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AGENDA 
09:30-10:00       Arrivals and registration 
10:00-10:05       Jon Gibbins (UKCCSRC) Welcome 
10:05-10:10   Peter Styring (University of Sheffield) Introduction to CO2Chem  
10:10-10:20       Tim Fox (IMechE) Air Capture: An IMechE Perspective 
10:20-10:30 Simon Bennett (International Energy Agency) Air capture: What Would it       

Mean for Climate Change Mitigation and Carbon Costs? 
10:30-12:00       Technical Presentations - Session 1 
3x technical presentations 
Technical discussion 
11:45-12:00 Discussion of National Academy of Sciences report on Carbon Dioxide 

Removal 
12:00-12:10       Harsh Pershad (Innovate UK) Funding Opportunities from Innovate UK 
12:10-13:10       Lunch 
13:10-14:20       Technical Presentations - Session 2 
3x technical presentations 
Technical discussion 
14:20-14:35       Coffee 
14:35-15:45       Technical Presentations - Session 3 
3x technical presentations 
Technical discussion 
15:45-16:00       Jon Gibbins (UKCCSRC) Workshop Wrap Up, Tim Fox (IMechE) Closing 
Remarks 
 
TECHNICAL PRESENTATIONS (order selected by lot on the day) 
 
David Addison (Virgin Group) The Role of Direct Air Capture and Greenhouse Gas Removal in 
Climate Mitigation 
David Agar (Technical University of Dortmund) Power-to-Gas with Direct-Air-Capture 
Simon Bennett (International Energy Agency) Air capture: What Would it Mean for Climate 
Change Mitigation and Carbon Costs? 
Geoff Holmes (Carbon Engineering) Carbon Engineering’s Direct Air Capture Pilot 
Demonstration – End-to-End Operations in 2015 
Duncan McLaren (Lancaster University) Ethics of Direct Air Capture 
Eric Ping (Global Thermostat) The Time for Air Capture is Now 
Giulio Santori (University of Edinburgh) Capture, Compression and Purification of 
Atmospheric Carbon Dioxide 
Peter Styring (University of Sheffield) Carbon Dioxide Utilisation as a Direct Air Capture 
Driver 
Anca Timofte (Climeworks) Climeworks: Capturing CO2 from Air- Update on the Latest 
Developments 
Allen Wright (Centre for Negative Carbon Emissions, Arizona State University) Developing 
the Air Capture Agenda 



SPEAKER BIOGRAPHIES 

David Addison, Virgin Group 
David Addison works at Virgin where he manages the Virgin Earth Challenge. He also works 
with colleagues on some of Virgin’s entrepreneurial and environmental activities from Virgin 
StartUp, to the Virgin Racing Formula E team, and the occasional Special Project. A 
Geographer by background, he also holds an MSc in Environmental Technology from 
Imperial College London, specialising in Energy Policy.  
 
Simon Bennett, International Energy Agency 
Dr Simon Bennett works in the Directorate of Sustainable Energy Policy and Technologies at 
the International Energy Agency, where he is responsible for policy aspects of CCS 
development, with a focus on industry sectors and CO2 capture technologies, as well as low-
carbon innovation and the IEA technology roadmaps programme. He holds a Ph.D. from 
Imperial College London. 
 
Tim Fox, Institution of Mechanical Engineers 
Tim joined the staff of the Institution of Mechanical Engineers in 2007. Initially recruited as 
Head of Environment, he soon added Energy to his portfolio. He is a thought leader on 
sustainably meeting the major challenges facing human populations in 21st Century, namely 
food, water, energy and shelter provision, in the face of increasing environmental risk and 
depleting natural resources. He is passionately committed to delivering our thinking on 
environmental and energy issues globally by authoring reports, organising international 
summits, giving public talks, chairing public debates and engaging with the media. He 
provides input to government policy at local, national and international levels, including the 
UK's devolved administrations, the EU and the UN. Reports by Tim on the engineering 
response to climate change, nuclear power, renewable energy and energy storage, 
urbanisation and natural disasters, food wastage and population growth have had a 
substantial impact. 
 
A 1983 graduate of Surrey University, Tim obtained his doctorate three years later and 
subsequently gained a wide range of international engineering and commercial experience 
in sectors including the built environment, nuclear power, chemical processing, oil & gas, 
transport and renewable energy.  He is a Chartered Engineer, Chartered Environmentalist 
and a Fellow of both The Institution of Mechanical Engineers and Royal Society of Arts. 
 
Jon Gibbins, UKCCSRC 
Jon has worked on coal and biomass gasification and combustion for over 25 years, at Foster 
Wheeler, Imperial College and University of Edinburgh and on carbon capture and storage 
(CCS) since 2002. He is currently the Principal Investigator of the UK Carbon Capture and 
Storage Research Centre supported by the Engineering and Physical Sciences Research 
Council (EPSRC) as part of the Research Councils UK Energy Programme. He is also the 
Professor of Power Plant Engineering and Carbon Capture at the Institute for Materials and 
Processes based at the University of Edinburgh. He is involved in a number of other 
academic, industrial and government initiatives on CCS in the UK and overseas, including the 
DECC Advisory Committee on Carbon Abatement Technology, and has also contributed to a 
number of media pieces and other outreach activities on CCS. 
 
 



Geoffrey Holmes, Carbon Engineering 
Geoff has won research awards for arctic field work in auroral physics and for analysis of 
energy system economics. He has now spent over 6 years working in the air capture field, 
first in an academic capacity and now with Carbon Engineering. Geoff manages and 
executes CE's business development strategy, handles the company's public relations 
efforts, and is responsible for the design of CE's air contactor. 
 
