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Professor Geoffrey C Maitland 

FREng FIChemE FRSC CEng CChem CSci MA DPhil
Geoff Maitland studied Chemistry at Oxford University where he also obtained his doctorate in Physical Chemistry.  After a period as an ICI Research Fellow at Bristol University, he was appointed to a lectureship in Chemical Engineering at Imperial College in 1974.  His research focused on molecular interactions and the transport properties of fluids, including the rheology of polymer systems.  He spent a secondment with ICI Plastics Division from 1979-81 and became a senior lecturer in 1983.  In 1986 he moved to the oil and gas industry with Schlumberger, where he carried out research in oilfield fluids engineering, including the use of colloidal systems for well construction, reservoir stimulation and production enhancement.  He held a number of senior technical and research management positions in Cambridge and Paris, most recently as a Research Director.  He rejoined Imperial College in September 2005 as Professor of Energy Engineering and his current research covers clean and efficient fossil fuel production with particular emphasis on carbon dioxide mitigation processes, methane hydrate production and energy-related reactor engineering.  
Geoff is a Fellow of the Institution of Chemical Engineers, the Royal Society of Chemistry and the Energy Institute.  In 2006 he was elected a Fellow of the Royal Academy of Engineering.  He was awarded the Hutchison Medal by the Institution of Chemical Engineers in 1998 and served as President of the British Society of Rheology from 2002-2005. He was awarded the IChemE Chemical Engineering Envoy Award for 2010 for his media work explaining the engineering issues involved in the Gulf of Mexico oil-spill.  In 2011 he chaired the independent review of the UK Offshore Oil and Gas Regulatory Regime (‘The Maitland Report’), received the Rideal Lecture Award from the Royal Society of Chemistry in 2012 and was awarded the Leverhulme Medal of the Society of Chemical Industry in 2017.  In 2021 he was awarded the IChemE Ambassador Award and the RSC Exceptional Service Award. He is the Founding Director of the Qatar Carbonates and Carbon Storage Research Centre, a $70M 10 year academic-industry research programme based at Imperial College London, and of the Shell-Imperial Digital Rocks Lab. As well as continuing to work with IChemE, he was a Trustee of RAEng from 2017-2020, chairing the Audit and Risk Committee, and Chair of the RSC Publications Board and RSC Trustee from 2016-2020.  He was appointed CBE in 2019 for services to Chemical Engineering.
CURRICULUM VITAE
Name:


Geoffrey Colin Maitland

Date of Birth:

25th February 1947

Address:
Wayside, High Street, Whittlesford, Cambridge CB22 4LT

Telephone:

Home: +44 (0)1223 834552







Office: +44 (0)20 759 41830



Fax: +44 (0)20 759 45629
e-mail:


g.maitland@imperial.ac.uk
Status:

Married, three children (1972, 1973, 1976)

Education:

1958-65  Hanley High School, Stoke-on-Trent




1965-72  St. Catherine's College, Oxford

Degrees:

1969  B.A. Class I Hons (Oxon) 
- Chemistry




1972  M.A., D. Phil. (Oxon)       
- Physical Chemistry

Professional Status:
Fellow, Royal Academy of Engineering, FREng

Fellow, Institution of Chemical Engineers, FIChemE

Fellow, Royal Society of Chemistry, FRSC

Chartered Engineer C Eng

Chartered Chemist, CChem

Chartered Scientist C Sci 

Awards:

1998  Hutchison Medal, Institution of Chemical Engineers



2010  Envoy of the Year Award, Institution of Chemical 



          Engineers




2012  Rideal Lecture and Award, Royal Society of Chemistry 


          and Society for Chemical Industry
Professional Offices:
2002-05     President, British Society of Rheology



2013-14     Deputy President IChemE (President Elect)




2014-15     President IChemE 
Positions held and main activities/responsibilities:

1968-69

Part II Honours Chemistry Research Year




Physical Chemistry Laboratory, Oxford

Intermolecular forces between quasi-spherical molecules.

1969-72

Research for D. Phil degree




Physical Chemistry Laboratory, Oxford




Salters' Scholar, and Senior Scholar St. Catherine's College




Measurement of the transport properties of fluids and their 




relation to molecular interactions.

1972-74

I.C.I. Research Fellow




Department of Physical Chemistry, University of Bristol




Determination of potential energy functions for simple molecules.
1974-83

Lecturer in Applied Polymer Science




Department of Chemical Engineering and Chemical 




Technology, Imperial College, London




Measurement and prediction of thermophysical properties




of simple fluids and their relation to molecular interactions.




The dynamics and transport properties of polymeric fluids.




Experimental studies and mathematical modelling of 




polymerisation processes.

1979-81

Industrial Research Scientist - Secondment from Imperial College




I.C.I. Petrochemicals and Plastics Division




Mathematical modelling of polymerisation processes.




The mechanism of poly(vinyl chloride) suspension  polymerisation.




Plant monitoring and process improvement for PVC manufacture.

1983-86

Senior Lecturer




Department of Chemical Engineering and Chemical 




Technology, Imperial College, London.




Research as above.

1986-87

Senior Research Scientist




Schlumberger Cambridge Research

First SRS in Schlumberger; hired to create research activity on understanding the rheology of complex oilfield fluids, its relation to fluid microstructure and application to design and control of operational fluids.

1987-88

Senior Research Scientist/Programme Leader




Schlumberger Cambridge Research

Management and scientific leadership of Fluid Physics Research team: rheology, filtration and microstructure of suspensions and emulsions, and applications in oilfield drilling, completion and treatment fluids.

1988-95

Head of Department – Oilfield Physical Chemistry/Fluid Engineering




Schlumberger Cambridge Research

Management of team of about 30 scientists - 60% PhD, remainder masters or graduate level.  Total budget approx £2M pa.  Major responsibilities:

- overall management of research activity and people

- strategic planning of research directions and structures

- scientific leadership and supervision of research 

- interactions and collaboration with universities

- interaction with Schlumberger businesses,  other industries.

Research areas included: 




Physical properties of complex fluids and soft solids, 




and their relation to colloidal interactions and structure.




Chemomechanics of shale clayrocks and clay compacts.




Chemical characterisation of muticomponent complex fluids.




Chemical mechanisms and chemomechanics of hydrating cements.




Responsive gelling fluids and their flow in fractures/porous media.

Shear-sensitive gelling emulsions.

1993-2005

Visiting Professor




Department of Chemical Engineering and Chemical Technology, 

Imperial College, London.

1996-98

Chemistry Metier Manager




Schlumberger-Riboud Product Centre (Dowell), Clamart, Paris, 

France.

Coordination of chemistry/chemical engineering for Schlumberger

Dowell’s Well Construction Services Product Development in 

Clamart,  St Austell Cornwall and Cambridge.




Responsibilities included:




- Functional management of 65 engineers/chemists, about 50% PhDs




- Training and career development




- Coordination of access to external chemical/process resources:




   universities, chemical companies, research institutes

- Developing partnerships with oil companies and chemical  

   companies; accessing external sources of funding

- Developing and implementing a long-term vision for Chemistry  

   and Process Engineering within Schlumberger Dowell
1997-present

Visiting Professor




Materials Research Institute,




Sheffield Hallam University.

1998-2001 

Scientific Advisor to Managing Director




Schlumberger Cambridge Research

Responsibilities included:

- Development and evolution of Schlumberger oilfield research  

vision and the chemistry-process engineering strategy to implement  

- Stimulating, coordinating and engaging in oilfield-related research 

   in chemistry, process engineering, fluids engineering and the  

   biosciences with universities and chemical companies 

- Technology transfer of chemistry and process from research (inside 

   and outside Schlumberger) into product development and across   

   different applications

- Identifying and promoting innovation in new chemistry areas   

   which do not fall within existing activities

- Coordinating the Schlumberger chemistry-chemical engineering  

   research community

1999 -2005

Industrial Visiting Professor

School of Chemistry,

University of Bristol.

2000-2007

Senior Member




Hughes Hall,




Cambridge

2001-2004                   Research Director, Schlumberger Research



Cementing and Stimulation (2001-2)

Chemistry and Biology (2002-4)

Management of research activity (budget ~£3M) for chemistry, chemical engineering and bioscience, covering fluids science and engineering, fluid measurements and new hydrocarbon processes.

Main activities were:

Novel fluids engineering: surfactant, polymer, colloid, inorganic

Flow of complex fluids in porous media

Drilling fluids

Zonal isolation processes

Stimulation and treatment fluids

Heavy oil recovery

New oilfield processes: CO2 sequestration,Gas Hydrates…

2004-2005

Scientific Advisor to:




President, Schlumberger Well Services




Director, Schlumberger Cambridge Research

2005-present

Professor of Energy Engineering




Director of Research




Department of Chemical Engineering




Imperial College London
2006-2011

Programme Director




Shell-Imperial Grand Challenge on Clean Fossil Fuels




5 year, £3M research programme on carbon management

2008


Acting Head of Department

Department of Chemical Engineering




Imperial College London

2008-2014

Programme Director




Qatar Carbonates and Carbon Storage Research Centre




10 year, £50M research programme with Qatar Petroleum and Shell
2016-2020

Programme Director




Shell-Imperial Digital Rocks Programme

5 year, £8M research programme to transform methods for characterization of oil and gas reservoirs and optimizing hydrocarbon recovery
Current research focuses on novel ways of enabling cost-effective and environmentally acceptable provision and use of energy, with particular emphasis on fossil fuels, probably the most important and exciting engineering challenge of the next few decades.  There are four major threads:

1.  More efficient recovery of existing hydrocarbon reserves

2.  Exploitation of non-conventional sources of hydrocarbon

3.  Mitigating the environmental impact of fossil fuels

4.  Managing the transition from the hydrocarbon economy to one based on alternative 
     energies
I currently have research contracts and grants to the value of £63M, mainly as PI, in the areas of carbon capture and storage, thermophysical properties of fluids, clean recovery and use of fossil fuels and unconventional hydrocarbons.  Full details of research funding are given below.
Publications:
Over 150 papers in the scientific literature, four books and ten granted patents.  A list of external publications is attached.  In addition, many confidential industrial technical reports have been written as a consultant (1974-86), during my secondment to I.C.I. (1979-81) and during my time with Schlumberger 1986-2005. 

