Policy Research Group at Cambridge 
University. His research focuses on energy and climate change policy, economics, 
regulation and public attitudes, with a particular focus on the subsurface. Methods 
include public and stakeholder surveys, public communications studies, engagement 
exercises (citizen juries, focus groups), and economic, policy and historical analysis. He 
has led public and stakeholder surveys on energy and climate change in over a dozen 
European countries as well as in Japan, China, the US and Australia. He serves on the Coordination Group of the 
UK Carbon Capture and Storage Research Centre and leads the Cross-Cutting Issues Research Group.  Dr Reiner 
also leads the work on public engagement for the ReFINE project which examines attitudes towards shale gas 
exploration in Europe (specifically in UK, Poland, Romania and Bulgaria). He is also a member of the Advisory 
Boards of the International Energy Agency Greenhouse Gas Programme’s Social Research Network and the 
Guangdong CCUS Centre. 
 
 
Prof Philip Ringrose 
Specialist, Statoil & NTNU 
phiri@statoil.com 
Philip Ringrose is a specialist in petroleum geoscience and CO2 storage at Statoil in 
Trondheim, Norway. He is also Adjunct Professor in CO2 Storage at the Norwegian 
University of Science and Technology (NTNU) in Trondheim and was elected as 2014-
2015 President of the European Association of Geoscientists and Engineers (EAGE). He 
has BSc and PhD degrees in geology from Universities of Edinburgh and Strathclyde, 
Scotland, UK. He has published widely on reservoir geoscience and flow in rock media, 
and has recently published a textbook on Reservoir Model Design. He is also a Co-Editor 
for the journal Petroleum Geoscience. 
 
 
Dr Stuart Scott 
Lecturer, University of Cambridge 
sas37@cam.ac.uk 
Dr Scott’s research is focussed primarily on carbon capture and other processes for the 
abatement of CO2. This includes detailed investigations into specific technologies, with a 
large effort on processes which are based on gasification, combustion and 
thermochemical cycles, as well as more general process and reactor modelling and 
sustainability assessment. Recent work has looked at combined gasification and metal 
oxygen donor processes (often called chemical looping combustion), in which the oxygen 
for combustion comes from a solid oxygen carrier (usually a metal oxide) rather than air. 
These high temperature processes have the potential to dramatically reduce the energy 
penalty associated with carbon capture and storage (CCS), and can also be used to 
produce hydrogen. Dr Scott's research in this area goes from the understanding and development of the 
materials, through to lab-scale testing and process modelling of the scaled up systems. 
 
  



 
Dr Sascha Serno 
Postdoctoral Research Associate, University of Edinburgh 
Sascha.Serno@ed.ac.uk 
I am currently a postdoctoral research associate in Applied Geochemistry at the 
University of Edinburgh. Through my undergraduate and PhD research at the University 
of Potsdam in Germany and the Lamont-Doherty Earth Observatory (Columbia 
University, New York), and my postdoctoral work at the University of Edinburgh, I have 
developed an expertise in applying different geochemical methods to answer research 
questions in CCS, Applied and Isotope Geochemistry, Palaeoclimatology and 
Palaeoenvironmental Change. Since 2014, I have specialised in using stable isotopes (oxygen, carbon, hydrogen) 
and noble gas isotopes to quantify trapping mechanisms of underground CO2 storage and to study the migration 
of CO2 in the subsurface. 
 
 
Prof Chunshan Song 
Director of Energy Institute and Distinguished Professor of Fuel Science and Chemical 
Engineering, Pennsylvania State University 
csong@psu.edu 
Prof. Chunshan Song is the Director of Energy Institute and a Distinguished Professor of 
Fuel Science and Chemical Engineering at the Pennsylvania State University in the US.  
His research interests include CO2 capture and conversion using nano-porous materials, 
catalysis for energy conversion and chemicals, and adsorption for ultra-clean clean fuels. 
He served as Chair of American Chemical Society’s Fuel Division and Petroleum Division, 
and chaired the 12th International Conference on Carbon Dioxide Utilization. He has over 
310 refereed publications, and delivered over 300 invited lectures worldwide. He received a number of awards 
such as the 2010 Henry Storch Award in Fuel Science, 2010 ACS Fellow, and 2011 Distinguished Researcher Award 
in Petroleum Chemistry from American Chemical Society and the 2011 Faculty Scholar Medal from Penn State. He 
is the founding Director of the University Coalition for Fossil Energy Research established with $20 M USD in 2016 
by US DOE National Energy Technology Lab that includes 9 research universities and focuses on basic and applied 
energy research including also CO2 capture, utilization and sequestration (CCUS). 
 
 
Prof Karen Turner 
Director of the Centre for Energy Policy, University of Strathclyde 
karen.turner@strath.ac.uk 
Karen is Director of the Centre for Energy Policy at the University of Strathclyde 
International Public Policy Institute. She has previously held academic posts at in the 
Economics Departments at Heriot-Watt, Stirling and Strathclyde Universities. Karen was 
one of six ESRC Climate Change Leadership Fellows and her main research interests lie in 
energy and climate policy. The main focus of her current work is modelling economy-
wide impacts of introducing energy efficiency enhancing and/or carbon reducing 
technologies such as CCS. She is Principle Investigator on the EPSRC ‘Working with the [EUED] Centres project 
titled ‘Energy Saving Innovations and Economy-wide Rebound Effects’. 
 
  



 
Dr Rupert Wilmouth 
Head of Energy, Government Office for Science 
rupert.wilmouth@go-science.gsi.gov.uk 
Rupert Wilmouth is currently Head of Energy at the Government Office for Science. He 
works across Government and helps ensure energy policies are informed by the best 
available scientific and engineering evidence. Previously Rupert Wilmouth held a number 
of positions in the Department of Energy & Climate Change and elsewhere in 
Government. Before joining the civil service, he worked at the University of Oxford and 
Nanyang Technological University in Singapore. 
 

 
GETTING THE MESSAGE ACROSS COMMUNICATIONS WORKSHOP FACILITATORS 
 
Ms Kirsty Anderson 
Principal Manager Public Engagement, GCCSI 
kirsty.anderson@globalccsinstitute.com 
Kirsty joined the Global CCS Institute in February 2012 as the Principal Manager of Public 
Engagement. In her role, she is focused on providing guidance and support to CCS 
projects and other stakeholders on effective methods for delivering project specific 
public engagement activities, and improving access to the host of communication and 
public engagement resources available from the Institute. Kirsty works closely with social 
researchers, public engagement and outreach specialists and CCS project developers, to 
capture and disseminate learning and best practice on engaging the public and key 
stakeholders on CCS.  Kirsty is also responsible for the development and delivery of the 
Institute's CO2degrees Education work - an international education program for low carbon energy which offers 
outreach and curriculum resources, educator training,  events and workshops. Prior to starting at the Institute, 
Kirsty was the Communication and Knowledge Share Manager on the ScottishPower Consortium CCS Project (the 
Longannet Project), responsible for the creation of the project’s knowledge sharing and engagement strategy, the 
production and delivery of the ScottishPower Consortium’s Front End Engineering Design knowledge products, 
and for stakeholder engagement activities including education and outreach. 
 
Dr Sarah Anderson 
Project Officer, Beltane Public Engagement Network 
sarah.anderson@ed.ac.uk 
I support the implementation and maintenance of Beltane’s activities, and am the 
curator of the Cabaret of Dangerous Ideas (http://codi.beltanenetwork.org). I have a 
degree and PhD in English. In my work with Beltane, I am especially interested in how 
researchers working in humanities subjects can engage members of the public with 
their research. Some of the most personally satisfying work I’ve done has been with 
Scotland’s History Festival (www.historyfest.co.uk), Impact Arts (www.impactarts.co.uk) 
and history PhD students to create theatre out of long-forgotten stories of everyday 
people. Prior to joining Beltane, I worked on UK and international research funding and policy, areas I’m now 
revisiting through the NUCLEUS project (www.nucleus-project.eu). 
 
  

http://codi.beltanenetwork.org/
http://www.historyfest.co.uk/
http://www.impactarts.co.uk/
http://www.nucleus-project.eu/


 
Ms Sophia Collins 
Public engagement practitioner,  
sophia.e.collins@gmail.com 
Sophia Collins graduated from Edinburgh University with a degree in pharmacology in 
1996. Since then she has worked as a science communicator and public engagement with 
science practitioner. She worked for the science museum on Sparking Reaction, an 
exhibition about electricity generation, developed and ran I'm a Scientist, Get me out of 
Here!, a science dialogue event for schools, and now runs Nappy Science Gang, a 'radical 
citizen science' project for parents with young children. 
 
Dr Leslie Mabon 
Lecturer in Sociology, Robert Gordon University 
l.j.mabon@rgu.ac.uk 
Dr Leslie Mabon is a Lecturer in Sociology at Robert Gordon University in Aberdeen. He 
researches the societal dimensions of environmental change, with a particular focus on 
energy issues in coastal regions. Leslie has recently been working on public and 
stakeholder responses to CO2-EOR in the North Sea. Thanks to support from the 
UKCCSRC International Collaboration Fund, he is also undertaking social science research 
into the Tomakomai project in Japan in collaboration with RITE researchers. 
 
Ms Indira Mann 
Communications & Knowledge Exchange, SCCS 
indira.mann@sccs.org.uk 
Indira Mann is a journalist and communications expert with over 20 years of experience.  
She has held media and communications roles within non-government organisations in 
the UK and Norway, and has worked for a number of publishers in the UK and abroad. 
She is currently employed by the University of Edinburgh as Communications and 
Knowledge Exchange Executive for SCCS. Indira is responsible for planning and delivering 
knowledge exchange events, including Joint Industry Project report launches, themed 
meetings for CCS researchers, the annual SCCS Conference and joint events with other CCS organisations and 
project teams. She also works with business development colleagues to deliver themed CCS workshops and 
seminars. Indira handles the production of SCCS outputs, from working papers and policy briefings to conference 
reports. She has written and maintained content for a variety of websites and was employed by ZERO (Norwegian 
NGO and part of ENGO Network on CCS) as their CCS Web Journalist between 2010 and 2013. Indira is also 
responsible for proactive and responsive media engagement for SCCS and its partners. 
 
Dr Heather Rea 
Project Lead, Beltane Public Engagement Network 
h.j.rea@ed.ac.uk 
Heather is the Project Lead for the Beltane Public Engagement Network a collaborative 
network which is supported by the four Universities in Edinburgh.  Previously she worked 
as the Deputy Director of the Edinburgh Beltane, one of the six UK Beacons for Public 
Engagement. In addition to providing creative direction for the Beltane Public 
Engagement Network, she mentors and supports the Beltane Public Engagement Fellows, 
teaches on the University of Edinburgh’s “MSc in Science Communication and Public Engagement” and works to 
highlight the benefits of public engagement with research to university management, funders and policy makers. 
She has a degree and PhD in Mechanical Engineering and has 11 years research experience in Engineering 
Knowledge Management. Previously she also ran two EPSRC and one RAEng Public Engagement Projects taking 
engineering activities to local schools and the Edinburgh International Science Festival. 



 
Dr David Reiner 
Please see profile under Speakers, Chairs and Panellists 
 
 
Dr Clare Taylor 
Senior Lecturer/Beltane Fellow, Edinburgh Napier University 
cl.taylor@napier.ac.uk 
Senior Lecturer in Medical Microbiology and Beltane Public Engagement Fellow (2015).  An 
advocate, supporter and do-er of public engagement with research. 
 

 
FIELD TRIP GUIDES 
 
Dr Stuart Gilfillan 
Chancellors Fellow in Geochemistry, University of Edinburgh 
Stuart has been actively involved in both SCCS and UKCCSRC since their inception. His early 
research focused on the lessons that can be learned from natural CO2 reservoirs that have 
safely stored CO2 in the subsurface over millions of years. More recently he has been 
investigating the potential for noble gases and stable isotopes to be used as tracers for CO2 
monitoring within CO2 storage sites and as early warning tracers of CO2 leakage. He has 
participated in a number of international CCS injection and monitoring projects, including 
the IPAC-CO2 independent investigation into the alleged CO2 leakage event on the Kerr 
property near Weyburn. He recently undertook the fingerprinting of the CO2 captured from 
the Boundary Dam Power plant prior to its injection into the Aquistore storage site and assisted with the tracing 
of CO2 injected into the CO2CRC Otway test site in Australia. 
 
Dr Tacye Philipson 
Senior Curator of Science, National Museum of Scotland 
Tacye has a particular expertise in 20th and 21st century scientific material including 
presenting and interpreting the recent history of science and sourcing acquisitions for the 
National Collections. She led on content preparation for the Enquire gallery, which this tour 
will visit, one of the Museum's ten new galleries which opened this year. Previous 
exhibitions she has worked on have covered a wide range of topics including Hunting the 
Higgs Boson (particle physics), Reconstructing Lives (prosthetic limbs at National War 
Museum of Scotland), Sir James Black (pharmacy and biography), Shaping our World 
(science and technology), Earth in Space (astronomy) and Pixar: 20 years of animation (the art behind animation). 
 
Dr Mark Wilkinson 
Senior Lecturer, University of Edinburgh 
Mark is a geologist with a background in diagenesis and reservoir quality - i.e. the chemical 
and physical processes that change the porosity and permeability of reservoir rocks as they 
are buried into the subsurface.  He has also worked on seal rocks - the vital ones above a 
reservoir that prevent the stored CO2 from reaching the surface, and on how to appraise a 
seal and storage site. Mark is a senior lecturer in Geological Carbon Storage, and he runs 
the CCS MSc at Edinburgh, and teaches both CCS and the geology of hydrocarbons. 
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ELIGIBLE FOR ECR POSTER PRIZE (available for whole meeting) 
Title First Name Last Name Institution/Or
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Mr Mohammed 
Dahiru Aminu Cranfield 

University 

Effect of CO2 and associated impurities on porosity 
and permeability of the Bunter Sandstone Formation, 
UK North Sea 

Dr 
Ms 
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Mathilde 

Bui 
Fajardy 

Imperial 
College 
London 

"Bio-Energy and CCS performance evaluation: 
efficiency enhancement and emissions reduction" 

Mr 
Renato 
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Pereira 

Cabral 
Imperial 
College 
London 

Modelling and exergetic analysis of an oxy-
combustion CCS process 

Mr Diarmaid Clery University of 
Leeds 

The effect of biomass flue gas impurities on amines 
for carbon capture 

Dr Marius Dewar Heriot-Watt 
University 
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Ms Lauren Downes 
Queen Mary 
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London 
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British 
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  EARLY CAREER RESEARCHER POSTER  PRIZE 

 
Up to four prizes will be awarded to Early Career Researchers (ECR) for the best poster presentations at the meeting 
covering the range of capture, storage and cross-cutting issues topics. Winners will receive a prize certificate and a 

voucher for £250 of CPD activities. 
 

The winners of the 2016 Autumn Biannual Meeting ECR Poster Prize were: 
Renato Cabral (Imperial College London) 

Diarmaid Clery (University of Leeds) 
Marius Dewar (Heriot-Watt University) 

Juan Riaza (University of Edinburgh) 
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NON-ECR POSTERS (available for whole meeting) 

Mrs Elizabeth Briones University of 
Strathclyde 

Changing the narrative; CCS as an economic service 
activity? 

Mr Simon Drost KIT The Argon Power Cycle: Power generation tailored for 
CCS 

Dr Xianfeng Fan University of 
Edinburgh 

Effect of CO2 Phase on Pore Wetting and its 
Displacement 

Mr Sagnik Ghoshal University of 
Strathclyde 

Evaluation of an economic model for Carbon Capture 
and Storage systems 

Mr Ziang Li University of 
Manchester 

Operation strategy of the post-combustion carbon 
capture system within a supercritical coal-fired power 
plant under different CO2 allowance market 
conditions 

Dr Miguel Sierra 
Aznar UC Berkeley The Argon Power Cycle: tailored power generation 

technology for CCS integration. 

Mr Alan James Pale Blue Dot 
Energy Strategic UK CO2 Storage Appraisal Project - 2016 

Dr Leslie Mabon Robert Gordon 
University 

Social impact assessment for offshore CCS - 
challenges raised by the Tomakomai project 

Prof Karen Turner University of 
Strathclyde 

The role of economic-technical system modelling in 
considering the value of CCS 

 
EU CCS PROJECTS POSTERS (available for whole meeting) 

Dr John Blamey Imperial College 
London 

LEILAC - Low Emissions Intensity Lime & Cement - 
H2020 Project Overview 

Prof Jonathan Bull University of 
Southampton 

STEMM-CCS: Strategies for Environmental Monitoring 
of Marine Carbon Capture and Storage 

 
EPSRC INDUSTRIAL CCS PROJECTS POSTERS (available for whole meeting) 

Dr Andrew Smallbone Newcastle 
University 

CCS from Industrial clusters and their Supply chains 
(CCSInSupply) 

 
 
 
 UKCCSRC CALL PROJECT POSTERS PRESENTED AT CALL PROJECT SHOWCASE EVENT AT CSLF 

MEETING IN LONDON IN JUNE 2016  
(available on Thursday 15 September) 

 
The UKCCSRC held a Call Project Showcase Event and Reception in London at the end of June 2016 during the 
Carbon Sequestration Leadership Forum (CSLF)  Mid-Year Annual Meeting where all 27 UKCCSRC Call Projects 

were asked to prepare and present a poster to an audience of CSLF delegates and EPSRC. These posters will be 
on display on Thursday 15 September 2016 in the Salisbury and Holyrood Rooms. Please do have a look. 
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Thank you to the National Museum of Scotland (www.nms.ac.uk) and the University of Edinburgh’s School of 
Geosciences (www.ed.ac.uk/geosciences) for their help in facilitating this field trip for the UKCCSRC 
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http://www.ed.ac.uk/geosciences


Welcome to your field trip guide! Thank you for joining us on this walking field trip starting off in the National 
Museums of Scotland to visit exhibits related to Joseph Black and his discovery of CO2 right here in Edinburgh. We 
will then head on to Hutton’s Memorial, dedicated to James Hutton, the father of modern geology, the science 
underpinning the storage of CO2. Next up is Hutton’s Section in Holyrood Park where he first observed the rock 
formations that informed his theories, and then we’ll take you to the John McIntyre Conference Centre, the venue 
for the Biannual meeting… just in time for lunch! So here we go! 
 

 
 

1. NATIONAL MUSEUM OF SCOTLAND 

JOSEPH BLACK AND CARBON DIOXIDE 
 
The eminent Enlightenment chemist Professor Joseph Black (1728-99) worked and taught at the 
Universities of Glasgow and Edinburgh. He pioneered quantitative chemical experiments and 

discovered carbon dioxide. He noticed that when he heated the mineral calcium 
carbonate, it got lighter. He realised that a gas was being given off and called it 'fixed 
air' because it had previously been 'fixed' in the rock.  He was also an influential 
teacher. Against the odds, some of his own laboratory equipment has survived. The 
equipment displayed comprises laboratory glassware and also his measuring 
balance. These examples were used by Black in his lectures in Edinburgh from the 
mid-1760s onwards. 
 
The glassware was made locally, from green bottle glass, in the Leith glassworks just 
outside Edinburgh. The industry had been founded on the need for wine bottles to 
hold imported claret; Geddes' glassworks chose to diversify, and advertised that it 

also made scientific glassware. Archibald Geddes had attended Black's lectures in 1778-80, and Black subsequently 
invested in his business. It made articles including glass apparatus for impregnating water with 'fixed air', Black's 
term for carbon dioxide. This made possible the domestic production of 'spa water', so the apparatus was also 
commercially successful. 
 
The material on display was preserved by the University of Edinburgh, until passing to the Museum in 1858.  
Excavations in the University's Old College Quad in 2011 revealed a further quantity of apparatus and chemicals 
which had been left in storerooms by Black's laboratory when it was demolished in the 1790s. 

PLEASE NOTE THAT WE WILL NEED TO LEAVE THE MUSEUM AT 10.40AM AT THE VERY LATEST 



2. JAMES HUTTON MEMORIAL GARDEN  
This marks the site of James Hutton's Edinburgh home.  The 
garden contains a memorial plaque and five boulders which 
illustrate two main themes of Hutton's geological work. The 
three conglomerate boulders are lower Devonian from Dunblane 
and are full of fragments of even older rocks, demonstrating the 
continuity and cyclic nature of geological processes. Hutton used 
the intrusion of granite veins into metamorphosed schist in Glen 
Tilt near Blair Atholl (derived from sedimentary rock) to 
demonstrate that molten granite must have been younger than 
rocks it penetrated. Absolute dating was not achieved until 
Arthur Holmes applied radioactive isotope decay to minerals in 1913 
 
WHY IS HUTTON FAMOUS? 
James Hutton is credited with the invention of 'deep time', i.e. the concept that the Earth is extremely old, and not 
a few thousand years as suggested by a literal interpretation of the Christian Bible which calculated the earth to 
form at 9 AM on October 26, 4004 BC. Long geological time is needed not only to allow for the processes recorded 
in the geological record, but also crucially for evolution of life to occur – which informed Darwin’s timescales. 
 
 

3. HUTTON’S SECTION IN HOLYROOD PARK 
A key site in Hutton’s new understanding of geology is at the south 
end of the Salisbury Crags escarpment formed by the intrusive 
dolerite sill that is over 300 million years old. Hutton associated 
'extreme heat' as the agent of folding and uplift of strata. The 
question as to what produced the heat could not be answered at that 
time. In Hutton's own words “We know that the land is raised by a 
power which has for its principle subterraneous heat, but how that 
land is preserved in its elevated station, is a subject which we have 
not even the means to form a conjecture.” 
 

Hutton postulated “Uniformitarianism” – processes today are similar to those of the past. He believed that molten 
rock (magma) under pressure could be 'intruded' between or across layers of sedimentary rocks, sometimes 
reaching the surface as lava flows. He found evidence to support this in Holyrood Park. The photograph shows a 
section of the Salisbury Crags sill where igneous rock (called whinstone locally) has been intruded between 
sedimentary layers. Here, at the base of the sill, magma has forced its way into the underlying sedimentary strata. 
This shows the sill to be moving and younger than the sediments, in contrast to the Bible belief of Noah’s Flood. 
 