Duncan McLaren, Lancaster University (Lancaster Environment Centre) 
Duncan McLaren is currently a part time PhD student, exploring the justice implications of 
geoengineering. Alongside his PhD studies he consults and advises in a range of sustainable 
development, climate change and geoengineering issues. From 2003-2011 he was Chief 
Executive of Friends of the Earth Scotland, leading advocacy on Scottish government energy, 
climate and sustainability policy. Amongst other advisory roles he served on the Research 
Councils’ stage-gate panel for the Stratospheric Particle Injection for Climate Engineering 
(SPICE) project review and was a member of the Integrated Assessment of Geoengineering 
Potential (IAGP) project advisory group. He tweets at @mclaren_erc 
 
Harsh Pershad, Innovate UK 
As Lead Technologist within the Energy team at Innovate UK, Harsh supports the 
commercialisation of innovative energy technologies for the benefit of the UK economy. He 
focusses on carbon abatement measures, for example carbon capture and storage, energy 
efficiency, hydrogen and fuel cell technologies, and seeks to work closely with public and 
private stakeholders in the lower carbon energy sector, particularly UK SMEs. He is currently 
leading Innovate UK's funding competition focussed on supporting UK SMEs with innovative 
technologies that can provide cleaner, more efficient conventional power generation, 
industrial processes and oil and gas production. 
 
Eric Ping, Global Thermostat 
Eric Ping has been active in the fields of renewable energy and green technology since 2005, 
when he began his research career working on hydrogen reformation separations with 
Intelligent Energy.  An alumnus of Christopher Jones’s catalysis and separations group at the 
Georgia Institute of Technology, Dr Ping has a strong background in chemistry, materials 
science and chemical engineering.  Prior to joining Global Thermostat, Dr Ping was a 
member of the research faculty at the University of Colorado, developing commercial scale 
production of inorganic membranes for high pressure carbon dioxide separations.  He holds 
a Ph.D. in Chemical and Biomolecular Engineering from the Georgia Institute of Technology, 
and a B.S. in Chemical Engineering from University of California, Los Angeles. 
 
Giulio  Santori, Institute for Materials and Processes (University of Edinburgh) 
Giulio Santori is Lecturer at The Institute for Materials and Processes at The University of 
Edinburgh where he is part of the carbon capture research group in the School of 
Engineering. His work is focused on the development of new technologies for energy 
conversion and storage, often by adopting adsorption materials. His research is based on 
thermodynamics as preliminary step for prototyping and testing. He is author of 29 papers 
in international journals, 1 book chapter and >30 contributions to international conferences. 
 
Peter Styring, UK Centre for Carbon Dioxide Utilization (The University of Sheffield) 
Professor Peter Styring’s expertise lies in the field of catalysis and functional materials, 
together with their continuous flow processing that allows reactions to be rapidly taken 



from the Discovery scale to the Production scale over a short time scale. Peter is now 
regarded as one of the world experts in Carbon Capture & Utilisation (CDU) with increasing 
expertise in CDU policy. He is the author of the highly influential Carbon Capture and 
Utilisation in the Green Economy policy document that received global acclaim. He is now 
working with government through consultation on future strategies for CDU both at 
national and European level. 
 
He gained a BSc and PhD in Chemistry at the University of Sheffield before going on to work 
in Spain and the USA before moving back to the UK. Professor Styring is currently working 
on novel solid carbon capture agents combined with solid supported catalysts that can act in 
tandem and so reduce process costs while increasing energy efficiency. Professor Styring's 
work in CDU is extended through efforts in the production of polymers, small molecules and 
liquid fuels, using the commercially viable products as energy stores from renewable power. 
 
Peter is Chair of the CO2Chem Network, the largest global network of academics, industry 
and policy makers with interests in CDU. The network currently has almost 1,000 members 
and is continually growing, giving network member’s access to a vast database of knowledge 
and potential collaborators in this exciting field of research. 
 
Peter was also an EPSRC Senior Media Fellow form 2006-9, working on TV, radio and the 
printed media with a focus on one of his other research interests, Snowsports Engineering. 
Professor Styring presented a number of programmes on TV and eventually became a film 
maker, producing films for 5 News, Current TV and new media channels. That work 
continues within CO2Chem with the production of films for public engagement. 
 
Anca Timofte, Climeworks 
Anca Timofte studied chemical engineering as an undergraduate at Washington University 
in St. Louis and received a master's degree in environmental engineering after studying at 
ETH Zurich and Stanford University. At Climeworks Anca is responsible for process 
engineering. 
 
Allen Wright, Centre for Negative Carbon Emissions (Arizona State University) 
Allen Wright is the executive director of the Center for Negative Carbon Emissions at the 
School of Sustainable Engineering and the Built Environment of the Ira A. Fulton Schools of 
Engineering, Arizona State University. His current research focuses on the characterization 
and improvement of air capture media as well as other related technologies. 
 
Wright received his B.S. degree in Natural Resource Management from Michigan State 
University. He has enjoyed several careers since, including a decade of project management 
in commercial and industrial electrical construction and a decade of marine operations as 
Deputy Operations Director of the Hawaii Undersea Research Laboratory piloting manned 
submersibles and remotely operated vehicles in support of NOAA sponsored oceanic 
research. This was followed by an appointment with Columbia University acting as a 
research engineer supporting the scientific community in the endeavour of converting the 
Biosphere II Centre in Tucson, Arizona to a well-run and scientifically accepted research 
apparatus for climate and environmental research. Most recently, he was a senior staff 
associate at the Lenfest Centre for Sustainable Energy at Columbia University, and has 
played a key role in the development of the humidity swing for air capture media. 
 
Wright is also a co-founder and partner in Kilimanjaro, Inc., formerly Global Research 



Technologies, the first privately held company dedicated to the development and 
commercialization of Air Capture Technology, a technology for the removal of carbon 
dioxide from the atmosphere. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABSTRACTS FOR PRESENTATIONS 
 
David Addison, Virgin Group 
The Role of Direct Air Capture and Greenhouse Gas Removal in Climate Mitigation  
The recent NAS report on Carbon Dioxide Removal (a.k.a. Greenhouse Gas Removal) stated:  
“As a society, we need to better understand the potential cost and performance of CDR 
strategies for the same reason that we need to better understand the cost and performance 
of emission mitigation strategies—they may be important parts of a portfolio of options to 
stabilize and reduce atmospheric concentrations of carbon dioxide”  
This non-technical presentation will attempt to outline the ecosystem that Direct Air 
Capture, and by proxy Greenhouse Gas Removal approaches in general, finds itself within. It 
hopes to offer some insights into how future sustainable potential may be realised; and 
what some of the key considerations might be to keep such potential a reality. " 
 
Simon Bennett, International Energy Agency 
Air Capture: What Would it Mean for Climate Change Mitigation and Carbon Costs? 
There are very few processes that can reduce the stock of CO2 in the atmosphere and thus 
offset continued flows of greenhouse gasses to the atmosphere. None are commercially 
available or viable today. At what cost would they put a cap on the cost of climate change 
mitigation and unlock a low-carbon transition in transport and industry? An IEA perspective 
on some important questions relating to air capture. 
 