Research Students: 
Ten PhD  and eight MSc students carried out research under my supervision during the period 1974-86 at Imperial College.  A further 2 MSc students, twenty PhD students and two postdoctoral fellows were supervised from Schlumberger 1986-2005.  Since returning to Imperial in 2005, fifteen PhD students have graduated, 6 MSc students and currently I supervise five PhD students and two Postdoctoral Research Fellows. Details are given in later sections.

Academic Staff
Mentoring:
Over the years I have acted as mentor to a number of junior academic staff, guiding them as they start their research and teaching career.  Most recently in the Energy/CCS area these include Dr Paul Fennell, Dr Christos Markides and Dr Nick Florin.

Research Grants:
1977  SRC Research Grant: Construction of equipment to study 

electric birefringence relaxation (dynamic Kerr effect) of polymer solutions, £30K

1977-79  SRC Studentship: D.J. Bosworth

CASE top-up by I.C.I. Plastics Division, Ltd.

Modelling of polyolefin gas-phase polymerisation processes.

1978-80  SRC Research Grant SR/A/67243 (with Dr. W.A. Wakeham): V. Vesovic, Research Assistant (Ph.D. project)

Classical and semi-classical evaluation of the transport coefficients of polyatomic gases.

1980-83  SRC CASE Studentship with I.C.I.: D.J. Kelsall

Modelling of PVC suspension polymerisation processes.

1981-84 SERC Research Grant GR/B/56944 (with Dr. W.A. Wakeham): M. Mustafa Research Assistant (Ph.D. project)

Classical and semi-classical evaluation of the transport coefficients of polyatomic gases.

1981-84  SERC Research Grant GR/B/67087 - Process Engineering Committee (with Dr. W.A. Wakeham): S.F.Y. Li, Research assistant (Ph.D. project)

Measurement and prediction of the thermal conductivity of fluids and their mixtures.

1984-87  I.C.I Joint Research Scheme Award plus SERC Cooperative Research Grant (with Dr S.M. Richardson),

£83,286 plus donation of polymerisation reactors: The role of agitation in the suspension polymerisation of vinyl chloride.

1990-92  SERC Postdoctoral Research Fellowship (with Prof J.S. Higgins): Dr O.P.Nwammuo, £50K.

Transient electric birefringence studies of clay-polymer systems

1999-2002 EU Marie Curie Research Fellowship (with Dr P. Tardy) for Dr Ali Fadili, 150K euro.

Modelling of complex fluids in porous media
2006-2011 2 RCUK Research Fellowships in Clean Fossil Fuels (£250K), co-sponsored by Shell (£125K) and Foster Wheeler (£125K).

2006-2011 Shell International E&P B.V. Grand Challenge Programme on Clean Fossil Fuels, £3M (Programme Director)

2007-2012 EPSRC Grant EP/F00270X/1, £3.9M (with 6 colleagues) New and renewable solar routes to hydrogen energy


2008  Royal Society-Wolfson Foundation Laboratory Refurbishment Grant, £320K for new cross-department Carbon Capture and Storage Laboratory at Imperial College.

2008-2018 Qatar Carbonates and Carbon Storage Research Centre, £50M funded by Qatar Petroleum, Shell and Qatar Science and Technology Park (Programme Director)
2016-2020 Shell-Imperial Digital Rocks Programme, £8M funding from Shell to investigate transforming the processes for oil and gas reservoir characterization and recovery (Programme Director)
Teaching:
Teaching duties at Imperial College include:

Process Analysis – 1st year course 2006-2012
Colloid and Interface Science – 4th year elective 2005-2013
Clean Fossil Fuels – 4th Year elective, MScs in Sustainable Energy Futures and Advanced Chemical Engineering 2007-2013
Final Year Design Project: Biomass-to-Liquids, 2008-2011
During my earlier period at Imperial College, 1974-86, I took a particular interest in developing innovative teaching methods and course improvement.  In particular I was part of a small team which devised a novel engineering design course emphasising problem-solving, communication and negotiating skills as much as technical skills.  I also played a major role in the design and implementation of four-year M Eng courses.

Lecture courses given included:

Process Chemistry

Chemical Kinetics

Statistical Thermodynamics

Polymer Synthesis & Characterisation

Polymer Reactor Engineering

Polymer Rheology

Molecular Motion in Polymers

Other activities at Imperial College included:

Coordination of Physical Chemistry Laboratory

Supervision of Industrial Link Projects

Coordination of Foundation Course and B.Eng. Industrial Course

Chairman 1st year Course Panel

Chairman B.Eng. Chemistry Subject panel
Examinations Secretary

Four-year (Dainton) course working party member

Polymer science and Engineering M.Sc. course coordinator

In Cambridge, I gave  a graduate lecture course in the Cavendish Laboratory (1992-6) on:

Colloidal Systems

and in 1999, 2000 on:

Polymers and Industry; Colloids and Industry

As Visiting Industrial Professor at Bristol University, I contributed a six lecture course to the MSc on Colloid and Interface Science on:

Colloid and Interface Science in the Oil and Gas Industry

External Courses:
Visiting lecturer on Rheology Training Course, 




Warren Spring Laboratory, 1976-86.




Polymer Science and Engineering Introductory Course,




Imperial College and ICI plc, 1977-83.




Reactor Engineering Appreciation Course,




I.C.I. Plastics Division, 1977




Technological Aspects of Interface Science, 




Imperial College, 1978-88.




Rheology Training Courses (Polymers and Colloids - 




molecular and microscopic aspects), 




Various companies (Carri-Med, Bohlin, Camtel) 1986-present.
Invited Lectures:  Amongst the invited lectures given have been:

Thermophysical Properties and Intermolecular Forces:

1975   RSC Statistical Mechanics Group Dense Fluids Conference, Oxford

1978   Symposium on Transport Properties - Measurement and Use, National Engineering   

           Laboratory, East Kilbride

1980   Intl Conference on Gas Transport Properties, Madison, Wisconsin

1982   Gordon Conference on Molecular Interactions, New Hampshire

1982   Thermophysical properties and Molecular Interactions, Coimbra, Portugal 

1982   Van der Waals Molecules, Faraday Discussion No 73 (Organising Secretary)

Polymer Engineering:

1982   British Council sponsored lecture tour of Germany and Belgium


1983   Polymer Reaction Engineering International Conference, Berlin

1983   Engineering Rheology, British Society of Rheology Annual Conference,   

           London (Organiser)

Colloid and Polymer Science, Oilfield Process Engineering:

1988   Xth International Congress on Rheology, Sydney

1990   RSC/SCI Drilling Fluids in the Oil Industry, London

1991   Physical Chemistry of Colloids and Interfaces in Oil Production, Saint-Raphael, 
France

1991   RSC 150th Annual Congress, 'Chemicals in the Oilfield'

1992   IMechE Fluid Mechanics of Drilling Fluids, London

1994   Recent Advances in Oilfield Chemistry, RSC

1994   34th Moretonhampstead High Polymers Conference on Water-Soluble  Polymers

1995   Bristol Spring School on Colloid Science

1995   Lecture Series: Colloid Science of Oilfield Fluids,

           Van’t Hoff Laboratory, Utrecht University, Netherlands.

1996   Putting Structure into Engineering, Chemical Engineering Science/Unilever 

           Joint  Meeting of invited world academic and industrial experts to review the 

           future of Chemical Engineering.

1997   Polymer Surfaces and Interfaces III, Macrogroup UK.

1998   Polymer 98 Keynote Lecture: The use of polymers in oilwell construction and 

           reservoir production, Brighton, IOP/RSC/SCI

1999   Imperial College Process Engineering IRC Theme Day: Towards real-time   

           reservoir engineering - from pore to pour. 

1999   Imperial College Centre for Interface Science and Technology Open Day: 

           Invited Industrial Plenary lecture - Sub-surface Surfaces: Interface Science 

           and Oil Recovery

2000    International Workshop on Wetting: from microscopic origins to industrial    

           applications, Chairman P.G. de Gennes. Invited contributor.

2000   Center for Advanced Cement-based Materials, Semi-annual meeting, 

           University of Illinois, Urbana-Champaign, November 2-4th: Invited Plenary 

           Lecture: The challenges for cement-based materials in oilfield applications.

2000   SCI/RSC Meeting on Inorganics in Rheology Control, November 2000: 

           Invited lecture on ‘Rheology of mixed-layer hydroxide clay systems’.

2001   Thermodynamics 2001: 7th International Thermodynamics Conference:   

           Thermodynamics and Statistical Mechanics with Industrial Applications,  University   

           of  Bristol, UK, April 2001.  Invited Plenary Lecture: ‘Controlling fluid phase  

           behaviour to improve the productivity of oil and gas reservoirs’.

2001   Assembly and self-assembly at the interface between biology, chemistry and   

           physics, Il Ciocco Italy, August 2001: Invited plenary lecture ‘Polymer-clay  

           complexes and self-assembling surfactants for improved oil recovery’.

2002   International Workshop on Liquid State Theory, Les Houches, France, April   

           Invited lecture ‘Molecular simulation of wormlike-micelle fluids and its role in 

           oilfield fluid formulation optimisation’.

2001    European Conference for Thermophysical Properties (ECTP-2002), London,  UK,    

           September 2002. Invited Plenary Lecture ‘Molecular design of fluid phase   

           behaviour for optimizing oil and gas recovery’.

2002   The XVIth Conference of the European Colloid and Interface Society (ECIS), 

           Paris, September 2002.  Invited Plenary Lecture ‘Clay swelling and its  

           inhibition by amphiphilic polymer systems’.