 

4. JOHN MCINTYRE CONFERENCE CENTRE 
 
And we end at the University of Edinburgh’s Pollock Halls site where the UKCCSRC Autumn 
2016 Biannual Meeting – Making the Case for CCS – will take place in the John McIntyre 
Conference Centre.   
 

 

Thank you to Tacye and Mark and Stuart for leading the field trip and we look forward to 
two stimulating days of CCS related activities. Now for some lunch….. 



YOUR GUIDES TODAY 
 
Dr Stuart Gilfillan 
Chancellors Fellow in Geochemistry, University of Edinburgh 
Stuart has been actively involved in both SCCS and UKCCSRC since their inception. His early 
research focused on the lessons that can be learned from natural CO2 reservoirs that have 
safely stored CO2 in the subsurface over millions of years. More recently he has been 
investigating the potential for noble gases and stable isotopes to be used as tracers for CO2 
monitoring within CO2 storage sites and as early warning tracers of CO2 leakage. He has 
participated in a number of international CCS injection and monitoring projects, including 
the IPAC-CO2 independent investigation into the alleged CO2 leakage event on the Kerr 
property near Weyburn. He recently undertook the fingerprinting of the CO2 captured 
from the Boundary Dam Power plant prior to its injection into the Aquistore storage site and assisted with the 
tracing of CO2 injected into the CO2CRC Otway test site in Australia. 
 
Dr Tacye Philipson 
Senior Curator of Science, National Museum of Scotland 
Tacye has a particular expertise in 20th and 21st century scientific material including 
presenting and interpreting the recent history of science and sourcing acquisitions for the 
National Collections. She led on content preparation for the Enquire gallery, which this tour 
will visit, one of the Museum's ten new galleries which opened this year. Previous 
exhibitions she has worked on have covered a wide range of topics including Hunting the 
Higgs Boson (particle physics). Reconstructing Lives (prosthetic limbs at National War 
Museum of Scotland), Sir James Black (pharmacy and biography), Shaping our World 
(science and technology), Earth in Space (astronomy), Pixar: 20 years of animation (the art behind animation). 
 
Dr Mark Wilkinson 
Senior Lecturer, University of Edinburgh 
Mark is a geologist with a background in diagenesis and reservoir quality - i.e. the chemical 
and physical processes that change the porosity and permeability of reservoir rocks as they 
are buried into the subsurface.  He has also worked on seal rocks - the vital ones above a 
reservoir that prevent the stored CO2 from reaching the surface, and on how to appraise a 
seal and storage site. Mark is a senior lecturer in Geological Carbon Storage, and he runs 
the CCS MSc at Edinburgh, and teaches both CCS and the geology of hydrocarbons. 
 

ADDITIONAL THANKS/INFO 
 
Thank you to Tacye Philipson for writing the section about the Joseph Black Exhibits, and to Mark Wilkinson and 
Stuart Haszeldine for additional text.  

Thank you to Lothian and Borders GeoConservation (www.edinburghgeolsoc.org) for kindly letting us use some of 
their text on Hutton’s Memorial and Hutton’s Section as a base for this guide, and for supplying the leaflets on 
James Hutton distributed with this guide.  

All photos were taken by Steph Wright of the UKCCSRC. 
 
And to those that may be staying in Edinburgh a wee while longer, the graves of both Joseph Black and James 
Hutton are in the Greyfriars Kirkyard, not far from the Museum.  
 

www.ukccsrc.ac.uk 

http://www.edinburghgeolsoc.org/
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No Silver Bullet in Future Energy? 

Picture Source:  Dale Simbeck, SFA 
Pacific, USA, 2004 

Picture source: Mark Jaccard, 2005 

Fossil Energy 
Coal/Oil/Gas/Shale/Tar 

Sands/Hydrates 

Renewable Energy 
Solar/Wind/Biomass
/Hydro/Geothermal 



University Coalition for Fossil 
Energy Research (UCFER) 

• http://www.energy.gov/fe/office-fossil-energy “NETL Launches a University Coalition for Fossil 
Energy Research at Pennsylvania State University”, May 11, 2016, Office of Fossil Energy | 
Department of Energy 

 http://news.psu.edu/story/409956/2016/05/11/research/penn-state-lead-university-coalition-fossil-
energy-research  “Penn State to lead University Coalition for Fossil Energy Research”, May 11, 
2016, Pennsylvania State University  

 http://news.dlut.edu.cn/article/2016/0601/66993.shtml “宋春山教授担任美国大学能源研究联盟主席和首席科学家” 

 

 
 
 

 US DOE established UCFER at the Pennsylvania State Univ, press release 
in April 2016. 

 DOE Agency:  National Energy Technology Laboratory 

 DOE Funds: $20 Million – 6 yrs (2015 – 2021)  

 Members: Penn State and 8 Member Univs  

 PI and UCFER Director: Chunshan Song of Penn State 

 Mission: Advance basic and applied research and promote collaborative 
research with DOE NETL on more environmentally-friendly and more 
efficient fossil energy utilization including CO2 capture, storage and 
utilization. 

http://www.energy.gov/fe/office-fossil-energy
http://news.psu.edu/story/409956/2016/05/11/research/penn-state-lead-university-coalition-fossil-energy-research
http://news.psu.edu/story/409956/2016/05/11/research/penn-state-lead-university-coalition-fossil-energy-research
http://news.dlut.edu.cn/article/2016/0601/66993.shtml
http://en.wikipedia.org/wiki/File:US-DeptOfEnergy-Seal.svg


NETL’s  
Research and 

Innovation 
Center (RIC) 

University Coalition for Fossil Energy Research 
(UCFER) Funded by US DOE NETL in Apr 2016 



Vision of UCFER 

Clean carbon-based secure, reliable 
and affordable energy future with the 

more environmentally-friendly and 
more efficient production and use of 
fossil fuels including carbon (CO2) 
capture, storage and use/re-use.   

 



Importance of Fossil Energy Research for 
Sustainable Development 

 Cleaner, environmentally friendly and more efficient use 
of fossil energy is the key to building the bridge to the 
future. 
 

 Continued R&D on fossil energy including CO2 capture, 
storage and utilization pave the way for the carbon-based 
sustainable energy technologies while mitigating climate 
change due to GHG. 
 

 Many FE technologies can be translated to or are directly 
applicable to developing renewable energy technologies 
(e.g. coal to biomass; natural gas to biogas; reforming of 
fossil fuels to biomass reforming; catalytic CO2 
conversion to bio-methane production; catalysis for 
Carbon/CO2 conversion to photocatalysis and 
electrochemical catalysis for CO2 reduction,…....). 



CO2 Control in Energy Utilization* 

* C.S. Song, Catalysis Today, 2006, 115, 2-32  

Greenhouse Gas Control

Policy & Regulation Global Climate

Energy Economics Environ. Protection

Energy Utilization

CO2 Control

Energy Choices

Energy Efficiency

CO2 Capture

CO2 Sequestration

CO2 Conv. & Uses



Mission of UCFER 
 To advance the basic and applied energy 

research and promoting university - NETL 
collaboration on coal, natural gas, and oil 
research involving NETL core competencies. 

 UCFER will identify, select, execute, review 
and disseminate knowledge from university-
based research that will improve the 
efficiency of production and use of fossil 
energy resources while minimizing the 
environmental impacts and reducing 
greenhouse gas emissions including carbon 
(CO2) capture, storage and utilization. 

 



UCFER Organization Chart 



UCFER Operational Management 

 By-laws as guiding principle of UCFER, reviewed 
by all member universities and NETL, approved 
by DOE and members, become binding 
agreement among the member universities and 
NETL. 

 Executive Council, Technical Advisory Council 
Reps from member universities, Technical 
Director and Project Officer from NETL, and 
UCFER Director;  

 Core Competency Advisory Board; Industrial 
Advisory Board;  

 Operation Management Team at PSU. 



Executive Council (EC)  
– A DOE Project Officer appointed by NETL (Dr. Sydni 

Credle); 
– A DOE Technical Director appointed by NETL (Dr. 

Madhava Syamlal);  
– UCFER Director (Chunshan Song), who shall preside 

over the Council; and 
– Two representatives from the Technical Advisory 

Council (TAC) elected annually 
 

The EC shall establish an overall research and development 
plan for the UCFER; issue requests for proposals in research 
areas identified by DOE; establish review procedures for 
research proposals; and make selection recommendations to 
DOE regarding such proposals based on technical merit and 
alignment with the goals and objectives of the UCFER as set 
forth in the Statement of Project Objectives. 



Technical Advisory Council (TAC)  
Consisting of one representative from each 
member university, the Director, and DOE 
representatives appointed by NETL 
 
TAC proposes ideas for the UCFER and connects 
UCFER to researchers in member universities.  
TAC shall review the proposals and provide 
review results to the Executive Council; assist 
the Executive Council in making selection 
recommendations, and in developing and 
implementing technology transfer plans. 



Industrial Advisory Board (IAB)  

Selected industry representatives to serve on the IAB for 
UCFER, who will provide advice and enhance university-

industry collaboration and participate in the UCFER’s Annual 
Review Meeting, interim reviews, and other activities. 

 
IAB will provide advice to the Director of the UCFER on 

strategies and areas of research on coal, natural gas, oil and 
CCUS related to energy industries. 

The IAB will seek to identify opportunities for industry to 
collaborate with univs in the UCFER’s research areas.   

The IAB will provide advice and guidance on the industrial 
relevance of research projects and the outreach and 

technology transfer to industry. 
 



Core Competence Advisory Board (CCAB) 
 CCAB shall consist of representatives from the UCFER members 

and NETL with expertise in the five core competencies that are 
the focus of the Coalition’s collaborative research on coal, 
natural gas, and oil. 

 CCAB will advise the UCFER Director and principal investigators 
of projects selected for awards under UCFER solicitations.   

 CCAB will regularly analyze the R&D portfolio of active projects 
conducted by the Coalition and communicate deficiencies or  
opportunities to reinforce collaboration among Coalition 
members and NETL.   

 CCAB shall make recommendations to the Director and 
Executive Council as to future research  related to the core 
competency areas.  CCAB shall host technical webinars as a 
means to update Coalition members on the current status of 
core competency areas.  

 CCAB shall participate in Coalition meetings as directed by the 
UCFER Director and the Executive Council 



UCFER Operation Management Team at PSU 

 Jennifer Lear, Director of Grants and Contracts, 
College of Earth and Mineral Sciences  
 

 Bruce Miller, Manager of OMT for UCFER, Associate 
Director of EMS Energy Institute  
 

 Joel Morrison, Coordinator for UCFER OMT, Director 
of Sustainable Energy Program, EMS Energy Institute 
 

 Kelly Rhoades, Budget and Administrative 
Coordinator for UCFER OMT, EMS Energy Institute  
 

 Elizabeth Wood, Website Manager and Graphic 
Designer for UCFER OMT, EMS Energy Institute 
 

 



UCFER Budget Overview 
DOE Award with $20 M DOE funds for 6 yrs; Final (modified) 
contract (DE-FE0026825_0003) completed 4/8/2016 
 
Yr. 1 R&D Funds: $4.865 M 
4 Topics for 1st RFP released 4/22/2016  

  Carbon Use and Reuse ($814,000) 
  Carbon Storage ($814,000) 
  Recovery of Rare Earth Elements from Coal ($163,000) 
 Crosscutting Research & Analysis ($134,000) 

3 Topics for 2nd RFP released on 7/22/2016 
  Carbon Capture ($814,000) 
  Oil & Gas – Natural Gas Infrastructure ($407,000) 
  Advanced Combustion ($859,000) 

 



Future Directions for UCFER 
 New approaches in basic and applied research for 

cleaner and more efficient production, conversion and 
utilization of fossil energy (coal, oil, gas) while 
minimizing environmental impacts. 

 Advance CO2 capture, storage, conversion and 
utilization 

 Facilitate collaborative research between univs,  
NETL, and industries and promote global advances in 
CCUS. 

 R&D complimentary to NETL in core competence 
areas incl. computational science and engineering, 
energy conversion engineering, geological and 
environmental systems, materials engineering and 
manufacturing, and systems analysis and 
engineering. 



Examples of  
CO2 Capture and Utilization 

Research at 
Pennsylvania State University 



• High-capacity CO2 sorbents for capture from flue 
gas, up to 20 wt% CO2 sorption capacity. 

• Sorbents for CO2/NO2-SO2 separation.  

•  Sorbents for CO2/H2S sep.  

• Rapid-cycle CO2 capture process dev with novel 
sorbents.

 

  
“CO2 Molecular Basket” Sorbents 

Typical CO2 conc. 
in flue gas  

Molecular Basket Sorbents for CO2 Capture 
Chunshan Song, Penn State,  csong@psu.edu 

• X. Xu et al., Energy & Fuels, 2002  

• C. Song, Catal Today 2006 

• X. Ma et al. J. Am. Chem. Soc. 2009 

• X. Wang et al. Catal Today, 2015 

270 J Papers with >11600 citations in SCI:  http://www.researcherid.com/rid/B-3524-2008 

Functional Polymer                Nanoporous Mater                   MBS Sorbent                             Sorption System 

http://www.researcherid.com/rid/B-3524-2008


NO2 and SO2 Capture by Solid MBS* 

*X.X. Wang, X.L. Ma, C.S. Song et al.  Energy & Environ Sci, 2009, 2, 878-882 

 
• Penn State developed N/S-MBS (molecular 

basket sorbent) which is a polymeric composite 
that can efficiently remove (>99%) NO2 and 
SO2 from industrial flue gases with high 
capacity, high selectivity and good 
regenerability.  

SO2 sorption capacity vs 
No. of sorption-desorption 
cycles over N/S-MBS 
sorbent  



MBS  
Based on Different 

Nano-porous 
Structures 

DX Wang,  XX Wang, XL Ma, E Fillerup, CS Song*. Catalysis Today, 2014  

 

Sorption rate by TGA: 
(a) PEI(50)/MCF,  
(b) PEI(50)/HMS,  
(c) PEI(50)/MSU-J,  
(d) PEI(50)/SBA-15, 
(e) PEI(50)/MCM-41. 



Pilot Plant Study of CO2-MBS  
• Penn State and RTI teamed 

up for a pilot plant study of 
CO2-MBS sorbent for CO2 
capture under DOE NETL 
support in 2015*. 

• The study successfully 
demonstrated CO2-MBS for 
CO2 capture from gas 
mixtures in a bench scale  
fluidized transport plant.   

*Funded by US DOE/NETL and project ongoing; pilot plant photo in Feb 2015.  



CO2 Conversion to Chemicals and Fuels 

# Satthawong, Koizumi, Song, Prasassarakich. J. CO2
 
Utilization 2013, 102-106. 

*  Satthawong, Koizumi, Song, Prasassarakich. Catalysis Today 2015, 34-40. 
* C.S. Song, Energy Resources, 1995, 16,  63-64.  
 

n CO2 + 3n H2         =  CnH2n+1OH + (2n-1) H2O 
  

n CO2 + (3n+1) H2   =  CnH2n+2 + 2n H2O  



Satthawong, Koizumi, Song et al. J. CO2 Utilization 
2013, 102-106; Topics in Catal, 2014, 57, 588-594; 
Catal Today, 2015, 251, 34-40. 

 
Novel Fe-Co & Fe-Ni Bimetallic 

Catalysts for Selective CO2 HYD to 
C2+ HCs 

Known Facts: 
Co or Ni leads to CH4 

Fe shows low selectivity 

Cat.: Fe-Co/Al2O3. H2/CO2 = 3, Temp: 573 K, Tot P: 1 MPa  

Cat.: Fe-Ni/Al2O3. H2/CO2 = 3, Temp: 573 K, Total 
Pressure: 1 MPa  
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VPR Neil Sharkey, Dean Bill Easterling, PSIEE 
Director Tom Richard and faculty and staff at EMS 
Energy Institute.  
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Assessing Government’s role 
in CCS 

Simon Bittlestone 
Audit Manager 
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Our role 

The National Audit Office (NAO) scrutinises 
public spending for Parliament 
 

We help to hold government departments and 
the bodies we audit to account for how they use 
public money 
 

Our work helps public service managers to 
improve performance and service delivery, 
nationally and locally 
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Our work 
Financial Audit - We provide an independent opinion on the accounts of all 
government departments and their arm’s-length bodies. In 2015-16, we audited 
more than £1.6 trillion of public income and expenditure 
 
Value for Money – We produce around 60 VFM reports a year across 
government, assessing how money has been used and highlighting important 
lessons for the bodies we audit. Parliament uses our reports to hold 
Government to account 
 
Other work – wider support for Parliament; Investigations; International 
 
 
 

 
 

Our work leads to savings and other efficiency 
gains worth many millions of pounds:  

 

 

in 2015 1.21 billion 
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Our work on CCS 

March 2012 – ‘Carbon capture and storage: lessons 
from the competition for the first UK demonstration’ 

July 2016 – ‘Sustainability in the spending review’ 

WiP– DECC’s running of the second CCS competition  
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Key findings from our 2012 report 

Affordability: The one remaining project could not be funded with the 
£1bn capital limit. Agreement on operating costs deferred. 

The Department did not engage sufficiently with the commercial risks 
involved and their consequences on cost 

The Department did not consider the opportunity cost of continuing the 
competition once only one competitor remained 

The procurement approach restricted negotiations to the project 
specifications that were set at the outset 

The competition increased the Department’s experience of the 
associated technical, regulatory and commercial challenges, and its 
knowledge of the costs of carbon capture and storage. 
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Our recommendations from 2012 
 
 

Be clear on how the Programme will contribute to meeting the Government’s objectives 

Work closely with industry and other Government departments to address all the 
key risks for CCS delivery 

Set procurement specifications and evaluative criteria that meet policy 
objectives but allow flexibility for innovation 

Ensure appropriate commercial skills are in place to understand fully its 
commercial proposition to industry and related risks 

Be clear with HMT on the capital investment and establish any necessary 
affordability constraint 

Identify Value for Money criteria to be used from the outset and governance 
arrangements to assess routinely whether the Programme is on course to deliver VfM.  

1 

2 

3 

4 

5 

6 
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What did DECC do in response? 

 

Clear objectives 
 

1 

 
Flexible 

procurement 
specifications 

 

3 

 
Address key risks 

 

2 

Our recommendations What has DECC done to implement our recommendations? 

• ‘Outcome’ based approach  
• CCS Roadmap 

• Baseline Risk Allocation Matrix  
• Front End Engineering Design (FEED) 

studies  
• Workshops with developers 

• ‘Invitation to participate in discussions’ 
• Bid Improvement Phase 
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What has DECC done in response? (Continued) 

Our recommendations 

 
 

Commercial skills 
 

4 

 
  Value for money 

criteria 
 

6 

 
Establish 

affordability 
constraints 

 

5 

What has DECC done to implement our recommendations? 

• Recruited external advisors  
• Efforts to ensure the right commercial skills were in 

place  

• Shortlisting included affordability considerations  
• CCS Cost Reduction Task Force 

• Established VFM criteria to assess projects 
• A Programme Board to review the VFM case before 

each approval point.   
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Remaining issues/questions? 

• Objectives: What would come after the 
competition? 

• Risks: Storage risk? Risk sharing between 
different bidders in a consortium? 

• Affordability: Clarity over the available 
support through CfDs? 

• The competition model: Was it the right 
choice? 
 

We will assess these issues in our report, 
due for publication later this year… 
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Sustainability in the spending review 

Overall findings 
• Spending reviews are significant for 

meeting environmental objectives  
• HM Treasury did not make the most of 

the opportunity to encourage 
departments to work across 
government on environmental 
issues. 

• Departments with lead responsibility 
for the environment face substantial 
budget reductions 
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Case Study: the cancellation of the CCS Competition 

DECC’s bid 
 
• Part of the capital budgeting process 
• DECC’s case showed return of £4.50 per £1 

invested 
• Based on cost of meeting 2050 target without 

CCS being additional £30bn 
• HMT asked DECC to analyse impact of 

withdrawing competition funding. DECC stated 
this would lead to delays, but did not quantify 
costs or benefits of a delay 
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Case Study: the cancellation of the CCS Competition 

HM Treasury’s view 
 

 
• The competition was aiming to deliver 

CCS before it was cost-efficient to do 
so 

• The costs to consumers would be high 
and regressive 

• The competition would not guarantee 
the further investment required to 
expand CCS  

• There were better uses for the £1 
billion  
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Future CCS 
policy?  

! 

Case Study: the cancellation of the CCS Competition 

Knowledge and 
skills for CCS 

deployment, built up 
during the 

competition, may 
dissipate 

Oil companies may not 
be prepared to 

maintain operative 
wells that can be used 

as transport and 
injection sites 

Increased risk that 
investors will be 

deterred from dealing 
with HMG  

   There is no viable way to 
achieve deep emissions 

reductions from the industrial 
sector in the near future.  

There is now less time to 
build the CCS infrastructure 
required for it to contribute to 
the UK’s decarbonisation 

target.  

1 2 3 

4 5 

c Immediate 
consequences 

c 
Medium- to 
long-term 

consequences 
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Assessing costs and benefits 

• It’s not all about NPV… 
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The 5 case model 
Under government’s 5-case model, projects need to show 
that they: 

 
• are supported by a robust Case for Change – the Strategic 

Case; 
• optimise Value for Money – the Economic Case; 
• are commercially viable – the Commercial Case; 
• are financially affordable – the Financial Case; and, 
• can be delivered successfully – the Management Case. 

 



Is there a plan B for CCS  
and why did plan A fail? 