Geoffrey Holmes, Carbon Engineering 
Carbon Engineering’s Direct Air Capture Pilot Demonstration – End-to-End Operations in 
2015 
CE is a leading developer of air capture technology. CE’s aim is to provide atmospheric CO2 
for use in fuel producing, creating “drop-in” fuels that are ultra-low-carbon or carbon-
neutral on a life-cycle basis. We will briefly review CE’s DAC technology, and will discuss CE's 
2014-2015 end-to-end Pilot Demonstration Unit. This is a $7M end-to-end technology 
demonstration plant that is currently in fabrication and site installation phases, and will run 
for several months in 2015 to obtain the engineering and performance data needed for 
subsequent commercial scale-up. 
 
Duncan McLaren, Lancaster University (Lancaster Environment Centre) 
The Ethics of Direct Air Capture - Some Considerations for Researchers  
With reference to moral philosophy; insights from science and technology studies into 
complex socio-technical systems; and some findings from deliberative public engagement 
on carbon dioxide removal options for geoengineering; the presentation briefly addresses 
four questions:  

- Is the pursuit of DAC ethical?   
- What ethical considerations should researchers be most concerned about?  
- What practical approaches might researchers adapt to minimise potential negative 

ethical implications?   
- Finally, given these ethical considerations, is it appropriate to describe DAC as a form 

of mitigation? 
 
 



Eric Ping, Global Thermostat 
The Time for Air Capture is Now  
The IPCC has spoken:  Carbon Negative technologies are necessary if we are to avoid 
catastrophic climate change- Avoided Carbon is not a sufficient solution.  Commercial and 
technological advancements Global Thermostat has made have further obviated Avoided 
Carbon as a necessary bridging technology.  GT has demonstrated that DAC can be cost-
competitive or even less expensive than traditional flue gas capture technologies, while at 
the same time unlocking previously inaccessible markets to CO2 supply.  The technical and 
commercial feasibility of GT's DAC technology has been independently investigated and 
verified by some of the largest gas, chemical and power companies in the world, and as a 
result GT is preparing to break ground on commercial pioneer plants capable of producing 
100kta CO2, with eventual expansion to 1Mta on the horizon.  These pioneer commercial 
plants will be a showcase for DAC's economic feasibility, implementation flexibility, and on-
site CO2 beneficiation, catalysing renewed interest for the entire DAC field from both the 
policy and market perspectives. 
 
Giulio  Santori, Institute for Materials and Processes (University of Edinburgh) 
Capture, Purification and Compression of Atmospheric Carbon Dioxide  
After a brief review of the presently proposed solutions for air capture, a new process is 
presented, currently under development at the Institute for Materials and Processes of The 
University of Edinburgh. Differently from the others, this process can not only capture and 
purify but also compress atmospheric carbon dioxide. A thermodynamic analysis of the 
process shows that very high purities can be reached at a pressure >ambient pressure even 
using a cheap adsorption material (zeolite 13X) not specifically tuned for the application. 
The process is powered by low grade heat, enabling the adoption of renewable solar 
thermal energy. 
 
Peter Styring, UK Centre for Carbon Dioxide Utilization (The University of Sheffield) 
Carbon Dioxide Utilisation as a Direct Air Capture Driver  
In a world dependent on high density energy sources it is clear that we will be dependent of 
carbon-based fuels for the considerable future. While capture technologies has focused on 
the low hanging fruit of point source emitters due to the relatively high CO2 concentration, 
the atmosphere remains a source that is available globally, free-from boundaries of location 
and at a relatively constant concentration of around 400 ppm.  One of the barriers of direct 
air capture (DAC) of CO2 from the atmosphere has always been the low concentration; 
however is this really a problem? One of the main barriers to any capture technology is the 
economics of the process, and this is related mainly to the high energy penalty of the 
capture-release technology. Stripping of the CO2 from the sorbent is by far the greatest 
burden. Therefore, it seems sensible to use the capture or ad-/ab-sorption step to produce a 
value-added product. This is the basis of carbon dioxide utilisation (CDU). Using reaction 
chemistry to produce new products means that a 400 ppm concentration is no longer a 
barrier to DAC. 
 
Anca Timofte, Climeworks 
Climeworks: Capturing CO2 from Air- Update on the Latest Developments 
Climeworks aims to provide efficient solutions for capturing CO2 from ambient air. Since its 
founding in 2009, Climeworks has successfully developed its technology from lab-scale to 
full-scale, sold its first demonstrator plants and is working on building its first industrial-
scale plant, which will  deliver 1000 tons of CO2 per year.  



 
Allen Wright, Centre for Negative Carbon Emissions (Arizona State University) 
Developing the Air Capture Agenda  
15 short years ago, not only was there little work being done in direct air capture of CO2, but 
for the most part, the idea was generally considered foolhardy at best.  Times have changed, 
as they are wont to do, and today there are multiple players working aggressively towards a 
commercially viable solution and there is an international acknowledgment that the 
technology is necessary in a warming world.  How will we move this technology 
development forward in an efficient manner? We believe that a centre for research and 
development will effectively bring together bodies of knowledge.  To that end, we have 
established the Centre for Negative Carbon Emissions at Arizona State University to aid in 
the cooperative development and distribution of know-how in a public venue which will 
accelerate this nascent industry. 
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Peter Styring 
The University of Sheffield 



The CO2Chem Network 

• Membership now close to 1,000 

• Contributed to Government Productivity & Efficiency 

Commission (2020|C) policy report ‘Sweating Our Assets’ 

• Contributed towards Parliamentary Debate on Carbon Capture & 

Use (Laura Sandys/Greg Barker MPs) 