2002    Invited colloquium, Department of Applied Mathematica and Theoretical  Physics, 

           University of Cambridge, December 3rd 2002: ‘Visocelastic self-assembling fluids’.

2003   Colloids in the North Sea, SCI Conference, Edinburgh, 18th March 2003.   

           Invited Lecture ‘Surfactant-based Fracturing Fluids’.

2003   Invited colloquium, Leeds University Frontiers in Particle Science and   

           Technology Series, School of Process, Environmental & Materials Engineering         

           ‘From mud to worms: exploiting particle shape for hydrocarbon recovery’.

2003    Invited colloquium, Physical and Theoretical Chemistry Laboratory, Oxford, 

          11th November 2003 ‘Structured surfactants and their role in improving oil recovery’.

2004    University of Wales Institute of Non-Newtonian Fluid Mechanics Annual   

           Conference, ‘Industrial Rheology’, Chester April 2004, 'Complex fluids for  

           hydrocarbon recovery - rheology in extremis'.

2004   Tenth International Conference on Properties and Phase Equilibria for Product  

           and Process Design, Salt Lake City, Utah, USA, May 2004.  Invited Plenary  

           Lecture ‘Improving hydrocarbon recovery: challenges for processes, measurements 

           and models’.

2004   Invited colloquium, Centre for Systems Process Engineering, Department of 

          Chemical Engineering, Imperial College, 4th June 2004, ‘,  ‘Enhancing hydrocarbon  

           recovery: challenges and opportunities for systems engineering’.
 

2005   Sixth International Liquid Matter Conference, Utrecht Netherlands, July 2005.    

           Invited Keynote Lecture, ‘Fundamental Challenges in Applied Liquid Physics’.

2005   Royal Society of Chemisty, Society for Chemical Industry Rideal Lecture 
Symposium, ‘From mud to worms…the rheology and colloid science of oil 
recovery’

2006    7th UK Particle Technology Forum, September 2006, Imperial College London, 
‘Challenges for Particle Technology in Oilfield Process Engineering’
2007   Institute of Energy Technology, Debate on Alternative Fuels and Power Sources,       
University of Surrey, Wednesday 16th May 2007, Keynote Speaker and Facilitator.

2008
Queen Mary College London, Energy Group Symposium, March 2008, ‘Enhancing 
Hydrocarbon Recovery with Smart Fluids and Processes’.

2009
Professor Sir William Wakeham Retirement Symposium, Turcifal, Portugal, 3rd 
October 2009, ‘Carbon Dioxide as a Viscosity Modifier – and Other Stories’ 

2009    British Society of Rheology Winter Meeting, Edinburgh University, December 
14th -15th 2009, Invited Plenary Lecture:’Rheology modification in mixed s
shape colloidal dispersions and their oilfield applications.’

2010
University of Wales Institute for Non-Newtonian Fluid Mechanics Annual 
Lecture, June 2010, ‘Energy in 2050 and the role of rheology’
2010
24th International Conference on Chemical Thermodynamics, Tsukuba Japan, 1st-6th August 2010, Invited Lecture ‘Whither Fossil Fuels? Towards more sustainable exploitation’.

2010
Doha Carbon and Energy Forum, Doha Qatar, November 7-10th 2010, Invited Lecture ‘ Carbon Capture and Sequestration in Carbonate Reservoirs’.

2010
IChemE Horizons Lecture, ‘The challenges for cleaner fossil fuels – managing the transition to a sustainable energy framework’, November 15th 2010.

2011  University of Wales Institute for Non-Newtonian Fluid Mechanics 20th 
Anniversary Annual 
Conference, Invited Lecture: ‘The creep behaviour of 
colloidal gels – is a unified approach feasible?’, Portmeirion, Wales, April 18-
20th 2011.

2011
16th European Symposium on Improved Oil Recovery, European Association 
of Geoscientists and Engineers, Invited Lecture: ‘The role of IOR in an era of 
expanding cleaner alternative energies’, Cambridge 12-14th April 2011. 

2011
University of Edinburgh, Ersline Williamson Day, A celebration of Professors 
Christopher Hall and Richard Nelmes, ‘The Thermophysical Properties of 
Fluid Mixtures at the Extreme Conditions relevant to Carbon Storage’, 
9th 
May 2011.

2011    University of Utrecht, 65th Birthday Symposium for Professor H.N.W. Lekkerkerker, Invited Lecture ‘Designer Muds – the Rheology of Mixed-Shape Colloids’, Utrecht, June 10th 2011.

2011
M-I Scientific Advisors’ Symposium, Invited Lecture: ‘The Rheology of Mixed-Shape Colloidal Suspensions’, October 24th 2011
2012
Rideal Lecture: Royal Society of Chemistry/Society of Chemical Industry, 
‘Oilfield Fluids: Tales of Mud and Worms’, Gonville and Caius College, 
Cambridge, March 28th 2012.

2012
Qatar Carbon Capture Workshop, Invited Lecture: ‘Carbon Capture and 
Storage – The Way Ahead’, Doha, April 2nd – 3rd 2012.

2012    Prince’s Teaching Institute symposium on ‘Living with Hydrocarbons’, invited 
lecture, Bristol December 7th 2012: ‘’The Recovery of Hydrocarbons – Current 
Practice and Future Directions’

2013
Cambridge University Arab Innovation Society, 21st February 2013, ‘Carbon 
Capture in Carbonate Reservoirs’

2013
Imperial College Energy Society, 18th April 2013, Keynote Lecture: ‘Carbon 
Capture and Storage – False Hope or Inconvenient Truth?’

2013
Thermodynamics 2013, University of Manchester, 3-6th September 2013, 
invited plenary lecture ‘The thermodynamics of carbon capture and storage’. 

2013
Oil Technology Centenary Symposium, 23-24th September 2013, Imperial 
College London, invited plenary lecture: ‘Novel Production Methods & 
Maximising Recovery of Non-Conventional Hydrocarbons’
2013    RAEng, Chinese Academy of Engineering, ‘Low Carbon Energy Generation, 
Transmission and Utilisation’, November 26-27th 2013, London, ‘A UK perspective on challenges and directions for unconventional gas research’
2014
ChemEngDayUK 2014, University of Manchester,  8th April 2014, Introductory Lecture: ‘Meeting  our Energy Needs’

2014
IChemE Sustainabilty Special Interest Group Invited Lecture, London April 2014, ‘The Energy Transition – Fuelling the Debate’

2014
100 Years Shell Amsterdam:  Rock and Fluid Physics – Academic and Industrial Perspectives, 7th September 2104, Invited Keynote Lecture: ‘Towards a Low Carbon Fossil Fuels Future with Gas and CCS – Challenges and Opportunities’

2014
Monash University, Australia, 12th October 2014, Invited Lecture: ‘Towards a Low Carbon Fossil Fuel Future with Gas and CCS’

2015
SCI Public Evening Lecture, London, March 26th 2015, ‘Fossil Fuels and Avoiding Climate Change – are they compatible?’
2015
Pint of Science, The Bolton, Earl’s Court London, 18th May 2015, ‘Climate Change and Energy – where are we going?’

2015
JIGSAW, Joint Engineering Institutions Group Student Aspiration Workshop, Workington, 3rd September 2015, ‘Chem Future Energy – No Easy Choices and No Free Lunch’

2015
ATSE Conference and Workshop on Unconventional Gas, Sydney, 22nd September 2015, Invited Keynote Lecture: ‘Challenges and Directions for Improved Unconventional Gas Recovery Processes’

2015
Manchester Science Festival, 27th October 2015, Invited Panel Presentation: ‘Where should our energy come from? – Cleaner Fossil Fuel Scenario’ 
2016
G3 Student Energy Summit, 19th March 2016, Connaught Rooms, London, Keynote Introductory Lecture: ‘Moving towards a Low-carbon Future’

2016
Oil, Petrochemicals and Energy Risk Association (OPERA), 12th April 2016, Invited Lecture: ‘Communicating and Learning from issues in Process Safety and Engineering’

2017
Friends of Imperial College Public Lecture, 18th January 2017, ‘Manging the Energy Transition towards 2050’

2017
Nottingham Medico Chirological Society Public Lecture, 15th February 2017, ‘Future Energy – How can we avoid Catastrophic Climate Change?’

2017 
Leverhulme Public Lecture, Chester Towwn Hall, 26th October 2017, ‘Avoiding Catastrophic Climate Change – Paris 2015 set the targets, can we now deliver?’
In addition, numerous colloquia have been presented in chemistry and chemical engineering departments worldwide on oilfield fluids and processes, colloidal and polymeric fluids, rheology, molecular-mesoscopic-bulk structure-property relationships.

Engineering research and industry-academic related activities since 1990:  

· Co-chair and Plenary Discussion Coordinator of Physical Chemistry of Colloids and  Interfaces in Oil Production Conference, September 1991.

· Co-chair of Materials Research Society Symposium on Microstructure and Flow of Dense Suspensions at 1992 Fall Meeting.

· Active involvement in SERC SPP in Particulate Technology (until 1994), through sponsorship of research, participation and chairing of technical meetings.

· Instigator and coordinator of Schlumberger's involvement (with Unilever and ICI plc) in the DTI Colloid Technology Project; £7M over five years (1992-97) from DTI and industry to stimulate colloid research at Cambridge, Bristol and London Universities and encourage research collaboration across the university-industry interface.

· Member of the original SERC working party on Structured Materials, leading to the Soft-Solids Processing Initiative.  Member of EPSRC Soft Solids project review panel 1994-2001.

· Member of UK EPSRC Process Engineering College, 1994-2000; EPSRC Peer Review College 2000-present.

· Member Bristol University Colloid Centre Management Committee, 1994-2000.

· Member of Royal Society of Chemistry Colloid and Interface Science Group Committee, 1995-98.