Dr Robert Gross 
 

Director, Centre for Energy Policy and Technology  
Imperial College London 

www.imperial.ac.uk/icept 
http://www.imperial.ac.uk/energy-futures-lab   

 
 
 
 

Energy Futures Lab 

http://www.imperial.ac.uk/icept
http://www.imperial.ac.uk/energy-futures-lab
http://www.imperial.ac.uk/energy-futures-lab
http://www.imperial.ac.uk/energy-futures-lab
http://www.imperial.ac.uk/energy-futures-lab
http://www.imperial.ac.uk/energy-futures-lab


Overview 

• Advice post-CCS spending review decision 

• Comparing CCC and Oxburgh 

• Why did plan A fail? The politics of low carbon 

• Final thoughts 

 



Some key advice post CCSxit 

• ETI letter to Angus MacNeil (January) 
• http://www.parliament.uk/documents/commons-committees/energy-and-climate-

change/ETI-letter-to-Chair-on-Future-of-CCS.pdf  

• CCC letter to Amber Rudd plus analysis from 
Poyry and Advisory Group report (June)  

• https://documents.theccc.org.uk/wp-content/uploads/2016/07/Letter-to-Rt-Hon-Amber-
Rudd-CCS.pdf 

• CCSA ‘lessons learned’ report (June) 
http://www.ccsassociation.org/index.php/download_file/view/1023/1/  

• Oxburgh report (Sept) 
• http://www.ccsassociation.org/index.php/download_file/view/1043/508/  

http://www.parliament.uk/documents/commons-committees/energy-and-climate-change/ETI-letter-to-Chair-on-Future-of-CCS.pdf
http://www.parliament.uk/documents/commons-committees/energy-and-climate-change/ETI-letter-to-Chair-on-Future-of-CCS.pdf
https://documents.theccc.org.uk/wp-content/uploads/2016/07/Letter-to-Rt-Hon-Amber-Rudd-CCS.pdf
https://documents.theccc.org.uk/wp-content/uploads/2016/07/Letter-to-Rt-Hon-Amber-Rudd-CCS.pdf
http://www.ccsassociation.org/index.php/download_file/view/1023/1/
http://www.ccsassociation.org/index.php/download_file/view/1043/508/


Some common themes 
• The ‘need’ for CCS has not gone away  

– ‘only option’ for some sectors, lowers cost in power decarb, 
creates options for heat (gas grid repurposing) 

• Lowers overall cost of meeting carbon targets 
• ‘Full-chain’ project finance/business model is dead 
• Importance of regulated asset model for T&S plus risk 

sharing/public stake for storage 
• Focus first on power sector in ‘enabling role’ 
• Strategic roll out/clusters could deliver below £100/MWh 

in mid-20s 
 
Differences/nuance/shifting focus in key areas…. 



Oxburgh vs CCC 

Oxburgh CCC 

Cost estimates below £85/MWh even for 
early projects 

Below £100 in 2020s (Advisory Group) 
£85 – 90 by 2030s (Poyry) 

Split chain. Create a CCS Delivery 
Company. Move to a system of CCS 
certificates/obligation for power and 
industry 

Split chain. Grant funding or public 
ownership for storage. Work out business 
model and ownership. Stick with CfDs for 
power sector (at least at first) 

Increased interest in CCS – hydrogen for 
heat. Create a ‘heat transformation group’ 

Immediate (to 2030s) focus on power and 
industry. Long term mention of BECCS/H 

Regulated rate of return on all assets 
recommended, CCS starts in public sector 

Various options for risk allocation 
discussed but no clear recommendation 

Timeline for power, industry and heat to 
2030s 

Timeline for power and industry to 2030s 

Funding for CCSDC and economic 
regulation of T&S needed this Parliament  

CCS strategy, business model and funding 
for early T&S needed this Parliament 



Why did plan A fail? 
• Despite controversy over LCF cap CCS alone needed direct 

public spending – was uniquely vulnerable 
• ‘Reset’ after the election meant ‘reselling’ needed. 

Dong/Siemens got this right for OSW and Hinkley was always 
a special case 

• The price was wrong – political tolerance for 
£140/150/160/MWh evaporated 

• Free-rider/why do it here argument not properly countered – 
or possibly CCS missed a window in UK history/politics 

• Ultimately – ‘stuff’ happens. A call was made ‘on the day’ 
 



Final thoughts /remaining questions… 

• Plan B is emerging for post 2020 but getting from here 
to there is still unclear/awkward/impossible 

• Is plan B plan A in disguise?  
– How do we get round the need for early public 

funding/demonstration/ investment in infrastructure? 
• Is a public sector CCSDC politically feasible? 
• Will heat/gas grid repurposing be the new big deal or 

the latest spin of the hydrogen hype cycle? 
• Has all private sector appetite for UK CCS evaporated? 
• Does Brexit change everything, anything or nothing?  



Thank you 

• Robert.gross@ic.ac.uk 
• www.imperial.ac.uk/icept 
• http://www.imperial.ac.uk/energy-futures-lab   
 

http://www.imperial.ac.uk/icept
http://www.imperial.ac.uk/icept
http://www.imperial.ac.uk/energy-futures-lab


Impact of technology uncertainty on 
future low-carbon 

pathways in the UK - Focus on CCS 

Ilkka Keppo 
UCL Energy Institute 

(based on work by Fais, Keppo, Zeyringer, Usher and Daly) 

Making the Case for CCS  
Edinburgh, 14th September 2016 

 
 



• wholeSEM is a ground breaking 
multi-institution initiative to 
develop, integrate and apply 
state-of-the-art energy models. 

• The consortium is includes 
University College London, 
Imperial College London, the 
University of Cambridge and the 
University of Surrey.  

• The consortium is a major 
investment of EPSRC, and runs 
from 1 July 2013 – 30 June 2017 

• See our website: 
www.wholesem.ac.uk  

wholeSEM 

http://www.wholesem.ac.uk/


Energy system decarbonisation, 
technology and CCS 

• Ambitious climate targets require significant technological change to take place 
over the next decades  

• Several seemingly plausible technology pathways can be constructed => Energy 
system models often used for internal consistency and a rationale for technology 
choice 
• But significant uncertainties exist in terms of the availability, cost and 

performance of novel technologies, such as CCS 
• A limited set of scenarios unlikely to provide deeper understanding of the 

relative roles different technologies may have 
• CCS one of the technologies with an unknown future role 

• How important may it be to be able to successfully deploy CCS and if CCS 
would fail, could its contributions be easily replaced by other technologies? 

• What could be the implications of several prospective technologies failing to 
scale up and are some technology combinations more difficult to replace 
than others?  

• Would a CCS failure potentially lock out certain technology pathways in the 
other sectors? Would top level mitigation strategies look different? 

 
 

 

Source: Knopf et al., 2013 



Approach 

• Develop two opposing technology narratives for each of: 
• Nuclear 
• CCS 
• Biomass 
• Non-biomass renewables 
• Demand side change 

• Quantify the qualitative technology narratives and use 
them as inputs in the energy system model UKTM 

• Construct a scenario matrix combining all possible 
technology failure/success combinations => 32 scenarios 
(all with -80% emission reduction target for 2050) 



Technology storylines for CCS 

“The good” 
 
The unique nature of CCS as a 
technology enabling the continued 
use of fossil fuels on allows it to 
emerge from the early market 
stages and overcome the 
challenges posed e.g. by its 
competitiveness against other low 
carbon technologies, financial 
feasibility issues, infrastructure 
and storage risks, regulatory 
framework and public acceptance.  
 
 

 

“The bad” 
 
One or several of the challenges 
faced by CCS turn out to be difficult 
to overcome and CCS never 
develops beyond the use cases that 
exist today 

 Dimension Central Case Sensitivity

Nuclear Energy 
(N)

New nuclear capacity limited to 
33 GW until 2050 No additions after 2010

Carbon capture 
and storage (C)

• Capacity growth limited to 10% p.a.
• Maximum capacity of 45 GW in 

electricity generation
• Available in 2020 (2030 for bio-CCS)

CCS does not become available in the 
UK

Bioenergy (B) Total potential (domestic + imports):
1300 PJ 380 PJ

Renewable 
electricity (R)

• High technical potential (> 400 GW)
• learning effects for all technologies

• Restricted potential (49 GW), 
• higher cost assumptions for offshore 

wind & solar PV
• marine & geothermal not available

Demand-side 
change (D)

• Medium elasticities (-0.03 to -0.7)
• growth constraints of 10 / 15% p.a. 

on all technologies

• Low elasticities (-0.01 to -0.5)
• growth constraints lowered to 5% / 

7.5% for innovative and energy-
efficient technologies



Model  

UKTM – The UK TIMES Model 

• Overview 
Integrated energy systems model  -  Least cost 
optimization   -  Partial equilibrium -  Technology rich  - 
sensitivity and uncertainty analysis 

 Successor of UK MARKAL 

• New functionality of UKTM 
- Higher temporal flexibility; storage 
- All GHG emissions & non-energy mitigation options;  
- Industrial & residential sector disaggregation; 

• Open source modelling 
- Transparency at the forefront of development 
- Strong policy engagement (DECC uses UKTM in-house) 
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Primary energy consumption GHG emissions

-120%

-16%

-25%

-315%

• Power generation 
dominated by Nuclear 
(66%) and biomass-CCS 
(20%)  

• Small reductions for 
final energy, over 60% 
still fossil fuels => 
Emission reductions 
focus on supply side 

• CCS used in power 
generation and for H2 
production (from gas, 
used in transport and 
industry) 



Fuel use variability in 2050 
across the scenarios 

• Greatest variance 
for natural gas 

• Full bioenergy 
potential used  

• Fairly wide range 
also for H2 and 
renewables 

• CCS availability 
increases gas use, 
reduces 
renewables and 
limits variability 
for oil 

• Use of H2 very 
strongly linked to 
availability of CCS 
 
 
 
 
 



Correlation between fuel use in 
2050 and CCS availability 

• Availability of CCS 
key for transport 
pathways – H2 vs 
electricity  

• CCS directs biomass 
into power 
generation – other 
dimensions affect 
the sectorial 
distribution little 

• Availability of CCS 
has a broader 
impact on fuel 
choice than most 
other technology 
dimensions 
 



Mitigation across the sectors 

• Electricity supply decarbonised with or without CCS, negative 
emissions only with CCS 

• Lack of CCS adds pressure to reduce emissions on the end use level 
• Availability of CCS also affects mitigation contributions from the 

industry 
 
 
 
 



Cost and feasibility of reaching 
the mitigation target 

• If all technologies fail, or just biomass or demand 
technologies don’t fail, the targets are infeasible 

• The higher the number of technologies failing 
simultaneously, the more expensive it is to reach targets 

• Impact of multiple failures on costs more complex than 
simple summation across individual failures 
 

Impact of single 
failure 

Interaction impacts, 
additional to a 
simple sum 
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Cost and feasibility of reaching 
the mitigation target 

• CCS the most expensive 
single technology failure 

• CCS and biomass 
generally do not have 
strong interaction effects 
– lack of CCS OR biomass 
will make bio-CCS 
impossible 

• Strong interaction effects, 
if demand side 
technologies fail together 
with CCS/biomass 

• Dynamics more complex 
with three or more 
failures, but there is no 
scenario in which CCS fails 
that would be cheaper 
than any of the scenarios 
in which CCS doesn’t fail  



Some conclusions 

• CCS a key technology and, while not 
irreplaceable, important for keeping the costs 
down 

• Costs increase with several simultaneous 
technology failures, mostly non-linearly. CCS 
again would have an important role in mitigating 
the impacts 

• Availability of CCS has a strong system wide 
impact on technology pathways (e.g. H2 vs  
electricity for transport) and on how mitigation is 
spread across the sectors 



 
 
 
Dr Ilkka Keppo      
UCL Energy Institute    
University College London   
i.keppo@ucl.ac.uk      

 
 
This research was supported under the Whole Systems Energy Modelling 
Consortium (WholeSEM) – Ref: EP/K039326/1 
www.wholesem.ac.uk/ 

mailto:b.fais@ucl.ac.uk
http://www.wholesem.ac.uk/
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Making the macroeconomic case 
for CCS 

Karen Turner 
(Centre for Energy Policy, University of Strathclyde International Public 

Policy Institute) 
Julia Race 

(Department of Naval Architecture, Ocean and Marine Engineering, 
University of Strathclyde) 

 
CCS in the Wider Economy session at the UKCCSRC Bi-annual conference 

14th September 2016 
 
 
 



• Energy system models such as TIMES – used in government decision 
making – generally consider CCS as a ‘costly technology’ that can be 
turned on or off 
 

• Some recognition of how costs may fall over time but the economy is 
generally ‘exogenous’ 

• Sagnik Ghoshal poster – project assessing treatment of wider economic issues 
in the DECC Carbon Calculator (stimulated by UK CCSA)  

 
• Some economic systems models (e.g. CGE model developed by MIT) do 

consider supply chain requirements of CCS (positive ripple or ‘multiplier’ 
impacts throughout the economy) 
 

• But still essentially a costly technology to be turned on or off 
 

A crucial gap 



• Early multi-sector economy-wide input-output analysis considering 
pollution ‘cleaning’ as an economic service sector (Nobel Laureate, 
Wassily Leontief, 1970) 

 
• Useful analogy in waste disposal – an industry exists, with infrastructure 

in place, operational activity (including employment) 
• Elizabeth Briones poster – bin lorries and stones in the water 

 
• Why did we decide to deal with waste? Why would we decide to deal 

with CO2? 
 

• Local vs. global health issues and timeframes involved 
 

• Economic case will have to be stronger? 

CCS as a set of linked 
economic service activities 



• Problem – cost of initial investment 
• Many analogies – we generally recognise that average cost will decline 

over time and accept initial financial and other resource costs 

• Informed by cost-benefit analysis (CBA) of returns discounted over time 
• Why not with CCS? 
• Problem – we don’t seem to consider CCS as an economic activity in the 

same way as we consider things like transport 

• Is there a national infrastructure argument – transport and storage?  
• Infrastructure development is an economic activity 

• E.g. Hinkley Point 

 

‘Getting over the hump’ of 
the initial investment costs 



• Over time both average and marginal costs of CCS likely to decline 
through 

• Advances and evolution in technologies 
• Including links to other low carbon technologies – e.g. 

energy for capture from renewable sources 
• Learning by doing 
• Economies of scale with fuller deployment (including CCS 

cluster opportunities) 

 
 

 

CCS as an evolving 
economic activity 



• Simultaneously, benefits will evolve through  

• Ripple or multiplier effects of employment and value-added generated 
through supply chains at investment and operational stages 

• Retention of existing but currently carbon-intensive industries – and 
employment etc. embedded in supply chains of those industries 

• And possibly attraction of new firms attracted by CCS 
infrastructure and cluster opportunities 

• ‘Circular economy’ opportunities where captured carbon can be used 
as an input to economic activity 

• Previous SCCS Joint Industry Project 

CCS as an evolving 
economic activity 



• HM Treasury ‘Green Book’ method and guidance for social CBA of 
range of types of projects and investments 

• Including ‘environmental’ or climate change mitigation projects 

• Need information to inform on range of wider costs and benefits 

• HM Treasury also use multi-sector economy-wide CGE model of 
HMRC, mainly for fiscal issues but DECC use to assess implications 
of carbon budgets 

• Current attention to need to develop this CGE model to 
incorporate treatment of energy and environmental issues 

• But fiscal, macroeconomic and distributional impacts remain key 
in public budget decisions 

 

Social cost-benefit analysis 



• Modelling CCS activities in CGE framework would allow 
consideration of dynamic evolution of CCS activity 

• Including investment, capacity building, labour market links and 
implications, integration with wider economy (both up-stream and 
downstream), increasing uptake levels, developing local supply chain 
capacity etc. 

• However,  in order to ‘get things right’ on everything from input 
requirements to evolving technologies and the decision to ‘do it’ or 
not  

• Economy-wide model must be informed and fed by techno-
economic models of capture, transport and storage activities 

Integrated economic and 
technical system modelling  



www.project-leilac.eu 

LEILAC Project Overview 
UKCCSRC Biannual, Edinburgh, 2016-09-14 

  

This project has received 
funding from the  European 
Union’s Horizon 2020 research 
and innovation programme  
under grant agreement No 
654465 



 
€12m H2020 grant plus € 9m in-kind 

• 5-year project, start in early 2016 
 
Indirect heating raw meal: 

• Calix Ltd patented Direct Separation 
• Direct capture of process-related CO2     

 
Planned pilot plant at CBR Lixhe, Belgium 

• Lime application 8 t/h 
• Cement application 10 t/h 

 

This project has received funding from the  European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 654465 



Proposed 
site of the 
LEILAC 

pilot plant 

LEILAC Pilot Plant is strategically located at CBR Lixhe, Belgium 

Lixhe close 
to Dutch 

border 
(Maastricht)  



A technology solution to capture CO2 emissions from the 
vital cement and lime industries…  

The Context:   
• Cement and lime are two critical European industries, employing more than 

388,000 people across Europe.  
 

• Cement ≈ 5%  of global anthropogenic emissions of CO2. 
• Lime, while being the smallest sector within the European Emissions Trading 

System, has the highest CO2 intensity related to turnover. 
 

• The EU has set an ambitious CO2 emissions target: cutting emissions to 80% 
below 1990 levels by 2050; contributions must come from all sectors 
 

The Challenge:  
 

• Around 60% of cement and lime’s total CO2 emissions are released directly, and 
unavoidably, from the calcination of limestone  

 CaCO3(g)  CaO + CO2(g) 
 

• Cement and lime are under intense competitive and cost pressures 
 

 



CALIX DIRECT 
SEPARATION 

REACTOR FOR 
MAGNESITE 

(MgCO3) 
[calcination up to 

780 °C]  
 

Bacchus Marsh, 
Victoria, Aus 

Direct Separation is proven at commercial scale for 
magnesite processing…  



Calix’ s Direct Separation Reactor (“DSR”) … 

Output 
• A pure CO2 stream 
• 5 to 10 times more reactive product 

Principle • Retrofit or new-build 
• Flexible mineral input 
• Flexible fuels 
• Pre-heating combined with accurately controlled 

temperature and residence time minimises 
sintering and loss of activity  

• Can handle fines that cannot be processed by 
conventional lime kilns, but appropriate for cement 
meal and limestone fines. 

• Enhances other CO2 abatement technologies (e.g. 
oxyfuel firing) and alternative fuels. 
 

• Captures CO2 for no energy penalty (just 
compression).  

• Comparable capital costs + potentially lower 
operating and maintenance costs to conventional 
kilns  

Cost 



LEILAC is a first step towards wider technology roll-out… 

DSR large 
scale demo 

LEILAC pilot plant 
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• Input feed capacity of 10 tph of cement meal, 
or 8 tph limestone 

• Efficiently capture > 95% of CO2  process 
emissions, and verify purity of CO2 

• Investigate steel performance at up to    
1040 °C (to achieve calcination at < 950 °C) 

• Evaluate & mitigate scale-up technical risks 
(240 to 5,000 t/d cement)/use of flexible fuel 

• Confirm low energy penalty/capital costs 
• Confirm suitability of cement & lime products 
• Life Cycle Analysis 
• Techno-economic analysis 
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 • Disseminate data and findings which support 
the anticipated performance and cost of full-
scale application. 

• Share knowledge with public, industry, 
policy-makers, peer projects, scientific 
community. 

• Establish a roadmap for the cement and lime 
industry. 

DSR 
international  

roll-out 

1 

2 3 



LEILAC At Imperial College 

Imperial College are active in several R&D tasks 
contributing to LEILAC pre-FEED and FEED periods 
 
Key involvement: 
• Investigation of kinetics of calcination and re-

carbonation in a steam environment; including 
commissioning of suspension reactor [see image] 

• Product evaluation, i.e., the suitability of test 
products for use in cement and lime industries, 
using appropriate in-house test methods 

• Definition of reference technologies for 
subsequent modelling: lime industry, cement 
industry, suitable CO2 capture 

• Modelling of radiative heat transfer in the Direct 
Separation reactor 

Lead: Paul Fennell & Nilay Shah 
Postdocs: John Blamey & Tom Hills 
Chemical Engineering Department 



@ProjectLEILAC www.project-leilac.eu 

LEILAC at Imperial College London: 
Paul Fennell; p.fennell@imperial.ac.uk 
Nilay Shah; n.shah@imperial.ac.uk 
John Blamey; jblamey@imperial.ac.uk 
Tom Hills; thomas.hills07@imperial.ac.uk 

LEILAC Contacts at Calix: 
Adam Vincent, LEILAC Project Manager, avincent@calix.com.au 
Daniel Rennie, LEILAC Project Co-ordinator, drennie@calix.com.au 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

STEMM-CCS: STrategies for 
Environmental Monitoring of 

Marine Carbon Capture and Storage

• What is STEMM_CCS and who is involved?
• Objectives of STEMM-CCS
• What are we going to do?

Jon Bull (University of Southampton) on behalf 
of Doug Connelly and all partners



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

STEMM-CCS – Horizon 2020

• Funded by CALL FOR COMPETITIVE LOW-CARBON 
ENERGY (LCE-15-2015) “Enabling decarbonisation of the 
fossil fuel-based power sector and energy intensive 
industry through CCS”

• Total Budget €15.9 M
• March 2016 – February 2020
• Coordinator: Dr Doug Connelly –National 

Oceanography Centre; douglas.connelly@noc.ac.uk

• Industrial Partner - Shell



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Carbon Capture and Storage 
(CCS) Implementation

Capture Transport Storage Leakage 
Impact

Assurance 
Monitoring

CCS 
Implementation

+ + + + =



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Objectives of STEMM-CCS
• Develop a robust environmental baseline assessment methodology under

“real life conditions”. 

• Develop and implement methods for constraining the natural and anthropogenic 
induced CO2 permeability of the overburden in offshore CCS sites. 

• Develop a suite of cost effective tools to identify, detect and quantify CO2 leakage from 
a sub-seafloor CCS reservoir.

• Assess the applicability of artificial and natural tracers for detection, quantification and 
attribution of leakage of sequestered CO2 in a marine environment.

• Model and assess impacts of different reservoir leak morphologies and provide decision 
support tools for monitoring, mitigation and remediation action.