• Contributed to STOA report on CO2 to Methanol 

• Facilitating Horizon 2020 collaborations 

• Presented to APPCCG at Houses of Parliament 

www.co2chem.com 



2011 2014 

Carbon Capture and 

Utilisation in the 

green economy 
 



CCS Scoping 



Seedcorn Funding Development 

Total €2.63M 

Plant on a Truck: £4,000 seed corn 

investment 

 

Developed into a translational research 

grant to build a new pilot plant in Sheffield 

at new Energy 2050 facility 

 

250 kg day 



See Katy Armstrong(Network Manager) 

www.co2chem.com 

The world’s largest carbon 

dioxide utilisation network 
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Air Capture Mitigation 

An IMechE Perspective 

Dr Tim Fox CEng CEnv FIMechE 
 

Head of Energy and Environment 
Institution of Mechanical Engineers 
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IMechE interest in Air Capture 
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Removing CO2 from Air 

• Mitigation opportunities 

 Removes CO2 regardless of location 

 Tackles difficult sources (transport, 
domestic, dispersed industry; circa 50% 
of global emissions) 

  Enables ‘carbon recycling’ through ‘closed’ carbon loops 

 Supports embedded infrastructure use while reducing 
environmental risk 

 Puts a credible ‘ceiling price’ on CO2 emissions 

 

 

 

 

http://www.google.co.uk/url?sa=i&rct=j&q=the+world&source=images&cd=&docid=T3dqmlf6t9vEzM&tbnid=bTqc3Vgli4AjQM:&ved=0CAUQjRw&url=http://www.designthenewbusiness.com/blog/as-the-world-shrinks.html&ei=IccUUZbwN6K30QW_qIGYBQ&bvm=bv.42080656,d.d2k&psig=AFQjCNFQvLqLAGgd7QF5E95vP-r00zYGQQ&ust=1360402406890275
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Removal techniques 

• Some possible approaches 

 Air capture machines (Direct Air Capture – DAC). 

 Bioenergy with Carbon Capture and Storage (BECCS). 

 Augmented ocean sequestration. 

 Biochar production through pyrolysis. 

 Reforestation and afforestation. 

 Enhanced weathering. 
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Direction of travel? 

 Several approaches are in commercial development 
 

  Entrepreneurs stepping into niche markets: 
 

• Enhanced Oil Recovery (EOR) 

• Chemical Processing and Fuel Production 

• Horticulture, Defence and Military 

 Negative emissions thinking developing 
 

 Formal recognition of potential need: IPCC, NAS etc. 

 

 Need research to work towards practical, affordable, 
environmentally benign, low-risk approaches that can be 
ultimately deployed at scale. 
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Thank you 

Twitter: @TimFox_IMechE 



© OECD/IEA 2013  

Air capture: what could it mean for 
climate change mitigation and carbon 

costs? 
UKCCSRC Air Capture Workshop, London, 20 February 2015 

Simon Bennett, IEA 



© OECD/IEA 2013  
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2011 2020 2030 2040 2050 

Nuclear 7% 

Renewables 30% 

End-use fuel switching 9% 

CCS 14% 

End-use fuel and electricity 
efficiency 38% 

Gt CO2 

fuel switching 2% 
Power generation efficiency and 

How much air capture in IEA scenarios? 

In an uncertain future, should the CCS wedge be considered as a 
proxy for air capture with long-term storage? 



© OECD/IEA 2013  

Why might DAC enter the portfolio? 

 Overshoot (i.e. constrain perfect foresight of models) 

 If it were cost-competitive with CCS, BECCS or 
decarbonisation of transport 

NRC report USD 400-1000/tCO2 

 If there was confidence about DAC operation at scale 

 If scenarios valued social and business preferences for 
the simplicity of remote air capture, e.g. compared to 
adding CCS to cement sector operations 

 If a quicker route to scale-up through niche markets 
could be foreseen for DAC compared to other options 

 



© OECD/IEA 2013  

A cap on carbon prices? 

 In the IEA 2DS scenario, global carbon prices rise to 
USD 90/tCO2 in 2030 and 168/tCO2 in 2050 

 

 Can air capture (plus storage or equivalent) meet these 
costs? 

 

 Is air capture a technology for 2050, 2100 or perpetuity? 

 What do we know about social/political support? How 
can this fit into people’s visions of a sustainable future? 
Does it need to? 

 

 



© OECD/IEA 2013  

 Thank you 
 

 
 

 

simon.bennett@iea.org 

 http://www.iea.org/publications/insights/insight

publications/ccs-2014---what-lies-in-store-for-
ccs.html 

http://www.iea.org/topics/ccs/ccsroadmap2013 



The UKCCSRC is supported by the 
Engineering and Physical Sciences 

Research Council as part of the Research 
Councils UK Energy Programme  

Jon Gibbins, Director, UK CCS Research Centre 
jon.gibbins@ed.ac.uk 

www.ukccsrc.ac.uk 

Air Capture Workshop 
20 February 2015 

Institution of Mechanical Engineers, 1 Birdcage Walk, London, SW1H 9JJ 

  National Academies of Science 

A short overview 

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

mailto:jon.gibbins@ed.ac.uk
http://www.ukccsrc.ac.uk/
http://nas-sites.org/americasclimatechoices/


http://nas-sites.org/americasclimatechoices/  10 February 2015 

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




























A purple title slide with an image, for a general 
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Cleaner, more 
efficient conventional 
fuels 
 
http://tinyurl.com/cleanerfuels   
 
Dr. Harsh Pershad  
Lead Technologist (Energy)  
 
UKCCSRC/CO2Chem/IMechE Air Capture 
Workshop London 20th Feb 2015 
 



 
Purpose of talk: Encourage collaboration between academics 
and business to submit innovative projects for the Energy 
Catalyst and for our £5m  £6m funding competitions into 
cleaner and more efficient conventional fuels.  
 
Outline 

• Introduction to Innovate UK 

• Energy Catalyst  

• Cleaner, More Efficient Conventional Fuel Competitions 

• Website, Registration and Briefing events details 



We are the UK Government’s Innovation Agency 

Our goal is to accelerate economic growth by stimulating and supporting business-led 
innovation, from concept to commercialisation.   