· Member of Industrial Advisory Panel, EU-HCM Network on Water-Soluble Polymers, 1995-2000

· Member of Assessment Panel, EPSRC Colloid Chemistry Theme Day, London, November 1995

· Advisor to Sheffield Hallam University on structure and content of new Masters courses, 1996.

· Member of CNRS Scientific Committee for the Laboratoire Fluides Automatiques et Systemes Thermiques, Universites Paris VI et XI, Orsay, 1996-98.

· Member of Organising Committee, Faraday Discussion No 104, Complex Fluids at Interfaces, Cambridge, September, 1996.

· Scientific Committee member for Complex Colloidal Systems in the Oil Industry, Institut Francais du Petrole, Paris, December 1996.

· Member of Sheffield Hallam University Materials Research Institute Policy Board, 1997-2005.

· Member of EPSRC Surface Science Theme Day Assessment Panel, Stoneleigh Park, Warwick, April 1998

· Member of University of Leeds Quinquennial Review Group for the Centre for Self-Organising Molecular Systems, May 1998.

· Member of Sheffield Hallam University Materials Research Institute Review Panel, November 1998-March 1999.

· Member of EPSRC/DTI Oil and Gas LINK Programme Advisory Panel, 1998-2001.

· Member of EPSRC General Engineering Programme Evaluation Panels, 1999-on.

· Member of Bristol University School of Chemistry Industrial Advisory Panel, 1999-2005.
· Industrial member of DTI Technology Foresight Challenge Process Tomography Project core management team, 1999-2003

· Leeds/Sheffield Universities Masters Course in Nanoscale Science and Technology: Advisory Board Member, 1999-2005
· Member of EPSRC/DTI Oil & Gas Extraction and the NERC Ocean Margins LINK Programmes joint sub-committee, 2000

· Member of Editorial Board, Journal of Petroleum Technology (Society of Petroleum Engineers), with particular responsibility for Production Technology, 2000-04

· Member of Industrial Advisory Board, Imperial College Department of Chemistry, 2000-2003

· Member of IMPACT (Colloid Technology) Faraday Partnership Academic Advisory Board (Bristol, Leeds, Manchester, Hull, Surrey Universities, Imperial College), 2001-2004

· Member of University of Wales, Aberystwyth, Mathematics and Physical Sciences Advisory Board, 2004-on.

· Member Editorial Board Soft Matter, RSC, 2004-2008
· Member Scientific Council, Institut Francais du Petrole, 2006-on

· Director, Shell-Imperial College Grand Challenge Programme on Clean Fossil Fuels, 2006-2011
· Director, Qatar Carbonates and Carbon Storage Research Centre, 2008-2018
· Member of Editorial Board, Chemical Engineering Research and Design, IChemE, 2009-on

· Member of Royal Society of Chemistry Publishing Board and Science and Publications Sub-Committee, 2010-on

· Member of Faraday Division Council,  Royal Society of Chemistry, 2011-on

· Chair, UK Government Review of Offshore Oil and Gas Regulatory Regime, April-December, 2011.  December 2011 : The ‘Maitland Report’ issued by DECC.
· Member of IChemE Council, 2012-16 

· President IChemE 2014-15
· Chair, Royal Society of Chemistry Publishing Board and Science and Publications Sub-Committee, 2016-2020

· Member of Royal Society of Chemistry Council, 2016-2020

· Director, Shell-Imperial Digital Rocks Prograame, 2016-2020

Consultancies:
Current consultancies include Schlumberger, BP, Materia, Tullow Oil, Tracesa, ASA.
In the period 1974-86, prior to joining Schlumberger, I had close consultancy contacts with a number of companies:

Unilever Ltd

B.I.P. Ltd

I.C.I. Plastics Division Ltd

Tate and Lyle Ltd

BP Research Centre, Sunbury

As part of these activities, a number of industrial publications have resulted:

Development of a mathematical model for the gas-phase polypropylene process - a preliminary report.

J.M. Funt and G.C. Maitland

I.C.I. Plastics Division, January 1977

Rheology of Soft Composites

J.M. Funt, G.C. Maitland and J.R.A. Pearson

Unilever Research, January and April 1978

Extensional viscosities of dilute polymer solutions

G.C. Maitland

B.P. Ltd, April 1978

Development of a mathematical model for the gas-phase polypropylene copolymerisation process

D.J. Bosworth and G.C. Maitland

I.C.I. Plastics Division Ltd., September 1978

The role of polymers in enhanced oil recovery

G.C. Maitland

B.P. Ltd., November 1978

During my secondment to I.C.I. 1979-81 I published 15 major internal reports and numerous research notes, mainly on PVC batch suspension polymerisation reactors and the effects of agitation of the particle size and porosity of PVC.
More recently I have acted as consultant to the following companies:

BP plc – Extraction of non-conventional hydrocarbons
Tracesa Ltd – Polymer encapsulation

Materia Inc – Advanced materials for oil and gas recovery

MacDermid plc – Pressure viscosity testing
Research Students Supervised:

1974-5

N. Sandhu (M.Sc.)



A rheological study of the kinetics of gelation of concentrated gelatin 

solutions.

1975-76
S.A. Sayegh (M.Sc.)



A study of thermoreversible gelation using time domain reflectometry and 

laser light scattering techniques

1976-77
E.D. Soussou (M.Sc., with Dr. J.M. Funt)



An experimental study of mixing in batch polymerisation reactors for Nylon 

11.

A.F.B. Mustapha (M.Sc., with Dr. J.M. Funt)



A theoretical study of the effects of mixing in polymerisation reactors for 

Nylon 11.



K.S. Lim (M.Sc., with Dr. J.S. Higgins)



A study of the internal motions of polystyrene in dilute solution using laser 

light scattering techniques.

1977-78
O.P. Nwammuo (M.Sc.)



Dynamic Kerr effect studies of polymer solutions

M.  Jakobsson (Chalmers University exchange)



Studies of concentrated polymer solutions by the dynamic light scattering 

technique.

S.  Miyai (M.Sc.)



An experimental study of the effects of molecular rigidity on non-

Newtonian viscosity.

1977-80
D.J. Bosworth (Ph.D.)



Mathematical modelling of gas-phase polymerisation processes



(in conjunction with I.C.I. Plastics Division)

A.F.B. Mustapha (Ph.D.)



The effects of mixing in polymerisation reactors

1978-81
P.J Batchelor (Ph.D., City of London Polytechnic, under C.N.A.A., jointly 

with Dr. G.H. Meeten)



An experimental study of the magnetic and electric birefringence and 

dichroism of macromolecules and colloid particles.

O.P. Nwammuo (Ph.D.)



The dynamics of polymers in concentrated solution studied by Kerr effect 

relaxation and photon correlation spectroscopy.

V.  Vesovic (Ph.D., jointly with Dr. W.A. Wakeham)



Semi-classical evaluation of transport coefficients for dilute polyatomic 

gases.

1980-83
D.G. Kelsall (Ph.D.)



Mathematical modelling of PVC polymerisation processes



(in conjunction with I.C.I. Plastics Division, CASE award)

1981-84
S.F.Y. Li (Ph.D., jointly with Dr. W.A. Wakeham)



The thermal conductivity of liquid alkanes

M.  Mustafa (Ph.D., jointly with Dr. W.A. Wakeham)



The thermal conductivity of dilute polyatomic gases and their mixtures

1982-83
G. Venkatraman (M.Sc., jointly with Dr. S.M. Richardson)



The effects of agitation conditions on batch suspension polymerisations

1983-86
B. Clarkson (Ph.D., jointly with Dr. S.M. Richardson)



Experimental and theoretical studies of emulsion polymerisation processes



M.A. Tehrani (Postdoc, jointly with Dr. S.M. Richardson)



Study of droplet formation and suspension polymerisation in a four-roll 

mill: extensional flow characterised by laser-Doppler anemometry

M.  Leao (Ph.D., jointly with Dr. S.M. Richardson)



Characterisation of flow in stirred polymerisation reactors

2005-7
Lun Zhao (PhD, jointly with Prof C. Lawrence and Prof S Kazarian) The interaction of CO2 with oilfield materials

2006-9
U.Paul Igboanusi (PhD)


Properties and production of methane gas hydrates

2007-10
Faheem Ijaz (PhD, jointly with Professor J.P.M. Trusler)


Heavy Oil Viscosity Measurement and Prediction

2007-10 Apostolos Georgiadis (PhD, jontly with Professor Alexander Bismarck and 

Professor J.P.M. Trusler)



Interfacial Tension of CO2 with hydrocarbons and water at high 



temperatures and pressures
2008-11 Danlu Tong (PhD, jointly with Dr P.S. Fennell)



Thermodynamic properties of CO2-amine capture solvents
2008-12 
Bojan Tamburic (PhD, jointly with Dr Klaus Hellgardt)



Green algal solar hydrogen production

2009-12 Mark McBride (PhD, jointly with Professor J.P.M. Trusler)



Transport Properties and Transport Processes of Reservoir Fluids with 

CO2 in Fractured Media 

2009-12
Saif Al Ghafri (PhD, jointly with Professor J.P.M. Trusler)


Thermophysical properties and phase behaviour of reservoir fluids 
2010-13
Xuesong Li (PhD, jointly with Professor J.P.M. Trusler)

Interfacial tension of CO2 with carbonate reservoir fluids at high temperatures and pressures
2011-14 
Pong Dechatiwongse (PhD, jointly with Dr Klaus Hellgardt)



The photocatalytic production of hydrogen from water using 


Cyanobacterium Cyanothece
2011-14
Cheng Peng  (PhD, jointly with Professor J.P.M. Trusler)



Chemical reaction and pH measurement of supercritical CO2-mineral 

systems

2011-16
Amos Aleji (PhD, jointly with Professor J.P.M. Trusler)


The viscosity of crude oils under reservoir conditions

2011-15
Shane Cadogan (PhD, jointly with Professor J.P.M. Trusler)


The diffusion of CO2 in reservoir fluids at high temperature and 


pressure
2012-16
Florence Chow (PhD, jointly with Professor J.P.M. Trusler)



The interfacial tension
 of CO2 gas mixtures with carbonate reservoir 

fluids at high temperatures and pressures
2013-16
Nathan Welsh (PhD, jointly with Dr J. Crawshaw and Professor J.P.M. Trusler)


Imaging and Fluid Flow Measurements of Reservoir Cap Rock and Ceramic Analogues

2013-16
Rayane  Hoballah  (PhD, jointly with Professor J.P.M. Trusler)

On the Solubility of Acid and Sour Gases in Water and Brines under Reservoir Conditions.
2013-16
Hao Bian (PhD, jointly with Dr K. Kellgardt and Dr J. Heng)



Controlled processes for the production, inhibition, dissociation and 

gas exchange of natural gas hydrates. 