• Document best practice for selection and operation of offshore CCS sites and complete 
knowledge transfer to industrial and regulatory stakeholders.

• Develop best practice for knowledge sharing.



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Approach: Leakage detection, 
localisation and quantification

Aim: better understand fluid and gas flow in operational conditions, leading to 
efficient and economic monitoring strategies.

Controlled release experiment: Injection of CO2 into shallow sediments at Goldeneye 
– comprehensive monitoring programme based on chemical and acoustic methods for 
both detection and quantification.

Precursors: Chemical and isotopic characterisation of precursor fluids/gases in 
reservoir and overburden.

Artificial and natural tracers: Assessing the utility of a range of tracers as an aid to 
detection and monitoring.

Modelling: Very fine scale complex hydrodynamic – biogeochemical – bubble / 
dissolved leakage models coupled to sensor emulators. Multiple scenarios.

Derivation of monitoring strategies and aids to quantification



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Main Experiment - 2019

Schematic of the shallow sub-surface release of CO2 gas in sediments (< 5 m depth) near 
Peterhead (Goldeneye) CCS demonstration project. Note that this small-scale release in 
near-surface sediment does not affect the integrity of the CCS Storage Site.



Seismic reflection section illustrating a chimney structure in the German sector of the 
North Sea (Schlesinger, 2006). The chimney (boxed) cross-cuts the top c. 3 seconds two 

way time (TWT) of the sedimentary overburden (c. 3 km). 



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Experiment - 2017

1. Coring with BGS rock drill to sample 
top of chimney

2. Tomographic imaging using OBS 
with a range of acoustic sources 
(airguns, sparker)

3. Electromagnetic experiment –
electrical props – permeability

4. Anisotropy experiment (piggy-back 
proposal CHIMNEY…)



This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 654462

Opportunities for collaboration
Experimental programme: 
• Unlikely that there will be ship space for additional participants.
• Potentially systems that could be redeployed.

Geological:
• Transfer of new insights on permeability etc. to other sites.
• Transfer of parameterisations into alternative model systems.
• Comparison of chimney properties with analogue sites.

Marine chemistry / monitoring:
• Comparison of North sea data / criteria with other regions.
• Application of model / emulator tools (gas and dissolved phase) to 

other regions.



www.stemm-ccs.eu



CHIMNEY: Characterisation of major overburden
leakage pathways above sub-seafloor CO2 storage 

reservoirs in the North Sea 
CHIMNEY Partners: University of Southampton – Jon 
Bull (co-ordinator; bull@soton.ac.uk); National 
Oceanography Centre; University of Edinburgh 
CHIMNEY funds three two-year PDRAs and 
experiments. May 2016 – April 2020.
Project Partners: CGG, Applied Acoustics, GEOMAR, 
Berkeley labs
Designed to be complimentary to STEMM-CCS 
experiment in 2017, not related to gas release 
experiment in 2019.
Funded by NERC (Highlights call related to Carbon 
Capture and Storage)



Hypothesis tests -CHIMNEY
We will test the hypothesis that many chimney and pipe
structures imaged on seismic reflection profiles in the
North Sea are the consequence of:
(1) a fracture network that has been reactivated by

pore fluid pressure which facilitates the migration of
fluids upwards; and
(2) shallow sub-seafloor lateral migration of fluids along

stratigraphic interfaces and near-surface fractures.
We will address the critical questions: what is their in-
situ permeability now; and could a CO2 fluid use these
structures as a conduit ?



CHIMNEY components
• CHIMNEY will comprise a marine geophysical fieldwork programme, associated 

rock physics experiments, geochemical characterization and modelling, to 
constrain chimney physical properties including permeability, potential flow 
rates and CO2-fluid-rock reactions. 

• WP1 - novel broad-band seismic anisotropy experiment over a North Sea 
chimney in order to understand its structure and origin, derive fracture 
geometry and topology and ascertain if fractures are open or closed. Additional 
high-frequency seismic reflection imaging. 10 days of ship-time funded to 
supplement STEMM-CCS experiment. 

• WP2 - rock physics experiments on synthetic samples to constrain chimney, 
and surrounding rock permeability. 

• WP3 – Geochemical characterisation of chimney material and pore fluids. Core 
samples from the North Sea chimney will be used to assess hydraulic 
connectivity, water-rock reactions that affect permeability and the longevity of 
fluid flow, and to constrain reactive transport modelling.

• WP4 – Flow and reactive transport modelling to integrate outcomes of the 
three other WPs and do scenario modelling. 

http://www.southampton.ac.uk/oes/research/projects/chimney.page



Development of a Compact CO2 Capture 
Process to Combat Industrial Emissions 

(EP/N024672/1) 

Xianfeng Fan 
 

E-mail: x.fan@ed.ac.uk 
The University of Edinburgh 



Investigators  
• The University of Edinburgh:  
 Drs Xianfeng Fan, Martin Sweatman, Hyungwoong Ahn 

 

• The University of Sheffield: 
 Professors Meihong Wang, Colin Ramshaw  

 

• Newcastle University: 
 Dr Jonathan Lee 

 
Project Partners: 
• Carbon Clean Solutions Limited  
• Ferrite Microwave Technologies LLC 
• SK innovation co Ltd,  
• Tan Delta Microwaves Ltd  
• UK-China CCUS Centre 

 



Compact CO2 Capture Process to Combat Industrial 
Emissions 

• CO2 emissions from industry occur typically 
from a number of small, low concentration 
sources with a wide range of flue gas 
compositions and impurity profiles, 

• Low mass transfer efficiency in the absorber 
and desorber, resulting in large equipment 
size and high capital and operating costs,  

• High energy consumption in solvent 
regeneration, causing a very high energy 
penalty and operating cost,  

• Corrosion caused by concentrated amine 
solutions, which makes it necessary to use 
more expensive materials,  

• Thermal and oxidative degradation of amines 
above 100oC.  

Major problems with conventional amine process 



Rotating Packed bed 

• To enhance the mass transfer, therefore to 
reduce the size to as little as 10% of an 
equivalent conventional packed column. 

• Co-current operation to further reduce 
packing volume and costs 



Microwave Assisted Regeneration 

• Microwave regeneration of CO2 rich amine solvents can occur at 70oC, and 
at a very fast rate 

• Low temperature regeneration avoids the use of expensive heating/cooling 
equipment,  

• Shorter residence times reduces desorber sizes 
• Low temperature regeneration significantly reduce corrosion and amine 

degradation 



Project Gantt Chart 
WORK PACKAGES 2016 2017 2018 2019 

M J J A S O N M J F M A M J J A S O N D J F M A M J J A S O N D J F M A 
WP1. Rotating packed bed absorber                                                                         
Investigate the performance of the RPB as a fan and absorber                                                                         

Comparison of the performance of counter-current and co-
current modes of operation 

                                                                        

Develop operational correlations for use in the process 
optimisation model in WP4 

                                                                        

WP2. Microwave assisted regeneration, amine corrosion 
and degradation 

                                                                        

Microwave assisted regeneration, Power consumption                                                                         
Effect of impurities in flue gases, industrial data collection                                                                         
Corrosion, Solvent degradation                                                                         
Integration                                                                         
Comparison with conventional stripping                                                                         
investigate the bed geometry for a microwave assisted 
stripper in cooperation with RPB, and test in Newcastle 

                                                                        

WP3. Modelling of microwave regeneration                                                                         
Select molecular models for all species from literature. 
Calibrate new molecular force fields  

                                                                        

Develop codes for molecular trajectories to extract dielectric 
spectra. Compare with experimental data. Feed data to WP4 

                                                                        

Develop codes to analyse features of dielectric spectra. Gain 
insight into regeneration mechanisms. Feed into WP2 

                                                                        

Develop codes to analyse response to field strength. Feed 
into Wp2 and WP4 

                                                                        

WP4. Process modelling & Technical and economic 
performance assessment 

                                                                        

Process modelling for RPB Absorber and its model validation                                                                         
Process modelling for microwave assisted stripper and its 
model validation 

                                                                        

Whole process integration, and analysis data from industries                                                                         

Technical and economic performance comparison between 
proposed and conventional processes 

                                                                        



• We would like to thank the great 
support from EPSRC and the 
project partners 
 

• Thank you very much for your 
attention! 
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The importance of CCS is recognised… 

Importance of CCS 
acknowledged 

“With coal and other fossil fuels remaining 
dominant in the fuel mix, there is no climate 
friendly scenario in the long run without CCS” 

Maria van der Hoeven, International Energy 
Agency Executive Director (2015) 

“Low-emission technologies such as CCS can play a vital role in contributing to 
global mitigation efforts, and research has shown that in the long run GHG 
emission reduction would be more expensive without CCS deployment.” 
  

Introduction to Fostering low carbon energy: Next generation policy to 
commercialize CCS in the United States, Brookings Institution (2015) 

“…we need more investment in carbon capture 
and storage. As Working Group III of the Fifth 

Assessment pointed out, it will be very difficult to 
reach zero carbon emissions without it.”  

WEC’s World Energy Focus, Hoesung Lee, 
Chairman of the Intergovernmental Panel on 

Climate Change (2015) 

“CCS is very important for reducing emissions 
across the economy and could almost halve the 
cost of meeting the 2050 target in the Climate 

Change Act.” 
Power sector scenarios for the fifth carbon 
budget, Committee on Climate Change (UK) 

(2015) 

 "Carbon capture and storage will together with other innovative 
low-carbon technologies play an essential role in reaching 
greenhouse gas emission reduction targets around the globe.” 
  

Global Status of CCS: 2015, Miguel Arias Cañete, EU Commissioner 
for Energy and Climate Action (2015) 

“In industry, there are currently no 
alternatives to reach the same level of 
emissions reductions, as maximum fuel 

switching and energy efficiency measures 
would only achieve a fraction of the CCS 

reductions” 
World Energy Outlook Special Report on 

energy and climate change, International 
Energy Agency (2015) 



Yet the message is not always hitting home…  

Opposition group posters against the Barendrecht 
Project – The Netherlands 

The Guardian Online, 25 Nov. 2015  



So is the importance of CCS as recognised as we think?? 
What are the challenges?  

Complexity of 
the technology 

Lack of 
understanding 
of the “need” 

Complexity of 
the language 

Misperception: 
It doesn’t work 

Lack of 
champions 

Lack of visual 
imagery 

Seen as 
“instead of” 
renewables 
and not “in 
addition” 

Association 
with fossil 
fuels = bad 

It’s 
expensive 

Lack of 
understanding 

about energy and 
climate change 

Misperception 
Storage is not 

safe Lack of awareness of 
importance to industry 



KNOW YOUR AUDIENCE! 

Do not assume prior knowledge or understanding of the bigger picture 
 
Aim to pitch your communications at the level of an intelligent 12 year old. If 
you can communicate your research to them, you can communicate your 
research to anyone… public, funders, policy makers, government 
 
With the public/policy makers - how does your research relate to your 
audience? Important to demonstrate the viability, applicability, transferability 
and necessity of CCS technologies as well as the safety aspects 
 
If it’s other CCS researchers but not in your speciality, do not assume they 
have prior knowledge of or interest in your field. E.g. in a plenary session at a 
Biannual, don’t make it too technical.. If someone is interested in the technical 
detail, they can ask, don’t assume everyone wants to know just because they 
work in CCS 



WRAP UP 

• Summary of discussions 
• Any additional thoughts? 
 
Although a lot of what was discussed might seem to be about public 
engagement, those same tools and challenges apply to communication of your 
research with all audiences. 
 
So please do bear that in mind when going forward with communicating the 
need for CCS or the value of your research  to a variety of audiences. 
 
Also, there are funding opportunities for public engagement work and activities. 
Visit the National Co-ordinating Centre for Public Engagement’s website 
www.publicengagement.ac.uk  
 

Thank you and now for networking drinks and dinner! 

http://www.publicengagement.ac.uk/


Your Communication Toolkit 
Getting the Message Across 

UKCCSRC 2016 Biannual 
 

Heather Rea and Sarah Anderson 



If you remember one thing… 

 
PRACTISE 

Today is the beginning, practise using these 
tools 

 



Overview 

1. Motivations 
2. How? 
3. Take away with you 
 



1. Motivations 



Why are you there? 

Which is the most important reason 
• Inspire people? 
• Tell them something specific? 
• Change or challenge perceptions? 
• Present an idea for discussion? 
• Defend a point of view? 
• Another reason? 
 



Why is your audience there? 

Why are they there? 
• To have fun 
• To get facts 
• Because they have to be 
• You might not know! 



Know your audience 



2. How? 
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http://www.apartmenttherapy.com/la/inspiration/the-color-coded-closet-041848 

You don't have to include 
everything you know 

Focus on what is relevant to 
your audience  



Structure 



Hook 

A first line / idea that draws the listener in 
 



Jargon 

How you interpret the meaning can depend on 
who you are. 

• Gas – a state of matter, fuel for your car 

• Tweet – the noise a small bird makes or 

• Cell – at least 7 different definitions 



First impressions 



Signposts 

Can help an activity succeed! 
 
 

 
 



3. Take away with 
you 



The beginning... 

• Keep your message clear and simple 
• Know your reason for communicating 
• Think about your audience 
• Practise 
• Practise 



Update on the UKCCSRC investigations into 
options for an onshore test injection site in 

the UK 
 

Andy Chadwick1, Michelle Bentham1, Stuart Haszeldine2, Sarah Hannis1, 
Rachel Kilgallon2, Chris Gent1 & Ciara O’Connor3 

1BGS,  2University Edinburgh  3UKCCSRC 

UKCCS RC Biannual Meeting Edinburgh 14-15 September 2016  



Background 

Scoping assessment of the potential to carry out a pilot-scale CO2 
research project in the UK. Including: 

 
Review of existing pilot sites worldwide 
UK subsurface research activities 
Suitable sources of CO2 in the UK  
Possible UK pilot site locations  
Regulatory issues 
 

 
Site options reviewed include the utilisation of depleted oilfields 
and sandstone aquifers  
 
 
 
 
 



Costs 

Stand-alone UK project likely too expensive  

[From  Cook et al 2013] 

Mean 10-20 US$ million  



UKCCS RC Review 

Existing and planned onshore CO2 test injection sites around the world
  
Heletz – Preparation phase project  
CO2CRC Otway Project– Injection phase project  
Ketzin Pilot Site – Completion phase project  
Outcomes learnt from other onshore experimental injection sites  
 
Existing and planned onshore UK subsurface activities  
Science Central Geothermal Project  
Guardbridge Geothermal Technology Demonstrator Project  
GeoEnergy Test Bed Sutton Bonington 
Sellafield site/district investigations  
East Midlands Petroleum Province (esp. iGas)  
Energy Security and Innovation Observing System for the Subsurface Project - ESIOS 
  
Sources of CO2 for onshore test injection site   
 
Regulatory blockages for an onshore UK CO2 test injection site  
 



UKCCS RC Review 

Existing and planned onshore CO2 test injection sites around the world
  
Heletz – Preparation phase project  
CO2CRC Otway Project– Injection phase project  
Ketzin Pilot Site – Completion phase project  
Outcomes learnt from other onshore experimental injection sites  
 
Existing and planned onshore UK subsurface activities  
Science Central Geothermal Project  
Guardbridge Geothermal Technology Demonstrator Project  
GeoEnergy Test Bed Sutton Bonington 
Sellafield site/district investigations  
East Midlands Petroleum Province (esp. iGas)  
Energy Security and Innovation Observing System for the Subsurface Project - ESIOS 
  
Sources of CO2 for onshore test injection site   
 
Regulatory blockages for an onshore UK CO2 test injection site  
 



‘….Energy Security and 
Innovation Observing System, 
consisting of two sub-surface test 
centres, one of which will be at 
the former Shell site in Thornton, 
North West England…’ 

 
 
 

 
 
NERC research project managed 
by BGS 

Autumn statement 2015 

ESIOS Announced  



ESIOS: elements 

Monitoring and characterising subsurface utilisation activites 
– Scientific tests and experiments 
– Commercial and other activities  
– Shale gas, geothermal, CCS, Compressed Air Energy Storage etc 

 
Providing near real-time objective and transparent data  

Shale gas 
Microwave fracking? 
Combined shale/geothermal? 

UCG 
Combined UCG/CCS 
‘Deep gas winning’ 
 

CAES 
Best rocks to do this? 

CCS 
Injectivity 
Biological interactions 

Gas storage 
Salt heterogeneity 
Cavern construction 

Geothermal 
Tight sandstones hot water 
 
 



Facility centre 
• Controlled testing and monitoring 
• Centre of network of wider 

regional monitoring 

Regional network 
Monitoring test and 
regional commercial 
activities  

Commercial activities 
e.g. shale gas drilling  

Surface gas, atmospheric surveys 
Groundwater surveys 
Passive / active seismics 
Deep monitoring well 
Shallow monitoring wells 
Etc 
 
Linked to commercial operations 

ESIOS Thornton 

Thornton 



ESIOS - predicted stratigraphy   

Manchester Marl? 
Collyhurst Sandstone: 
potential storage 
reservoir 

Good analogue for depleted 
field and  aquifer storage in the 
EISB and SNS. 
 
 
Storage at ~800 m allows dense 
phase CO2 …… representative of 
full-scale storage Ca
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Faults shown at Base Permo-Triassic 
(Top Carboniferous) 
 
 
 
Ince Marshes Borehole:   
Top Collyhurst Sandstone  ~200m depth (?)  
 
Kemira Borehole:  
Top Collyhurst Sandstone 738m depth  
 
 
 
 

ESIOS geological structure  
1 km 

Mersey 



Collyhurst Sandstone  
(reservoir) 

Manchester Marl 
(seal?) 

Sherwood Sandstone  

Kemira #1 

ESIOS stratigraphy  

1000m 



Reservoir  seal (Manchester Marl)  



ESIOS - CCS science  
CORE EXPERIMENTS FOR PROCESS UNDERSTANDING 
Storage efficiency, capillary trapping  
Permeabilities (absolute/relative)  
Geochemical / gemicrobiological reactions 
 
DYNAMIC WELL-TESTING 
Noble gas and stable isotope tracers 
Storage efficiency / capillary trapping 
Dissolution rates 
Pressure propagation (rise/decay) 
 
MODELLING 
Numerical and analytical  
 
INNOVATIVE MONITORING TOOLS 
Downhole optic-fibres 
Active/passive seismics – v/a tomography, interferometry 
Continuous downhole fluid chemistry (pH etc)  
Muuon detection ? 
 
SURFACE BASELINES AND SURVEILLANCE 
 



Local sources of CO2  

The area around Thornton is heavily  
industrialised 
 
Several potential sources of industrial CO2 for a  
pilot site 
 
Exploratory talks have been undertaken with CF Fertilisers at 
their Billingham facility in Teesside 
 
Possibility of obtaining ~pure CO2 at nominal price 

 
Advantage over previous injection pilots 

 



CCS science case submitted to the ESIOS Science Advisory 
Group assuming a ‘piggy-back’ on to the main ESIOS 
Thornton activity 
 
Viability depends on ESIOS deep borehole location due to 
variable subsurface  geology 
 
Efficacy of the top-seal (Manchester Marl) not established 
 
Careful experimental design 
 
Regulatory issues 

Concluding remarks 



© ECOFYS |                  |     

Assessing the potential of CO2 utilisation in the UK 
Newly started study for Department for Business, Energy & Industrial Strategy (BEIS) 

Ecofys together with Imperial College have been selected to support BEIS on 
assessing the potential of CO2 utilisation (CCU) in the UK.  

Objectives 
> Examine on the potential for CO2 utilisation in the UK to help drive 

commercialisation of carbon capture technologies and long-term CO2 abatement . 
> Identify the most promising applications for CO2 usage in the UK, including 

potential locations, as well as any quick wins / low hanging fruit for CCU. 
> Advise on the policy and regulatory framework and on the innovation support 

needed to facilitate commercial development of CO2 utilisation in the UK. 

Approach including 
> Engaging closely with a cross-section of interested stakeholders. 
> Case studies on existing CCU projects in the UK and internationally. 
> Timeframe September – December 2016 

 

Upcoming CCU stakeholder workshop  mid – October 
Please save the date – when announced shortly 

> Objective workshop: collect feedback on methodology, addressing gaps in 
available evidence. 

> Location London. 

Contacts 
> Ecofys  Sacha Alberici  s.alberici@ecofys.com  
> Imperial College Nial Mac Dowell  niall@imperial.ac.uk  ,  
  Paul Fennell  p.fennell@imperial.ac.uk 
 

 
 

19/09/2016 Name 1 

Potential CCU applications 

indicative example only 

 

mailto:s.alberici@ecofys.com
mailto:niall@imperial.ac.uk
mailto:p.fennell@imperial.ac.uk


University of Edinburgh , School of Engineering, Edinburgh 
SCCS – Scottish Carbon Capture and Storage Centre 

Mixed Matrix Membranes for 
Post-Combustion Carbon Capture 

N. Bryan, S. Brandani, M.C. Ferrari 

UKCCSRC, 14-15th September 2016 

N.Bryan@ed.ac.uk 



University of Edinburgh , School of Engineering, Edinburgh 
SCCS – Scottish Carbon Capture and Storage Centre 

Mixed Matrix Membranes for 
Post-Combustion Carbon Capture 

N. Bryan, S. Brandani, M.C. Ferrari 

UKCCSRC, 14-15th September 2016 

N.Bryan@ed.ac.uk 



Why membranes? 

UKCCSRC 14-15th September 2016 3 

Coal 
combustion 

Membrane 
separation 

chain 

Compressio
n train 

Separation  

Transport 

Storage 

Davide Bocciardo, 
Energy Procedia 37 
(2013) 932 

Separation  



How do they work? 

UKCCSRC 14-15th September 2016 4 

Flue gas Membrane Permeate 

High pressure Low pressure 



Membrane separations 

UKCCSRC 14-15th September 2016 5 

1

10

100

0.01 1 100 10000

CO2 /N2 
Selectivity 

CO2 Permeability (Barrer) 

Fillers 

1.  Polymer data from: http://www.membrane-australasia.org/membrane-
database-polymer-gas-separation-membranes.html 

2. L. Robeson / Journal of Membrane Science 320 (2008) 



Mixed matrix membranes 
One solution is mixed matrix membranes - polymeric membranes with 
embedded particles. 
 
