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From the record number of submitted abstracts (nearly 1100), the GHGT-10 
Programme Committee had the unenviable task of selecting papers to be presented 
in either oral or poster format. To assist them the Programme Committee enlisted 
the aid of CCS experts (a full list can be found at www.ghgt.info/GHGT10_EP.html) 
to make the initial review and work with the Programme Committee to compile 
the technical programme.

The draft Technical Programme is now available at: 

www.ghgt.info/GHGT10_Tech_Prog.html  

With 259 oral presentations spread over seven parallel sessions and 760 posters 
the programme promises something for everyone. Oral sessions include 19 on 
Capture Developments, 22 covering Storage Developments and 5 on Integrated 
Systems. The remainder of the 66 sessions are compiled of subject areas covering 
Legal and Policy Issues, Towards Negative CO2 Emissions, R&D, Utilisation of CO2 

and Public Acceptance of CCS. 

In additional 6 specialist panels have been developed to allow discussion on 
such topics as Building CCS Infrastructure and Longer Term R&D Agenda 

plus other ‘hot’ topics.

All papers presented as either an oral or poster presentation will 
be published by Elsevier online in their Energy Proceedia; no 

differentiation will be made in the proceedings between oral 
and poster papers.

Shortly we will be updating the www.ghgt.info 
website with a much sleeker, more eyecatching 

version. This will have an RSS feed and a 
Twitter service to enable you to keep 

abreast of updates regarding 
the conference.

A Snap-shot of the new GHGT-10 Homepage
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The IEAGHG is pleased to announce 
that membership formalities are 
complete and that ENEL is the latest 
sponsor member to join the IEAGHG.  
ENEL will be represented by Mr. Mario 
Graziadio, on the IEAGHG Executive 
Committee.

IEAGHG are also pleased to announce 
that the members have invited three 
further industrial companies actively involved in CCS R, D&D around the world to 
become new sponsors. These are DoosanBabcock, EnBW, and Scottish Power.   

These new members mean that IEAGHG now has 46 member organisations 
including 19 countries, the EU and OPEC and 25 sponsors. 

Over the next pages, there follows a short description of the activities and details 
of Doosan Babcock and Scottish Power.

demonstration of Europe’s largest 
post-combustion CO2 capture plant 
– a 5MWe slipstream equivalent to 
100 tonnes per day of CO2 captured.  
SSE and Vattenfall AG are partnering 
with Doosan Babcock to develop 
this world class facility along with 
three UK universities, all leaders in 
the training of researchers in this 
sector.  The project is co-funded by 
the Technology Strategy Board, the 
Department for Energy and Climate 
Change (DECC) and the Northern 
Way partnership.  Following a one 
year construction and commissioning 
phase, a two year research and test 
programme will then take place from 
early in 2011 demonstrating Doosan 
Babcock CO2 capture technologies.  
In addition to the industrial research 
and development focus, university 
researchers will participate in the 
project to gain operational experience, 
carry out complementary research and 
help to build the UK skills capacity in 
this sector.

Basin Electric
Doosan Babcock was selected to 
undertake a major carbon capture 

project with US utility Basin Electric 
Power Cooperative. The 

project is led by Doosan 
Babcock in 

IEAGHG Membership Update,
by Toby Aiken, IEAGHG

Doosan Babcock CCS Activities,
by Michael Maloney and others, Doosan Babcock

partnership with HTC Purenergy.  The 
FEED study for the Antelope Valley 
power station focuses on solvent 
scrubbing of a 120MWe slipstream 
– approximately equivalent to 3,000 
tonnes of CO2 captured per day.  The 
eventual aim of the project is to use the 
captured CO2 for enhanced oil recovery 
close to the power plant with the CO2 
subsequently stored underground.  The 
initial engineering phase commenced 
in January 2010 and Doosan Babcock 
will provide Basin Electric with a 
comprehensive assessment to enable 
them to make the decision to proceed 
with the full execution of the project.

Emissions Reduction Test Facility(ERTF)
Doosan Babcock has installed a PCC 
solvent scrubbing pilot plant on 
the 160 kWt ERTF, located at its R&D 
centre in Renfrew, Scotland, to capture 
approximately 1 tonne of CO2 per day 
and to permit further development 
and optimisation of the capture 
process.  The solvent scrubbing pilot 
plant has been designed in house 
and is being commissioned, with 
testing and verification of the process 
to follow immediately after. The ERTF 
solvent scrubbing plant will be used 
to carry out performance testing on 
a range of solvents, packings and 
materials of construction.  The testing 
and verification programme will be 
used to further substantiate the actual 
rate of solvent degradation under 
industrial conditions, solvent make up 
requirements, steam consumption and 
other auxiliary power requirements. 

These projects are key milestones 
on our roadmap for PCC technology 
where, in parallel with FEED studies and 
large demonstration projects, we will 
drive development of the technology 
to improve efficiency, reduce costs and 
improve performance to achieve full 
commercialisation of the technology 
by 2015. 

Oxyfuel Activities

Clean Combustion Test Facility (CCTF)
The CCTF, a 90MWt burner test facility 
was upgraded as part of the OxyCoal-
UK: Phase 2 to incorporate the Doosan 
Babcock 40MWt OxyCoal™ combustion 
system.  Phase 2 of the OxyCoal-UK 
project is a collaborative project led by 

Doosan Babcock, with Scottish 
and Southern 

Doosan Babcock are currently 
undergoing membership formalities 
in advance of joining IEAGHG as a 
sponsor. Doosan Power Systems is 
the lead company of a group of four 
businesses that offer complete plant 
solutions to power utilities: Doosan 
Babcock, Škoda Power, Doosan Power 
Systems America and Doosan Power 
Systems Europe.

Post-Combustion Capture (PCC) 
Activities:

CCPILOT100+
This project will see Doosan Babcock 
CO2 capture technology installed at 
Ferrybridge power station in Yorkshire, 
United Kingdom.  Ferrybridge is a 

2,000MWe coal-fired station which 
co-fires biomass, owned and 

operated by Scottish and 
Southern Energy plc (SSE).  

The £20 million project 
focuses upon the 

construction and 
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ENEL Join IEAGHG as a Sponsor
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Energy as the prime sponsor.  The 
project was sponsored by Vattenfall, 
DONG Energy, Air Products and others 
with support from DECC.  The OxyCoal™ 
combustion system was successfully 
tested in 2009 to: characterise the 
40MWt OxyCoal™ burner design; to 
obtain baseline performance data 
for air firing on coal; to demonstrate 

Our roadmap for technology 
development, as OxyCoal-UK Phase 2 
nears completion, focuses on: further 
optimisation of OxyCoal™ technology; 
FEED studies; and 100–200MWe field 
demonstrations, building towards 
commercialisation with a 1000MWe 
OxyCoal™ power plant by 2016.

ScottishPower investing in the future of Carbon 
Capture and Storage, by Andrew Archibald, Scottish Power

As one of the two remaining bidders in the UK Government’s 
CCS Competition, we are now carrying out a Front End 
Engineering Design (FEED) study for a full-scale capture plant 
to be retro-fitted to our existing coal-fired power station at 
Longannet in Fife, Scotland. The FEED process will give us 
precise data on what it will all cost and significantly de-risk the 
building and development of the project, taking us ever closer 
to demonstration.  

We have added two world class organisations to our 
Consortium to make all of this happen. National Grid, 
operator of the national gas pipeline network in the UK, will 
be responsible for the onshore transport of the CO2 and Shell, 
a global leader in under-sea exploration, will transport the 
CO2 offshore and inject it into the rock formations more than a 
kilometre below the seabed for permanent, safe storage. 

There are no examples anywhere in the world of the full CCS 
chain operating at scale and CCS itself is a new industry, so 
we know we have a lot to learn. With this in mind, we have 
invested in a range of research areas to enhance our scheme. 
In particular, we have increased our understanding of the 
unique characteristics of sub-surface CO2 storage with our 
lead in the CASSEM project; an initiative designed to develop 
the evaluation techniques for assessing the potential for saline 
aquifers to store CO2.  We will also learn how to monitor those 
sites and verify storage integrity over the long-term. Building 
on this, our active participation in the Scottish Government’s 
CCS studies will help us to define clearly the role for the Central 
North Sea as we work to promote the development of a CCS 
industry in Scotland.

Another area of research is the capture technology itself. 
ScottishPower, along with E.ON, Gassnova and Statkraft, is 
a sponsor of SOLVit, an eight year project led by Aker Clean 
Carbon, with SINTEF and the Norwegian University of Science 
and Technology (NTNU) as research partners. Its objective is 
to develop, test and select different amine solutions 
for CO2 capture, and to reduce the energy 
required to separate the CO2 

ScottishPower is working hard to be one of the world leaders in Carbon Capture and Storage technology. Our ambitions are 
simple: to deliver full-chain, commercial scale CCS in the UK by 2014. Our new membership of the IEA Greenhouse Gas R&D 
Programme is for us, another great step on the road to achieving those ambitions.

from the chimney exhaust gas, which is the costliest part of 
CCS. 

A key component of SOLVit is the Mobile Test Unit (MTU), 
a custom-built mobile test capture facility that has been 
in operation at Longannet for the past year. The unit, built 
and operated by Aker Clean Carbon, provides operational 
data from reliable field tests and is a vital stepping stone 
to having a commercial-scale post-combustion retrofit CCS 
plant up and running at Longannet by 2014.

The technology is not the only thing we’re investing in. 
On 1st September 2009 ScottishPower officially appointed 
Professor Stuart Haszeldine, of the University of 
Edinburgh, as the world’s first CCS Professor. Stuart’s 
current research is geological storage of CO2, and 
as CCS Professor, Stuart is currently focussing on 
two key areas for ScottishPower; developing 
a North Sea European CO2 storage hub, 
and furthering our understanding of 
sub-surface risks, liabilities and 
mitigations.

transition from air firing to oxyfuel 
firing on oil and on coal; and air ingress 
tests to measure air infiltration during 
oxyfuel firing on oil and on coal.  
Testing completed this year includes 
Oxyfuel firing tests on coal to obtain 
performance data for varying: flue gas 
recycle rate; burner stoichiometry and 
overall excess oxygen; sensitivity to 
primary and secondary flue gas recycle 
oxygen content.
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And we are now in the final stages of creating an Academic Alliance between two leading UK CCS academic institutions, one 
specialising in storage and the other in capture technology. This Alliance will enable ScottishPower to proactively research and 
understand a range of different areas, including technological, regulatory, skills and development and the public perception 
of the safety CCS. 

ScottishPower recognises the significance of CCS and the opportunities it will bring. We are making the necessary investments 
now. We look forward to becoming an active member of IEAGHG and being able to embed research and knowledge gathered 
by the IEAGHG in our CCS development. But it won’t just be a one way street. For us, all CCS development is helpful and there’s 
no monopoly of wisdom here. We look forward too to sharing what we learn with our new Executive Committee colleagues 
at the IEA GHG as we all race to deliver this vital new technology.