2014-17
Claudio Calabrese (PhD, jointly with Professor J.P.M. Trusler)

Viscosity of mixtures of CO2 with reservoir brines and synthetic oils at high temperatures and pressures
2014-17
Ibrahim Daher (PhD, jointly with Dr J. Crawshaw and Professor J.P.M. Trusler)


Drying effects during CO2 injection into saline aquifers - salt transport experiments in fractured media

2015-18
Ayo Rufai (PhD, jointly with Dr J. Crawshaw and Professor J.P.M. Trusler)

Microfluidic Visualisation of Pore-Level Displacement Mechanisms
2016-19
Humera Ansari (PhD, jointly with Dr R. Pini)



CO2 enhanced shale gas recovery
CASE Studentship and directly funded Ph.D./M.Sc. Projects supervised from Schlumberger:

1986-88
R.W. Hughes, University of Bristol (PhD, Dr J.W. Goodwin)



Rheology of model emulsions

1987-89
M.A. Horsfield, University of Cambridge (PhD, Prof L.D. Hall)



Application of magnetic resonance imaging to drilling fluid filtercakes

1989-92
S. Warr, University of Bradford (PhD, Prof L Woodcock)



Computer simulation of particulate cake filtration processes

1991-93
N.E. Sherman, University of Cambridge (Postdoc, Dr M.R. Mackley)



Experimental studies and modelling of dynamic filtration of suspensions

1992-95
N.I.E. Shewring, Sheffield Hallam University (PhD, Prof J. Yarwood)



FTIR spectroscopy studies of bentonite clay hydration and mineral surfaces

1992-93
W. Soontaranum, Imperial College, London (MSc, Prof J.S. Higgins)



Transient electric birefringence studies of carboxymethyl cellulose

1993-94
P. Grumett, Imperial College, London (MSc, Prof J.S. Higgins)



Transient electric birefringence studies of clay-polymer systems in colloidal 

dispersions

1994-97
E. Volpert, University of Strasbourg (PhD, Dr F. Candau)



Synthesis, associative solution properties and silicate adsorption of 

acrylamide/alkylacrylamide copolymers

1995-98
R. Hou, University of Exeter, Camborne School of Mines (PhD, Prof 


R.A.Williams)



Development of acoustic and other soft sensors for inferential control of 

mud processing

1997-2000 E. Kaneva, University of Bristol (PhD, Prof B Vincent)

The production if in situ gelling systems from mixed emulsions

1998-2001 A. Delfino, Imperial College, London (PhD, Prof B J Briscoe)

Friction and lubrication in the drilling of extended-reach oil wells using water-based fluids

2000-2003 R. Cooke, Cambridge University, Dept of Chemical Engineering (PhD, Prof M R Mackley)

The rheology and porous media flow of viscoelastic surfactants

2000-2003 B. Patel, Imperial College, London (PhD, Dr A Galindo/Dr G Jackson)

Modelling of phase behaviour of charged surfactant systems.

2000-2003 J Miller, Cambridge University, Dept of Chemical Engineering (PhD, 

Dr A Middelberg)

A recombinant  E. coli expression system for the large-scale production of  -tape polypeptides.

2000-2003 M Vogel, Van’t Hoff Laboratory, University of Utrecht (Prof  H N W Lekkerkerker)

Phase behaviour and properties of mixed sphere/rod/platelet colloidal suspensions.

2002-2005 S Karanikas, Cambridge University, Dept of Theoretical Chemistry  

(PhD, Dr A Louis)

Generalised depletion models for colloidal interactions

2002-2005 I Couillet, Institut Charles Sadron, University of Strasbourg 

(PhD, Dr F Candau)

Structure and rheology of viscoelastic surfactants and blends with hydrophobically modified polymers

2003-2005 Annemieke ten Brinke, Van’t Hoff Laboratory, University of Utrecht (Postdoc, Prof  H N W Lekkerkerker)

Phase behaviour, microstructure and properties of mixed shape colloidal suspensions and their opilfield applications.

2003-2006 Emmanuel Keskes, Imperial College, London 

(PhD, Prof G Jackson/Dr A Galindo/Dr C Adjiman)

Integrated solvent and process design for CO2 capture from CH4
2003-2006 Fotos Peleties, Imperial College, London

(PhD, Prof M Trusler)

Advanced fluid property measurement and prediction for oilfield applications

2003-2006 Lun Zhao, Imperial College, London

(PhD, Prof C Lawrence/Dr S Kazarian)

Interaction of CO2 with oilfield 

2004-2007 Lawrence Lau, Imperial College, London

(PhD, Prof C Lawrence/Dr O Matar)

Pattern selection and dendritic structures in 3D reaction diffusion equations

I was also the Schlumberger technical contact for the following Schlumberger sponsored PhD project:
1998-2001
Wilasa Vichit-Vadakan, Princeton University (PhD, Prof G W Scherer)

Controlling shrinkage and creep in inorganic gels and oilfield cements 

G. C. MAITLAND – PUBLICATIONS AND PATENTS
Books
Ceramists’ Handbook


G.C. Maitland and G.G. Slinn


Podmore, Stoke-on-Trent, 52pp, 1973

Intermolecular Forces - their origin and determination


G.C. Maitland, M. Rigby, E.B. Smith and W.A. Wakeham


Oxford University Press, 617pp, 1981


Reprinted in Paperback 1987

The Forces Between Molecules


M. Rigby, E.B. Smith, W.A. Wakeham and G.C. Maitland


Oxford University Press, 232 pp, 1986

Flow and Microsructure of Dense Suspensions


L.J. Struble, C.F. Zukoski and G.C. Maitland (Eds)


Materials Research Society (Symp. Proc. 289), 260pp, 1993

Papers
The repulsive forces of the inert gases


G.C. Maitland and E.B. Smith


J. Chem. Phys., 52, 3848 (1970)

La viscosite de CO2 entre 293 et 1500K


G.C. Maitland et E.B. Smith


J. Chim. Physique 67, 631 (1970)

High temperature viscosities and intermolecular forces of quasi-spherical molecules 


R.A. Dawe , G.C. Maitland, M. Rigby and E.B. Smith


Trans. Faraday Soc. 66, 1955 (1970)

The intermolecular pair potential of argon


G.C. Maitland and E.B. Smith


Molec. Phys. 22, 861 (1971)

The viscosities of eleven common gases - a critical compilation


G.C. Maitland and E.B. Smith


Phys. Chem. Lab., Oxford (1971)

A critical reassessment of the viscosties of eleven common gases


G.C. Maitland and E.B. Smith


J. Chem. Eng. Data 17, 150 (1972)

The direct determination of intermolecular potential energy functions from gas viscosity measurements


D.W. Gough, G.C. Maitland and E.B. Smith


Molec. Phys. 24, 151 (1972)

The direct determination of potential energy functions from second virial coefficients


G.C. Maitland and E.B. Smith


Molec. Phys. 24, 1185 (1972)

The forces between simple molecules


G.C. Maitland and E.B. Smith


Chem. Soc. Rev. 2, 181 (1973)

The intermolecular potential energy functions of krypton and xenon


D.W. Gough, G.C. Maitland and E.B. Smith


Molec. Phys. 25, 1433 (1973)

The determination of the intermolecular potential energy function of neon from spectroscopic, equilibrium and transport data


G.C. Maitland


Molec. Phys. 26, 513 (1973)

A simplified representation of intermolecular potential energy


G.C. Maitland and E.B. Smith


Chem. Phys. Letters 22, 443, (1973)

The pair potential energy function for krypton


D.W. Gough, G.C. Maitland and E.B. Smith


Molec. Phys. 27, 867 (1974)

Viscosities of binary gas mixtures at high temperatures


G.C. Maitland and E.B. Smith


J. Chem. Soc., Faraday Trans. I 70, 1191 (1974)

The direct determination of pair potential energy function for mixed interactions:   Ar-Kr


D.W Gough, G.P Matthews, E.B. Smith and G.C. Maitland


Molec. Phys. 29, 1759 (1975)

Simplified methods for the inversion of thermophysical data


P.Clancy, D.W. Gough, G.P. Matthews, E.B. Smith and G.C. Maitland


Molec. Phys. 30, 1397 (1975)

On the inversion of thermophysical properties


G.C. Maitland and E.B. Smith


Proceedings of the 7th Symp. on Thermophysical Properties, New York: 


ASME, p. 412 (1977)

Studies of polyvinyl alcohol - Congo Red gels using rheological and inelastic light scattering techniques.


G.C. Maitland and S.A. Sayegh


Faraday Informal Discussion on ‘Molecular interactions, microstructure and 
rheological behaviour’, Cranfield, January 1978.