... through many different routes 

Collaborative 
R&D 

Collaborative 
R&D 

Smart Smart Launchpad Launchpad 

Innovation  & 
Knowledge Centres  

Innovation  & 
Knowledge Centres  

Catalyst Catalyst 

Access to finance 

Access to knowledge 

Access to equipment and skills 

Feasibiity 
Studies 

Feasibiity 
Studies 



Investment commitments 2014-15 (~£400m) 



 

Can the UK do it? 

 

Is there a large market 

opportunity? 

 

Is the idea ‘ready’? 

 

Can we make a difference? 

Four criteria for support. 



 
Purpose of talk: Encourage collaboration between academics 
and business to submit innovative projects for the Energy 
Catalyst and for our £5m funding competitions into cleaner 
and more efficient conventional fuels.  
 
Outline 

• Introduction to Innovate UK 

• Energy Catalyst  

• Cleaner, More Efficient Conventional Fuel Competitions 

• Website, Registration and Briefing events details 



For dates and registration please see the website 
interact.innovateuk.org 
 
£14m available 
 
Open to innovative businesses and researchers from any sector 
who can address the energy ‘trilemma' of: 
• reducing emissions 
• improving security of supply 
• reducing cost 

http://tinyurl.com/energycatalyst 

Open 
Now! 
Open 
Now! 



 
Purpose of talk: Encourage collaboration between academics 
and business to submit innovative projects for the Energy 
Catalyst and for our £5m  £6m funding competitions into 
cleaner and more efficient conventional fuels.  
 
Outline 

• Introduction to Innovate UK 

• Energy Catalyst  

• Cleaner, More Efficient Conventional Fuel Competitions 

• Website, Registration and Briefing events details 



• Two competitions 
• Total funding available is up to £6m 

• Up to £5m from Innovate UK,  
 of which 

• Up to £4m for Collaborative R&D 
• Up to £1m for Feasibility Studies 

• Additionally, up to £1m from NERC 
• Supporting research organisations in either 

Feasibility Studies or Collaborative R&D in areas 
NERC remit.  



Intended outcomes  

Up to £5m Innovate UK funding and up to £1m NERC funding 

for: 

• Improved efficiency, reduced cost and minimum 

environmental impacts from coal, natural gas and oil.  

• UK businesses take advantage of the opportunities from the 

changing oil and gas sector, and from the increasing focus on 

carbon-abated use of fossil fuels, through innovative 

technologies and UK supply chains.  



Objectives  

• Support SMEs developing technologies to link with 
operators, large companies, research organisations, and 
other SMEs.  

• Support the development of technologies that make the 
most effective use of UK Continental Shelf resources and 
existing infrastructure. 

• Develop technologies to maximise the efficiency, 
effectiveness and sustainability of fossil fuel use.  

• Drive earlier maturation of next generation technologies for 
carbon abatement.  

• Build on UK’s competitive advantages 



Scope 

• Oil and gas field efficiency, management and decommissioning 

• Advanced fossil fuel process technologies  

• Product innovation in power generation and energy-intensive 

industries 

• Fuel switching with lower carbon substitutes 

• CCS in power generation and energy intensive industries 



Example challenges that are in scope 

Oil and Gas  Fossil fuel power 
generation 

Energy-intensive 
process industries 

•Maximising recovery 
•Production efficiency 
•Well construction 
•Measurement 
•Subsea  
•Decommissioning 

•Carbon abatement  
•CCS 
•Efficiency 
•Reliability 
•Flexibility 
•Co-firing  

•Industrial CCS 
•Fuel switching 
•Alternative process 
technologies  
•Product innovation 

The list is not exhaustive, but the onus will be on applicants to 
demonstrate relevance and value to the assessors.   



Eligibility 

• Feasibility studies 

• Could be SME only 

• If collaborative, must be SME-led 

• Expect project size ca. £100k-150k 

• Collaborative R&D Projects  

• Must be business-led and  must include an SME 

• Expected project size is ca. £250k-£1.5m  
(Larger project sizes should be discussed in advance of submission)  



Cleaner, More Efficient Conventional Fuels 

Timelines 
 

 
Feasibility Studies Collaborative R&D 

Competition opens 2nd March 2015 

Competition briefing in London  
(also by webinar) 

10th March 2015 

Registration deadline 3rd June 2015 8th April 2015 

Expression of interest (EOI) deadline n/a 15th April 2015 

Stage 2 opens for invited applicants n/a 5th May 2015 

Deadline for receipt of final applications 10th June 2015 

Applicants informed 31st July 2015 

Earliest start date 
From November 2015, depending on due diligence, 

contract negotiations etc.  



 
Purpose of talk: Encourage collaboration between academics 

and business to submit innovative projects for the Energy 
Catalyst and for our £5m  £6m funding competitions into 

cleaner and more efficient conventional fuels.  
 

Outline 

• Introduction to Innovate UK 

• Energy Catalyst  

• Cleaner, More Efficient Conventional Fuel Competitions 

• Website, Registration and Briefing events details 



Locate forthcoming competitions  
interact.innovateuk.org  



Register and download documents from the 
relevant competition pages 



A purple title slide with an image, for a general 
presentation 

Cleaner, more 
efficient 
conventional fuels 
 
http://tinyurl.com/cleanerfuels 
 
 
Dr. Harsh Pershad  
Lead Technologist (Energy)  
Email support@innovateuk.gov.uk 



Appendix 

24/02/2015 



Illustrative projects that would be “in scope” 
 
N.B. List is not prescriptive, not exhaustive - we are interested in 
disruptive or radical innovations that can drive step change 
improvements in key performance indicators (e.g. costs, risks).  