37th IEAGHG ExCo, Ponferrada-León, Spain, 
by Monica Lupion, CIUDEN and Tim Dixon, IEAGHG
The 37th IEAGHG Executive Committee was held in Ponferrada-Leon, Spain, on the 9th -11th March 2010, hosted by Fundacion 
Ciudad de la Energia (CIUDEN). A visit to the headquarters of CIUDEN in Ponferrada took place on the day before the meeting, 
during which CIUDEN´s main activities on CCS were presented. The participants had also the opportunity to visit the Capture 
Technology Development Plant located nearby.
Over 50 delegates from 33 countries  
and sponsor organisations attended 
the ExCo meeting held in San Marcos 
Monastery (Leon), an impressive 
building from the 12th century. The 
meeting agenda covered the 5 month 
period of activities since the last ExCo 
meeting in Zurich. Topics discussed 
during the two-day meeting included:

• Progress on delivery of the 
technical programme: including 
ongoing, recently completed and 
future study prioritisation,

• Networks and workshops 
organised or attended by the 
IEAGHG staff,

• Member status and new members 
interests,

• Update on the GCCSI programme 
activities

• Budget for 2010 financial year and 
overall position

The next IEAGHG ExCo meeting will take 
place in The Hague, The Netherlands, 

17th -18th September, just prior to the 
GHGT-10 conference.

CIUDEN is currently immersed 
in the construction of the 

Capture CO2 Technology 
Plant. This is the 

only integrated 
installation in 

the world 
w i t h 

t wo 

4

As well as their association through CCS, IEAGHG and CIUDEN have another 
common link; they are both located on pilgrimage routes to St James at Santiago 
de Compostela   Both Ponferrada and Leon are on the ‘French way’, the famous and 
well-used route for pilgrims from France and mainland Europe to the remains of 
St James at the cathedral in Santiago de Compostela. The offices of IEAGHG are in 
the small village of Stoke Orchard near Cheltenham. This small village has a chapel 

dedicated to St James dating back to c1160. Along with a church in Reading, 
this was one of the churches on the pilgrims route in England towards 

the historic port of Bristol where pilgrims would embark their ships 
for Santiago De Compostela.  This double association was 

highlighted and celebrated at various times 
during the meeting and visits.

large experimental oxy boilers 
capable of burning a wide range 
of coals, biomass and pet coke and 
allowing either the operation under 
conventional combustion or under 
oxycombustion conditions. The PC 
unit has been designed following the 
criteria used in commercial boilers but 
taking into account the peculiarities 
of an experimental unit, which 
requires among others, flexibility and 
representative and complete generation of data in order to extrapolate the results 
obtained to full-scale operation. The oxy CFB unit, the largest experimental one 
in the world, has been conceived to facilitate scaling-up of results to commercial 
units. The commissioning of the installation will start in September 2010.

The visit finished with a guided tour in Las Medulas, a gold-mining area exploited 
by the Romans using a technique based on hydraulic power which have lead to 
a spectacular landscape. Las Medulas are inscribed as UNESCO Cultural Heritage 
Site since 1996.

CIUDEN’s Capture Demonstration Plant

ExCo Members on a Guided Tour of 
Las Medulas, Old Roman Mines
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CO2 Storage at In Salah, Algeria, 
by Iain Wright, BP Alternative Energy

The In Salah Project in Algeria is a demonstration of industrial-scale CO2 geological storage, operated by a joint venture of 
BP, Statoil and Sonatrach since 2004. More than 3.2 million tonnes of CO2 have now been stored at Krechba, in a deep saline 
formation that has been characterised to hydrocarbon standards.

The deep saline formation is 20 metres-
thick Carboniferous sandstone almost 
2 kilometres under the Sahara desert, 
with porosity of 13% and permeability 
of 10 millidarcies. This type of 
formation is common in Europe, North 
America and China, but at In Salah, 
the permeability is a challenge, being 
lower than most sites currently under 
consideration for industrial-scale CCS 
projects. Success at In Salah could 
therefore open up a new range of 
storage options for the world. Three, 
state-of-the-art horizontal wells are 
used to store the CO2. These wells 
are 2 kilometres deep and over 1.6 
kilometres long – ie. almost as long as 
they are deep. 

Geologically-stored CO2 is monitored 
by a Joint Industry Project (JIP), 
operated by BP, Statoil and Sonatrach, 
with support from the US Department 
of Energy and EU DG Research and the 
approval of the international Carbon 
Sequestration Leadership Forum. 
Phase 1 of the JIP runs until the end 
of 2010 and final reports are now 
becoming available. Several technical 
papers were presented at the US DoE’s 
annual CCS conference in Pittsburgh 
May 10th-13th and more will be 
presented at the GHGT-10 conference 
in Amsterdam September 20th-23rd). 
JIP Phase 2 is now being designed, for 
implementation in 2011-2015.  

JIP objectives are:

1. Provide assurance that secure 
geological storage of CO2 can 
be cost-effectively verified and 
that long-term assurance can be 
provided by short-term monitoring 

2. Demonstrate to stakeholders that 
industrial-scale geological storage 
of CO2 is a viable GHG mitigation 
option

3. Set precedents for the regulation 
and verification of the geological 
storage of CO2, allowing eligibility 
for GHG credits 

Monitoring of CO2 storage receives 
a lot of attention, however, far more 
important for assuring CO2 storage 
security are site-selection and 
m a n a g e m e n t . 

The In Salah storage site was selected 
and characterised using BP’s Major 
Projects Common Process (MPCP) – an 
iterative stage-gate process (Appraise, 
Select, Define, Execute, Operate) used 
by most major oil companies, where 
project risks are ranked and managed 
to optimise the development. In 
Salah was used by Det Norske Veritas 
(DNV) as a case study to develop 
the CO2QUALSTORE guidelines for 
industrial-scale CO2 storage project 
development. 

After the site was selected and the 
project designed, the residual risks 
were assessed and a monitoring 
programme designed to address those. 
In 2008, A Quantified Risk Assessment 
(QRA) was carried out to update 
the initial risk assessment and to re-
focus the monitoring programme. 
Based on the results of that QRA, the 
CO2 storage development plan was 
updated and the injection rates of 
the three wells optimised accordingly. 
Following the initial risk assessment, 
around 20 monitoring technologies 
were evaluated and ranked for their 
cost/benefit towards fulfilling 
the JIP objectives. These 
technologies were 
deployed in 

the field and further focussed to the 
most effective combinations. This is 
a site-specific, iterative process and 
since nature made all storage sites 
different, there is no magic monitoring 
technology that has universal 
application for stored CO2. 

One particular success at In Salah 
has been the Permanent Scatterer 
Interferometry (PSInSAR™) technology, 
which has provided a breakthrough 
in timely, accurate, cost-effective and 
non-invasive tracking of geologically 
stored CO2. When CO2 storage started 
at In Salah, the resolution of satellite 
data could be measured in metres, 
but PSInSAR™ is now capable 
of remotely measuring 
m i l l i m e t r e - s c a l e 
displacements of the 
earth’s surface over 
periods of several 
years. It has 
also been 
u s e d 

In Salah Subsurface - Data from multiple monitoring technologies can be overlain 
using 3D visualisation tools to create a morecomplete image of the subsurface
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to monitor the movements of ancient 
buildings in Rome and the impact 
of flooding on New Orleans. It uses 
phase changes occurring between a 
series of radar images to determine 
tiny surface movements over several 
weeks. In the case of Krechba, those 
tiny movements (3mm/year) have been 
demonstrated to accurately reflect 
the sub-surface movement of CO2 and 
brine. The combination of satellite 
imagery, a good understanding of the 
geomechanics of the sub-surface and 
simple well data can cost-effectively 
monitor geologically stored CO2.

Data acquired before injection 
commenced suggested that stored CO2 
would preferentially migrate in a NW-SE 
direction along the preferred fracture 
orientation of the storage formation. 
For a while, the most prolific CO2 
injector was the KB-502 well, and only 
1.3km NW of KB-502 was a suspended 
appraisal well: KB-5. In 2006, the early 
satellite data predicted that the CO2 
plume would reach KB5 in 2007 and it 
was detected (containing tracer from 

6

KB-502) during a routine inspection in 
June 2007. The arrival of CO2 at KB-5 
was detected by a small gas release 
through a valve (rather than pressure 
on a gauge) and 0.1 tonne of CO2 
leaked to atmosphere as a result. That 
leak was immediately fixed (by fitting a 
flange and gauge) and (having fulfilled 
its purpose for CO2 monitoring) the well 
has now been fully decommissioned. 

As part of the project baseline, a seismic 
survey was acquired in 1997, focussing 
on the injection formation. Seismic 
has been shown to be an effective 
monitoring technology at Sleipner 
offshore Norway, but that is an ideal 
environment for seismic. Using seismic 
to monitor CO2 movement at Krechba is 
a much greater challenge because the 
formation is deeper, harder and onshore. 
In summer 2009, the JIP successfully 
acquired a new seismic survey at a cost 
of $9m, working 260,000 hours with no 
accidents or incidents and the results 
are expected soon. 

Overall, all the monitoring programme 
demonstrates that the CO2 is behaving 
as expected within the Krechba storage 
complex (comprising the storage 
formation itself and the lower parts of 
the caprock). CO2 plume development 
is far from homogenous and requires 
high-resolution data for reservoir 
characterisation and modelling. Five 
years of industrial-scale CO2 storage 
has been successfully demonstrated 
and longer-term storage continues to 
be guided by a comprehensive, cost-
effective and fit-for-purpose storage 
monitoring programme.

Monitoring for CO2 storage uses 
techniques and practices which are 
mostly standard oil-field practice. These 
should be site-specific, risk-assessed 
and provide appropriate return on 
investment. There is still no ‘cookie 
cutter’ approach when it comes to 
designing a monitoring programme for 
geologically stored CO2. 
For further information, visit: 
www.insalahco2.com

On 17th March 2010, the Department of Energy and Climate Change (DECC) launched a  new Government Office 
of Carbon Capture and Storage (OCCS).  Three weeks later, on 8th April 2008, the Energy Act 2010 received Royal 

Assent including a new power to create a CCS Incentive for the UK demonstration programme. 

A New CCS Incentive

One of the main elements of the Energy Act, which received Royal Assent on 8 April 2010, is its 
provisions on CCS. These create a new financial incentive that could be used to bring forward a 

UK programme of four commercial scale demonstration projects. The financial incentive 
would take the form of a levy on electricity supplies to raise funds for the purpose 

of providing financial assistance for the demonstration of CCS technologies 
in commercial scale electricity generation. The incentive could be used 

to provide support for FEED studies, CCS demonstration activities 
and for the retrofit of additional CCS capacity to those 

demonstration projects should it be required at 
a later date. 

Launch of the Office of Carbon Capture and 
Storage, by Briony Daw, Office of Carbon Capture and Storage

The In Salah Gas Processing Facilities
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The Office of CCS

The new OCCS sits within the 
Department of Energy and Climate 
Change, staffed by a dedicated team of 
Civil Servants and tasked with driving 
CCS forward in the UK and helping to 
promote its rapid deployment globally.

The OCCS will lead on developing 
a UK roadmap for CCS that will look 
out to 2030 and beyond and guide 
future actions.  It will draw on the 
work of other organisations, including 
the International Energy Agency, 
the Committee on Climate Change, 
Regional Development Agencies, 
Devolved Administrations and 
international partners. 

The OCCS will undertake outreach and 
collaboration activities by working 
with UKTI and other partners to 
promote UK businesses. The OCCS 
will also have an important role in 
representing UK interests in Europe, 
including helping to secure EU funding 
for the UK demonstration projects and 
represent UK interests in a number of 
international fora.

On the same day that the OCCS was 
launched, the Yorkshire and Humber 
region was identified as the UK’s first 
CCS Low Carbon Economic Area and 
Ferrybridge power station, owned 
by SSE, was awarded £6.3 million 
towards its £21 million 5MW carbon 
capture trial by DECC, the Technology 
Strategy Board and Northern Way.  