Direct determination of intermolecular potentials from gaseous transport coefficients alone. Part I: The Method


G.C. Maitland and W.A. Wakeham


Molec. Phys. 35, 1429 (1978)
Direct determination of intermolecular potentials from gaseous transport coefficients alone. Part II: Application to unlike monatomic interactions


G.C. Maitland and W.A. Wakeham


Molec. Phys. 35, 1433 (1978)

A justification of methods for the inversion of gas transport coefficients


G.C. Maitland, E.A. Mason, L.A. Viehland and W.A. Wakeham


Molec. Phys. 36, 797 (1978)

Recent developments in the inversion of gas transport coefficients


G.C. Maitland


Symposium on ‘Transport properties, their measurement and use’, National 
Engineering Laboratory, East Kilbride, (1978)

The inversion of thermodynamic and transport property data: application to metal vapours at high temperatures


G.C. Maitland, V. Vesovic, W.A. Wakeham and C.A. Nieto de Castro


High temperatures-High pressures 12, 589 (1980)
The inelastic contributions to transport collision integrals in the infinite-order sudden approximation


G.C. Maitland, V. Vesovic and W.A. Wakeham


Molec. Phys. 42, 803 (1981)

The effects of non-spherical interactions upon the transport properties of dilute polyatomic gases


G.C. Maitland, V. Vesovic  and W.A. Wakeham


Proc. 8th Symposium on Thermophysical Properties of Fluids, N.B.S., 
Maryland, 184 (1981)

The calculation of transport coefficients for dilute polyatomic gases in the infinite order sudden approximation


G.C. Maitland, V. Vesovic  and W.A. Wakeham


Faraday Discuss. Chem. Soc. 73, 278 (1982)

The inversion of transport coefficients for monatomic-diatomic gas mixtures


G.C. Maitland, V. Vesovic  and W.A. Wakeham


Faraday Discuss. Chem. Soc. 73, 290 (1982) 

The sensitivity of bulk transport properties to non-spherical interactiosn


G.C. Maitland


Faraday Discuss. Chem. Soc. 73, 290 (1982)

The influence of flexibility on the properties of chain molecules


R. Szczepanski and G.C. Maitland


A.C.S. Adv. in Chem. 204, 469 (1983)

Thermal conductivity of polyatomic gases at low density


G.C. Maitland, M. Mustafa and W.A. Wakeham
J. Chem. Soc., Faraday Trans. I 79, 163 (1983)
Second order approximations for the transport properties of dilute polyatomic gases


G.C. Maitland, M. Mustafa and W.A. Wakeham


J. Chem. Soc., Faraday Trans. II 79, 1425 (1983)

The thermal conductivity of argon, nitrogen and carbon monoxide in the temperature range 300-430K at pressures up to 10 Mpa


E.N. Haran, G.C. Maitland, M. Mustafa and W.A. Wakeham


Ber. Bunsenges. Phys. Chem. 87, 657 (1983)

The interaction of process conditions and product properties for PVC


D.G. Kelsall and G.C. Maitland


Polymer Reaction Engineering (Ed. K.H. Reichert and W. Geissler)

pp131-152 (1983)

Thermal conductivity of toluene in the temperature range 35-90C at pressures up to 600 MPa


C.A. Nieto de Castro, S.F.Y Li, G.C. Maitland and W.A.Wakeham


Int. J. Thermophys. 4, 311 (1983)

The thermal conductivity of n-hexane and n-octane at pressures up to 0.64 GPa in the temperature range 34-90C


S.F.Y Li, G.C. Maitland and W.A.Wakeham


Ber. Bunsenges. Phys. Chem. 88, 32 (1984)

The inversion of thermophysical properties.  I. Spherical systems revisited


G.C. Maitland, V. Vesovic and W.A. Wakeham


Molec. Phys. 54, 287 (1985)

The inversion of thermophysical properties.  II. Non-spherical systems explored


G.C. Maitland, V. Vesovic and W.A. Wakeham


Molec. Phys. 54, 301 (1985)
Thermal conductivity of benzene and cyclohexane in the temperature range 36-90oC at pressures up to 0.33 GPa


S.F.Y. Li, G.C. Maitland and W.A. Wakeham


Int. J. Thermophys., 5, 351 (1984)

Thermal conductivity of two branched alkanes in the temperature range 36-88 oC at pressures up to 0.6 GPa


J.M.N.A. Fareleira, S.F.Y. Li, G.C. Maitland and W.A. Wakeham


High Temperatures - High Pressures, 16, 427 (1984)

The thermal conductivity of liquid hydrocarbons


S.F.Y. Li, G.C. Maitland and W.A. Wakeham


High Temperatures - High Pressures, 17, 241 (1985)

The transport properties of polyatomic gases: rough sphere model


M.J. Assael, F.R. McCourt, G.C. Maitland, M. Mustafa and W.A. Wakeham


High Temperatures - High Pressures, 17, 291 (1985)
The transport properties of gases with multipole moments


G.C. Maitland, R.D. Trengove and W.A. Wakeham


Proc. Chempor, Coimbra, Portugal (1985)
Transient hot-wire measurements of the thermal conductivity of gases at elevated temperatures

G.C. Maitland, M. Mustafa, Ross M., R.D. Trengove, W.A. Wakeham and M. Zalaf, Int. J. Thermophys., 7, 245 (1985)

Correlation of zero density viscosity of polyatomic gases


G.C. Maitland, R.D. Trengove and W.A. Wakeham


Int. J. Thermophys., 7, 553 (1986)

The inversion of thermophysical properties

III Highly anisotropic interactions


G.C. Maitland, M. Mustafa, V. Vesovic and W.A. Wakeham


Molec. Phys., 57, 1015 (1986)

Linear birefringence and dichroism measurements on PTFE dispersions


P. Batchelor, G.H. Meeten and G.C. Maitland


J. Colloid and Int. Sci., 117, 360 (1987)

An essentially exact evaluation of the transport cross-sections for a model of the helium-nitrogen interaction


G.C. Maitland, M. Mustafa, W.A. Wakeham and F.R.W. McCourt


Molec. Phys., 61, 359 (1987)

Close-coupled calculations of transport cross-sections for a highly quantal system


G.C. Maitland, M. Mustafa and W.A. Wakeham


Molec. Phys., 62, 397 (1987)

A comparison between calculated and experimental transport coefficients of binary gaseous mixtures: N2-He, Ne, and Ar


G.C. Corey, F.R.W. McCourt and G.C. Maitland


Molec. Phys., 62, 875-896 (1987)

Droplet breakup and coalescence in well-defined flows


M.L.Leao, G.C. Maitland, S.M. Richardson and M.A. Tehrani


Proc. Eng. Foundation Conf. on Fluid-Fluid Interaction, Davos, 


Switzerland (1987)

The rheological properties of water-based drilling fluids: effect of clay chemistry


N.J. Alderman, D. Ram Babu, T.L. Hughes and G.C. Maitland


Proc. 3rd Int. Symp. on Chemicals in the Oil Industry


Roy. Soc. Chem. Spec. Pub., 67, 14 (1988)

Rheological properties of bentonite water-based drilling fluids: creep and stress relaxation


N.J. Alderman, D. Ram Babu, T.L. Hughes and G.C. Maitland


Proc. Xth Int Congress on Rheology, Sydney, 140 (1988)

High temperature, high pressure rheology of water-based muds


N.J. Alderman, A. Gavignet, D. Guillot and G.C. Maitland


Proc. 63rd Ann. Tech. Conf. Soc. Petrol. Eng., SPE 18035, 187 (1988)

Drilling fluid physics


E.J. Fordham, G.C. Maitland, G.H. Meeten and J.D. Sherwood


Drilling and Pumping J., 6, 12 (1988)

Identifying and solving problems in engineering design


J.S. Higgins, G.C. Maitland, J.D. Perkins, S.M. Richardson 


and D. Warren-Piper


Studies in Higher Education, 14, 169-181 (1989)

Characterisation of flow in suspension polymerisation reactors


M.L. Leao, G.C. Maitland and S.M. Richardson


Proc. Chempor, Paper 2S, Lisbon (1989)

Rheology in oilfield drilling and pumping operations


G.C. Maitland


Brit. Soc. Rheol. Bull., 33, 78 (1991)

Drilling fluids and wellbore stability - current performance and future challenges


L. Bailey, J.H. Denis and G.C. Maitland


Proc. Roy. Soc. Chem. Symp. on Chemicals in the Oilfield


Imperial College, London, 4, 53 (1991)

Nuclear magnetic resonance imaging of simulated voids in cement slurries


E.J. Fordham, T.P.L. Roberts, T.A. Carpenter, L.D. Hall, 


G.C. Maitland and C.Hall


AIChE Journal, 37, 1895 (1991)

Effects of chain flexibility on polymer solution dynamics


O.P. Nwammuo and G.C. Maitland


J. Chem. Soc. Faraday Trans., 88, 1803-1818 (1992)

(Faraday Symp. No. 27, The conformations of flexible molecules in fluid phases, December 1991)

Mud analysis and control for drilling


C. Hall, P. Fletcher, T.L.Hughes, T.G.J. Jones, G.C. Maitland and T. Geehan


Proc. 4th EC Oil and Gas Symp., Berlin, November 1992

Depth filtration of clay in rock cores observed by one-dimensional 1H NMR imaging


E.J. Fordham, M.A. Horsfield, L.D. Hall and G.C. Maitland


J. Colloid Int. Sci., 156, 253 (1993)

Flow and microsructure of dense suspensions


L.J. Struble, C.F. Zukoski and G.C. Maitland (Eds)


Mat. Res. Soc. Symp. Proc., 289 (1993)

Imaging voids in cement slurries


E.J. Fordham, C. Hall, T.P.L. Roberts, L.D. Hall and G.C. Maitland


Application of NMR Spectroscopy to Cement Science, pp 337-352


P. Colombet and A.-R. Grimmer (Eds), Gordon and Breach (1994) 
Fourier transform infrared spectroscopic techniques to investigate surface

hydration processes on bentonite


N.I.E. Shewring, T.G.J. Jones, G.C. Maitland and J .Yarwood

J.  Colloid & Int. Sci., 176, 308-17 (1995)

The road ahead to real-time oil and gas reservoir management


R.G. Smith and G.C. Maitland


Trans IChemE, 76A, 539-552 (1998)