24/02/2015 



Oil and Gas 

Maximising Oil and Gas 
Recovery  

• Well construction, drilling 
and completions, 
including high pressure 
high temperature (HPHT): 

• Reservoir management: 

• Enhanced and improved 
oil recovery  

• Minimising environmental 
impact, maximising asset 
integrity and life extension 

  

 

Subsea  

• Gas compression 
technology 

• Separation and water re-
injection technology 

• Sensors, monitoring, 
control and inspection 
techniques 

  

 

 

 

 

 

Decommissioning 

• Front end engineering for 
low cost decommissioning 
design 

• Well plugging and 
abandonment 

• Low cost decommissioning 
technologies for working 
in deep and hazardous 
waters 

• Post-abandonment 
environmental monitoring 

 



Cleaner Power Generation 

Carbon Capture & Storage 
(CCS) 

• Whole CCS systems and 
cross-cutting issues 
including MMV 

• CO2 capture, transport, 
compression, storage 
and/or utilisation 
technologies 

• CCS for enhanced oil 
recovery 

 

 

 

 

 

Fossil Fuel Power 
Generation (increasingly 
with CCS) 

• Efficiency and flexibility 
improvement: 

• Improved reliability, 
availability and 
maintainability 

• Integrated pollutants 
control (SOx, NOx, 
particulate matter, 
mercury) 

• Reduction in minimum 
load capability – removing 
bottlenecks that limit low-
load operation  

Co-firing Biomass with Fossil 
Fuels 

• Improved biomass/fossil 
fuel combustion 
technologies 

• Improved reliability, 
availability and 
maintainability 

• Bio-CCS (‘BECCS’) – 
moving towards ‘negative 
CO2 emissions’ 

 



Energy Intensive Industrial Processes 

Industry-focused Carbon 
Capture & Storage (CCS) 

• CO2 capture, transport, 
compression, storage 
and/or utilisation 
technologies 

• System integration, 
including clustering of CO2 
sources, modelling of 
transport networks and 
storage infrastructures 

 

 

 

 

 

 

 

 

 

 

Fuel Switching with Low-
carbon Substitutes 

• Biomass and organic 
waste 

• Utilisation of hydrogen by-
product  e.g. in fuel cells  

     

 

 

 

 

 

 

 

 

 

 

 

 

 

Alternative Process 
Technologies and Product 
Innovation 

• Kiln, furnace and melting 
refinements (e.g. cement, 
ceramics, etc.) 

• Direct reduction processes 
using hydrogen and 
natural gas (with CCS) for 
blast furnace processes 

• Alternative heat 
production and improved 
use of low-grade heat  

• Development and testing 
of low-carbon cement 
technology based on new 
production processes 

  

 

 



• Each proposal is reviewed by 5 independent assessors with 
relevant technical/business background. 

• Proposals are assessed against scope, and scored against the 10 questions in 
the application form 

• Scores of assessors are then averaged and proposals ranked  

• If necessary, a moderators panel (external experts) will meet to assess a small 
group of projects which score closely together and span the available funding 
line. 

• A final ranked list of recommended projects up to the limit of funds available 
is produced (assuming sufficient high quality proposals are received. If not, 
we will not use all the funding) 

• An Innovate UK funders panel (senior management) reviews and 
discusses the final ranked list for approval 

• We reserve the right to adopt a portfolio approach to project selection 

The Assessment Process (1/2) 



Assessors will score against the following, equally weighted , ten criteria 

• Business Opportunity 

• Market size arising from the project 

• Dissemination and expected adoption of results 

• Benefits (economic, social, environmental) 

• Technical approach and management 

• Innovation 

• Risks and risk management strategy 

• Skills, experience, facilities  

• Financial requirements  

• Value of Innovate UK funding 

 

The Assessment Process (2/2) 



Carbon Dioxide Utilisation as a Direct Air 

Capture Driver 

Professor Peter Styring 

 

UK Centre for Carbon Dioxide Utilisation 

The University of Sheffield, United Kingdom 

epic 



Summary 

1. The Earth Wins 

2. The CO2 Trilemma 

3. Capture Strategies 

4. Direct Air Capture & Utilisation 

5. Conclusions 



The Earth Wins? 



The CO2 Trilemma 

CDU 

Mitigation Sustainability 

Energy 

Storage 

Mitigation: long-term and short-

term carbon dioxide sequestration 

 

Sustainability: carbon avoided, fossil 

product avoidance 

 

Energy Storage: renewable electrical 

energy to chemical fuels and 

materials for long-term seasonal 

storage 

 

Carbon Cycle: to manage emissions 

from synthetic fuels emissions 

(although remembering carbon 

avoided) 



CCS and CCU/CDU Capacity 

“To date there have been occasional pilot scale demonstration plants but no 

commercial examples of adsorption processes for CO2 from low pressure flue 

gas streams”. 

“The largest units in operation at the time of writing are at a 110 MW scale 

(SaskPower 2013) and significant additional work is needed to scale the 

technology to 500 MW and beyond”. 

 P.A. Webley, Adsorption, 2014, 20, 225-231 

 



Atmospheric CO2 patterns 

Nasa Video 

https://www.youtube.com/watch?v=x1SgmFa0r04
https://www.youtube.com/watch?v=x1SgmFa0r04
https://www.youtube.com/watch?v=x1SgmFa0r04


Air Capture Materials 



Capture-Conversion: Assessing Kinetics 



“CO2 is unreactive” 

Reaction Kinetics 

 

dCO2/dt = -k[CO2] 

 

[CO2]0 = 4x102 ppm air 

 

[CO2]0 = 10-15% flue 

gas (ca. 105 ppm) 

 

 

Mass transfer co-

efficient? 

 

Diffusion co-efficient? 

Adsorbent 

 

MEA 30% aqueous (7 

mol/kg) 

 

Ionic Liquids 100% 

 

Solids 100% but can 

be functionalised. 

Surface area a factor. 

 

 

CO2 is reactive 

 

The concentration is less of an 

issue if the rate constant is 

high and the reaction is first 

order in CO2. Alternatively, the 

flow rate could be increased. 

 

Better to use high reactivity to 

produce a product rather than 

capture and add more energy 

to release the CO2 



Kinetics 

CO2 sparging under 

kinetic control 

 

Static CO2 atmosphere 

diffusion controlled 

Dowson, Reed 

and Styring (2015) 



Zn-Catalysed CO2 Co-polymerisation Reactions 

Catalyst 

C
o

n
ve

rs
io

n
 

Affan, Dowson 
& Styring, 2015 



Capture-Free CDU 

• 1.00 kg polymer sequesters 1.01 kg CO2  

• 65% atom sequestration from CO2 

• Produced from simulated flue gas 

(12.5% CO2 in nitrogen) 

Poly(methyl acrylate) 



Conclusions 

• We need to look at the CO2 Trilemma, not just the individual aspects: Direct Air Capture is key 

• Capture is the major economic burden: we need to look at “capture-free” processes from air 

• We will continue to use hydrocarbon fuels in transport. To complete the carbon cycle and move 

towards a circular economy Direct Air Capture will be a necessity. 