For further information please visit  
www.decc.gov.uk/occs

Contact: 

briony.daw@decc.gsi.gov.uk   
Adam Dawson joined the Office on 19th 
April as its first Chief Executive, having 
formerly been Head of New Nuclear in 
the Office of Nuclear Deployment.

The OCCS will be driving development 
of policy, technology, regulation and 
funding. Its objectives include fostering 
innovation, setting up licensing and 
regulatory frameworks, knowledge 
transfer, skills development and 
increasing public awareness.  

Ferrybridge Power Station, site of 
Proposed 5MW Carbon Capture Trial
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Over the past month, the General Election has received a great deal of news coverage in the UK, and the result is a new 
Coalition Government between the Conservative and Liberal Democrat parties. This is the first Coalition Government in the UK 
for over 80 years, and in the weeks since the forming of the Government, the details of the coalition deal have been released. 
The document is available at: www.hmg.gov.uk/programmeforgovernment but the following is a direct exert, outlining the 
plans for ‘Energy and Climate Change’.

New UK Government, Coalition Plans for Energy 
and Climate Change, by Toby Aiken, IEAGHG

The Government believes that climate 
change is one of the gravest threats 
we face, and that urgent action at 
home and abroad is required. We 
need to use a wide range of levers to 
cut carbon emissions, decarbonise 
the economy and support the creation 
of new green jobs and technologies. 
We will implement a full programme of 
measures to fulfil our joint ambitions 
for a low carbon and eco-friendly 
economy.

We will push for the EU to 
demonstrate leadership in tackling 
international climate change, including 
by supporting an increase in the EU 
emission reduction target to 30% by 
2020.

We will seek to increase the target 
for energy from renewable sources, 
subject to the advice of the Climate 
Change Committee. We will continue 
public sector investment in carbon 
capture and storage (CCS) technology 
for four coal-fired power stations.

We will establish a smart grid and roll 
out smart meters.

We will establish a full system of feed-
in tariffs in electricity – as well as the 
maintenance of banded Renewables 

Obligation Certificates.

We will introduce measures to 
promote a huge increase in 

energy from waste through 
anaerobic digestion.

We will create a 
green investment 

bank.

We will retain energy performance 
certificates while scrapping HIPs.

We will introduce measures to 
encourage marine energy.

We will establish an emissions 
performance standard that will prevent 
coal-fired power stations being 
built unless they are equipped with 
sufficient carbon capture and storage 
to meet the emissions performance 
standard.

We will cancel the third runway at 
Heathrow.

We will refuse permission for additional 
runways at Gatwick and Stansted.

We will replace Air Passenger Duty with 
a per-flight duty.

We will introduce a floor price for 
carbon, and make efforts to 

persuade the EU to move 
towards full auctioning 

of ETS permits.

Through our ‘Green Deal’, we will 
encourage home energy efficiency 
improvements paid for by savings from 
energy bills. We will also take measures 
to improve energy efficiency in 
businesses and public sector buildings. 
We will reduce central government 
carbon emissions by 10% within 12 
months.

We will reform energy markets 
to deliver security of supply and 
investment in low carbon energy, and 
ensure fair competition including a 
review of the role of Ofgem.

We will instruct Ofgem to establish a 
security guarantee of energy supplies.

We will give an Annual Energy 
Statement to Parliament to set 
strategic energy policy and guide 
investment. 

We will deliver an offshore electricity 
grid in order to support the 
development of a new generation of 
offshore wind power.

We will encourage community-
owned renewable 

Prime Minister David Cameron and Deputy Prime Minister Nick Clegg
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CCS technology has the potential to contribute to a significant reduction in emissions of CO2 from power generation and 
other industrial sectors if it can be deployed widely. While there are still significant technical challenges to be overcome, in 
the United States (US) the absence of a consistent and predictable legal and regulatory framework to govern its use presents 
a serious obstacle to rapid and wide adoption.

Development of Recommendations 
for a US Regulatory Framework for CCS, 
by Sean McCoy, Carnegie Mellon University

In contrast to much of the world, 
where the deep pore space used in 
geologic sequestration (GS) is the 
property of the nation or the “crown,” 
questions of ownership are based on 
myriad legal precedents that vary from 
one US state to another. Operators in 
the US inject large quantities of fluid 
waste underground under the US 
Environmental Protection Agency’s 
(EPA) Underground Injection Control 
(UIC) program without securing 
permission from surface landowners. 
For example, municipalities in Florida 
inject roughly 3 billion m3 per year of 
treated wastewater. However, absent 
law clarifying whether use of pore 
space for GS will require compensation, 
the moment an operator begins to 
inject CO2, we anticipate that litigants 
will appear demanding compensation.

The other serious obstacle involves 
issues of long-term stewardship: who 
is responsible for monitoring and 
remediation of closed sites, and liable 
for any damages associated with 
problems at these sites, including any 
leakage of CO2 to the atmosphere. 
The insurance industry is poised to 
insure CCS projects until the time 
that a closed project goes into long-
term stewardship, but is not 
prepared to write 

policies that extend beyond that time.

Because it is operating under authority 
provided by the Safe Drinking Water 
Act, the EPA’s current proposal to 
regulate CCS through the creation of a 
new well class under the UIC program, 
is not able to address either of these, or 
other, key problems.

The CCSReg project was created to 
develop proposals addressing these 
and other legal and regulatory barriers 
facing CCS in the US. Anchored in the 
Department of Engineering and Public 
Policy at Carnegie Mellon University, 
the project involves co-investigators 
at the Vermont Law School, the 
Washington, DC law firm of Van Ness 
Feldman, and at the University of 
Minnesota. The project released an 
interim report that framed the issues in 
January of 2009.

Since release of the interim report, the 
CCSReg project has released six policy 
briefs that make recommendations 
as to how the key regulatory issues 
should be resolved in the US 
context. These briefs 
address the overall 
s t r u c t u r e 

that comprehensive regulation of 
CCS should take; the regulatory 
framework for pipelines transporting 
CO2 for CCS; governing access to 
and use of pore space in geologic 
sequestration; managing liability and 
long-term stewardship for geological 
sequestration; and accounting for 
emissions avoided through CCS.

Although some of the 
recommendations are included in 
pending state and federal legislation, 
such as the American Clean 
Energy and Security Act of 2009 
(Waxman-Markey), the briefs 
take a more comprehensive 
look at an entire program 
for regulation of CCS.

energy schemes where local people 
benefit from the power produced. We 
will also allow communities that host 
renewable energy projects to keep 
the additional business rates they 
generate. 

As part of the creation of a green 
investment bank, we will create 
green financial products to provide 
individuals with opportunities to invest 
in the infrastructure needed to support 
the new green economy. 

We will work towards an ambitious 
global climate deal that will limit 
emissions and explore the creation of 
new international sources of funding 
for the purpose of climate change 
adaptation and mitigation.

Liberal Democrats have long opposed 
any new nuclear construction. 
Conservatives, by contrast, are 
committed to allowing the replacement 
of existing nuclear power stations 
provided that they are subject to the 
normal planning process for major 
projects (under a new National Planning 
Statement), and also provided that they 
receive no public subsidy.

We will implement a process allowing 
the Liberal Democrats to maintain 
their opposition to nuclear power 
while permitting the Government to 
bring forward the National Planning 
Statement for ratification by Parliament 
so that new nuclear construction 
becomes possible. This process will 

involve:

• The Government completing the 
drafting of a national planning 
statement and putting it before 
Parliament;

• Specific agreement that a 
Liberal Democrat spokesperson 
will speak against the 
Planning Statement, but that 
Liberal Democrat MPs will abstain; 
and 

• Clarity that this will not be regarded 
as an issue of confidence.

This text is acknowledged as Crown 
Copyright, and is sourced from 
‘The Coalition: our programme for 
government.’
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Every Cloud has a Silver Lining - Even an Ash 
Cloud, by R. D. Schuiling, Olivine Foundation for the Reduction of CO2

Specific recommendations from the 
policy briefs include:

• Amending the US Safe Drinking 
Water Act to direct Underground 
Injection Control (UIC) program 
regulators to create adaptive, 
performance-based rules for 
geologic sequestration, and to 
include mechanisms to resolve 
conflicts between multiple 
environmental objectives.

• Expanding the federal UIC program 
to address conflicting uses of pore 
space during permitting; creating 
new federal legislation that would 
limit the trespass liability of a 
sequestration project developer 
operating pursuant to a valid UIC 
permit.

• Modifying the US Federal Land 
Policy Management Act to 
specifically authorize the use 
of federal lands for geologic 
sequestration.

• Creating a Federal Geologic 
Sequestration Board (“FGSB”) 
that would oversee long-term 
stewardship of properly closed 
sequestration projects.

• Creating a revolving fund, based 
upon risk-based assessments on 
geologic sequestration projects 
during their operating life, which 
will finance the FGSB and any 
remediation or compensation 
necessary during long-term 
stewardship.

• Creating a stop-gap federal 
indemnity program for the 
stewardship phase of “first-mover” 
geologic sequestration projects.

• Requiring measurement and 
reporting of CO2 handled by entities 
involved in all stages of CCS.

• Creation of an emission reserve 
fund, managed by the FGSB, to cover 
any emissions of CO2 that occur 
during long-term stewardship.

• Developing an “opt-in” federal 
regulatory regime providing the 
US Federal Energy Regulatory 

Commission authority to grant or 
deny applications for federal siting 
permits for new CO2 pipelines 
built for the purposes of geologic 
sequestration.

Forthcoming briefs in this series will 
address criteria for permitting and 
closure of geologic sequestration 
sites; removing commercial barriers to 
deployment of CCS technology; and 
managing geologic sequestration in 
parallel with enhanced oil recovery.

The five briefs discussed here, the 
forthcoming briefs in the series, and 
other publications from the project are 
available at www.ccsreg.org.

Primary support for the CCSReg project 
is provided by a grant from the Doris 
Duke Charitable Foundation. Additional 
support is provided by the Climate 
Decision Making Center through a 
cooperative agreement between 
the National Science Foundation 
(SES-0345798) and Carnegie Mellon 
University.

The eruption of the Eyjafjallajökull in Iceland has caused a serious disruption of air traffic. Environmentalists have been 
rejoicing, because this volcanic event has diminished the CO2 emission of airplanes by something in the order of 2 million 
tons. The CO2 emitted during the eruption, however, should be subtracted from this gain. 

Magmas like the one on Iceland can dissolve up to 0.5 % of CO2. The total volume of the eruption so far has been estimated 
at 0.1 km3 (100 million m3). With a specific mass of 2.5 this amounts to 250 million tons. If the mass of CO2 is 0.5% of this, this 
means that the eruption itself can have emitted at most only 1.25 million tons of CO2.

A much larger positive effect has been overlooked so far. The ash consists of very fine particles of less than 50 micron. Such 
particles weather extremely fast, and sequester CO2 in doing so. It has been shown that on tidal mudflats small volcanic 

particles are completely transformed into clay in less than a year as they pass the digestive tract of lugworms. The CaO 
and MgO contents of the ash are transformed into carbonates by weathering. The CaO content of the ash is roughly 

5.5 %, and the MgO content around 3%. This means that the weathering of the ash volume that has fallen so far 
will rapidly sequester a staggering19 million tons of CO2, from just one minor eruption. People worried about 

climate change should say to Iceland “send us ash, 
no cash!”

Ending on a more serious note, this 
event shows that enhanced 

weathering could contribute in 
a major way to a reduction 

of the CO2 levels in the 
atmosphere.