The rheology of drilling fluids


G.C. Maitland


Bristol Colloid Centre Commentary, 2, 4-7 (1999)

Electro-optic birefringence and scattering of concentrated solutions of ethylcellulose


G.C. Maitland and O.P Nwammuo


Angew Makrolmol Chem, 268, 1-12 (1999)

Electro-optic studies of polymers of varying flexibility in solution


O.P. Nwammuo and G.C. Maitland


Angew Makromol Chem, 272, 28-39 (1999)

The colloid and interface science of oil and gas production


G. C. Maitland


Curr Opin Colloid Interface Sci, 5, 301-311 (2000)

From mud to worms…the colloid and interface science of hydrocarbon recovery


G. C. Maitland


Ann Newsletter RCS Colloid & Interface Science Group, 9-11 (2001)

Production Technology Overview


G.C. Maitland


J. Petroleum Technology, 53(12), 38 (2001)
Lubrication of water-based clay suspensions


B.J. Briscoe, P.M. Cann, A. Delfino and G.C. Maitland

Proc. 27th Leeds/Lyon Symposium on Bounday and mixed lubrication; science  and applications. Ed D. Dowson et al, Elsevier (Holland), pp 331-340 (2001)

Ageing of oilfield cement at high humidity.  A combined FEG-ESEM and Raman Microscopic Investigation


C.-S. Deng, S. Habesch, C. Breen, J. Yarwood, G.C. Maitland and J. Phipps


J. Materials Chemistry, 12, 3105-3112 (2002)

Molecular design of responsive fluids: molecular dynamics studies of viscoelastic surfactant solutions


E.S. Boek, A. Jusufi, H. Loewen and G.C. Maitland


J. Phys.: Condens. Matter, 14, 9413-30 (2002)

Production Technology Overview


G.C. Maitland


J. Petroleum Technology, 54(12), 50 (2002)

Rheology, cryo-TEM and small-angle neutron scattering of highly viscoelastic wormlike micellar solutions


V. Croce, T. Cosgrove, G.C. Maitland, T.L. Hughes and G. Karlsson


Langmuir, 19, 8536-8541 (2003)

Prediction of the salting-out effect of strong electrolytes on water + alkane solutions


B. Patel, P. Paricaud, A. Galindo and G.C. Maitland

In. Eng. Chem. Res., 42, 3809 (2003)
Impacting the length of wormlike micelles using mixed surfactant systems

V. Croce, T. Cosgrove, C.A. Dreiss, G.C. Maitland, T.L. Hughes and G. Karlsson
Langmuir, 20, 7984-7990 (2004)
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Natural gas extraction from shale formations has experienced a rapid growth in recent years, but the low recovery observed in many field operations demonstrates that the development of this energy resource is far from being optimal. The ambiguity in procedures that account for gas adsorption in Gas-in-Place calculations represents an important element of uncertainty. Here, we present a methodology to compute gas production curves based on quantities that are directly accessed experimentally, so as to correctly account for the usable pore-space in shale. We observe that adsorption does not necessarily sustain a larger gas production compared to a non-adsorbing reservoir with the same porosity. By analysing the entire production curve, from initial to abandonment pressure, we unravel the role of the excess adsorption isotherm in driving this behaviour. To evaluate scenarios of improved recovery by means of gas injection, we develop a proxy reservoir model that exploits the concept of Pressure Swing Adsorption used in industrial gas separation operations. The model has three stages (Injection/Soak/Production) and is used to compare scenarios with cyclic injection of CO2 or N2. The results show that partial pressure and competitive adsorption enhance gas production in complementary ways, and reveal the important trade-off between CH4 recovery and CO2 storage. In this context, this proxy model represents a useful to tool to explore strategies that optimise these quantities without compromising the purity of the produced stream, as the latter may introduce a heavy economic burden on the operation.
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In a study designed to investigate the melting behaviour of natural gas hydrates which are usually formed in porous mineral sediments rather than in bulk, hydrate phase equilibria for binary methane and water mixtures were studied using high-pressure differential scanning calorimetry in mesoporous and macroporous silica particles having controlled pore sizes ranging from 8.5 nm to 195.7 nm. A dynamic oscillating temperature method was used to form methane hydrates reproducibly and then determine their decomposition behaviour—melting points and enthalpies of melting. Significant decreases in dissociation temperature were observed as the pore size decreased (over 6 K for 8.5 nm pores). This behaviour is consistent with the Gibbs–Thomson equation, which was used to determine hydrate–water interfacial energies. The melting data up to 50 MPa indicated a strong, essentially logarithmic, dependence on pressure, which here has been ascribed to the pressure dependence of the interfacial energy in the confined media. An empirical modification of the Gibbs–Thomson equation is proposed to include this effect.

· Abstract
 

· Publisher Web Link
 

· Author Web Link
 

· Open Access Link
 

· Cite
JOURNAL ARTICLE
Ansari H, Joss L, Hwang J, Trusler J, Maitland G, Pini Ret al., 2020, Supercritical adsorption in micro- and meso-porous carbons and its utilisation for textural characterisation, Microporous and Mesoporous Materials, Vol: 308, ISSN: 1387-1811

Understanding supercritical gas adsorption in porous carbons requires consistency between experimental measurements at representative conditions and theoretical adsorption models that correctly account for the solid’s textural properties. We have measured unary CO2 and CH4 adsorption isotherms on a commercial mesoporous carbon up to 25 MPa at 40 °C, 60 °C and 80 °C. The experimental data are successfully described using a model based on the lattice Density Functional Theory (DFT) that has been newly developed for cylindrical pores and used alongside Ar (87K) physisorption to extract the representative pore sizes of the adsorbent. The agreement between model and experiments also includes important thermodynamic parameters, such as Henry constants and the isosteric heat of adsorption. The general applicability of our integrated workflow is validated by extending the analysis to a comprehensive literature data set on a microporous activated carbon. This comparison reveals the distinct pore-filling behaviour in micro- and mesopores at supercritical conditions, and highlights the limitations associated with using slit-pore models for the characterisation of porous carbons with significant amounts of mesoporosity. The lattice DFT represents a departure from simple adsorption models, such as the Langmuir equation, which cannot capture pore size dependent adsorption behaviour, and a practical alternative to molecular simulations, which are computationally expensive to implement.
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HypothesisThe wetting behaviour is a key property of a porous medium that controls hydraulic conductivity in multiphase flow. While many porous materials, such as hydrocarbon reservoir rocks, are initially wetted by the aqueous phase, surface active components within the non-wetting phase can alter the wetting state of the solid. Close to the saturation endpoints wetting phase fluid films of nanometre thickness impact the wetting alteration process. The properties of these films depend on the chemical characteristics of the system. Here we demonstrate that surface texture can be equally important and introduce a novel workflow to characterize the wetting state of a porous medium.ExperimentsWe investigated the formation of fluid films along a rock surface imaged with atomic force microscopy using ζ-potential measurements and a computational model for drainage. The results were compared to spontaneous imbibition test to link sub-pore-scale and core-scale wetting characteristics of the rock.FindingsThe results show a dependency between surface coverage by oil, which controls the wetting alteration, and the macroscopic wetting response. The surface-area coverage is dependent on the capillary pressure applied during primary drainage. Close to the saturation endpoint, where the change in saturation was minor, the oil-solid contact changed more than 80%.

· Abstract
 

· Publisher Web Link
 

· Author Web Link
 

· Open Access Link
 

· Cite
JOURNAL ARTICLE
Alderman NJ, Gavignet A, Guillot D, Maitland GCet al., 2020, High-temperature, high-pressure rheology of water-based muds.