 
 
 
 
 
Benefits: 
• Ease of handling of polymeric membranes 
• Selectivity of fillers 
• Reduced cost compared to pure filler membranes 

UKCCSRC 14-15th September 2016 6 

Schematic of a Mixed Matrix Membrane 

Particulate filler Polymeric matrix 



PEBAX + ZIF-8 

UKCCSRC 14-15th September 2016 7 
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PEBAX + 7.5% ZIF-8 

UKCCSRC 14-15th September 2016 8 



Conclusions 
• Membranes and MMMs offer a potential low cost carbon 

capture option. 
 

• Particles may be mobile during the drying phase. 
 

• Results suggest a range of influencing factors such as loading, 
rheology, casting conditions and surface tension effects all 
play a role in clustering of filler particles. 
 

• The separation characteristics of polymer membranes can be 
altered by the inclusion of filler particles. 
 

 
 

UKCCSRC 14-15th September 2016 9 
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Thanks for listening! 



Questions? 

UKCCSRC 14-15th September 2016 11 
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Yong Yan, Xue Wang, Tao Wang 
Lijun Sun, Lijuan Wang, Jinyu Liu

CO2 Flow Metering through Multi-Modal
Sensing and Statistical Data Fusion



Flow Test Facility for Flowmeter Calibration 
and Evaluation under CCS Conditions

• Low uncertainty: 0.06% (k=2) for liquid by weighing method; 0.16% (k=2) 
for liquid / 0.3% (k=2) for gas by master meter method

• Versatility: simulate single phase gas/liquid flows and various two-phase 
flow regimes including stratified, bubbly, plug and slug flows under CCS 
condition
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Flow Measurement Approach: Soft-Computing



Multiphase flow (air/oil/water) test results at 
Krohne Ltd and Tianjin University

Performance of the optimized NN for the measurement of liquid mass flow 

rate: Reduced from maximum 22% to 3%



Performance of the optimized NN for the prediction of gas volume fraction:

Less than 12%

Multiphase flow (air/oil/water) test results at 
Krohne Ltd and Tianjin University



CO2 Gas/Liquid Two-Phase Test at North 
China Electric Power University
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Key Findings/Outcomes

1. The CO2 flow test facility has served its purpose as a reference platform for
CCS applications such as to assess the suitability of all existing and new CO2
flow metering instruments, to study CO2 flow characteristics under CCS
conditions and to evaluate the performance of CO2 pipeline materials. It is
probably the one of the very few CO2 flow test facility in the world.

2. Coriolis flowmeters incorporating intelligent data fusion algorithms are
capable of providing mass flow measurements of CO2 with errors less than
±1.5% under two-phase flow conditions for a liquid flow rate from 250 kg/h
to 3200 kg/h and a gas volume fraction from 0 to 92%. The flowmeters has
achieved errors within ±0.15% and ±0.25%, respectively, for single-phase
liquid CO2 from 250 kg/h to 3600 kg/h or single-phase gaseous CO2 from 120
kg/h to 400 kg/h. The developed flow metering technology can meet the
±1.5% uncertainty requirements set by the EU-ETS under both single-phase
and two-phase conditions.



Publications

1. L. Sun, K. Adefila, Y. Yan, T. Wang. Development of a CO2 two-phase flow test
rig for flowmeters calibration. Proceedings of 9th International Symposium on
Measurement Techniques for Multiphase Flows, 23-25 September 2015,
Sapporo, Hokkaido, Japan.

2. L. Wang, Y. Yan, J. Liu, X. Wang, T. Wang. Gas-liquid two-phase flow
measurement using Coriolis flowmeters incorporating neural networks.
Proceedings of 2016 IEEE International Instrumentation and Measurement
Technology Conference (I2MTC), 23-26 May 2016, Taipei, Taiwan.

3. L. Wang, J. Liu, Y. Yan, X. Wang and T. Wang, ‘Gas-liquid two-phase CO2
flow measurement using Coriolis flowmeters incorporating artificial neural
networks and support vector machine, IEEE Transactions on Instrumentation
and Measurement, submitted and under review, July 2016.

4. A paper “Development of a CO2 two-phase flow rig for flowmeters calibration
under CCS conditions” will be published at FLOMEKO 2016, at Sydney，
Australia，on 26-29 September 2016

5. L. Wang, Y. Yan, X. Wang and T. Wang, ‘Input variable selection for data-
driven models of Coriolis flowmeters for two-phase flow measurement’, to be
submitted to Measurement Science and Technology in July 2016.



The development and demonstration of best-
practice guidelines for the start-up injection 

of CO2 into highly-depleted gas fields 
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Haroun Mahgerefteh* 

 
Department of Chemical Engineering, University College London, UK 
*h.mahgerefteh@ucl.ac.uk 

UKCCSRC Autumn 2016 Biannual, Making the Case for CCS, Edinburgh, 14-15 September 2016 



Background 
Highly-depleted gas fields represent prime potential 

targets for large-scale storage of captured CO2 

emitted from industrial sources and fossil-fuel power 

plants. 

The Problem 
The start-up injection of CO2 into these fields poses 

significant safety and operational risks: 
 
• blockage due to hydrate and ice formation; 
• thermal stress shocking of the wellbore casing 

steel; 
• over-pressurisation accompanied by CO2 

backflow into the injection system. 

2 



Aims and objectives 
• to develop a Homogeneous Relaxation Injection Model 

where variable well cross-sectional areas, wall friction, 

gravitational force, and heat transfer are considered 

along the injection well; 

 

• use the model developed to perform a sensitivity 

analysis to propose best-practice guidelines for optimal 

injection strategies.  

3 



Injection flow model 
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Case study: Golden Eye Peterhead CO2     
Injection Well 
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Parameter Value 

Well length 2581.9m 

 
Well internal diameter 

0.125m (0 – 800m depth) 

0.076m (800 – 2581.9m depth) 

Upstream pressure 115 bar 

Upstream temperature 278.15 K 

 
Inlet injection rate 

Case 1: linearly ramped-up to 33.5 kg/s in 5 mins  

Case 2: linearly ramped-up to 33.5 kg/s in 30 mins  
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Initial conditions 
vapour (0 – 400m depth), liquid/supercritical (800 – 2581.9 m depth) 

Vapour 

Liquid  

Vapour 

Liquid  
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Case 1: flow rate linearly ramped-up to 33.5 kg/s in 5 mins. tmax = 800s. 

P 

T 

P 

T 
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Case 2: flow rate linearly ramped-up to 33.5 kg/s in 30 mins. Tmax = 3000s. 

T 
T 

P 

P 



Conclusions 

• the degree of depressurisation and cooling strongly 

depend on the injection strategy chosen 

• the slower the ramp-up operations for the mass flow 

rate, the more severe the degree of cooling at the top of 

the well hence higher risk of well blockage or thermal 

shocking   

• Our injection model offers the capability for optimal 

injection strategies for minimising such risks 
9 



PERFORMANCE OF FLOW METERS 
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CO2 Transport/Metering 

2 

Technical Issue Flow Metering 

Regulations Uncertainty for Custody Transfer: EU ETS: ±1.5 mass%, UK regulations: ±2.0% 

Mitigation 
Strategies 

Selection of an appropriate flowmeters: DP / Volumetric / Mass 
Yates Field in West Texas: Orifice Plate: Uncertainty of up to 80% 
The Invensys Coriolis mass flow meter: Uncertainty of 5% 

Recommendation Effect of impurities on the performance of flowmeters at pressure and 
temperatures representing the CO2 pipelines 



CO2 Mixtures 

3 
0

2

4

6

8

10

12

230 250 270 290 310

p 
/ 

M
Pa

T / K

Supercritical
Region

Gas
Region

Liquid
Region

Component 
Validation 

Tests 
Reference 

Tests 
Pre-combustion 

mol% 
Post-Combustion 

mol% 
Oxyfuel-1 

mol% 
Oxyfuel-2 

mol% 
CO2 --- 100.00 96.96 98.03 85.08 97.98 
O2 --- --- --- --- 4.81 0.723 
H2 --- --- 1.55 --- --- --- 
N2 100.00 --- 1.00 1.97 5.13 0.693 
Ar --- --- 0.49 --- 4.98 0.604 

Total 100 100 100 100 100 100 

Using PR-CO2 equation of state 

Nazeri, M., Chapoy, A., Valtz, A., Coquelet, C., and Tohidi, B., 
“Densities and derived thermophysical properties of the 
0.9505 CO2+0.0495 H2S mixture from 273 K to 353 K and 
pressures up to 41 MPa” Fluid Phase Equilib., vol. 423, pp. 
156–171, Sep. 2016. 



CO2 Flow-Rig 
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pressure
 relief valve

Pressure 
transducer

Coriolis meter

Cylinder 1
Cylinder 3

weight scale

chiller

pump
regulator

vent

Heater/Therometer

pressure
 controller

Cylinder 2

valve 1

valve 2

valve 3

valve 4

check valve

air inlet

Pulsation
damper

Temperature
bath

weight scale

valve 5

valve 6

TherometerHeater/Therometer

pump

KROHNE, OPTIMASS 6000-S08: 
Industrial scale, up to 10” pipeline 

1) Flow Range: 0.6 – 600 kg/h 
2) Pressure Range: 0-100 barg 
3) Temperature Range: -200 – 400 C 

C.-W. Lin, M. Nazeri, A. Bhattacharji, G. Spicer, and M. M. Maroto-Valer, “Apparatus and method for calibrating a Coriolis mass flow meter for carbon dioxide 
at pressure and temperature conditions represented to CCS pipeline operations,” Appl. Energy, vol. 165, pp. 759–764, Mar. 2016. 
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Transient 
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Results 
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Result Temperature 
C 

Pressure 
bar 

Flow rate  
Kg/h 

Total mass 
(Meter) / g 

Total mass  
(Balance) / g 

Error 
g  

Uncertainty 
 % 

Pre-01 17.6 – 19.1 26.4 – 37.4 0.7 – 14.4 151.3 148.4 2.9 2.0 

Pre-02 17.9 – 18.9 22.5 – 36.8 0.5 – 23.1 121.4 121.4 0.0 0.0 

Post-03 18.1 – 19.0 27.2 – 36.8 0.3 – 11.8 59.0 58.3 0.7 1.1 

Post-04 18.9 – 19.9 14.4 – 36.4 0.4 – 8.3 49.6 50.6 -1.0 -2.0 

Oxy-05 19.1 – 19.8 31.5-38.1 0.6 – 15.2 78.6 78.1 0.5 0.6 

Oxy-06 18.6 – 20.1 40.8 – 45.8 0.3 – 10.1 182.1 181.5 0.6 0.4 

 Result Number of Tests Uncertainty % 
Validation (N2) 12 0.29 

Reference (CO2) 9 0.34 

Post-Combustion 6 1.3 

Pre-Combustion 7 1.0 

Oxyfuel-I 5 1.5 

Oxyfuel-II 6 1.4 



Conclusion 

8 

• The uncertainties of flowmeter were measured using gravimetric 
technique in the mass flow-rig in start / stop operations. 

• The flowmeter is Coriolis mass flow meter, Type: Krohne, OPTIMASS 
6000-S08 industrial scale, up to 10” pipeline. 

• First, the flow-rig was validated using pure nitrogen.  
• The effect of CO2 impurities in different capture technologies (pre-

combustion, post-combustion and oxyfuel) were investigated. The 
results show that impurities can increase the uncertainty up to 1.4% by  
mass. 

• In addition to the impurities, the operational conditions also increase 
the uncertainty. 

• In the investigated cases, although the uncertainty of the measurement 
were increase, but still was in good agreement with the EU ETS 
requirements.  
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Why important? 

• Residual trapping: Disconnected droplets of CO2 in pore spaces 
   which are immobile 
 

• Need to provide commerical operator with reassurance of the 
predictability of their proposed site for CO2 storage 
 

 Particularly important for residual trapping 
 Need for a field test and monitoring technique to quantify 

saturation prior to large-scale commercial injection 
 

• Necessities for successful geochemical tool: 
 

 Inexpensive 
 Simple 
 Reliable 
 Comparable to other techniques 

 
 

CO2CRC webpage 



Why important? 

• Residual trapping: Disconnected droplets of CO2 in pore spaces 
   which are immobile 
 

• Need to provide commerical operator with reassurance of the 
predictability of their proposed site for CO2 storage 
 

 Particularly important for residual trapping 
 Need for a field test and monitoring technique to quantify 

residual trapping levels prior to large-scale commercial injection 
 

• Requirements for successful monitoring tool: 
 

 Inexpensive 
 Simple 
 Reliable 
 Comparable to other techniques 

 
 



CO2CRC Otway Stage 2B Extension – Phase 2 



• December 2014 
• Injection of 110 tonnes of CO₂ into Paaratte Formation (saline aquifer) at 

1.4 km depth through CRC-2 well 
• Residual saturation test using a push-pull single-well technique 

CO2CRC Otway Stage 2B Extension – Phase 2 



Oxygen isotopes? 

• Isotopes: Variants of chemical elements with different neutron 
  numbers 
 

• Oxygen has three common isotopes: 
 

 16O   99.76 % 
 17O   0.0004 % 
 18O   0.002 % 

 
• Oxygen isotope ratio δ18O:  Compare 18O/16O of sample vs. standard 

 
• Distribution of 18O vs. 16O is variable for different oxygen sources 



Oxygen isotopes – Principle 
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Oxygen isotopes – Principle 



Oxygen isotopes – Principle 

Johnson et al., 2011, Chem. Geol. 



Oxygen isotopes – Principle 

Johnson et al., 2011, Chem. Geol. 

Fraction of oxygen sourced from CO2 

Residual CO2 saturation 



Oxygen isotope results 
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Oxygen isotope results – Summary 

• Change in oxygen isotope signature of reservoir water 
within a few days due to residual CO2-water interaction 
 

• Change in δ18O of reservoir water after 1-2 days provides 
an estimate of 14 ± 9 % for residual CO2 saturation 
 

• Residual saturation estimate from oxygen isotopes similar 
to independent estimates based on noble gas data 
modelling and pulsed neutron logging 
 

 Oxygen isotopes have high potential to be used as a 
reliable and cheap technique to quantify residual 
CO2 saturation in a single-well field experiment   



Any questions? 



Storage Storage Everywhere
But Where to Start?

A Summary Of The Strategic UK CO2 Storage Appraisal Project
For UK CCSRC Autumn 2016 Biannual, Making the Case for CCS



CO2Stored Site Overlay
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Released Wells Overlay
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PGS 3D Seismic Overlay
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Top 20 + FEED Sites
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Objectives
Strategic UK Storage Appraisal Project 2015/16
 Project Objectives

 Develop storage options which put UK on track to injecting 
50MT/a CO2 by 2030, and with 1500MT of appraised 
storage

 Screen and de-risk commercially attractive stores, some 
potentially ready for 2026

 Estimate the cost and schedule to provide this capacity
 Make public the findings

 Value Objective
 Materially progress development of UK CO2 storage 

capacity.
 Inform roll-out strategies
 Do so within 12 months and at a cost not exceeding £2.2m
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Project Overview
Project Flow

7

CO2Stored Many to 
Twenty

Twenty to 
Five

Mature Five 
Sites

Disseminate 
Outputs



Project Overview
The Storage Development Plan & Budget

 Characterisation & understanding
 Definition of the Storage Complex

 Injection performance
 Assumed CO2 supply profile
 Facility & infrastructure 

requirements
 Development activities

 Schedule
 Life-cycle costs
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Key Findings
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200MT – UK FEED Studies

1645MT – including this study

7.1 GT – Top 20 sites

8.6 GT – All qualified sites

78GT – UKCS potential

The UKCS is endowed with a rich and diverse 

national offshore CO2 storage resource, key 

components of which can be brought into service 

readiness without extensive appraisal 

programmes thanks to decades of petroleum 

exploration and development activity.



Key Findings
Varied Portfolio

10

The portfolio of 5 sites selected is 
geographically and technically diverse, and 
presents options for clean energy and 
industrial development around the UK.

Only 2 of the 5 sites require any further 
appraisal drilling before an investment 
decision.

Alongside the detailed KT from UK FEED 
projects these sites characterise one of the 
most comprehensive and mature CO2 storage 
potential propositions available within the 
public domain 



Key Findings
The portfolio at the same scale
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Forties 5 Site 1

10km

Bunter Closure 36 HamiltonViking A

Captain X



Key Findings
Saline Aquifer Bunter Closure 36
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Key Findings
Saline Aquifer Bunter Closure 36

13

Top C02 Storage Reservoir



Key Findings
Saline Aquifer Bunter Closure 36 - CO2 Saturation

14

End of 40 Years Injection

INJ-5 INJ-1



Key Findings
Saline Aquifer Bunter Closure 36 - CO2 Saturation

15

INJ-5 INJ-1

1000 years after shut in



Key Findings
Depleted Gas - Hamilton
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Key Findings
Depleted Gas Field - Hamilton CO2 Concentration

17

INJ-3

End of 25 Years Injection
Dense Phase Injection follows initial period of gas phase injection which requires on pre-
injection site heating for phase control

INJ-4



Key Findings
Depleted Gas Field - Hamilton CO2 Concentration

18

INJ-3 INJ-4

1000 years after shut in



Portfolio Assessment
Lifecycle costs and Unit costs
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£30/T

£20/T

£10/T

£0/T

Levelised Unit Cost



Portfolio Assessment
Storage Site Cost Components
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£14.45/T life-cycle costs on a levelised basis for the 8-store portfolio
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Portfolio Assessment
Conclusions
 Resource Potential

 1.6Gt could be stored by 2070 at up to 45MT/yr across 8 sites
 O&G legacy is valuable – skills, information and subsurface understanding

 Timing
 Ability to bring online in early 2020s
 Only two of five sites required further pre FID appraisal drilling

 Risk
 Key remaining risks involve the integrity of abandoned legacy wells
 May impact cost and MMV plan in detail

 Contribution to Power Generation Cost
 £14.4/T levelised cost of transportation and storage
 £6.9/MWh to the levelised cost of gas fuelled electricity

 Focus of cost reduction efforts
 Operating cost of the injection facility and the wells 
 Storage - accounts for 65 – 85% of the total

21



Post CSR - Where would you start?
 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 which was not already licensed by a Petroleum Operator – ?Endurance?
 Site which has a good EOR opportunity – ?Miller?
 Site which is nearest to the shore – ?Hewett?
 Site which has had most public money invested into it – ?Goldeneye?
 Site with Lowest Lifecycle Cost per Tonne – ?Endurance?
 Site with Lowest Capital Cost – ?Captain X?
 Site near to existing CO2 Capture – ?Hamilton?
 A different site that met your own bespoke objectives?

22

A quality 
Storage 

Site

Pre-
captured

CO2

Existing 
or short 

new 
pipeline

Willing 
Operator



 Option 3 – Wirral

 Option 4 – St Fergus

Where might that take us?
 Option 1 – Bacton

 Option 2 - Humber
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Strategic UK CO2 Storage Appraisal Project
Summary

24

 Highlights
 The UKCS is endowed with a rich and diverse national offshore CO2 storage resource
 Key components can be brought into service readiness without extensive appraisal 

drilling
 Portfolio is geographically and technically diverse
 Completes one of the most mature CO2 storage propositions in the public domain

 CO2 Stored / UK FEED Projects / This portfolio

 Concerns
 Additional costs may be presented by legacy well risk to managing containment of 

CO2 in storage sites
 In general, most oil and gas infrastructure is likely to be unsuitable for CO2 storage 

use.

 What Next?
 Rebuild momentum and engage with potential developers
 More work required around consenting of open aquifer sites
 R&D should focus primarily upon Storage Efficiency and Operational Efficiency
 Work with OGA:-

 National archive is lacking key data important for detailed storage assessment
 Consider changes to decommissioning process in CO2 storage areas to prevent them from being sterilised 

for subsequent use.
 Preserve strategic pipelines for re-use



Using operational experience from 
Norway to define cost-effective and 
optimal future storage plans

Philip Ringrose 
Statoil ASA & NTNU, Norway 

 
UKCCSRC Autumn 2016 Biannual, Making the Case for CCS  

Edinburgh 14-15 September 2016 
 

15 september 2016 Classification: Open 

© Statoil ASA 



Sleipner CCS  
operational 
since 1996 

Snøhvit CCS 
operational 
since 2008 

CO2 capture test centre 
(TCM) operational   
since 2012 

20th anniversary of Sleipner 
 20 years of operations 
 Building confidence in CCS 
 20 Mt CO2 stored 

15 september 2016 2 Classification: Open                                                   © Statoil ASA 



 

100km 

Next full-scale CCS project in Norway 
• Feasibility study announced 4th July 2016 
• FEED phase to be announced October 2016   
• Capture from 3 onshore industrial sources 
• Three offshore storage sites assessed: 
 Smeaheia regarded as the best solution 

Waste Incineration plant 

Yara Ammonia Plant 

Heidelberg Cement Plant 

Heimdal 
(Platform) 

Utsira 
(FPSI) 

Smeaheia 
(Pipeline) 

15 september 2016 3 Classification: Open                                                   © Statoil ASA 



Summary of feasibility study (July 4th 2016) 
• Benefits (Concept Evaluation): 

− Achieve knowledge that can be transferred across countries and sectors. 

− Provide a storage solution with sufficient capacity for economies of scale. 

− Demonstrate that CCS is a safe and effective climate measure. 

− Contribute to improvements of the market situation for CCS. 

• Cost estimates: 

− The cost for planning and investment in this full-value-chain CCS project is 
estimated at between 7,2 and 12,6 billion kroner (NOK).  

− Operational costs vary between 350 and 890 million NOK per year. 

− The cost estimates are based on the reports from the industrial players and 
have an uncertainty of +/- 40% or better. 