The volcano Eyjafjallajökull, 
erupting in Iceland
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The International Performance Assessment Centre for Geologic Storage of Carbon 
Dioxide (IPAC–C02) has hired a new Chief Executive Officer and established a global 
network linking organizations in eight countries which conduct research into the 
geological storage of carbon dioxide.
The global network will grow from 
regional centres IPAC-CO2 has in:

• Africa - South African National 
Energy Research Institute (SANERI);

• Australia - Cooperative Research 
Centre for Greenhouse Gas 
Technologies (CO2CRC);

• Brazil – Brazilian Carbon Storage 
Research Center;

• Canada – Carbon Management 
Canada, whose membership 
includes the University of Regina, 
University of Alberta, Dalhousie 
University and 18 other Canadian 
universities;

• China – North China Electric Power 
University;

• Europe – Imperial College in 
London, England;

• India – The Energy and Resources 
Institute (TERI);

• USA – Colorado Energy Research 
Institute (CERI) at the Colorado 
School of Mines in Golden.

IPAC-C02 is designed to meet a public 
and regulatory need in the global 
Carbon Capture and Storage (CCS) 
chain by providing an independent 
performance assessment of geological 
storage of carbon dioxide.

Carbon capture and storage has been 
identified by the UN Intergovernmental 
Panel on Climate Change as one of the 
most promising near term technologies 
for the rapid reduction of global CO2 
emissions. 

IPAC-CO2 was established at the 
University of Regina in 2009 with 
$14 million in funding from the 
Government of Saskatchewan, Royal 
Dutch Shell and the Government of 
Canada.

“These regional centres are the primary 
mechanism to advance Carbon Capture 
and Storage work on six continents,” 
said Dr. Carmen Dybwad, who became 
Chief Executive Officer of IPAC-CO2 in 
May. 

IPAC-CO2 Hires New CEO; Creates New Global  
Network, Joe Ralko, IPAC-CO2

“We met face to face with 
representatives of the regional 
centres following the 5th IEAGHG 
Risk Assessment Network meeting 
in Golden, Colorado on May 19th. We 
learned about our collective experience 
and strengths so we can develop a 
plan to help realize the potential of 
an emerging CCS value chain from an 
independent perspective.”

Dybwad succeeds Dr. Malcolm Wilson, 
Director of the Office and Energy 
and Environment at the University of 
Regina and a co-recipient of the 2007 
Nobel Peace Prize, who had been  
IPAC-CO2’s acting CEO since the not-
for-profit organization was established.

Dr. Wilson remains with the 
organization as a managing director.

“We are very excited to be able to 
recruit Dr. Dybwad who has extensive 
professional experience in both 
government and the energy sector,” 
said Dr. David Gauthier, chairman of the 
not-for-profit organization’s board of 
directors and Vice-President, Research 
at the University of Regina. “Her return 
to Saskatchewan to accept the lead at 
IPAC-CO2 will help move the centre 
forward.” 

Dybwad, who held increasingly senior 
positions during a 20-year career with 
the Government of Saskatchewan 
and the University of Regina, joined 
IPAC-CO2 from the Canadian Energy 
Research Institute (CERI) in Calgary 
where she was a Vice-President.

Prior to joining CERI in 2009, she was 
President of the Energy Council of 
Canada for two years. She also served 
a seven-year term on the National 
Energy Board.

“I’m pleased to join an organization 
focused on the global need to ensure 
that carbon dioxide capture and 
storage (CCS) is deployed rapidly and 
safely around the world,” Dybwad said.  
“IPAC-CO2 will develop knowledge 
that contributes to a complete 
understanding of risk performance.”
 “IPAC-CO2’s work is critical to realizing 
the potential of an emerging CCS 
value chain from an independent 
perspective, meeting GHG emission 
reduction targets set by governments 
and recognition of CCS as a valid 
international process under the Clean 
Development Mechanism,” Dybwad 
said. 

Dr. Carmen Dybwad, CEO of IPAC-CO2
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CCS in Southern Africa? 
by Tom Mikunda, Energy Research Centre of 
The Netherlands (ECN)

From the 8th to the 13th of April 2010, a series of CCS workshops took place 
in Botswana, Mozambique and Namibia. The workshops represent the main 
components of the capacity building project ‘CCS in Southern Africa’, managed by 
Heleen de Coninck (ECN), and funded by the Norwegian Ministry for Petroleum 
and Energy, the Dutch Ministry for Economic Affairs, and the Global CCS Institute. 
During the three two-day workshops, 
the objectives were to provide a 
thorough introduction to CCS, and to 
engage with workshop participants 
in order to explore the rationale, 
possibilities and capacity needs 
to enable CCS in each of the three 
countries. In order to select suitable 
participants from relevant public, 
private and academic organizations, 
the Energy research Centre of the 
Netherlands (ECN) partnered with 
the local institutions of consultancy 
firm Energy, Environment, Computing 
& Geophysical Applications 
(Botswana), the Eduardo Mondlane 
University (Mozambique) and the 
Desert Research Fund Namibia. The 
introduction to CCS, on the first day 
of each workshop, was comprised of 
several detailed presentations made 
by an international mix of CCS experts 
including: 

• Ruud van den Brink (ECN),  
Capture technologies

• Neil Wildgust (IEAGHG),  
Geological Storage / Risks and 
impacts

• Paul Zakkour (Carbon Counts), 
Policy and legal issues

• Chris Hendriks (Ecofys),   
Costs of CCS 

• Heleen de Coninck (ECN),   
Public perception / Policy 

The primary reason why Botswana, 
Mozambique and Namibia were 
selected for the project is partly due 
to the active role that South Africa is 
taking to advance CCS as an important 
national mitigation option. In 2009, 
the South African Centre for CCS was 
established, led by Dr Tony Surridge 
from the South African National Energy 
Research Institute (SANERI). The first 
work of the new centre, has been 
to develop a CO2 geological storage 
atlas, and to outline a roadmap for 
CCS in South Africa, with the vision 
of achieving an initial demonstration 
project by 2020. Due to these 
developments, raising awareness of 
CCS in neighbouring countries can 
only be considered useful. 

From the outset of the project, it was 
understood that any efforts on CCS 
in the target countries should be 
aimed at the longer term, and would 
necessarily involve an initial period of 
awareness raising and basic capacity 
building. During the second day of 
the workshops, time was provided for 
breakout sessions, consisting of three 
carefully selected breakout groups 
focusing on potential capture sources, 
geological suitability for CO2 storage, 
and capacity requirements to enable 
CCS. Finally, once the breakout groups 
reconvened, the rationale for CCS in the 
target country was discussed, which 

often led to a lively debate regarding 
the possible conflicts between climate 
concerns and development needs.  

From the information gathered from the 
workshops, it became apparent that all 
three countries have plans to increase 
their electricity generation capacities, 
whereby coal-fired power plants will 
be the most likely means of doing 
so. Both Mozambique and Botswana 
have large reserves of coal. Botswana 
is also investigating the potential use 
of Underground Coal Gasification 
(UCG), a technology which if combined 
with CCS, could represent a low-cost 
carbon abatement solution. In terms of 
geological CO2 storage potential, there 
is understood to be significant potential 
in both Mozambique and Botswana, 
however the data required to provide 
reliable information is thought to be 
fragmented and dispersed across a 
number of different parties.              

As part of the CCS in Southern Africa 
project, further work may include 
conducting CO2 storage assessment 
(quick scans) for each target country, 
providing regulatory capacity building 
with the relevant government bodies, 
and fostering continued interaction 
regarding CCS between European 
institutions, Southern African 
universities and the South African 
Centre for CCS.

All the presentations made during the 
workshops, as well as the workshop 
programmes, are available for 
download from the project website 
www.ccs-africa.org. A full project 
report is available for download after 
28th May 2010.      

Contact: Tom Mikunda, ECN – 
mikunda@ecn.nl

Edinburgh University Launches CCS 
Masters Course, by Tim Dixon, IEAGHG

The world’s first dedicated Master’s degree on CCS is underway at the University of Edinburgh’s School 
of GeoSciences. The course covers capture, transport, storage (both engineering and geological 

aspects), and the business background in terms of climate change, policy, regulation and 
emissions trading. 

The course lasts 12 months full time, involves field trips and site visits, and includes 
collaboration with companies and possibilities of internships.   IEAGHG is 

honoured to be invited to provide a guest lecture on international 
legislation and emissions trading. For more information please 

contact the Programme Director: 
mark.wilkinson@ed.ac.uk or see www.geos.ed.ac.

uk/masters/ccsmasters/. 
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Since the last issue, IEAGHG have held 2 successful storage-based research networks; the first on Geological Storage Modelling 
was held in Salt Lake City, Utah, USA and was hosted by the University of Utah, the second was the Wellbore Integrity Network, 
hosted by Shell in Noordwijk Ann See, The Netherlands. 

Geological Storage Modelling

The 2nd Modelling Network was 
attended by some 58 delegates from 9 
countries, and sessions covered topics 
such as:

• Modelling Methodologies and 
Recent Advances,

• Integrated Roles and Objectives of 
Modelling,

• Modelling of Real Storage Projects,

• Case Studies and International 
Efforts Towards Best Practice and 
Modelling Protocols.

The meeting concluded that current 
theoretical and laboratory scale 
research has continued to advance our 
understanding of the processes which 
will control the behaviour of stored CO2 
in the subsurface and govern potential 
leakage mechanisms. However, there 
was a consensus that an increased 
number of large-scale storage projects 
are required to provide data with which 
modelling methods can be calibrated.

Over the course of discussions, a 
consensus view emerged that the 
network could best contribute to 
collaborative efforts by encouraging 
collaboration and using future 
meetings to build towards 
recommendations for best practice, 
rather than formal guidelines.

The meeting was followed by a field 
trip to the nearby Crystal Geyser. At this 
location, CO2 charged water escapes 
from an abandoned well penetrating a 
natural CO2 reservoir.

Wellbore Integrity

The 6th meeting of the Wellbore 
Integirty Network showed a shift 
towards agreement with regard to 
future focus. It was generally agreed 
that recent wells and those wells which 
will be drilled in the future are not 
likely to cause problems in terms of 
wellbore integrity; moreover it can be 
determined that older wells are more 
likely to be of concern, and specifically, 
the older the wells, the more likely 
the need for remedial work or re-
abandonment. 

Although experiences vary as to the 
precise age that well abandonments 
can become problematical, there was a 
consensus that fields can be assessed 
and risk managed according to the 
well records available and the periods 
of operation and abandonment.

The increased focus on the concept of 
self-healing micro-annuli demonstrates 
a development of knowledge not 
previously seen, and it can be expected 
that future cement-based research will 
increasingly focus on this, amongst 
other issues.

The Wellbore Integrity network has 
run successfully for 6 years now, and 
continues to generate interest and 
strong and varied participation. 

There has been a move in the tone 
of presentations, demonstrating 
the steady increase in confidence 
associated with the problems and 
solutions with wellobre integrity. 

For the past 2 years, there has been a 
suggestion of short-term integration 
and collaboration, specifically with 
the newly formed Geological Storage 
Modelling network, and to this end, 
it is planned that the meetings of 
these two networks in 2011 will be 
held in conjunction with each other. 
There will still be sessions dedicated 
to each individual network, but there 
will be also be a shared day, focussing 
specifically on those elements that 
cross-over, such as the modelling of the 
near-wellbore environment amongst 
others.

The provisional plans for this meeting 
are that it will be held in Perth, Western 
Australia, and hosted by the University 
of Western Australia, and Shell.