• Products with added-value will aid the economic argument. 

• Catalyst/co-reactant activity will need to be high to counteract low concentrations 



Conclusions 

CDU will provide much needed additional 

capacity, with profit, in the move towards a 

low carbon economy. Direct Air Capture will 

play a major role. 

CO2 as a Resource, not a Waste 

http://o15.officeredir.microsoft.com/r/rlid2013GettingStartedCntrPPT?clid=1033


The Earth Wins? 
The Engineers and 

Scientists Fight Back! 
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Developing the Air Capture Agenda 
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Art courtesy Stonehaven CCS, Montreal 



Air extraction can 
compensate for CO2 
emissions anywhere 

Art courtesy Stonehaven CCS, Montreal 

separates sources from sinks 
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Air capture is the capture of last resort 

• can handle emissions from any and all sources 

• sets upper limit on cost of carbon management 

• assures feasibility of zero carbon scenarios 

• provides a solution to the risk of leaky storage 

• encourages point source capture 

 

 

Wikipedia picture 



Demonstration 

 

Basic Science Policy-Outreach 

Air Capture Center 
integrating a new idea into the University 

 

Field deployed 
prototypes 

Establish rapid 
prototyping capability 

Learning by doing in 
multiple iterations 

Sorbent chemistry, 
physics and 

thermodynamics 

Separation Science 

System engineering, 
scaling and automation, 

techno-economics 

Sustainability science, 
human interfaces 

Continuous improvement 
and continuous operation 

Move policy makers to a 
zero-emission world 

Educate the public to 
increase awareness 

Seek support from 
foundations &  sovereign 

wealth funds 

Study policy implications 
of air capture technology 

6 
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Air Capture Technology (ACT) 
Consortium at ASU 

February 9, 2015 
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Consortium Objectives 

 

• Create funding pool for CO2 research  

 

• Raise the profile of air capture technology 

 

• Facilitate collaborative research between 
academic institutions and industries 
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Consortium Benefit 

• Optimize research collaboration and 
expertise  

 

• Provide access to IP from various entities 
working toward common goal 

 

• Leverage commercialization opportunities to 
accelerate development 

 



After initial work at both 

Los Alamos and Columbia 

 

GRT* demonstrated air capture 

in Tucson in 2007 

Klaus Lackner 
Allen Wright 
Gary Comer 

Proof of principle 

 

*Now Kilimanjaro Energy, Inc. 
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Sorbent material 

Snowpure 
electrochemical membrane  
(1mm thick) 
 
Polypropylene matrix with 
embedded fine resin 
particles (25µm) 
 
Quaternary 
ammonium cations 
Carbonate/bicarbonate 
form 
 
1.7 mol/kg charge 
equivalent 

thin sheets 
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The moisture swing 
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Setting the scale for 1 ton/day 

• 2 × 30 panels 
○ 2.5m × 1m × 0.3m 

• 10,000m2 of internal 
filter surface 

• 6 Chambers 
○ 4m3

 each 

• One Container 
○ 86m3

  

○ can hold all panels 

Assembly line based automation 
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http://engineering.asu.edu/cnce/ 

the center for negative carbon emissions 



The Ethics of DAC 
And some considerations for researchers 

 
Duncan McLaren 
Lancaster Environment Centre, and McLaren Environmental 

 
Presented at  
UKCCSRC/CO2Chem/IMechE Air Capture Workshop 
Institution of Mechanical Engineers, London 
20 February 2015, 



Outline of presentation 

 Definitions and frameworks 

 DAC and climate ethics 

 Comparative ethics of CDR 

 Key ethical questions for DAC 

 Practical recommendations 

 Reflection: Should we call DAC 
‘mitigation?’ 

 

 
Slide: 2/10 



Definition and scope of ethics 

Ethics is concerned with the moral principles that govern behaviour or 
the conduct of an activity. It addresses questions of  right and wrong, 
and of responsibilities and rights, with respect to both means and ends 

Ethical approaches are diverse and 
contested and ethics are matters of 
judgement. 

 

 

 

3 
Slide: 3/10 

Major ethical approaches include 
deontological (justice, fairness, 
rights), consequential (utilitarian, 
common good) and virtue 
(character) – these can all differ in 
their judgements.   
 



DAC is a way of tackling climate change: 
does this alone make it ethical? 

4 
Slide: 4/10 

 
 Climate change and moral corruption 

 Negative and positive duties 

 Lesser evils 

 Arming the future? 
 

DAC is not necessarily ethical 
simply because it helps address 

the harms of climate change 



Some comparative ethics of CDR 
technologies  

5 
Slide: 5/10 

 Ends and means 

 Scalable options are limited 

 “Choose your poison”… energy, biological productivity 
     or material impacts 

 DAC looks to have an ethical edge … 



DAC may be the most ethical scalable CDR 
… but it still raises serious ethical issues 

6 
Slide: 6/10 

 Technology lock-in (energy demand, EOR …) 

 Carbon ‘dumping’ and distributional justice 

 Risk adjustment and domination 

 Technological hubris and the control dilemma 

 
 



Some practical measures to reduce 
ethical risks in DAC R&D 

 Use a responsible 
innovation framework 

 Avoid offsetting  

 Be alert to distributional 
effects 

 Engage in early and genuine 
public dialogue  

 Avoid or declare conflicts of 
interest 

 Support  fair and open 
decision making procedures 

 
 

7 

“Technologies are ‘morally 
charged’ … they create different 
moral landscapes and different 
potential courses of action.  
They create different choices …”  



Should we call DAC a form of mitigation? 