Link to published summary  

15 september 2016 4 Classification: Open                                                   © Statoil ASA 

https://www.regjeringen.no/globalassets/departementene/oed/pdf/summary.pdf


From operational experience to future storage plans 
We have used our experience at Sleipner and Snøhvit as a lever for 
planning safe and cost effective future storage projects 
 

Three main barriers: 

1. Cost 

2. Capacity 

3. Confidence 

Integrating storage with oil 
and gas (incl. CO2 EOR) 

Pressure-managed 
injection solutions 

Understanding of flow 
processes and cost-
effective monitoring 

15 september 2016 5 Classification: Open                                                   © Statoil ASA 



• Most CCS projects developed so far are linked to oil and gas field developments  

• The oil and gas sector has mature technologies that are needed to operate CO2 storage 

• CO2 EOR and use of oil and gas infrastructure gives important cost-reduction factors 

Cost reduction – Storage linked to oil & gas  

Gas 

CO2 

LNG plant  
(Melkøya) 

Snøhvit CO2 injection project 

15 september 2016 6 Classification: Open                                                   © Statoil ASA 



Building Capacity: Pressure-managed injection 
Snøhvit case study 

Well intervention guided by:  

• Time-lapse seismic  

• Downhole P/T gauges and flow logging 

Down-hole data: 
P, T, Q 

Down-hole pressure data 

Time-lapse seismic 
(Amplitude difference) 

15 september 2016 7 Classification: Open                                                   © Statoil ASA 



Snøhvit pressure history  
(2008-2013) 

a 

b 

c 

a) Early pressure rise due to 
near-wellbore effects  

b) Gradual rising trend due to 
geological barriers 

c) Pressure stabilization following 
injection into Stø Fm. 

See also Pawar et al. (2015) 

 Practical Learnings:  
Back-up well solutions very 
important for future projects 

15 september 2016 8 Classification: Open                                                   © Statoil ASA 



150 ms 

1 km 

Injection estimate from seismic: 

80% in lower perforation 

20% in two upper perforations 

Flow logging result: 

81% in lower perforation 

19% in upper perforations 

INFLOW LOG 

Monitoring  CO2 injection (Tubåen)  Island Wellserver 

Hansen et al., 2013 

15 september 2016 9 Classification: Open                                                   © Statoil ASA 



Injectivity Primer 
• The Injectivity Index, II, can be defined as: 

 
 
 
Valid for water injection (may add ∆Pskin factor) 

)]()([
)(

resfhbp

resgas
gas PmPm

qII −=

• However, due to compressibility and multi-phase effects 
we may need something more advanced for CO2 wells: 

− e.g. pseudo-pressure method of Al-Hussainy et al. (1966) 
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• The Injectivity Index for gases often uses:  
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 Practical Learnings:  Both Sleipner and Snøhvit had significant injectivity fluctuations  
        in the first year of injection operations 

15 september 2016 10 Classification: Open                                                   © Statoil ASA 



1994 1999-1994 2001-1994 2002-1994 2004-1994 2006-1994 2008-1994 2010-1994 

Building Confidence: Using first-mover projects 
Sleipner monitoring dataset 

S N 

S 

N Injection point 

U
ts

ira
 F

m
 

Shallow gas 

Time shift marker 

Layer 9 
Layer 8 

TopUtsira Top Correlatable shale 

 Important insights into CO2 flow processes 
 Continuous improvement in detection levels 

15 september 2016 11 Classification: Open                                                   © Statoil ASA 



Insights from Sleipner 
• Steady improvements in  

CO2 plume detection from 
seismic data: 

− Saturation, pressure 

− Plume extent 

• Significant improvements in 
understanding CO2 flow 
dynamics: 

− Gravity segregation 

− Dissolution rate 

Producers Injector 

Injection point 

x10 

Permedia BOS 

High-resolution Layer-9 model (2008) 
Cavanagh (2013) 
 

Sleipner  
4D seismic imaging 
(Furre et al., 2015;  
Kiær, 2015) 
 

15 september 2016 12 Classification: Open                                                   © Statoil ASA 



Fluid forces and scaling group theory 
• The controls on two-phase immiscible flow can be captured in a set of dimensionless 

ratios or scaling groups: 
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Darcy’s Law  
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Where ∆x, ∆z are total system 
dimensions, Dr is the fluid density 
difference, µCO2 is the viscosity of 
CO2 and dPc/dS is the capillary 
pressure gradient wrt saturation 

Which forces control CO2 storage? 
Fluid process and domains for a 

hypothetical GCS reservoir 
(Oldenburg et al. 2016) 

15 september 2016 13 Classification: Open                                                   © Statoil ASA 



• Okwen et al. (2010) derived the storage 
efficiency factors, ε, as a function of Γ 
for various mobility ratios (residual 
brine saturation, Sr = 0.15) 

• For higher gravity numbers there is a 
significant loss in storage efficiency 

Analytical solutions for a buoyant plume 

Storage efficiency ε vs. gravity factor Γ  
(from Okwen et al. 2010)  

well

b

Q
Bk 22 λρπ ∆

=Γ

• Nordbotten et al. (2005) proposed a 
dimensionless group, Γ , for CO2 injection 
into a confined aquifer : 
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 Practical Learnings:  CO2 storage at Sleipner is 
gravity dominated but geological 
heterogeneities (shales and  topography) 
have enhanced the real capacity (ε ~5%) 

15 september 2016 14 Classification: Open                                                   © Statoil ASA 



VE applied to Sleipner 
• Nilsen et al. (2011) tested various VE models to look at vertical segregation of CO2 and 

brine for the Sleipner (Layer 9) reference model 

• They showed that vertical segregation occurs in a relatively short time and that the 
system reaches vertical equilibrium before the end of the injection period 

Example VE simulation result 
from Nilsen et al. (2011):  
• Layer 9 cross-section after 

32 years injection 

CO2 trapped as 
residual 
saturation 

Mobile CO2  
(structural tapping) 

15 september 2016 15 Classification: Open                                                   © Statoil ASA 



Key Learnings:  
Cost-effective and optimal future storage plans 
• Norway has strong track record in CO2 storage operations 

20 Mt CO2 safely stored underground 

• Geophysical monitoring has proven essential for site management 

Practical learnings about capacity and injectivity 

• Injectivity and pressure management is key 

Need for flexible well solutions 

• Improved understanding of CO2 storage processes 

More confidence in capacity forecasts 

• Sharing experience is important for building confidence 

Datasets shared with research partners worldwide 

Key problems to solve 

• Reduce Cost 

• Prove Capacity 

• Build Confidence 

15 september 2016 16 Classification: Open                                                   © Statoil ASA 
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High temperature metal oxide cycle  
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Oxygen carriers 

  NiO/Ni        CuO/Cu      CuO/Cu2O    Fe2O3/Fe3O4   Fe2O3/Fe   Mn3O4/MnO 

Always needs a “support 
material” (e.g. Al2O3) to 
prevent sintering 

2 Cu(s)  +  ½ O2   → 2 Cu2O (s)              
Cu2O(s) +  ½ O2  →  2CuO(s)        



Some history (most things have been done before if you can 
be bothered to look) 

• Until 1906 Oxygen was produced industrially using the Brin process[1]. Their 
company later become known as the British Oxygen Company and switched to 
liquefaction. 

BaO  + 0.5 O2 <-> BaO2 at around 700 °C with air pressure swinging 
between atm and 0.05 atm. 

• Hydrogen was produced commercially using iron oxide as the oxygen transfer 
material (e.g. the Lane process, 1903 [2], and the Messerschmitt process).  
Lane introduced a cyclic processes  

 Fe3O4 + syngas -> Fe 

 Fe + H2O -> Fe3O4 + H2.  

 

 

 

[1] W. B. Jensen, “The Origin of the Brin Process for the Manufacture of Oxygen,” J. Chem. Educ., 
vol. 86, no. 11, p. 1266, Nov. 2009. 
[2] search for the Lane process on Wikipedia! 



High temperature calcium cycle 
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Costs vs thermodynamics 

 

 

• Combustion destroys exergy, E and does nothing useful. 
• Transferring heat to a steam cycle destroys exergy and does nothing useful.  
• Any destruction of exergy owing to irreversibility cause a penalty in amount of electricity 

produced.  
• OPEX proportional (ish) to fuel => every exergy loss increases cost. 



Low temperature cycles 
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High temperature cycles win (on paper)  

Separation of gases requires an input of exergy 
 
• Low temperature cycles divert heat from power cycles and use 

its exergy to do the separation. If they reject heat above 
ambient, but this isn’t recovered they also waste exergy.  

• Power stations waste huge amounts of exergy in combustion 
and in transferring the heat to the thermodynamic power 
cycle. 

• High temperature cycles utilise a part of the exergy which 
would otherwise be wasted.   



High temperature cycles win (on paper)  

Conclusion 

• It is usually possible to construct a flow sheet model using a high temperature 
looping cycle which is more efficient than using a low temperature absorption 
cycle 

• The energy penalty will be lower (approaching zero possible) 

• Lower running costs 

 

However 

Increased capital costs over standard plants. Would resemble CFB combustors, but 
with larger footprints. Integration with gas turbines would require pressurised 
fluidised beds.  



Costs for chemical looping technologies 

Figure 1. relative costs of generation for natural gas powered plants from 
(Ekström et al., 2009). Creative commons license.  

Ekström, C., Schwendig, F., Biede, O., Franco, F., Haupt, G., de Koeijer, G., Papapavlou, C., Røkke, P.E., 2009. Techno-Economic 
Evaluations and Benchmarking of Pre-combustion CO2 Capture and Oxy-fuel Processes Developed in the European ENCAP 
Project. Energy Procedia, Greenhouse Gas Control Technologies 9 1, 4233–4240. doi:10.1016/j.egypro.2009.02.234 



Costs for chemical looping technologies 

Ekström, C., 2009. Energy Procedia, Greenhouse Gas Control Technologies 9 1, 4233–4240. doi:10.1016/j.egypro.2009.02.234 

Ekström et al. (2009) assessed the economics of various capture technologies, 
including CLC as part of the European ENCAP project.   

• CLC was found to be ~119 % as costly as an unabated reference plant 

• Oxyfuel ~ 137 % the cost of reference plants 

• Cost of avoided CO2 ~ 7 € /t (CLC) vs ~20 €/t (Oxyfuel) 

 

The conceptual design of a 1000 MW system given by Lyngfelt and Leckner 
(2015) suggests around 16 to 26 €/t for CLC.   

Lyngfelt, A., Leckner, B., 2015. A 1000 MWth boiler for chemical-looping combustion of solid fuels – Discussion of design and 
costs. Appl. Energy 157, 475–487. doi:10.1016/j.apenergy.2015.04.057 



Costs for chemical looping technologies - issues 

• Different assumptions made by different authors 

• Differences in capital cost (moderately important) 

• Cost and lifetime of sorbent material 

• Plant availability (i.e. will it work?) . Any cost estimate will assume the 
technology works well.  

Lyngfelt, A., Leckner, B., 2015. A 1000 MWth boiler for chemical-looping combustion of solid fuels – Discussion of design and 
costs. Appl. Energy 157, 475–487. doi:10.1016/j.apenergy.2015.04.057 



Will it work?  

Lab scale trials show chemical looping is feasible. (but doesn’t care about cost or 
operability). 

The materials need to run for 1000s of hours in reactors which the world has no 
experience of at the large scale. No studies have done long term trials (expensive 
and difficult), and even fewer  have done long term trials at demonstration scale.  

There are “thousands” of hours of experience in running CLC systems at the pilot 
scale. However these are not concurrent (sum total of research throughout the 
world). 

Progress is being made on both scale up and duration… 



Some recent example of pilots/demonstrations 

Duration Scale  Notes reference 
99 hours, but not 
continuous some days 
only a few hours of 
operation.  

10 kWth Calcium manganite, 
oxygen carrier, natural 
gas fuel. Atmospheric 
pressure 

(Hallberg et al., 2016) 

30 hours per material 120 kWth Various materials, 
gaseous fuels  

(Mayer et al., 2015) 

  3MWth Alstom calcium 
sulphate process 

(Iqbal, A et al., 2012) 

30 hours 100 kwth Low volatile solid fuels, 
ilmenite carrier.  

(Linderholm et al., 
2014) 

200 hours 
continuously  

25 kwth Moving bed with iron 
based carrier and coal 
fuelled.  

(Bayham et al., 2013) 

 Campaigns  1 MWth Ilmenite, coal .  (Ströhle et al., 2014) 
(Ströhle et al., 2015) 

380 hours of steady 
state operation.   

1.7 MWth  Limestone, part of the 
EU Caoling project.  

(Arias et al., 2013) 



Materials and cost implications 

Lyngfelt, A., Leckner, B., 2015. A 1000 MWth boiler for chemical-looping combustion of solid fuels – Discussion of design and 
costs. Appl. Energy 157, 475–487. doi:10.1016/j.apenergy.2015.04.057 

Cost of materials £
𝑡𝑡𝐶𝐶𝑂𝑂2

  = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡𝐼𝐼𝐼𝐼𝐼𝐼 (𝑡𝑡)
𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝑡𝑡𝐿𝐿𝐿𝐿𝐼𝐼 (ℎ𝐼𝐼)

× 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚 £
𝑡𝑡

× 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑜𝑜 𝐶𝐶𝑂𝑂2 𝑐𝑐𝑚𝑚𝑐𝑐𝑚𝑚𝑐𝑐𝑚𝑚𝑚𝑚 (𝑡𝑡𝐶𝐶𝑂𝑂2
ℎ𝐼𝐼

)  

Need either minimal £
𝑡𝑡

 for the sorbent material, or long lifetime. 
 
 
   
 

Natural ores (low activity, high inventory) 
Vs 

Manufactured particles (high activity, high cost) 



Low cost materials 

€/tonne CO2 
CO2 compression 10 
Oxy-polishing 6.5 
Oxygen carrier 2 
Total 20 

Lyngfelt, A., Leckner, B., 2015. A 1000 MWth boiler for chemical-looping combustion of solid fuels – Discussion of design and 
costs. Appl. Energy 157, 475–487. doi:10.1016/j.apenergy.2015.04.057 

Contribution to overall cost of capture for 1000 MW chemical looping system using ilmenite or. 
From Lyngfelt and Leckner (2015) 
 

Relatively low lifetime (~ 200 hrs, but very low cost ~ $200 per tonne). Cost of oxygen 
carrier effectively becomes negligible.  



High tech, high cost materials.  

Porrazzo (2016) looked that the cost of producing electricity from natural gas using 
chemical looping. Expensive Ni, supported on alumina particles were (assumed $1530 
per tonne) 
 
For a lifetime of  around 1000 hours, with these particles, clc was competitive with NGCC 
with amine scrubbing.  
 
For particles with lifetime of > 1000 hours, the LCOE become independent of the 
particles. 
 



Materials and lifetimes 

• Degradation through 

• Phase interactions 

• Attrition 

• Sintering 

• Agglomeration 

 

Life time targets of a few thousand hours seem reasonable. These targets are 
not too difficult to meet.  



Conclusion 

• High temperature looping cycles are currently being “tested” at 
demonstration scale.  

• All the paper studies show CLC is better than other capture techniques, but 
the technology is unproven.  

• The economic projections are only valid if the technology works and the 
materials used have sufficient lifetime 

• The lifetime of material required is not infeasible. 
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Background 

 UK Government has been looking to develop CCS in the UK 
since 2005 

 Two previous competitions 

 UK Department of Energy and Climate Change (DECC) launched 
UK CCS Commercialisation Programme in April 2012 

 Part of the CCS “Roadmap”; which also included R&D funding, 
international collaboration and policy development  

 Competition cancelled in November 2015 
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Commercialisation Programme Competition 

 “Business model” 
• Private sector development; full chain development; offshore storage 
• Government financial support and risk-sharing 

 “Offer” 
• Capital grant (up to £1 billion – perhaps split across projects) 
• Feed-in Tariff with CfD paying for low carbon electricity 
• Risk sharing – HMG share cost caused by “CCS risk events” 
• Fund 75% of (some of) the “FEED” costs 

 “Process” 
• Formal competitive procurement process (“OJEU”) 
• ITPD set out the objectives and “Outcome”  
• 17 initial bids – eventually reduced to 2 preferred bidders 
• Part-funded FEED projects, potentially leading to full projects 
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CCS Competition: the “Outcome” 
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Both the Peterhead and White Rose 
projects would have delivered the 

“Outcome” in their area 

The “Outcome” and Costs 

 Operational and expandable T&S capacity - combined pipeline 
capacity for White Rose and Peterhead projects equivalent to 
24 MtCO2 per annum 

 White Rose: Unit T&S costs could have been reduced by  
60-80% for follow-on projects 

 However, costs of the projects were deemed to be too high 
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Key barriers to delivering projects were 
commercial, not technical 

Barriers 

 Key barriers rooted in the Competition business model 

 Private sector financed full chain business model – as defined 
by the ITPD – unlikely to  work in the future. 2 key reasons: 
 Offshore CO2 storage 
 Cross-chain default 
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Storage capacity and integrity 

Copyright: Shell 

Copyright: National Grid 

 Large, well-characterised, ready for 
development 

 Large expansion capacity available 

 High expectation that both stores will work 

 Most development risks insurable, except: 
 costs/ consequences of CO2 leakage; 
 delayed transfer to competent authority. 

       Two great stores 
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CO2 storage is currently not an 
attractive private sector investment 

proposition 

UK offshore storage business model 

 White Rose: National Grid was unable to attract storage 
partners in Endurance under the ITPD terms. 

 UK Government would have had to accept majority of un-
insurable risks associated with CO2 storage 



www.ccsassociation.org info@ccsassociation.org 

Solving cross-chain risk is essential to 
making CCS an investable proposition 

Cross chain risk 

 White Rose: no party willing to accept the full costs and 
consequences of cross-chain default 

 G&C need secure income even if T&S is not working 
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CCS value under-stated 

A level playing field? 

 CCS provides flexible power generation 

 CCS infrastructure would provide economy-wide benefit: 
 industrial CO2 emissions abatement 
 decarbonised heat 
 transport 

 These benefits are not valued in DECC modelling 
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Government policy is crucial to CCS 
development 

Importance of stable policy 

 Many policy changes over last 10 years 

 Investors now awaiting future UK Government policy on CCS 
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First Thoughts on the  
Oxburgh Report 

 Paradigm Shift – HMG role; Delivery not demo; Cost 

 £85/MWh is serious (2012 Prices) 

 £85/MWh (2012 Prices) seems achievable on a first project 

 Why not CCS?      –       Cost;       Multiple Roles 

 CCS is “local” – because it is infrastructure (esp T&S) 

 “Optimal” sizes: 
 Generation and Capture – 1GW(or 750MW??) 
 Storage – 3GW worth (10mtpa for 20 years) 

 

 



Conclusion 

 36 lessons 

 76 evidence points 

 Complements KKDs 

 Not advocacy but hope it informs 
future CCS policies 

 Contact: CCSA 
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Explaining	and	discussing	
the	Oxburgh	report	on	CCS	re-set	

	
“Lowest-cost	decarbonisa;on	for	the	UK:		

the	cri;cal	role	of	CCS”		
	

Stuart Haszeldine      SCCS, UKCCSRC 
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One reason why CCS is important, 
Systematically warmer since 1880 

cooler 

hotter 

hotter 

cooler 
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Number	10	view	
“ the two pilot CCS projects required an upfront tax-payer 
subsidy of £1bn ($1.3bn). Between them, they would have 
required £170 per MW ($223) to generate electricity (vs. the 
£60 [$79] for new gas and £90 [$118] for new nuclear). The 
two plants would then require annual subsidies from the 
energy bill-payer of £570m ($750m) per year for 15 years – 
that is £8.6bn ($11.3bn), or £9.6bn ($12.6bn) including the 
upfront taxpayer subsidy. On top of that, the government had 
to cover some of the costs of corrosion and potential CO 
leakage ……  The cost of the carbon abated would be a 
monumental £250 ($331) per ton, not including the risks of 
corrosion and leakage. “ 
 
 
 
Stephen Heidari-Robinson   2 August 2016 
Former Energy Adviser to PM David Cameron 

Correct	that	these	are	expensive.	
But	not	the	prices	proposed	by	

CompeHHon	projects.	No	concept	
that	these	include	infrastructure.		
No	concept	that	these	are	startup,	
and	are	not	rouHne.	Buy	not	Build.	
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Compe;;on	1	:	same	risk	expense	
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Baseline	for	report	
CCS has been attempted as public  
“demonstration” or  “commercial” projects in three 
cycles in the UK, since 2005  

A limited number of large corporations have been 
prepared to engage and spend money on CCS UK  

ALL of those companies spending money have lost it. 
Trust in UK Government is now less than zero 

Time for Government to decide YES or NO for CCS  
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How	This	Came	To	Be	
CCS proposal 2005 
 
CCS Competition  2007 – 2011 
 
CCS Competition 2011 – 2015  

Autumn Statement Budget 2015 
Competition cancelled by Treasury  

 zero notice given 
 zero evidence presented 
 claim of £ 170 / MW hr electricity price 
  

Secretary of State invited Lord Ron Oxburgh, to produce independent report 
23 June 2016 – Brexit  -  changes PM , change of Secretary of State and Ministers 
 
Invited 5 experts – finance, business, investment +  Witnesses 
And representing 4 political parties, DECC secretariat and DECC Observer 
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Oxburgh	Report	Launch	12	Sept	2016	
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Key	Ques;ons	
Is CCS realistic ? 
Yes – CCS exists in different forms worldwide.   
Nothing extra is needed to start, tomorrow 

WHY do CCS 
Because it is a low cost part of decarbonising the whole economy 
And for industry (and heat) may be the only currently viable solution 
UK Climate Act 2050, and CoP21 Negative Emissions will be needed 

Why NOW for CCS ? 
Large engineering takes decades to change 
The UK has signed up to CoP21 net-zero by mid-century 
UK applications of CCS, need UK solutions 
CCS is part of a coherent national plan for decarbonisation   

HOW can CCS be done? 
Previously CCS has been “special” requests for immense grants 
Now, try to help CCS develop “normally”, as an infrastructure 
Careful procurement and management –reduces price to £85 / MWhr 
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Recommenda;ons	:	6	points	

1) Establish a CCS Delivery Company 

2) Establish a regulated return economic system for CCS  

3) For industry, provide Industrial Capture Contracts 

 
 4) Establish a heat transformation group (Hydrogen) 

5) Establish a CCS Certificate of storage 

6) Establish a CCS Obligation system 

Reduce cost, assure profit 

Widen application 

Create storage market 
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How	does	the	business	work	?	