As usual, IEAGHG will write a 
reportfocussing on the discussions 
and debates within these two network 
meetings, and pending comments and 
approval by the respective network 
steering committees and delegates 
/ presenters, these will be circulated 
to members of the programme, and 
posted on the members section of the 
network pages at www.ieaghg.org.

Recent IEAGHG Network Meetings: Geological 
Storage Modelling and Wellbore Integrity,
By Toby Aiken, IEAGHG

Crystal Geyser, 
Utah
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This year’s Summer School will be held 23rd- 27th August in the stunning location of Longyearbyen, Svalbard, Norway. As with 
our previous three summer schools we have received an overwhelming number of applications, with 221 received for this 
year alone from students in 38 countries. From this array of a very high standard of applications we have had to select just 56 
students, representing 27 countries.

Summer School 2010 Update,
by Sian Twinning, IEAGHG

With 20 international experts attending 
as both speakers and mentors, along 
with the two best students from 
last year invited back to share their 
experiences one year on, this is a 
fantastic opportunity for the selected 
students to gain an overview of CCS 
and make invaluable contacts and 
friendships within the community.

During the week students will have 
the opportunity to make the most of 
the unique lansdscape in Svalbard, 
attending a day long visit to a CO2 
Injection site and boat tour to view the 
geological structure of the area.

For students not able to attend this 
year’s event we would like to encourage 
anyone interested or working in CCS to 
look at our networks at:
www.ieaghg.org and would welcome 
applications  for next year’s event 
which will be in Illinois, USA when we 
open the registration in January 2011.

largest demonstration of Oxyfuel 
technology in the world by 2011.

Building on the success of the 1st 
Oxyfuel Combustion Conference, 
we would like to promote this event 
as an important gathering of the 
Oxyfuel combustion community and 
an opportunity to share and discuss 
information in facing the challenges 
toward the demonstration of this 
technology.

For more information, and to receive 
updates, please register at:

www.ieaghg.org/index.php?/
create-an-account.html

In partnership with the Callide Oxyfuel Project Ltd. and Xstrata Coal, IEAGHG is pleased to invite you to the 2nd Oxyfuel 
Combustion Conference. This event will be held in Queensland, Australia from the 12th to the 16th of September, 2011.

2nd Oxyfuel Combustion Conference, 
by Stanley Santos, IEAGHG

One of the central themes for this 
conference is the discussion about 

the “Retrofitability of Oxyfuel 
Combustion Technology to 

Existing Power Plants”. This 
conference will also offer 

the opportunity to visit 
the Callide A Power 

Plant Oxyfuel 
Project. This 

will be the 

Distribution of Summer School Students Nationalities, 2010
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The 2nd Asia Pacific Partnership (APP) Oxyfuel Capacity Building course was successfully held at the Xijiao Hotel, adjacent to 
Tsinghua University, Beijing over 2 days on 15th-16th March 2010.  The course was attended by over 70 delegates from Chinese 
power stations and research institutions and was designed to introduce the status, concepts and ongoing developments in 
oxyfuel technology for carbon dioxide capture and storage. The first course was held at KEPRI in Daejeon, Korea, in 2009.
The course was divided into a two 
parts: Practical Oxyfuel Technology, 
which gave a general overview of 
applied oxyfuel; and The Science of 
Oxyfuel, which gave details of pilot 
testing, demonstration projects, air 
separation and CO2 compression.  The 
two sessions were given so as to allow 
power station operators/managers 
a brief summary of the technology 
whilst also supplying the details to 
researchers and practical engineers.

The course was organised by the 
Oxyfuel Working Group (OFWG) 
which is supported through the Asia 
Pacific Partnership.  The OFWG was 
formed to assist collaboration through 
information sharing and joint activities 
between oxyfuel demonstrations with 
the over-arching goal of supporting 
the technology as it moves towards 
commercialisation.

A strong team of lecturers were drawn  
from a number of international oxyfuel 
demonstrations, technology vendors 
and research institutions as well as 
IEAGHG, and included Professor Terry 
Wall and Dr Rohan Stanger, University of 
Newcastle, Australia, Dr Stanley Santos, 
IEAGHG, UK, Professor Ningsheng Cai, 
Tsinghua University, China, Professor 
Joerg Maier, University of  Stuttgart, 
Germany, Professor Monica Lupion, 
Fundacion de la Energia, CIUDEN, 
Spain, Toshihiko Yamada, IHI, Japan, 
David Sturgeon, Doosan Babcock, UK, 
Kevin McCauley, Babcock and Wilcox, 
USA, and Vince White, Air Products, UK.

Oxyfuel Capacity Building Course Held in China,
by Rohan Stanger & Terry Wall, University of Newcastle, 
and Stanley Santos, IEAGHG

PowerPoint notes were supplied in 
both English and Chinese.  The success 
of the course was ensured by panel 
discussions between the participants 
and the lecturers, and the bi-lingual 
notes. 

The OFWG course was organised by 
Professor Terry Wall and Dr Rohan 
Stanger of the University of Newcastle, 
Australia, with local arrangements 
in Beijing were made by Professor 
Ningsheng Cai and his team at the 
Department of Thermal Engineering of 
Tsinghua University, and the support 
of Xstrata Coal, the China Society 
of Electrical Engineering (CSEE), the 
Thermal Power Research Institute 
(TPRI) , Huazhong University of Science 
and Technology (HUST) and the 
Ministry of Science and Technology of 
China.

Prior to the course the lecturing 
team met on March 14th to discuss 
issues influencing the deployment 
of oxyfuel technology and share 
experiences involving current oxyfuel 
demonstrations and pilot-plants.

Further information on the course and 
notes can be found at: 

w w w.newcast le.edu.au/projec t/
oxyfuel-working-group/capacity-
b u i l d i n g - c o u r s e s / C h i n e s e -
course-2010.html. 

The third course is planned to take 
place prior to the 2nd IEA Oxyfuel 
Conference in September 2011 
located near the Callide 
Oxyfuel Demonstration 
at Rockhampton, 
Australia.

The Course Lecturers and Attendees
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CO2GeoNet, Europe’s Network of Excellence on the geological storage of CO2, together with the European Science Foundation, 
the Leopold-Franzens-Universität Innsbruck (LFUI) and the Fonds zur Förderung der wissenschaftlichen Forschung in 
Österreich (FWF), organized a conference entitled “CO2 Geological Storage: Latest progress” in Obergurgl, Austria from 22nd to 
27th of November 2009.

ESF Research Conference, “CO2 Geological 
Storage: Latest Progress”, 
by Isabelle Czernichowski-Lauriol and Marie Gastine, CO2GeoNet

The objectives of the conference were 
mainly to: 

• Draw conclusions from the last 
decade of research,

• Spread the results to a larger 
community of scientists,

• Train young engineers and 
researchers,

• Outline the future challenges to be 
faced along the road to industrial 
implementation,

• Facilitate contacts and stimulate 
intellectual exchanges, especially 
among the young researchers, and 

• Encourage future collaborations. 

The conference was built around 24 
invited talks of 45 min each, given by 
international experts. These invited 
talks were complemented by two 
poster sessions giving young scientists 
the opportunity to show their work 
in this field. The conference provided 
participants with a global overview 
of the technology of CO2 Geological 
Storage, where it stands now and what 
challenges remain to be faced.

In addition, three discussion sessions 
were organised where participants 
could, in small groups, share their 
experience in communicating on CO2 
storage, and exchange perspectives 
on careers for young scientists and on 
future research needs. These sessions 
enabled the participants to take a step 
back from the technical perspective 
and reflect on the overall future of CCS.

The event gathered 90 participants 
from around the world including EU 
countries, Israel, Russia, Australia, Brazil, 
USA, Canada and China. Grants were 
offered to enable young scientists 
to attend the conference and, as a 
result, more than half of the attendees 
were less than 35 years old. Fruitful 

exchange took place during the four-
day conference, between different 
countries, different scientific fields and 
different generations, both during the 
various sessions and informal social 
events.  

All in all, the conference was a great 
success thanks to the top international 
speakers, the highly motivated young 
scientists, the two excellent poster 
sessions, and particularly our sponsors: 
IEAGHG, Schlumberger and Statoil, 
and a flawless organisation by the ESF 
conference management.

All the presentations and posters are 
available on the CO2GeoNet website: 
www.co2geonet.eu

Injection Strategies for CO2 Storage, 
by Toby Aiken, IEAGHG

IEAGHG recently commissioned CO2CRC in Australia to 
conduct a review of literature relating to injection strategies 

for CO2 storage. The study carried out a review of the 
parameters thought to influence injection strategies 

and assessed their relative impact and importance 
in planning injection programmes. 

The study also assessed the technical 
aspects of CO2 injection including well 

design, drilling and installation, and 
accompanying information on 

costs. The report considered 
the suitability of reuse 

of existing oil/gas 
p r o d u c t i o n 

wel ls , 

and the associated cost benefits of such reutilisation. 
The project also developed a software tool to allow 
estimation of injection well costs.

The study concluded that injection based pressure build-
up in deep saline formations and depleted hydrocarbon 
reservoirs is potentially the most significant limiting 
factor for large-scale geological storage. Due to this, 
strategies for pressure management as an element of 
injection strategies will need substantial consideration 
for future CCS projects. 

As more large-scale demonstration projects are 
undertaken, our knowledge will increase, and 
uncertainties and variables should conversely decrease, 
but at the present time, there is significant variation in 
opinions throughout the scientific community. 

Participants of the Research Conference
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New Book Published: Pembina Cardium CO2 
Monitoring Pilot, preface by Brian Hitchon, Editor

This new publication outlines and summarises the main results of the Pembina Cardium injection project. The following is the 
preface to the book, copies of which can be obtained from Geoscience Publishing the contact details  for which are shown at 
the end of the article.

This Final Report summarizes the 
essential results of a monitoring pilot 
study in which carbon dioxide (CO2) 
was injected into the Upper Cretaceous 
Cardium Formation at the Pembina 
Field, Alberta, Canada.

The study was part of a major effort by 
the Alberta Government to answer the 
call to reduce emissions of greenhouse 
gases, specifically CO2 in this case. 
The Pembina Field was chosen from 
several fields for the pilot study and the 
injection of CO2 was combined with 
enhanced oil recovery (EOR).

Penn West Petroleum Ltd. (Penn West 
Energy Trust) is the operator of the part 
of the field in which the study took 
place. Staff involved came from the 
Alberta Research Council, the Alberta 
Geological Survey (Energy Resources 
Conservation Board), the University of 
Alberta, and the University of Calgary. 
The project ran from 2004 to 2008, and 
cost about $4.25 million.

This Final Report outlines five major 
aspects of the study, two being 
assessments of the Cardium Formation 
at the regional scale and the local scale. 
The detailed geology, lithology, 
m i n e r a l o g y , 

hydrogeology, rock properties, and 
wellbore integrity are described, as 
well as selected properties of the fluids 
present.

Models were used extensively in 
matching the pre-injection situation, 
monitoring the behaviour of CO2 in the 
reservoir, and predicting future events 
after cessation of injection. Geological, 
geochemical, and reservoir flow 
models were all applied to determine 
changes in the reservoir due to CO2 
injection. The impact of the CO2 
injection process in both the deep and 
shallow environment was also covered.

During the study a variety of new 
or modified methods of evaluating 
conditions were tried. These are 
summarized in a separate chapter.