8 

 Mitigation is primarily a 
negative duty … DAC is not, 
even if it may become a positive 
obligation 

 Consequentalism might view 
them as similar … Virtue ethics 
suggests DAC involves new 
risks of hubris 

 Politically and practically, 
rebranding rarely fools the 
public … 

 
 



Concluding reflections 

 The current generation cannot argue that its ethical obligations to the 
future are fulfilled by the development of CDR technology  

 In the short term the most ethical choice is almost certainly to accelerate 
mitigation in the rich world …  

 … but in the medium term finding ethical and sustainable ways to 
deliver negative emissions is likely to be essential 

 To make DAC as ethical as possible will likely require significant shifts in 
research practice 

 In ethics  both ends and means matter, but  ‘a stable climate’ might be 
best considered not an end in itself, but a means towards a bigger end, 
such as a just and sustainable society. In that case, how we deliver 
climate stability matters intensely. 

 

Duncan McLaren   e:  duncan.p.mclaren@gmail.com    t: @mclaren_erc  
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Contents 

• Direct-air-capture strategies 

• Power-to-Gas 

• Thermodynamics & kinetics of methanisation 

• Absorptive & adsorptive CO2 capture 

• Hydrogen sources 

• Conclusions 
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Direct-air-capture 

Atmospheric 

 CO2 

Photo- 

synthesis 

Chemical 

Capture 

Lithosphere 

Biomass 

Artificial 

Weathering 

Enriched 

CO2 

Methanation Biochar Geostorage Sequestration 

Pyrolysis 

Carbonates 

+SiO2 

combustion 

c
o

m
b

u
s
tio

n
 

CH4 
2H2 

BECCS 
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Power-to-gas  

• German Energy ‚Turnaround‘ 

• §1 Abs.2 EEG 2014 

• 2025: 40-45% 

• 2035: 55-60% 

• Supply fluctuations endanger grid stability 

 

• Storage of renewable power  

• balancing supply and demand 

• 2030: excess power available 

 

• Storage technologies 

• Batteries 

• Compressed air  (CAES) 

• Hydroelectric (PHS) 

• Power-to-heat 

• Power-to-Gas (PtG) 

Source: Trost et al. 

(2012) 
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Sabatier methanisation reaction 

2 2 4 2CO 4H CH 2H O 

DRH298K = -164.9 kJ/mol CO2 

       = - 3.75 MJ/kg CO2 

        (plus latent heat) 

 

DRG298K = -113.5 kJ/mol CO2  

 

KP,298K = 7.86 x 1019 

T  

[K] 

H2:CO2 

[mol/mol] 

yCO2,eqm  

[ppm] 

298 4 71 

523 4 21 700 

523 4.25 370 

Retro-shift side-reaction: CO2 + H2  CO + H2O is negligible 
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Sabatier methanisation reaction 

400 ppm 

Gao et al. (2012) 
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Sabatier methanisation reaction  

Schoder 

(2012) 

Conversion Selectivity 

• Kinetics 

• novel Ru/Al2O3 catalysts 

• Temperature window: 270-350°C 

 

• Heat removal  

• Adiabatic reactor + intermediate cooling + isothermal reactor 

• 50 K / %CO2 

 

 

German patent DE10226424A1 08.01.2004  
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CO2 sources 

• Industrial purge gases (100%) 

• Biogas (50%) 

• Cement flue gases (30%) 

• Coal combustion (15%) 

• Natural gas combustion (5%) 

• Atmosphere (400 ppm) 
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Power-to-gas logistics 

• Renewable power generation 

• Flexible CO2-source 

• District heating consumer 

• Natural gas transport & storage infrastructure 

• CO2-sequestration site  

• Power-Gas-Power efficiency: 30-38% (wikipedia) 
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Power-to-Gas (PtG) with Direct-Air-Capture (DAC) 

http://co2now.org/ (24.09.2014) 

heat 
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Ad(b)sorbents  

• Caustic and carbonates 

• Polyethylenimine impregnated resin 

• AEAPDMS functionalised cellulose 

• Hyperbranched aminosilica 

• TEPA on PMMA 

• Lewatit VP OC 1065 

• MOF + Amines… 
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Ad(b)sorbents  

• Adsorbents have no volatility losses 

• Adsorbents reduce oxidative degradation 

• Support increases heat capacity 

• Moisture reduces CO2-capacity 

• Absorption simplifies heat exchange 

 

 

 r PS de ad R

w

1
Q C T T H

q

 
   D

Zhang et al., Chem. Engng. Sci. 116:306-316 (2014) 
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Regeneration techniques  

 

• Thermal  

• Vacuum 

• Stripping 

• Displacement 

• Reaction 

Agar ‚Do‘s and Don‘ts of adsorptive reactors‘  Ch. 7 in ‚Integrated chemical processes‘ (2005) 
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Regeneration techniques  

(a) Homogeneous absorption (b) Heterogeneous  desorption 
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NH

MCA 

• Thermomorphic 

   biphasic solvents 

AMP 

  

N 

German Patent  DE 102006036228 03.08.2006 
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Ad(b)sorbents  

• Monolithic supports 

 
 

• Adsorbent mechanically immobilised 

   on heat exchanger surface 

 

 
 

• Wavy falling film absorbers 

 

 
 

• „Cooling tower“ contactor with thermal draft 

www.hamon.com 

M. Dittmar DIssertation 2013  

http://www.hamon.com/
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H2 sources 

T-Raissi & Block, IEEE Power & Energy 2(6):40-45 (2004) 
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H2 sources – methane pyrolysis 

 Total energy balance of methane 

pyrolysis 

CH4     C  +  2H2  

ΔH1000°C = + 91.7 kJ mol-1 

100% = net heat of combustion of methane 

 Thermodynamics 

 

Kreysa, Agar, Schultz, DGMK-Tagungsericht 4-6.10.2010 
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H2 sources - methane pyrolysis  

B2B1

N2 H2 + CH4CH4

pp

TT

T T

reaction zone

1100 °C

Δp

T

T

300 °C

Oven

B1 B2

• Convective heat supply 
 

• Molten-metal slug-flow reactor 

German Patent DE102013112205 11.06.2013  
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Take-home messages 
 

• Good fit between PtG & DAC 

• Energy demand for CO2-capture < 4 MJ/kg 

• CO2-free H2 via CH4-Pyrolysis 
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