Start with CCS Power Co (reliable) 
 
Arranges construction of anchor 
project power plant, and CCS 
takeaway service to storage site.   
Sub-let of power plant to commercial 
operator. Long duration contract 
selling clean electricity; receives 
income from Low Carbon Contracts 
Company. Sells CO2 to Transport and 
Storage Co, who operate Storage, and 
hold long liability.  When pipeline has 
two or more significant users – 
privatise to recover construction costs 
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Recommenda;ons	:	1,	2,	3	
Problems 
CCS is “too expensive” 
No single company, anywhere has its business as CCS 
 
“Cross-party risk” down and up along CCS chain, means extra cost 
Each actor insures themselves, and against those above, and below 
 
Price is also increased by over-specified Procurement 
What happens afterwards ? 

Reduce cost, assure profit 
CCSDevCo – procures turnkey components at low cost 
Owns power plant, sells to LCCC like renewable power producers 
 
Guarantees “CO2 takeaway” access to Industry  
Regulates financial return as do numerous network providers 
 
When established enough, is privatised (5-10yr) 
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HEAT	
300	GW	PEAK		

Sansom PhD Imperial 
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RECOMMENDATION	4	
Establish a Heat Transformation Group in the UK 
 
Assess least-cost route to decarbonise heat 
By continued use of natural (frack) gas  
By electrification of everything +  air / ground source pumps 
By syngas CH4 from biomass 
By Syngas H2 from methane 
 
Value also for energy storage 
Uses existing polythene pipes 
Avoids stranded infrastructure  
Enables regional autonomy 
 
Evaluation cost £ 70 – 90 M 

CH4	+	H2O		!	H2	+	CO	
	

CO	+	H2O	!	CO2		+	H2	
	

CO2	takeaway	fom	
industrial	sites	
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How	does	the	business	work	?	
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Recommenda;ons	:	5,	6	
CO2 storage market 
There are many markets to trade for permissions to emit 
It is difficult to connect any CO2 storage convincingly  to those markets 
For net-zero, and for CCS investment, need a reliable, durable, storage 
tonnage/yr   

5)  CCS Certificate 
Provides an independent assessment that storage is secure, for 
geological timescales of 1,000yr, preferably for 100,000 yr.  
Method of storage not restricted : can be scCO2 injection, or 
concrete blocks .  

6)  CO2 Obligation 
To ensure a long duration market for CO2, and to create a 
flexible and adjustable pathway to net-zero, then producers of 
fossil and biomass carbon are obliged to store % per year, 
defined by Government, rising towards net-zero mid century 
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NET-ZERO carbon stock 
in 2050 requires  
balance of production 
and storage 
CO2 storage essential 

A]er	CoP21	:	budge;ng	carbon	
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ROLLOUT	
PLAN	

2017 2020 2025 2030 

May	start	immediately	with	
small	sources	of	exis;ng	

pure	industry	CO2		
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SUMMARY	
• The UK is uniquely advantaged for CCS – storage, industry, offshore skills 
• The UK can access all relevant technology from known supply chains with 
competitive suppliers 
• The UK has a long-duration decarbonisation Plan to 2050 
• The UK wishes to be globally leading on climate change action 
• The UK has existing pipe infrastructure – offshore CO2, onshore H2  

• Multiple studies show CCS has unique value across economy 
• Multiple studies show that CCS prices are inflated by procurement method 

• Establishing CCSDevelopment Co – manages CCS build at low cost 
• Returns a regulated profit / yr 
• Starts with existing CO2, then power, then industry, then heat 
• Is funded by Government loan, privatised in 5-10yr  

• CCS H2 may enable low cost heat decarbonisation and clean transport 

• Certificates of storage allow discovery of least cost options 
• Obligation of storage makes producer pay, and makes long term market 

Is	there	momentum	and	lobbying,	to	include	CCS	in	Autumn	Statement	–	end	Nov	2016	



Strategic UK CO2 Storage Appraisal Project - 2016 

Captain X – Open Saline Aquifer Storage Site

Forties 5 Site 1 – Open Saline Aquifer Storage Site

Bunter Cl36 – Structural Saline Aquifer Storage Site

Hamilton – Depleted Gas Field Storage Site

Viking – Depleted Gas Field Storage Site

Outline

In 2015 the ETI commissioned this 12-month project, with £2.5M funding from DECC.  The objective was to build upon the development of the UK’s national CO2 storage 
database CO2Stored to identify a select inventory of 20 specific CO2 storage sites from which a portfolio of five sites would be subject to detailed appraisal effort including 
characterisation and the preparation of a series of outline storage development plans, including detailed costs and schedules.  

The portfolio of five of sites was selected for its potential contribution to mobilising commercial-scale CCS projects in the UK for both power and industry. 

Together with the other sites at Goldeneye, White Rose and Hewett which have already completed one or more FEED studies, this combined UK portfolio presents a mature 
and well qualified UK storage proposition in excess of 1.5GT which could be fully operational as early as 2030. These 8 sites alone would be enough to service a significant 
roll out of commercial projects, including up to 10GW of power generation and major industrial sources fitted with CCS as highlighted in the ETI’s Scenarios work. This 
represents the development of only 2% of the UK’s national storage resource potential.  

All five sites have been studied in detail. As a result, there is 
confidence regarding the ability to inject CO2 at commercially 
significant rates, the capacity to store CO2 in commercially 
significant volumes and the capability to retain the injected CO2 
within the defined storage reservoir on a permanent basis. 

Summary reports, detailed reports, geological and reservoir 
engineering models arising from the project are publically available. 
These will enable academic and industrial practitioners to build upon 
these results in the future. This work has successfully moved almost 
1GT of CO2 storage resource from an unclassified status to a specific 
Contingent Resource. 

Key Findings
1. The UKCS is endowed with a rich and diverse national offshore 

CO2 storage resource, key components of which can be brought 
into service readiness without extensive appraisal programmes 
thanks to decades of petroleum exploration and development 
activity. 

2. The portfolio of 5 sites selected is geographically and technically 
diverse, and presents options for clean  energy and industrial 
development around the UK. 

3. Only 2 of the 5 sites require any further appraisal drilling before an 
investment decision. 

4. This study, alongside the detailed knowledge transfer products 
from the Hewett, Goldeneye and Endurance FEED studies 
characterise one of the most comprehensive and mature CO2 
storage potential propositions available within the public domain. 
This will provide confidence for carbon capture projects and also 
act as a catalyst for future storage development projects. 

5. This project could not have been completed within the timeframe 
required without the platform of the CO2Stored database. 

6. In general, most oil & gas infrastructure is likely to be unsuitable 
for use as CO2 storage infrastructure. There are however 
important exceptions which can serve to reduce initial CAPEX 
requirements. Infrastructure re-use should focus upon pipelines 
which retain high pressure ratings. 

7. Access to detailed well by well production and pressure records 
coupled with detailed well abandonment records are key 
requirements for any detailed storage site assessment. 

North and South 
Morecambe fields

Summary Report - >
http://goo.gl/fmIDYf

Further Information - >
http://goo.gl/S8cxiB
www.pale-blu.com

Enquire- >Contact Details - >
alan.james@pale-blu.com
07703528161
dennis.gammer@eti.co.uk
07584233305

Costs and cost reduction 
1. The transportation and storage development plans developed for this project have been based on current best practice for offshore operation, minimising operational risks. Re-use of existing infrastructure has been limited to 

specific pipeline re-use options where these were available and such re-use clearly benefited the development. Further site specific optimisation of asset re-use may present further cost reduction opportunities.
2. The lifecycle cost for offshore transportation and storage of a significant offshore CO2 storage project in the UKCS (60-300MT) can be expected to range from £166m to £288m (NPV10 2015 Real). Levelised unit costs for offshore 

transport and storage (i.e. excluding capture, compression and any onshore transport) range from £11/T to £18/T (£ per Tonne of CO2 stored). This would contribute between £5/MWh and £9/MWh (£ per megawatt hour) to the 
levelised cost of gas fired power generation.

3. On a portfolio basis, the largest proportion of the average levelised cost of £19/T is associated with transportation CAPEX at 25%. Other major contributor elements to the levelised cost include injection OPEX (24%), wells CAPEX 
(21%) and facilities CAPEX (17%). Site monitoring, during and after injection generally contributes to less than 1% of the levelised cost. 

4. Key cost reduction opportunities lie in the use of shared infrastructure such as pipelines. Other cost reduction efforts should focus on the larger components of levelised cost along with improving storage efficiency. The potential 
for subsea injection may support reductions of both CAPEX and OPEX. 

5. Analysis has suggested that whilst there are clear cost benefits in increasing the scale of CO2 storage operations upwards from 1MT/yr, most of these will have been realised at a supply rate of 4 to 5MT/yr. This is because 
replicating such injection rates will normally require additional platforms or drill centres, and many more wells which are primary cost items in any project. Furthermore, installing oversized transportation systems can be helpful, as 
long as the additional flow potential does not remain unused for an extended period. 

6. The levelised costs presented in this report are based on the cost of ownership and a discount factor of 10%. A commercial transportation and storage developer may seek significantly higher returns to justify the investment and 
risks taken. 

7. Each of the five sites in the portfolio has different site specific development risks. Progression towards FID will depend upon matching site specific risks to developer risk appetite.

http://goo.gl/S8cxiB
mailto:alan.james@pale-blu.com
mailto:dennis.gammer@eti.co.uk


Introduction:

The combination of bioenergy and carbon
capture and storage (BECCS) provides the
potential to create negative carbon
dioxide emissions from power and heat
generation. Each of the technologies
individually have many challenges to
overcome prior to the implementation.
For bioenergy the main barrier to large
scale deployment is the sustainable
production of biomass crops. Whereas for
carbon capture and storage (CCS) there
are problems surrounding affordability
and solvent production. Nonetheless,
BECCS has been recognised by the IPCC[1],
IEA[2] and CCC[3] as an invaluable
technology to assist in urgent lowering
carbon dioxide emissions.

The effects of biomass impurities on
monoethanolamine (MEA) for carbon capture

Diarmaid Clery1- mn09dc@leeds.ac.uk
Supervisors: Prof. Jenny Jones2, Prof. Chris Rayner3 and Dr. Leilani Darvell2

Project Outline:

This research aims to examine the effects of biomass flue gas composition on
post-combustion carbon dioxide capture. It is expected that some of the
biomass flue gas components may have an effect on the amines used for the
capture of carbon capture. Firstly, the effects of potassium compounds (such as
potassium sulphate and potassium chloride) will be examined due to their
known volatility (which leads to fouling in the furnace).

Biomass combustion experiments:

Four different types of biomass will be examined as part of this project:
Wheat Straw, UK white wood pellets, Olive pellets and US white wood
pellets. Proximates (Moisture, Volatiles, ash and fixed carbon contents)
and ultimates (Carbon, Hydrogen, Nitrogen and Sulphur contents)
analysis was run for each of the biomass.

Table 1. Proximate results for the four types of biomass

Figure 5. Biomass’: Wheat Straw, UK wood pellet, milled olive pellets, US wood pellets.

Initial work will explore the partitioning of potassium into the vapour
phase during combustion under various temperatures. Multiple biomass
fuels will be characterised to assess the potassium content of different
feedstocks and probe the retention of potassium in the ash, and the
impact of a mitigant on this. Ash analysis will include:
• Atomic absorption spectrometry (AAS)
• X-ray fluorescence (XRF)
• Ash fusion testing
• Scanning electron microscopy & energy dispersive x-ray (SEM-EDX)

The release of potassium into the vapour phase will be probed during
single particle combustion experiments. These results will enable us to
assess the amounts of potassium in the vapour and solid phase from the
combustion of various biomass types.

Ongoing and future work:

Current studies on the effects of potassium
on solubility and degradation are
underway. If a significant effect is found
this will be examined further. Similar
experiments hope to be completed at the
UKCCSRC P.A.C.T. facilities in collaboration
with the Supergen-UKCCSRC BioCAP
project and collaborations with the
University of Edinburgh CCS Research
Centre.

Solubility and Degradation experiments:

Post-combustion capture using solvents is the most advanced form of carbon
capture. Monoethanolamine is often used as the benchmark solvent for the
comparison of other solvent mixtures. For that reason MEA has been selected
for use in the experiments of this study.

Figure 2. Vapour-liquid equilibrium (VLE) apparatus

Vapour-liquid equilibrium studies are currently underway to examine the
impact of flue gas contaminants, such as potassium, on the absorbance rate
and capacity of 30% by weight aqueous monoethanolamine (MEA).
Preliminary results suggest that potassium salts may increase the rate of CO2

absorption by MEA. If further testing finds this to be the case it could have
positive effects on the energy efficiency of the capture system.

An examination of the degradation effects of these potassium compounds and
biomass ash on MEA has also been undertaken. Swagelok-sealed stainless
steel tubes containing the contaminated amine were kept at 120°C for a 3
week period. The effects on absorbance rate and capacity are then compared
to baseline degradation results of MEA alone.

1 EPSRC Centre for Doctoral Training in Bioenergy, School of Chemical and Process Engineering (SCAPE), University of Leeds, Leeds, LS2 9JT.
2 Energy Research Institute, School of Chemical and Process Engineering (SCAPE), University of Leeds, Leeds, LS2 9JT.

3 School of Chemistry, University of Leeds, Leeds, LS2 9JT.
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Wheat Straw UK Wood Olive US Wood

Moisture 10.4% 7.8% 6.8% 7.3%

Volatiles 78.5% 84.3% 73.8% 83.3%

Ash 5.1% 0.2% 8.0% 0.8%

Fixed Carbon 5.9% 7.6% 11.2% 8.5%

Carbon capture technology has been primarily developed for use with coal
fired power stations, this research aims to examine the effects of using carbon
capture with flue gas from biomass combustion.

Figure 1. How BECCS removes carbon dioxide

Figure 3. Stainless steel tubes for degradation Figure 4. Aged solvents

Further studies on the fate of potassium from single particle biomass
combustion will be complete along with an examination of mitigants to
prevent potassium release. From this research, predictions on This is
important as it will identify the hazards facing the success combination of
implementing BECCS technology hope to be made these two technologies.

Figure 6. ACTTROM at PACT
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Changing the narrative: 

CCS as an economic service activity?
Elizabeth Briones (elizabeth.briones@strath.ac.uk) and Karen Turner (karen.turner@strath.ac.uk)  

Centre for Energy Policy, University of Strathclyde International Public Policy Institute

We need to think about CCS as more than a costly technology: Can we look at capture, transport and 

storage as economic service activities? Economic sector(s) where CCS treated as a ‘cleansing’ industry. 

CCS as a form of waste disposal for CO2

*  How do capture, transport and storage activities link to each other 
and  other industries (inputs to/outputs from CCS sectors)?

* Input-output model of Leontief (1970) – applied to waste disposal
by Allan et al (2007)

* Distinction – waste collection, management and disposal of an existing industry. Standard industrial       
classification (SIC)

* Further potential analogy – recycling of waste ↔ utilisation of CO2?

The big challenge: motivation for investing in (transport and storage) infrastructure for CCS

Waste disposal infrastructure motivated by human health concerns

Do we need to consider how CO2 emissions and climate change impact human health?

Problem: national location of emissions and impacts on health may not be the same. Damage may not be 
felt in same location as where CO2 emissions are generated. 

Does economic modelling need to focus on avoiding cost of environmental damage from CO2 emissions?
Role of the ‘carbon price’…..and impact on economy-wide impacts of ‘internalising the externality’ of CO2 
generation linked to economic activity

Multi-sector economy wide perspective

 Ultimately, use input-output system as core database to build the type of computable general
equilibrium (CGE) model used by HM Treasury to assess economic and fiscal implications of different
activities and spending choices

 Crucial to gain policy and support for investment in CCS technologies and infrastructure:
 Need to consider the impacts on wider economic activity (including employment), finance,

public sector budgets
 Need to consider wider perspective on assessing the returns to investment in CCS and meeting

low carbon objectives in an economically sustainable way
 Wider consideration of ‘cost effectiveness’ of CCS activity
 Important to capture technical issues in a multi-sector economy-wide modelling environment, ideally

with linking to and from technical/engineering and microeconomic models

References:

Allan, G.J., N.D. Hanley, P.G. McGregor, J.K. Swales and K.R. Turner (2007) “Augmenting the input-output framework for ‘common pool’ resources: operationalizing the full
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1. Flower, M.F., (2010). Combustion of single biomass particles in a heated wire mesh apparatus with video based measurements.
2. Riaza, J. et al., 2014. Combustion of single biomass particles in air and in oxy-fuel conditions. Biomass and Bioenergy, 64, pp.162–174.

Introduction

CCS technologies such as oxy-fuel combustion combined with biomass energy is the only way to achieve

negative emissions. Research is need to understand the ignition and combustion characteristic and

behavior of each fuel under different oxygen concentration. Single particle combustion observation with

high speed camera have been used to study different parameters such as type of biomass sample, particle

size, weight and shape during its combustion in different oxy-fuel atmospheres.

To study the combustion behavior of different
samples of biomass and coal under oxy-fuel
conditions. Ignition and combustion characteristics,
burnout time for different sizes of particles.

Methodology

Single particle combustion device 
based on previous design [1]

Sample Selection: Canadian white wood 
pellets (WWP) , Olive residue, Steam 
exploded pellet and El Cerrejon coal

Sample mill into different sizes, the 
particle is dried in oven and weight

Particle is put into the single particle 
combustion device for combustion

Wire mesh- the mesh is heated by the 
electricity via a transformer. Heating 

of particle by radiation and 
convection

Support stand – to support the 
particle

Results
Image observation

Oxy-fuel combustion takes place under 
21%, 30% and 40% oxygen 

concentration.

WWP - Air

WWP – Oxy 21%

0s 2.153s 4.326s 4.573s 6.503s

0s 4.78s 7.36s 9.68s 10.32s

WWP – Oxy 40%

0s 3.25s 5.67s 6.9s 7.0s

Faster combustion time,
brighter flame intensities
and a more vigorous
burning were observed on
higher oxygen concentration.

Samples comparison

Conclusions

• Biomass is less affected than coal by the change of O2 content in the atmosphere. The devolatilization step is much more
important in the biomass overall combustion due to high volatile matter content. That step is less dependent on O2 content.

• The bituminous coal shows a very clear swelling during its devolatilization that any biomass did.

• The fibrous shape of some biomass particles changed during the devolatilization and dramatically during the char
combustion. The char particles were partially melted during the combustion, the surface tension of the char particle modifies
the surface area of the particle, leading to a more round particle and a slower char combustion reaction.References
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The BIO-CAP UK Project

The Bio-Cap UK project aim is to accelerate the progress towards achieving operational excellence for

flexible, efficient and environmentally sustainable Bio-CCS thermal power plant by developing and

assessing fundamental knowledge, pilot plant test and techno economic and life cycle studies. The project

cover different CO2 capture technologies, as post-combustion and oxy-fuel. The ongoing research aim is to

produce fundamental data concerning commercially-relevant biomass fuels combustion for dedicated

biomass to power with CCS, or co-firing fossil fuel generation with higher rates of biomass.

Heating and 
drying

Heating and 
drying

Volatile matter 
combustion

Volatile matter 
combustion

Char combustionChar combustion

Volatile flame 
extinction

Volatile flame 
extinction

Char extinctionChar extinctionIgnitionIgnition

Three main sequential stages of combustion process were observed:
heating, volatiles combustion and char combustion.
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Average burnout time of particle samples Coal, WWP, Olive and Steam Exploded

Coal Biomass

El Cerrejón
Canadian white 

wood pellets
Olive waste

Steam Exploded 
Pellet

moisture content (% wt) 5.5 7.81 5.9 7.2

ash content dry (% wt) 1.2 0.99 7.6 4.2

volatile content daf (% wt) 40.1 91.84 80.1 79.4

fixed carbon daf (% wt) 59.9 8.16 19.9 20.6

GCV (dry) (MJ/kg) 32.7 17.75 20.1 20

Elemental daf (% wt)

C 73 51.49 52.8 52.7

H 5.2 3.14 6.5 5.8

O 19.6 44.7 39.1 41.2

N 2.2 0.55 1.6 0.2



The Role of Economical-Technical 
System Modelling in Considering the 

Value of CCS

“HM Treasury raised concerns about the merits of the carbon capture and

storage competition given fiscal constraints”
‘Briefing for the House of Commons Environmental Audit Committee’ by the National Audit Office, July 2016 (page 7)

Analysis:
It is considered that this decision was reached because there were key omissions in the 
information provided to Treasury:
• The wider economic and fiscal case not made
• The near-term benefits were not argued e.g. employment in developing infrastructure 
• The longer term benefits of establishing an economic service activity were not considered

Social cost benefit analysis (CBA)
• HM Treasury already has a ‘Green Book’ method and guidance for social CBA for a range of types of 

projects and investments which includes ‘environmental’ or climate change mitigation projects

• Need information to inform on range of wider costs and benefits.

• HM Treasury also use multi-sector economy-wide Computable General Equilibrium (CGE) model, 

mainly for fiscal issues but DECC use to assess implications of carbon budgets.

• There is a requirement to develop this CGE model to incorporate the treatment of energy and 

environmental issues.

• But fiscal, macroeconomic and distributional impacts remain key in public budget decisions.