The final chapter summarizes the 
essential features of the study in terms 
of: 

1. The capacity of the Pembina 
Cardium reservoir to hold the 
injected CO2,  

2. The ability of the reservoir to 
contain the CO2 safely, and 

3. Monitoring considerations.

Over the term of the study many authors 
contributed to the work and submitted 
reports to the Alberta Energy Research 
Institute and to the Alberta Research 
Council. The Editor was given the task 
of bringing these disparate, often 
multi-authored, reports into a coherent 
Final Report. In order to produce a 
readable, flowing text it was necessary 
to cut and paste from several reports, 
sometimes to produce even a single 
paragraph. Therefore, each chapter 
includes a statement at the end listing 
those reports that were used in that 
section of the chapter.

The Editor thanks Brent Lakeman 
(Manager, Carbon and Energy 
Management, Alberta Research 
Council) for overall 
management 
d u r i n g 

the preparation of the book, and Bill 
Gunter (Principal Consultant on CO2 
Geological Storage, Alberta Research 
Council) for providing many helpful 
technical comments and assistance 
throughout the compilation of the 
material, and for a thorough technical 
review of the entire book. Tyler Hauck 
(Alberta Research Council) assisted in 
many ways to make things easier for 
the Editor and his efforts are greatly 
appreciated. Mika Madunicky supplied 
important information and Eddy Chi 
kept the Editor’s computer operational 
– both are thanked for their assistance.

Contact Details:

Geoscience Publishing, 

Box 79088, 

Sherwood Park, 

Alberta T8A 5S3, 

Canada.

Enquiries: geosci@telusplanet.net

Pembina Cardium CO2 Monitoring Pilot
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Book Review: Information Resources on CCS 
Law and Regulations, by Tim Dixon, IEAGHG
A new reference book has recently been 
published. ‘Legal Design of Carbon 
Capture and Storage, ed Martha M 
Roggenkamp and Edwin Woerdman’. 

This book sets out with a broad and 
ambitious objective of covering 
the legal issues in each phase of 
the CCS chain and their positions in 
international law, EU legislation and 
Dutch national law. The combination 
of breadth and depth is its strength, as 
other works have been published on 
specific aspects of CCS legal issues or 
on broader coverage alone.  This book 
includes offshore and cross-border 
activities.  Within international law, the 
book covers UNFCCC, UNCLOS, London 
Convention, OSPAR, and Basel amongst 
others. In its EU perspective, the book 
not surprisingly focuses on the Storage 
Directive (aka the CCS Directive), but 
also include the Emissions Trading 
Directive, Environmental Liability 
Directive, Waste Framework Directive, 
Integrated Pollution Prevention and 
Control Directive, Large Combustion 

Plant Directive and others; and the 
interactions between these relating 
to CCS. The book also provides a very 
interesting case study of application in 
a national context, in the Netherlands. 
The analysis and commentary of the 
interfaces of CCS legislation with other 
legislation is particularly valuable. 

With a book on a topic such as this, 
which is quickly developing and 
evolving, it is to be expected that some 
of the content is not fully up to date. On 
some important context on offshore 
storage, readers would benefit by 
looking also at examples outside The 
Netherlands, such as the UK.  

Particularly interesting to this reviewer 
were the sections on Integrated 
Pollution Prevention and Control 
Directive and Waste Framework 
Directive. Much is discussed in other 
fora now on the CCS Directive, but 
the impacts and implications on these 
other Directives are important and 
often overlooked. The commentary 
on the key legal issues around liability 

are also noteworthy, focussing on 
the Environmental Liability Directive. 
Of potential use to those countries 
considering establishing regulation of 
CCS is the discussion on the roles of a 
‘Competent Authority’.

Overall this is a very useful and 
original contribution in the legal areas 
around CCS. The book is published by 
Intersentia (2009) with    
ISBN 978-90-5095-801-1.

The Carbon Capture Legal Programme at 
University College London, 
by Richard Foulsham, University College London

CCS has been identified as a technology 
that could play a major role in abating 

greenhouse gas emissions from 
major industrial installations. 

However, the nascent state 
of the technology and the 

urgency of the need 
to respond climate 

change raises 
issues about 

CCS’s status 
u n d e r  

The Carbon Capture Legal Programme (CCLP) at University College London aims 
to provide a dedicated, up-to-date, open access and independent resource for the 
analysis of legal aspects of CCS. 

international, regional and national 
legal regimes. Since its inception in 
2007, the CCLP has carried out a multi-
jurisdictional programme of research 
that identifies legal provisions that 
are either applicable to CCS or that 
currently do not deal expressly with 
CCS but which may have an impact 
on its commercial development. This 
is done with a view to promoting 
informed discussion and analysis 
by decision-makers in government, 
industry and the wider community.

The primary output of the CCLP is a  
website: 

www.ucl.ac.uk/cclp/index.
php that provides 

a source for 

up-to-date legal and policy material 
and succinct analysis of the latest 
legal developments and issues arising 
from changes in law and policy. The 
Legal Resources section of the website 
represents the CCLP’s research focus, 
providing a comprehensive database of 
legal provisions and a detailed analysis 
of their impact in onshore and offshore 
contexts. 

CCS legislation is often included 
within a broader package of legal and 
regulatory measures to tackle climate 
change, and so the Legal Resources 
section also covers climate change 
and emissions-trading legislation and 
is soon  to be expanded with a new 
section on financial strategies to scale-
up CCS.

The initial response to CCS was a 
piecemeal adaptation of oil and gas 
legislation. In particular, this left the 

The Book is published by 
Intersentia
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question of long-term stewardship of 
stored CO2 obscured. The EU Directive 
on the Geological Storage of Carbon 
Dioxide is the first dedicated piece of 
legislation to deal with the full chain 
of CCS, and it has also gone part of the 
way to dealing with the uncertainties 
regarding liability and so the CCLP has 
recently published a critique of the 
Directive’s liability provisions.  

As with any technology, the potential 
introduction of CCS has created 
uncertainty about its wider economic 
and social impact and this has the 
potential to delay or complicate its 
commercial implementation. The CCLP 
and King’s College London’s Centre for 
Risk Management addressed these 
broader issues when, in June 2009, 
we hosted an international meeting in 
London on the public perception of CCS 
and the role of law in influencing the 
social acceptance and managing the 
risks associated with new technologies.  

An additional area of legal uncertainty 
is created by the diversity of national 
regulatory responses to CCS. This 
causes difficulties for individual 
projects operating across national 
boundaries and for companies wishing 
to undertake projects in different 
jurisdictions and having to fulfill legal 
requirements specific to each. Such 
variation is likely to cause the 

technology to develop not where it is 
most needed and most effective, but 
rather where the governing regime is 
most amenable. As well as covering 
multiple jurisdictions on its website, 
the CCLP has also has been working 
with the International Energy Agency 
(IEA) to develop a global approach to 
the problems of regulating CCS. The 
IEA, in association with the CCLP and 
the Carbon Sequestration Leadership 
Forum, formed the International 
CCS Regulators’ Network to provide 
regulators and policy makers with a 
forum for the discussion of legal issues 
relating to CCS. As well as contributing 
to the IEA’s Technology Roadmap 
for CCS in 2009, the CCLP is currently 
involved in developing a Model CCS 
Legal and Regulatory Framework to 
support governments and decision 
makers.  The Framework was presented 
for the first time at the Global Legal 
Symposium on CCS  hosted jointly 
by the CCLP and New York University 
in March 2010. As well as discussing 
the Framework, this meeting brought 
together representatives from 
industry, academia and government 
to examine the emerging 
legal regimes for 
CCS in various 

jurisdictions. This meeting was 
sponsored by the Global CCS Institute 
of which the CCLP is also a founding 
legal member. Presentations and 
recordings of our events are available 
from our website. 

Under the overall direction of Professors 
Richard Macrory and Catherine 
Redgwell, and with Ian Havercroft as 
senior research fellow, the CCLP was 
originally funded for two years, but 
due to generous donations by RPS, The 
Crown Estate, Mitsui, Rio Tinto, Shell 
and  Schlumberger Carbon Services we 
now have funding that will allow us to 
continue to operate into 2012. 

For further information visit the 
CCLP website at: 
w w w . u c l . a c . u k / c c l p /
index.php or contact 
Richard Foulsham at: 
r.foulsham@ucl.ac.uk

Snapshot of the new UCL website at www.ucl.ac.uk/cclp/index.php
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The UK CCS Community Network (UKCCSC) hosted the inaugural of its biannual meetings on 30-31 March 2010 to bring 
together all fields of CCS research in addition to relevant government and industry.  One hundred delegates attended the 
meeting, held at the University of Edinburgh.  The meeting goals are to allow for networking amongst CCS researchers and 
interested non-academics, to provided updates on recent developments in the CCS academic research scene.  The meeting 
was open to all academics and to other organisations and individuals with a CCS interest. 

UK Carbon Capture and Storage Community 
Network, 
by Robin Cathcart, University of Edinburgh

The March meeting opened up with 
Professor Jon Gibbins presenting (on 
behalf of Jacqui Williams of EPSRC) 
an overview of the research councils 
CCS funding and their vision for the 
future and also gave his own reflective 
look back on how CCS research has 
evolved in recent years.  Shadow 
Energy Minister, Charles Hendry 
then addressed the group on the 
Conservative plan and expectations 
for CCS in the future.  The afternoon 
presentations included overviews of 
three recently funded UK CCS research 
projects: Innovation analogues – 
realising the potential of CCS (Nils 
Markusson, University of Edinburgh), 
Multiscale whole systems modelling 
and analysis for CO2 capture, transport 
and storage (John Oakey, Cranfield 
University), and QICS: Quantifying 
Ecosystem Impacts of Carbon Storage 
(Jerry Blackford, Plymouth Marine 
Lab). The final presentation was from 
Professor Gordon Walker who gave the 
group an overview of some roles for 
social science in CCS and the INCLUSEV 
network.  Delegates then braved some 
unseasonably snowy weather to attend 
a networking dinner. On 31st March, 
Thea Hutchinson of Ofgem gave an 
overview of Project Discovery and 
prompted the group to think further 

about the policy and modelling 
issues involved during the break-

out groups later that morning. 
Mike Farley of Doosan Power 

Systems then gave an 
industry response to 

Project Discovery.  

Whilst the 
M a r c h 

meeting focus was on information 
sharing and networking, the 
participants did concur that further 
discussion is needed regarding 
geologic storage and monitoring of 
CO2 in the UK.  As a result, UKCCSC will 
organise a specialist meeting on this 
topic on 7th July 2010 in Edinburgh 
with the aim of delivering an academic 
research strategy for UK geologic 
storage and monitoring of CO2. This 
meeting is designed for academics 
wanting to conduct storage and 
monitoring research on current and 
future CO2 injection sites, industry 
interested or involved in developing 
geologic storage of CO2, governmental 
representatives who will be involved 
in carbon capture and storage funding 
or regulation, and research councils 
involved in funding CCS activities.  

UKCCSC will be holding the first in 
a series of one-day Early Careers 
Workshops on Tuesday 6th July in 
Edinburgh.  The workshop will include 
an introduction of CCS for newcomers, 
spanning the whole supply chain 
of capture, transport, storage and 
policy and regulation and provide 
excellent networking opportunities 
for this growing academic field.  CCS 

researchers in the academic 
community who are either 

in the early stages 
of their career 

( e . g . 

PhD students, post docs with no more 
than 5 years post-PhD experience) or 
new to CCS (e.g. any researchers who 
have recently switched fields to work 
on CCS) are encouraged to attend.  