This paper reports measurements of the rheology of a range of water based drilling muds at temperatures up to 130DEGREESC and pressures up to 1000 bar. The fluids were highly thixotropic, and decoupling of temperature/pressure effects from those due to time dependent structural changes was achieved by developing a sample preparation and handling procedure which ensured that all samples experienced identical shear histories prior to study in the rheometer. The observed behaviour of the fluids and its physical origins are discussed. A simple model allowing reliable extrapolation of surface measurements to downhole conditions for well circulated water based muds is presented.
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In order to design safe and effective storage of anthropological CO2 in deep saline aquifers, it is necessary to know the thermophysical properties of brine–CO2 solutions. In particular, density and viscosity are important in controlling convective flows of the CO2-rich brine. In this work, we have studied the effect of dissolved CO2 on the density and viscosity of NaCl and CaCl2 brines over a wide range of temperatures from 298 to 449 K, with pressures up to 100 MPa, and salinities up to 1 mol·kg–1. Additional density measurements were also made for both NaCl and CaCl2 brines with dissolved CO2 at salt molalities of 2.5 mol·kg–1 in the same temperature and pressure ranges. The viscosity was measured by means of a vibrating-wire viscometer, while the density was measured with a vibrating U-tube densimeter. To facilitate the present study, the theory of the vibrating-wire viscometer has been extended to account for the electrical conductivity of the fluid, thereby expanding the use of this technique to a whole new class of conductive fluids. Relative uncertainties were 0.07% for density and 3% for viscosity at 95% confidence. The results of the measurements show that both density and viscosity increase as a result of CO2 dissolution, confirming the expectation that CO2-rich brine solutions will sink in an aquifer. We also find that the effect of dissolved CO2 on both properties is sensibly independent of salt type and molality.
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We report new interfacial tension (IFT) measurements of the (H2O + CO2 + H2) and (H2O + H2) systems at pressures of (0.5 to 45) MPa, and temperatures of (298.15 to 448.15) K, measured by the pendant-drop method. The expanded uncertainties at 95% confidence are 0.05 K for temperature, 70 kPa for pressure, 0.017·γ for IFT in the both the binary (H2O + H2) system and the ternary (CO2 + H2 + H2O) system. Generally, the IFT was found to decrease with both increasing pressure and increasing temperature. However, for (H2O + H2) at the lowest two temperatures investigated, the isothermal IFT data were found to exhibit a maximum as a function of pressure at low pressures before declining with increasing pressure. An empirical correlation has been developed for the IFT of the (H2O + H2) system in the full range of conditions investigated, with an average absolute deviation of 0.16 mN m−1, and this is used to facilitate a comparison with literature values. Estimates of the IFT of the (H2O + CO2 + H2) ternary system, by an empirical combining rule based on the coexisting phase compositions and the interfacial tensions of the binary systems, were found to be unsuitable at low temperatures, with an average absolute deviation of 3.6 mN m−1 over all the conditions investigated.
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Li et al.(1) reported interfacial tension measurements between carbon dioxide and the mixed brine (0.864 NaCl + 0.136 KCl) over wide ranges of temperature, pressure and total salt molality. We have determined that their data on the isotherm at 298.15 K for the salt molaity of 0.98 mol·kg–1 are erroneous; results at other temperatures and salt molalities reported in(1) are not affected by the error. We report herein new data, measured at T = 298.15 K and at pressures between (2 and 51) MPa, to replace the corresponding isotherm reported in Table 2 of the original reference.
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Carbon capture and storage (CCS) is broadly recognised as having the potential to play a key role in meeting climate change targets, delivering low carbon heat and power, decarbonising industry and, more recently, its ability to facilitate the net removal of CO2 from the atmosphere. However, despite this broad consensus and its technical maturity, CCS has not yet been deployed on a scale commensurate with the ambitions articulated a decade ago. Thus, in this paper we review the current state-of-the-art of CO2 capture, transport, utilisation and storage from a multi-scale perspective, moving from the global to molecular scales. In light of the COP21 commitments to limit warming to less than 2 °C, we extend the remit of this study to include the key negative emissions technologies (NETs) of bioenergy with CCS (BECCS), and direct air capture (DAC). Cognisant of the non-technical barriers to deploying CCS, we reflect on recent experience from the UK's CCS commercialisation programme and consider the commercial and political barriers to the large-scale deployment of CCS. In all areas, we focus on identifying and clearly articulating the key research challenges that could usefully be addressed in the coming decade.
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The pH is a critical variable for carbon storage in saline aquifers because it affects the reaction rate and equilibrium state of the reservoir rocks, thus influencing the rates of mineral dissolution or precipitation and the integrity of caprocks. In this work, high-pressure pH and Ag/AgCl-reference electrodes were used to measure the pH of CO 2 -saturated aqueous solutions of NaCl and NaHCO 3 . The expanded uncertainty of the pH measurements is 0.20 at 95% probability. For CO 2 -saturated NaCl(aq), measurements were carried out at total pressures from (0.37 to 15.3) MPa and temperatures from (308 to 373) K with NaCl molalities of (1, 3 and 5) mol·kg −1 . For CO 2 -saturated NaHCO 3 (aq), the pH was measured at total pressures from (0.2 to 15.3) MPa and temperatures from (308 to 353) K with NaHCO 3 molalities of (0.01, 0.1 and 1) mol·kg −1 . The pH was found to decrease with increase in pressure and with decrease in temperature for both CO 2 -saturated NaCl and NaHCO 3 solutions. For CO 2 -saturated NaCl(aq), the pH was observed to decrease with increase of salt molality, while for CO 2 -saturated NaHCO 3 , the opposite behaviour was observed. The results have been compared with predictions obtained from the PHREEQC geochemical simulator (version 3.3.9) incorporating the Pitzer activity-coefficient model with parameters taken from the literature. For CO 2 -saturated NaCl(aq), agreement to within ±0.2 pH units was observed in most cases, although deviations of up to 0.3 were found at the highest molality. In the case of CO 2 -saturated NaHCO 3 (aq), the experimental data were found to deviate increasingly from the model with increasing salt molality and, at 1 mol·kg −1 , the model underestimated the pH by between 0.3 and 0.7 units.
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Calcium looping is a high-temperature solid-looping process for CO2 capture, exploiting cyclical carbonation of CaO. Previous work investigating the effects of steam on the carbonation reaction has produced conflicting results, with the majority of work conducted using thermogravimetric analyzers (TGA). Here, pressurized carbonation kinetics in the presence of steam in a 3 kWe pressurized spout-fluidized bed reactor, gives a rigorous insight into the effects of steam. Pseudo-intrinsic kinetics were determined using an effectiveness factor model along with activation energies and kinetic expressions. The mechanism in which steam promotes CO2 adsorption on the surface of CaO was investigated using density functional theory (DFT). The molecular-scale changes on the CaO surface owing to the presence of steam compared to the base case of CO2 adsorption on a ‘clean’ (without steam) surface were simulated with the Cambridge Serial Total Energy Package (CASTEP) software. The results suggest that steam promotes CO2 adsorption via the formation of surface OH groups on the CaO surface.
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A two-phase reactor model has been developed using a system of ordinary differential equations in MATLAB to model the carbonation reaction and therefore determine the kinetics of calcium oxide in a pressurised fluidised bed reactor as part of the calcium looping cycle. The model assumes that the particulate and bubble phases are modelled as a CSTR and a PFR respectively. The random pore model developed by Bhatia and Perlmutter1 is incorporated into the system of equations to predict the rate of carbonation for pressures up to 5 bara total, and CO2 partial pressures up to 150 kPa. The surface rate constant and product layer diffusivity in the random pore model expression were obtained by fitting the model to experimental data for a range of pressures, CO2 concentrations and temperatures by minimization of the resid-ual sum of squares. The surface rate constants were found to be between 3.05 and 12.9 x 10-10 m4 mol-1 s-1 for a temper-ature range of 550 to 750 °C. The product layer diffusivities were found to be between 0.06 and 23.6 x 10-13 m2 s-1 for the same temperature range. The surface rate constant and product layer diffusivity activation energy were calculated using the Arrhenius e
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In this work, we explore the capabilities of the statistical associating fluid theory for potentials of the Mie form with parameter estimation based on a group-contribution approach, SAFT-γ-Mie, to model the phase behavior of the (carbon dioxide + n-heptane + methylbenzene) system. In SAFT-γ-Mie, complex molecules are represented by fused segments representing the functional groups from which the molecule may be assembled. All interactions between groups, both like and unlike, were determined from experimental data on pure substances and binary mixtures involving CO2. A high-pressure high-temperature variable-volume view cell was used to measure the vapor–liquid phase behavior of ternary mixtures containing carbon dioxide, n-heptane, and methylbenzene over the temperature range 298–423 K at pressures up to 16 MPa. In these experiments, the mole ratio between n-heptane and methylbenzene in the ternary system was fixed at a series of specified values, and the bubble-curve and part of the dew-curve was measured under carbon dioxide addition along four isotherms.
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To offset the cost associated with CO2 capture and storage (CCS), there is growing interest in finding commercially viable end-use opportunities for the captured CO2. In this Perspective, we discuss the potential contribution of carbon capture and utilization (CCU). Owing to the scale and rate of CO2 production compared to that of utilization allowing long-term sequestration, it is highly improbable the chemical conversion of CO2 will account for more than 1% of the mitigation challenge, and even a scaled-up enhanced oil recovery (EOR)-CCS industry will likely only account for 4–8%. Therefore, whilst CO2-EOR may be an important economic incentive for some early CCS projects, CCU may prove to be a costly distraction, financially and politically, from the real task of mitigation.
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We report experimental measurements of the mutual diffusion coefficients in binary systems comprising CO2 + liquid hydrocarbon measured at temperatures between (298.15 and 423.15) K and at pressures up to 69 MPa. The hydrocarbons studied were the six normal alkanes hexane, heptane, octane, decane, dodecane and hexadecane, one branched alkane, 2,6,10,15,19,23-hexamethyltetracosane (squalane), and methylbenzene (toluene). The measurements were performed by the Taylor dispersion method at effectively infinite dilution of CO2 in the alkane, and the results have a typical standard relative uncertainty of 2.6%. Pressure was found to have a major impact, reducing the diffusion coefficient at a given temperature by up to 55% over the range of pressures investigated. A correlation based on the Stokes–Einstein model was investigated in which the effective hydrodynamic radius of CO2 was approximated by a linear function of the reduced molar volume of the solvent. This represented the data for the normal alkanes only with an average absolute relative deviation (AAD) of 5%. A new universal correlation, based on the rough-hard-sphere theory, was also developed which was able to correlate all the experimental data as a function of reduced molar volume with an AAD of 2.5%.
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This paper aims to pull together the main points, messages and underlying themes to emerge from the Discussion. It sets these remarks in the context of where Carbon Capture and Storage (CCS) fits into the spectrum of carbon mitigation solutions required to meet the challenging greenhouse gas (GHG) emissions reduction targets set by the COP21 climate change conference. The Discussion focused almost entirely on carbon capture (21 out of 23 papers) and covered all the main technology contenders for this except biological processes. It included (chemical) scientists and engineers in equal measure and the Discussion was enriched by the broad content and perspectives this brought. The major underlying theme to emerge was the essential need for closer integration of materials and process design - the use of isolated materials performance criteria in the absence of holistic process modelling for design and optimisation can be misleading. Indeed, combining process and materials simulation for reverse materials molecular engineering to achieve the required process performance and cost constraints is now within reach and is beginning to make a significant impact on optimising CCS and CCU (CO2 utilisation) processes in particular, as it is on materials science and engineering generally. Examples from the Discussion papers are used to illustrate this potential. The take-home messages from a range of other underpinning research themes key to CCUS are also summarised: new capture materials, materials characterisation and screening, process innovation, membranes, industrial processes, net negative emissions processes, the effect of GHG impurities, data requirements, environment sustainability and resource management, and policy. Some key points to emerge concerning carbon transport, utilisation and storage are also included, together with some overarching conclusions on how to develop more energy- and cost-effective CCS processes through improved integration of approach across the
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