How can we do this:
• Need to consider case for CCS via social cost benefit analysis
• Need to include carbon capture, transport and storage as economic service activities
• Need to inform wider economy models with techno-economic data of the CCS system

CGE modelling for environmental/energy issues
• Multi-sector economy-wide CGE modelling widely used in both research and policy fields 

o e.g. OECD global environmental policy impacts, CEP RCUK energy efficiency impacts  - multipliers 

and ripples in the economic pond (http://cied.ac.uk/research/impacts/energysavinginnovations).

• There is less attention in the CGE field to date on CCS as an economic activity or, more specifically, 

linked capture, transport and storage activities. 

• There is a requirement to develop CGE to link capture, transport and storage activities to the wider 

economy via upstream supply chains servicing these activities and activities where captured carbon 

could be used as an input, with implied or actual price – e.g. enhanced oil recovery .

• Modelling CCS activities in a CGE framework would allow consideration of the dynamic evolution of 

CCS activity.

Integrated economic and technical system modelling
• However,  in order to ‘get things right’ on everything from input requirements to evolving technologies 

and the decision to ‘do it’ or not an economy-wide model must be informed and fed by linked techno-

economic models of capture, transport and storage activities .

• The resulting economic system model could then inform, and be further informed by energy system 

models, building up scale of activity across engineering, techno-economic and economy-wide models 

and developing a chain of (soft linked) models – crucial to ensure consistency in data and assumptions.

Karen Turner1 and Julia Race2

1Centre for Energy Policy, University of Strathclyde International Public Policy Institute
2Department of Naval Architecture, Ocean and Marine Engineering, University of Strathclyde

For further information please contact Karen Turner (karen.turner@strath.ac.uk) or Julia Race 
(julia.race@strath.ac.uk) 
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 A series of simple, inexpensive, non-toxic and environmental friendly PPM was developed for CO2 adsorption with a promising CO2 capture capacity.  
 The adsorbents retained its -NH2 functional group of the based monomer and also, the C=C of the monomer, MAAM and cross-linker, EGDMA were completely broken as 

confirmed in the XPS and FTIR analysis.  
 All the adsorption isotherms of PPMs as shown exhibit a typical shape of type II featuring a non-uniform distribution of pore size.  
 The PPM exhibited CO2 uptake capacity up to 0.64 mmol/g at 313 K and 0.15 bar CO2 partial pressure and consistent in both reusability and reproducibility test run. 

Combustion of fossil fuels for energy and transport is highly responsible for CO2 emission, a major greenhouse gas contributing to an increasing global warming. Carbon 

capture and storage (CCS) has been regarded as the best approach to reduce CO2 released into the atmosphere. Various CCS technologies include: physical absorption, chemical 

absorption, adsorption, membrane separation; however, each of these technologies has its own inherent limitations such as high equipment corrosion rate, high energy 

requirement, poor selectivity, operational limitation, toxicity and environmental unfriendly. In this work, a Porous Polymeric Material (PPM) with CO2 -philic NH2 groups from 

non-toxic, inexpensive and readily available materials was synthesized and its CO2 adsorption capacity was investigated. 

Introduction 

MAAM was dissolved in AN followed by adding EGDMA and AIBN. The 

mixture was degasses and purged with N2, then sealed up and placed in closed 

water bath (60 0C) for 24 h. The resultant bulk polymer particles were ground and 

screened to 90-212 µm, washed with methanol, and dried overnight in a vacuum 

oven (60 0C).  

Methodology 

Conclusions  

References 

(c) Prepared mixture placed in water bath (d) the bulk sample after polymerization (e) the final product 
after grinding, sieving and drying 

(c) (d) (e) 
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 (f) XPS survey Al K photoelectron spectra of PPM.                                 (g)  FTIR spectra of PPMs. 
 
 

 
     (j)  Re-usability test based on of PPMs.        (k) Nitrogen adsorption/desorption isotherms measured at 77 K. 
  

 (i)  SEM images of polymer PPM particles 
 
 

(h) Reproducibilty test based on  of PPMs.  

(f) (g) 

(h) (i) 

(j) (k) 

Materials 

• Methacrylamide (MAAM) – Functional monomer 

• Ethylene glycol dimethacrylate (EGDMA) - crosslinker 

• Azobisisobutyronitrile (AIBN) – iniator 

• Acetonitrile – porogent 

• Methanol - solvent 

Experimental 
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• National law and policy
• Law & economics
• Liability issues

The Layers of Law Act as Impediments to 
Delivering CCS

Lauren Downes, Research Associate
Dr Raphael Heffron, Jean Monnet Professor in Energy Law

Energy & Natural Resources Law Institute

Centre for Commercial Law Studies

The Gateway Project

• Accelerate CCS deployment.
• Develop pilot case for European 

CO2 infrastructure with framework 
for cross-border gateway, 
connecting multiple CO2 sources 
and sinks.

• Ideal Project outcome: Provide 
technical, financial and legal basis 
for an application for a CO2 PCI

Law as an Impediment to CCS

• Predominant CCS focus on technical 
and commercial challenges. 

• However, legal issues at international, 
national and local levels hinder 
investment certainty and CCS project 
realisation.

• Transboundary issues
• London ProtocolInternational

National

• Planning law and permitting
• Other issues (e.g., NIMBY)

Local

The Legal Layers

• Project Schedule Slippage
• Liability Exposures
• Investment Uncertainty

Risks
Threats to success of CCS industry are not 
limited to technical and commercial 
challenges,  legal issues must also be 

overcome. 

Long lead times required to address these 
legal issues (e.g., amendments to multi-
lateral international treaties, public support).

Conclusions

In order to have our CCS cake, CCS’s legal 
layer must not be ignored



Bio-Energy and CCS performance evaluation: efficiency enhancement and 
emissions reduction

Mai T. T. Bui1,2, Mathilde Fajardy1, Clara F. Heuberger1,2, Maria T. Mota-Martinez2,3, and Niall Mac Dowell1,2

1Centre for Environmental Policy, 2Centre for Process System Engineering, and 3Department of Chemical Engineering, Imperial College London.

Approach and Aims of Research
The ambition of limiting climate change to no more than 1.5oC of warming relies heavily on substantial amounts of negative emission technologies with bioenergy with CCS (BECCS)

being identified as a key technology (IPCC, 2014). It is thus essential to evaluate the technology performance and potential improvements for BECCS to be competitive in a decarbonised

power system. Therefore, the objectives of this study are to:

• Quantify the potential heat recovery from the boiler exhaust gases to compensate for the solvent regeneration heat duty of the post-combustion capture technology;

• Evaluate the impact of solvent selection and biomass co-firing proportion on the amount of recoverable heat, and thus on the overall system efficiency;

• Investigate the effect of co-firing proportion on NOx and SOx emissions reduction, in addition to CO2 emissions in terms of kgCO2/MWh.

1) Select biomass type - wood chips, wheat straw, miscanthus, coal (low and high sulphur),
and solvent (MEA, Cansolv, “novel solvent”). Calculate the fuel flow rate, net power output on
IECM for different biomass co-firing proportions and solvent heat duty based on a 500 MW
ultra-supercritical coal power plant.

(1) IECM

(2) 30% heat duty reduction (Ye et al, 2015) from a 2900 MJ/tons CO2 conventional heat requirement (Rochelle et al, 2011)

Methodology

Solvent Heat duty (MJ/tons CO2) Boiler temperature (°C)

MEA (base case) 3600(1) 120
Cansolv 2300 120

“New solvent” 2000(2) 80(2)

Co-firing fuel 
flow rate and 
blended fuel 

data

Thermodynamic 
Equilibrium Model

Vapour-Liquid 
Equilibrium 

Model
Aspen Plus

Heat recovery 
calculations

BECCS 
system value

Results
Effect of %biomass co-firing on adiabatic flame temperature (AFT) &

emissions

E(2) H(3)

CCS + 
…

TR , QR

Steam
To , ms

Ti

Exhaust gases
Tg , mg, Cpg

Solvent selection

To

Co-firing scenario

SH(1)

Impact of %co-firing, solvent selection and load factor on carbon intensity

• Carbon intensity decreases with co-firing proportion and 
with capture rate, 

• At 90%, it ranges from -295 (MEA) to -245 (“new 
solvent” + HR) kg CO2/MWh at 50% co-firing.

• The annual negative emissions capacity is:
• 0.75 Mtons CO2 for an MEA system working at 70%

capacity
• 0.8 Mtons CO2 for a new solvent system working at

90% capacity
• At 100% co-firing with the MEA system, negative

emissions reach 3.7 Mt/yr at 100% annual capacity.

BECCS system design

2) Model the combustion of biomass with coal in the power plant. Determine the composition, fuel
flow rate, adiabatic flame temperature (AFT) and thermodynamic properties of the exhaust gas.

3) Carry out heat recovery calculations and determine the influence of exhaust gas heat recovery
on overall power plant efficiency and carbon intensity.

4) Quantify how much CO2 can be removed from the atmosphere per year as a function of load
factor.

5) Gain insight into how BECCS will operate and provide value in the future electricity system.

Conclusion

• Increasing the %biomass co-firing increases AFT, which can be attributed to the:
• Co-firing coal with low moisture biomass (5%), which reduces overall moisture;
• Reduction in HHV decreasing the air requirements (λ = 1.3) for combustion, which in 

turn reduces N2 gas present.
• As %biomass increases, there is a decrease in SOX emissions (less coal reduces 

sulphur)
• Greater reduction in SOX emissions when co-firing coal with low moisture biomass 

(lower fuel firing rates compared to the high moisture case)
• NOX emissions are quite low (almost negligible) compared to SOX.

(1) Super-heater

(2) Evaporator

(3) Heater
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• In order to achieve a zero or negative carbon emissions in the electricity sector, BECCS is an 
indispensable element of the optimal capacity mix.

Effect of heat recovery and solvent choice on power plant efficiency

• Heat recovery from the exhaust 
gases can provide up to 50% (MEA), 
79% (Cansolv) and 100 % (“New 
solvent”) of the solvent heat duty.

• At 50% co-firing, an efficiency of 38% 
is reached with the “new solvent” 
option and heat recovery.

• Biomass co-firing with low rank coal can improve combustion performance by increasing adiabatic flame temperature and significantly reducing SOX emissions.
• BECCS can be up to 38% efficient at 50% co-firing. In this scenario up to 0.9 Mt of CO2 could be removed per year, which would result in a need for 27 GW of BECCS to meet 2050

CO2 removal target of 50 Mt/yr.
• To achieve zero or negative carbon emissions, BECCS is an crucial element of the optimal in the electricity capacity mix.



Droplet Diameter, mm

This model will show the impact of tidal flows, ocean currents and
bathymetry on the dispersion and distribution of the small scale
bubble plume and seawater chemistry changes.

The model shall also have an extension into the sediments to
predict the leakage flow through the rock and geological structures
to the seabed, predicting leakage rates, timeframes and positions.

In the water column the changes depend on the leakage scenario.
Under the most extreme scenarios, a localised maximum pH
change of -2.5 is recorded in a well blowout scenario (from the
ECO2 project), where pH changes greater than 0.1 are witnessed
within a few hundred meters of the leakage zone.

pH Affected Areas

Smaller leakages (QICS experiment as an example) can however
by more difficult to detect, prolonging the effects if the leak was
to continue over the longer term.

DIC pCO2, µatm

Scientific investigations on the management and estimation of
leakage have been conducted by the projects, including SECURE,
ECO2, and QICS among many others.

The recently funded STEMM-CCS project is going to develop a
small in-situ leakage experiment in the North Sea, in an
environment that has the potential for carbon storage in the UK.

Partners

Marius Dewar      Baixin Chen
Marius.Dewar@hw.ac.uk B.Chen@hw.ac.uk

Numerically Modelling the Seawater and 
Bubble Plume Interactions to Determine 

the Physicochemical Impact of CO2
Leakage into Open Marine Waters

Institute of Mechanical, Process and 
Energy Engineering

Heriot-Watt University, Edinburgh
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1. CO2 Leakage to the
seawater and the
subsequent impacts on
the marine environment
are serious concerns for
development of offshore
geological carbon storage.

[1]

Governing Equations
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Mass Transfer
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3. For high pressure jets, or
high volume leakages, the
plume height may increase.
Droplet leakages, at depths
>450 m, will also rise much
further; however, they will
convert to gas bubbles and
fully dissolve in the upper
waters.

A small scale turbulent ocean two-phase plume model is
developed and applied to simulate these effects and fill the gaps
left from the in-situ and laboratory experiments.

Findings from numerical simulations show that for bubbly leaks
seeping from the sediments, the bubbles will dissolve within the
first 15 meters, not directly reaching the atmosphere in the
majority of situations.

Bubble Diameter, mm Bubble Diameter, mm

2. Potential changes to
the seawater chemistry,
such as DIC, pCO2 or pH,
are vital data to predict
the impact to the local
marine ecosystem, which
includes both benthic and
marine organisms; along
plant life.

4. In the STEMM-CCS
project, the plan is to
extend these simulations
into the larger scale North
Sea waters to investigate
these longer term affects
through a 3D unstructured-
grid non-hydrostatic coastal
model (FVCOM).

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No. 654462

[4]

[3]
[2]

[1]

[5]

[6]

[7]
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Effect of CO2 and associated impurities 
on porosity and permeability of the 
Bunter Sandstone Formation, UK North 
Sea
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MK43 0AL, UK. 
bEnvironmental Science Centre, British Geological Survey, 
Keyworth, Nottingham, NG12 5GG, UK. 

September 14-15, 2016

BACKGROUND INFORMATION 

• The Bunter Sandstone Formation, UK North Sea, has been identified as a potential CO2 storage reservoir.

• In this research we contribute to an identified knowledge gap in the literature by a concept where changes in reservoir grain size parameters (caused by weathering of rock minerals by CO2 enriched brine) is
used in studying changes in porosity and permeability of the reservoir.

METHODOLOGY 

• Rock samples were obtained from UK North Sea hydrocarbon industry well 43/12-1 at depth of 1392 meters.

• We carried out eight set of batch experiments for 3 and 9 months in titanium pressure vessels at the Hydrothermal laboratories of British Geological Survey, Nottingham.

• Pressure of 14MPa, temperature of 70°C were used. 0.5M NaCl prepared from 18MΩ demineralized water was used. 300ml of fluid was added to each vessel with approximately 15g of crushed samples.

• Image was acquired using FEI XL30 Scanning Electron Microscope equipped with Oxford Instruments AZTec EDX software with 50mm2 Peltier-cooled silicon drift X-ray detector (SDD).

• ImageJ® was used to analyze SEM images for grain size parameters; and further analyses carried out to derive changes in porosity and permeability.

*Corresponding author: m.aminu@cranfield.ac.uk, +44 (0)744 8027920 

RESULTS

• Relative change in porosity and permeability were determined by extrapolation of results up to a period of one year.

• Data for N2 equivalent experiment was used in order to determine if any changes on grain size parameters were as a result of reaction of the fluids to achieve equilibrium with solids, or were due to
the presence of CO2 and impurities.
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CONCLUSIONS 

• Weathering of rock minerals by CO2-charged brine and impurities has effect on porosity of the Bunter Sandstone Formation, UK North Sea.
• CO2 (in the absence of impurity) and CO2 with H2S decreases porosity.
• CO2 with NO2 and CO2 with SO2 increases porosity.
• In terms of permeability, CO2 seem to have very minimal to no effect on the Bunter Sandstone Formation samples used for the study.
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Oxy-combustion Model IECM Callide5

Gross Power [MW] 509 517 500
Net Power [MW] 363 396 345
Gross efficiency (LHV) 47% 46% 46%
Net efficiency (LHV) 34% 35% 32%
O2 demand [kg/MWh] 605 653 632
Fuel Burned [kg/s] 40 40 54

Table 1 – Model validation exercise

Modelling and exergetic analysis of an oxy-combustion CCS process
Renato P Cabral,1,2 Niall Mac Dowell. 2,3,*

1 SSCP DTP, 2 Centre for Environmental Policy, 3 Centre for Process Systems Engineering, Imperial College London.

INTRODUCTION

In order to limit climate change to “the well below 2 oC target” agreed on COP21, carbon capture and storage (CCS) is an extremely important technology as we are
still reliant on fossil fuels for heat and power generation. Carbon dioxide (CO2) reductions of as high as 90% can be achieved by applying CCS on CO2 sources.1

Oxy-fuel combustion involves burning a fuel with a mixture of oxygen (O2) with recycled flue gas (RFG) as opposed to air. This reduces the amount of nitrogen (N2) in
the flue gas (FG) while increasing CO2 and water vapour concentrations, making it easier to obtain a pure stream of CO2.2-4

This work presents a techno-exergetic analysis of a state-of-the-art oxy-CCS process, with the aim of identifying opportunities for efficiency improvements.

Main 
Compressor

Booster 
Compressor

ASU

CC/

Boiler

CO2 CPU

O2 Purity = 98 %w/w
204 kW.h/ tonneO2

509 MW
ηNet(LHV) = 34%
pSup/pRH = 300/ 70 bar
Tsup/TRH = 600/ 620 oC

CO2 Purity = 99.9 %w/w
140 kW.h/ tonneCO2

Figure 1 – Schematic representation of an oxy-combustion process. On the top, we see the Air
Separation Unit (ASU) responsible for the production of oxygen required by the combustion chamber
(middle), where coal combusts in a mixture of recycled flue gas (RFG) and pure O2. After
combustion, flue gas (FG) is passed through a boiler producing supercritical steam that expands to a
turbine, generating power. Sulphur oxides (SOx) and fly ash are removed from the FG prior to being
recycled or sent to the CO2 Compression and Purification Unit (CPU) (bottom)6. Here water is
removed from the FG and CO2 is purified to be sent for storage. This model has been validated with
the literature, with data presented in Table 1 below.

HP column

4.10 bar
-180 oC

LP column

1.10 bar
-188 oC

70 % RFG
83% CO2 w/w
10% H2O w/w

Exergetic analysis

Figure 6 – Boiler exergy loss

Figure 5 – Oxy-combustion process exergy loss

371 oC

28 bar
25 oC

120 bar
39 oC

28 bar
-9 oC

O2

FG

Conclusions

• Successful simulation using Aspen HYSYS.

• 13% penalty between gross and net efficiency.

• Values in accordance with IECM and data
obtained from Callide Oxyfuel project.

• Boiler improvement will have bigger impact on
oxy-CCS net efficiency, however this will be
hard to do.

• As compressors operate at near 90%
efficiency, improvement from ASU and CO2
CPU not likely to come from this.

Minimum thermodynamic separation work

Figure 2 – Minimum thermodynamic
separation work of O2 from air and
CO2 from flue gas. O2 separation
efficiency is 25% and that of CO2 is
only 5%. Figure 4 – Improvement on oxy-

combustion efficiency. Note the 5%
efficiency gain if separation is
improved by 25%.

Boiler 

improvement

• Reducing ASU power consumption by sending
a greater amount of air to expander turbine.

• Improving heat integration between the
processes are the most likely way of reducing
efficiency loss.

• Using heat of compression to pre-heat boiler’s
feed-water, allowing less bleed on turbines and
more steam for electricity generation.

• CO2 CPU has possibility for bigger
improvement, as it is a newer technology.

• CO2 CPU offers the potential for greater
reduction in power consumption.

Figure 3 – Effect on parasitic power
of ASU and CO2 CPU improvement.

Boiler heat loss is the

primary source of

exergy destruction

5% improvement



Evaluation of an economic model for Carbon 

Capture and Storage systems

Sagnik Ghoshal*,   Karen Turner*  &   Julia Race**

* Centre for Energy Policy, University of Strathclyde;           **Department of Naval Architecture, Ocean and Marine Engineering

UK government target is to reduce emissions to 20% of 1990 levels by 2050.

Fossil fuel based power generator
Carbon intensive industry

Deep underground storage in abandoned wells or saline aquifers

WHAT IS CARBON CAPTURE & STORAGE (CCS)?

A CCS system is a technology that allows the capture, transport and storage
of CO2 emissions in underground rock formations (abandoned oil and gas
wells or saline aquifers) for permanent storage.

CCS can effectively decarbonise power generation and remains the only way
of decarbonising energy intensive industries like chemicals, cement and
steel.

High costs associated in building pipeline and storage infrastructure, risk of
storage leaks and increasing finance costs have deterred investment in CCS.

The UK CCS Commercialisation programme offered financial support (£1
billion) to commercial-scale demonstration projects to allow it to be
competitive with other low-carbon energy technologies.

The programme was however cancelled on 2015 with HM Treasury citing lack
of a complete cost-benefit analysis by the DECC as the primary reason[1].
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http://webarchive.nationalarchives.gov.uk/+/http:/www.hm-treasury.gov.uk/sternreview_index.htm

MAKING THE CASE FOR CCS IN THE UK

EVALUATION OF CCS USING EXISTING ENERGY MODELS

The DECC 2050 Energy Calculator is an user-friendly model that allows
consumers and professionals to engage in the climate change debate by
considering implications of energy security, demand and other wider
impacts.

Energy models used by the government (e.g. Markal, ESME) consider CCS as
an add-on system for power generators and industries, ignoring benefits due
to economics of scale and sharing of costs through industry-generator
‘clusters’.

CCS should be considered as an economic activity with multi-sectoral
benefits.

As per the Stern Review Report{2}, tackling climate change is a prudent
macroeconomic strategy, with the benefits of a strong, early action far
outweighing long-term costs due to inaction.

Existing energy models fail to consider –

• The cost of doing nothing or the damage cost of carbon

• The macroeconomic effects of setting up large infrastructural energy
systems and the multiplier or ripple-effects created in the economy due
to the system or their accompanying supply-chain.

The effects maybe in the form of increased economic growth, increased
employment, establishment of a service sector, etc.
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This project will extend to the creation of a techno-economic model to access the macroeconomic implications and associated trade-offs due to CCS
infrastructure in public spending on a multi-sectoral economy.

mailto:sagnik.Ghoshal.2015@uni.strath.ac.uk
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https://www.nao.org.uk/wp-content/uploads/2016/07/Sustainability-in-the-Spending-Review.pdf
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