UKCCSC is funded through the UK 
Research Council to provide an open 
forum for the UK academic community 
to share results from ongoing work 
on CCS, both internally and with 
key stakeholders.  Through regular 
meetings, newsletters and website:
www.geos.ed.ac.uk/ccs, 
UKCCSC encourages frequent 
communication between academic 
CCS researchers in the UK, facilitate 
effective dissemination of key 
research outcomes, and support other 
stakeholder engagement activities.  
UKCCSC also coordinates contributions 
from the academic community in 
shaping future priorities for CCS R&D in 
the UK.  

Our next biannual UKCCSC meeting 
will take place at the University of 
Leeds, 14th-15th September 2010 and 
focus on the European CCS landscape.  
The agenda is being finalised but 
we will continue our lunch to lunch 
format.  If you would like to join 
UKCCSC as an academic member or 
non-academic stakeholder please 
email: ukccsc@ed.ac.uk to be included 
in our newsletter mailing list.  We will 
also periodically send members and 
stakeholders invitations to upcoming 

UKCCSC meetings and events.

Delegates of the meeting take a photo opportunity bertween sessions
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CO2ReMoVe Update - 4 Years In, 
by Karen Kirk, British Geological Survey

The FP6 project CO2ReMoVe aims at creating a scientifically based reference for the monitoring and verification of CO2 
geological storage. Through extensive R&D into monitoring, measurements and verification on multiple storage sites, 
CO2ReMoVE wants to prove the long term reliability and safety of geological CO2 storage and provide the R&D necessary for 
monitoring and verification leading to guidelines and standards for policy makers, regulators and industry. This is useful for 
CO2 storage to qualify in emission trading schemes.  The four main sites used to test the methodologies and tools are In Salah, 
Sleipner, Snøhvit, and Ketzin as well as additional sites K12-B and Kaniow.
2009 at the In Salah site saw several successful field monitoring 
operations, where working in an arid environment presents 
its own challenges. A mobile open path laser system was 
deployed in March 2009; the results highlighted the potential 
of such systems as well as some of the technical difficulties of 
carrying out such measurements in such a dusty environment. 
The repeat soil gas flux measurements (right) gave similarly low 
values to those in 2004, which were confirmed by preliminary 
laboratory analysis at the University of Rome. Both the soil 
gas and the mobile laser measurements were repeated in 
November 2009 and no significant anomalies were found. 
Given the very low gas concentrations this provided baseline 
data and was a feasibility study for carrying out work in a 
desert environment. In late 2009 the first studies of the soil 
microbiology and plant species over the site were conducted. 
The botanical and soil microbiology work particularly focuses 
on the area around the three CO2 injection wells. 

The value of using tiltmeter/GPS and satellite imagery data 
at In Salah has been shown. The satellite data shows subtle 
(less than 5mm/year) but highly interpretable subsidence 
and uplift respectively related to the production and injection 
operations (below). Integration of the permeability pattern 
inverted from the surface uplift data into the reservoir 
simulation has lead to an improved prediction of the CO2 
plume migration around one of the wells. This is consistent 
with the surface monitoring data, as well as reservoir-based 
observations. The results show that the CO2 plume migration 
extent and direction in the storage complex appears to be 
consistent with expectations.

Also being tested at In Salah is a microseismic survey before 
full deployment of ongoing measurements while additional 
three-dimensional seismic data was acquired in June 2009.

At Sleipner time-lapse seismic and gravity surveys are 
the main geophysical monitoring tools. A baseline 
Electromagnetic (EM) survey was conducted in 2008 and 
a repeat seabed gravity survey in 2009. In the scope of 
validating methods for monitoring CO2 migration, a pre-stack 
stratigraphic inversion method has been applied on the 2006 
3D repeated seismic to map the CO2 plume. Such results help 
updating the reservoir model improving reliability for long 
term simulations.  Geological models have been generated 
in Petrel and populated with porosity and permeability 
using statistical methods. Several simulation models 
representing the Utsira Sandstone Formation (large 
and small scale) have been constructed. Work on 
the common and unified Earth model has been 
finalized.

The biomarkers laboratory is underway 
for which organisms in the intertidal 
zone and deep-water shrimp have 
been collected. Experiments 
have been completed 
exposing organisms 
to different 

Soil gas and flux monitoring methods used at In Salah

Ground Deformation Survey (courtesy of MDA/Pinnacle ISG JIP)
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concentrations of dissolved CO2 (0.5, 1, 2 and 3% CO2). 
Animals exposed to 1 % (10,000 ppm) CO2 were subjected 
to acute (in 1-48 hours) and chronic (4-28 days) exposures in 
order to examine the changes, while animals exposed to the 
other levels of CO2 were exposed for 14 days. The objective 
of the laboratory is to find biomarkers of possible/potential 
seepage of carbon dioxide from the seabed. 

At the Snøhvit field – Statoil is reinjecting CO2 into the 
ground beneath the gas-bearing formation of the field. The 
operators have encountered initial challenges with the LNG 
plant, giving lower injection rates than originally planned 
for the two first years. The reservoir injection well pressure 
has risen to levels higher than predicted by the pre-injection 
reservoir simulation model.

Statoil is in the process of revising/updating the existing 
reservoir simulation model based on the results of the new 
interpreted seismic data acquired in 2009. 

At Ketzin carbon dioxide injection into the aquifer 
commenced in 2008, and the intention is to monitor the 
behaviour of this injected gas for many years to research 
the long term reaction and safety of CO2 storage in saline 
aquifer conditions. Monitoring techniques include seismic 
acquisition, geochemical analyses, temperature and geo-
electrical measurements at the surface and within the wells.

The seismic work-flow was rearranged in order to optimise the 
deployment of the available seismic campaigns for detection 
of the CO2 plume propagation direction (in collaboration with 
CO2SINK). Furthermore, the seismic campaigns have to be 
multiplexed to share the expensive lubricator equipment. The 
planned VSP/MSP survey was implemented in autumn 2009; 
a 3D-MSP survey was carried out to record the shot points of 
the 3D-reflection survey with a 3-component receiver in one 
well. This technique provides high underground coverage 
and allows for the areal monitoring of CO2 migration around 
the three Ketzin wells. 

The evaluation of datasets from Distributed Temperature 
Sensor (DTS) system has been extended for as long as possible. 
The DTS plays an important role for safety monitoring of the 
injection string in well Ktzi201, providing information on 
the behaviour of CO2 (supercritical phase). It is planned to 
evaluate the stability over long injection periods as well as 

the shut-in and re-start phases of the injection process. 

At the K12-B field a performance assessment has 
demonstrated, that should migration of CO2 to 

shallower strata or even to the surface occur, the 
most likely migration pathways to be considered 

are along the wellbores penetrating the 
reservoir. Therefore monitoring of the CO2 

injected into K12-B is mainly focussed 
on the integrity of the wells. 

Unable to cover for or insure any possible lost-in-hole 
charges for the pH logging tool the pH measurements are 
being carried out by analysing downhole fluid samples from 
the injection well in a laboratory rather than continuous 
downhole analysis. 

Acquisition of PMIT (platform multi-finger imaging tool) 
caliper data and EMIT (electro-magnetic tubing and casing 
integrity tool) data was carried out in summer 2009. Gas 
composition and tracer analyses are also being conducted 
on regular intervals.

On the new project website you can find more information 
about the project and the storage sites that CO2ReMoVe 
is using to gain monitoring and verification experience 
for several different storage scenarios. Details of scientific 
publications, news and worldwide upcoming CCS events can 
also be found at: www.co2remove.eu.

CO2ReMoVe is funded by the EC 6th Framework Programme 
and by industry partners Statoil, BP, Schlumberger, 
ConocoPhillips, ExxonMobil, Total, DNV, Vector, Vattenfall 
and Wintershall. R&D partners are BGR, BGS, BRGM, CMI, DNV, 
ECN, GFZ, GEUS, IEAGHG, IFP, Imperial College, MEERIPAS, 
OGS, TNO, URS, Quintessa, Schlumberger SINTEF, Total 
and Vattenfall R&D. Three R&D institutes outside Europe 
participate in CO2ReMoVe: CSIR from South Africa, UNDLP 
from Argentine and ISM from India. For more information 
please go to the website or contact the project coordinator 
Ton Wildenborg: ton.wildenborg@tno.nl.

Source (VIBIST-3000, Vibometric) used for 
2D-MSP and passive seismic check shots, 
in front of observation well Ktzi202 with 
lubricator on top
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CO2SINK Completed, 
by Mike Haines, IEAGHG

The collaborative research program 
included extensive investigations 
of the geochemistry of the reservoir 
and caprocks, tracer tests to follow 
the arrival of the plume at two 
observation wells, analysis of the 
downhole continuous temperature 
profiles obtained continuously during 
the course of the project, hydraulic 
flow tests, deployment of advanced 
logging tools, investigations into cap 
rock strength, extensive modelling of 
the geology of the reservoir as well as 
the dynamic behaviour of the reservoir 
fluids. 

The project is expected to continue 
injection and monitoring with 
additional support from the German 
Government and industrial sponsors 
under prospective initiative known as 
CO2MAN. As well, Ketzin will be part in 
2011 of an EU-funded monitoring and 
abandonment project called CO2CARE.

The Storage Site 

The CO2 is injected into Upper Triassic 
sandstones (Stuttgart Formation) 
into the Ketzin anticline at a depth 
of 650 m. The Stuttgart Formation 
represents rocks, deposited in a fluvial 
environment, comprising sandstone 
channels and silty to muddy overbank 
deposits. The anticline exposes 
an aquifer-aquitard system with a 
multibarrier system for the CO2: The 
first caprock is a playa type mudstone 
of the Weser and Arnstadt Formations 
directly overlying the Stuttgart 
Formation. Laboratory tests revealed 
permeabilities in a μDarcy-range. 
The second main caprock is a Tertiary 
clay, the Rupelton. To determine the 
maximum injection pressure modified 
leak-off tests (without fracturing the 
caprock) were performed resulting in 
values around 120 bar. Due to safety 
standards the pressure threshold is 
set to 82 bar until 

On the 31st March 2010 the EC funded CO2 injection project at Ketzin near Berlin in Germany, known as “CO2SINK”, ended. 
Since its inception back in 2004 the project has attracted much additional support from the German funding agencies and 
consortium members and is set to continue with further injection and an expanded scientific programme for some years to 
come. In the last 6 years, since the start of the project back in April 2004, much has been achieved and reported in scientific 
papers and a considerable number of further papers are still to be published. CO2 injection started at the site on 30th June 
2008 and by April 18th, 2010 a total of 33,548 tons of CO2 had been stored. This is slightly more than half the original target of 
up to 60,000 tons.

more experience on the reservoir 
behaviour is available. The sealing 
property of the secondary cap rock is 
well known from decades of natural 
gas storage operations in a reservoir 
overlaying the Stuttgart Formation. 
This experience was the basis for the 
permission to operate the CO2 storage 
by the mining authority of the State 
of Brandenburg. Undisturbed, initial 
reservoir conditions are ~ 35 °C and 
62 bar. The initial reservoir fluid is 
highly saline with about 235 g/l total 
dissolved solids primarily composed of 
sodium chloride. Hydraulic well tests 
revealed a permeability between 50 
and 100 mDarcy for the sand channels 
of the storage formation. 

Injection

Over time the injection rate has been 
increased towards 67 tons/day. The 
CO2 is injected at temperatures above 
the critical point. Within the reservoir 
the  pressure is raised due to 
CO2 injection. Therefore 
the CO2 is in a 

supercritical state with a density of 
about 0,3 g/cm3 in the area around the 
injection well. Initially the formation 
pressure rose in the reservoir but 
as can be seen from the chart has 
now stabilised someway below the 
operating limit of 82 bars. Injection 
has been interrupted on a number of 
occasions mainly to allow monitoring 
and logging activities to take place. 
Overall the surface equipment has 
performed with high reliability.  

Monitoring

A wide selection of 
monitoring techniques 
are being applied at 
the site. A variety of 
seismic methods 
including 3D, 

Injection rates and injected mass of CO2
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crosshole, moving source vertical 
profiling and most recently permanent 
passive seismic arrays have been used. 
In addition a vertical electrical resistance 
array consisting of electrodes placed in 
each of the three wells supplemented 

performance of long-term 
observations of the CO2 during the 
injection phase and after the end of 
the injection. In particular, they allow 
to assess the tightness of the reservoir 
caprock beyond any observation wells.

Work is now in hand to combine 
the results of the two methods to 
see whether an even better overall 
visualisation of CO2 migration can be 
obtained. 

Of much interest has been the ability to 
predict and monitor the development 
of the CO2 plume. Gas membrane 
sensors (GMS) observed the arrival of 
CO2 and other gases injected into the 
reservoir or stripped from the formation 
water tracers at the observation wells 
with a high accuracy and temporal 
resolution. One of the key tests of 
the predictive models has been the 
time taken for CO2 to arrive at the two 
observation wells located 50 and 112m 
from the injection point. Predictions 
for the first well proved accurate but 
the breakthrough time to the further 
observation well greatly exceeded the 
most pessimistic predictions indicating 
considerable local in-homogeneity 
in the reservoir between the wells. In 
some ways this result is not a surprise 
as the reservoir is known to consist of 
permeable sand channels set in less 
permeable material.  

Observations have been made on the 
microbial population in the formation 
and the effects of the CO2 injection. 
The biocenosis is dominated by 
anaerobic haloalkaliphilic fermentative  
and sulphate reducing bacteria. 
Increasing activity after five months 
of CO2 exposure has shown that the 
population adapt quite successfully 
to the changed conditions with some 
shifts in the balance of the population. 

Surface measurements of CO2 flux 
and isotopic composition in an array 
of shallow bore holes has continued 
throughout the project and to date no 

evidence of any seepage of gas either 
from the CO2 storage reservoir or the 
overlying abandoned gas storage 
reservoir has been detected. 

Regulatory

On the regulatory front the project 
has been able to work effectively with 
the regulating authority which is the 
Mining Authority of Brandenburg. 
A considerable amount of 
documentation has been required to 
obtain the necessary permissions and 
much of this extensive work remains 
virtually unseen by the outside world. 

Public Acceptance

Considerable efforts were made 
during CO2SINK  to inform the wider 
community about the project and CCS 
in general. There have been many visits 
to the site where a small visitors centre 
and a tour of the site has been available. 
Press coverage following several open 
events has been quite extensive and 
little if any adverse reaction has been 
received. Nevertheless communication 
about CCS, which does not involve 
much which is immediately visible and 
nothing which could be described as 
dramatic, remains a challenge. 

In conclusion CO2SINK has proved to 
be a highly successful project despite 
many hurdles which at times seemed 
to threaten the very existence of 
the project. Ultimately the objective 
of establishing a site where land 
based CO2 storage technology could 
be developed and tested has been 
achieved and an increasing number of 
institutions and researchers are now 
actively involved.  

Those interested in the scientific work 
resulting from the project can view 
a list of publications at the CO2SINK 
website (www.co2sink.org) which will 
be maintained for the foreseeable 
future.  Results of future work will also 
be made available in a similar way by 
the projects which succeed CO2SINK.

by additional electrodes and dipoles on 
the surface has been used to image the 
underground CO2 plume. A number of 
novel well bore techniques have also 
been used including advanced logging 
tools and fibre optic well temperature 
profile measurements. 

With geophysical measurements, 
the propagation of carbon dioxide in 
the underground can be observed. 
Repeated seismic measurements (top 
image) give indications of changes in 

the elastic properties of rocks due 
to the influence of CO2. Repeated 

geoelectric observations image 
changes in the  electrical 

conductivity caused by 
the injection of CO2 

(bottom image). 
Both methods 

a l l o w 

Seismic and geoelectric measurements
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Early in the study, the 
Devonian Nisku Formation 
aquifer was selected as 
the primary target for 
CO2 sequestration. About 
a quarter of the area, in 
the northwest part of the 
study area, has current oil 
and gas exploration and 
production activity from 
the Nisku Formation, and 
this area represents a less 
desirable location for CO2 
injection in the short term.  
The remaining 38 townships 
were assessed as a possible 
repository for current CO2 
storage.  Wells drilled in the 
area over the past 50 to 60 
years enabled the study 
team to access geological 
and petroleum engineering 
information.  Data were 
available primarily from 
two sources: public domain 
databases and oil and gas 
seismic data for the study 
area.

The WASP study was unusual 
in the large areal extent of the 
study area and the 1 Gt-CO2 
notional target for CO2 injection.  This scale raised new challenges with respect to available data.  The challenge of sparse data 
relative to large study areas is likely to be inherent in any gigaton-scale CO2 storage study.  The WASP team exploited existing 
data from the Nisku Fm. to develop a range of models that were used to make initial assessments regarding favourable 
locations for more detailed, local assessments.  Uncertainties can be reduced if reservoir evaluations for specific injection 
locations are performed.  The WASP study has provided recommendations for prospective locations for CO2 storage 
within the WASP study area, as well as site-specific evaluation methods.

In addition to site-specific results, the WASP study generated insights into how to manage large-scale CO2 
storage studies that aim to simultaneously evaluate secure, large-scale storage while identifying prospective 
locations for storage sites.

The best way to learn more about and benefit from the complete work made available by the WASP 
team is to visit their website at: www.ucalgary.ca/wasp.   The website contains the technical 
documentation for the project.  These documents can be downloaded by discipline or for the 
entire project.  An Executive Summary provides the major conclusions for the study along 
with future plans for ongoing work and analysis on large scale CCS applications and 
site characterization.

The Wabamun Area CO2 Sequestration Project (WASP) study was recently released by a group of 16 University of Calgary (U 
of C) researchers and industry consultants.  It was conducted over a period of 16 months from March 2008 to August 2009.  
The study was a comprehensive investigation of large-scale CO2 storage opportunities over a 5000 km2 area or 50 townships 
in central Alberta (below) and also analyzed potential risks.  As a benchmark, the project examined the feasibility of storing 
20 Mt-CO2/year over 50 years.  Unlike commercial projects, this study is a public, non-confidential project lead by the U of C.

Wabamun Area CO2 Sequestration Project, 
by Rob Lavoie and Project team Members, University of Calgary

WASP Study Area
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injection into a different aquifer or 
location) will ultimately limit the 
capacity for CO2 storage over the 50-
year injection period.  In the case of the 
WASP study area, that limitation would 
be in the range of 0.25 to 0.40 Gt of 
cumulative CO2 injected.  However, this 
is a very conservative estimate of the 
total capacity for the Nisku aquifer’s 
ability to accept CO2.  The total capacity 
for a “managed” project where net 
brine withdrawal is used to mitigate 
the increase in aquifer pressure could 
easily be several times this conservative 
capacity estimate; i.e. the WASP study 
has identified the lower bound of the 
Nisku Formation’s storage capacity.

Aquifer characterization insights 
were gained through making use of 
impedance inversion of the seismic 
data available for the study and using 
this approach to estimate porosity 
of the Nisku Fm., constrained by well 
data where available.  Petrophysical 
analysis methods were also developed 
to extend the usefulness of available 
wireline logging information 
relative to determinations of aquifer 
permeability.  A unique method of 
correlating porosity and permeability 
was developed through the use of 
resistivity/conductivity information 
as a proxy for direct assessment of 
permeability.  These and other methods 
of aquifer characterization can be 
found in the project documentation.

Through data collected in the initial 
aquifer characterization, it was 
determined that the Nisku aquifer brine 
contains some amount of dissolved 
H2S.  This dissolved H2S might pose an 
additional risk relative to the potential 
for CO2 leakage paths represented by 

any abandoned wells in the vicinity of 
an advancing CO2 plume.  The study 
team determined that dissolved H2S in 
the aquifer brine may exsolve into the 
dense CO2 phase as the plume moves 
through the aquifer.  The maximum H2S 
saturation in the gas phase is located 
at the leading edge of the advancing 
CO2 plume, and the composition of the 
gas at the edge of the plume can be 
dominated by H2S even for relatively 
low-dissolved H2S concentrations in 
the brine.  This is an important and 
unique finding from the WASP study 
that underscores the importance of 
full geochemical characterization 
of the formation fluids prior to 
initiating a CO2 sequestration project.  
Knowledge of these phenomena also 
enables engineers to properly plan 
for the existence of H2S in potentially 
produced fluids associated with future 
plume management programs.

Future studies will need to go further 
to explore pressure and CO2 saturation 
management of the injection plume.  
This would likely be accomplished with 
strategically located brine injection 
and production wells designed to 
accelerate solution and saturation 
trapping of CO2 while maintaining a 
net total voidage replacement ratio 
of 1.0 (i.e., an equal reservoir volume 
withdrawal of fluids relative to the 
reservoir volume of injected CO2).  
This would prevent average reservoir 
pressure from exceeding the initial 
pressure at the start of the project.  
Of course this assumes availability 
of capacity for re-injection of excess 
brine production into a suitable brine 
aquifer in proximity to the CO2 storage 
aquifer, or potential other uses for the 
produced brine.

The following areas were studied and 
documents are available on the WASP 
website:

1. Executive Summary
2. Geological Characterization of the 

Nisku Aquifer for CO2 Sequestration
3. Geophysical Characterization of 

the Nisku Aquifer
4. Geochemical Characterization 

of the Nisku Aquifer for CO2 
Sequestration

5. Reservoir Modelling of the Nisku 
Aquifer for CO2 Sequestration

6. Geomechanical Data Analysis of the 
Nisku Aquifer for CO2 Sequestration

7. Geomechanical Modelling of the 
Nisku Aquifer for CO2 Sequestration

8. Well Integrity Review of Existing 
Wells Penetrating the Nisku Aquifer

9. Risk Based Leakage Model for the 
WASP Study

10. WASP CO2 Monitoring Measurement 
and Verification Recommendations

11. Full Commercial Scale Economic 
Summary

12. Conclusion and Recommendations
13. Recommendations for Future WASP 

Studies

Conclusion and Recommendations 
from the WASP Study

The most important conclusion of 
this first phase of the WASP studies 
is that the Nisku aquifer continues to 
represent a viable location for the long-
term sequestration of CO2.  All available 
public domain data (and a significant 
amount of industry seismic data) were 
used to arrive at this conclusion.  Straight 
CO2 injection without intentionally 
managing reservoir pressures (i.e., 
through brine production and re-
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News for Members

This section is provided specifically for readers in member countries and sponsor organisations, (see list on 
www.ieaghg.org for full details of members and sponsors). Reports on IEAGHG studies are freely available 
to organisations in these member countries and sponsor organisations. Please contact IEAGHG for further 
details. For Non-Member countries, reports can be made available by purchase at the discretion of IEAGHG.  

Reports recently issued include:

2009 - 12:  CO2 Storage in Depleted Oilfields: Global Application Criteria for 
  Carbon Dioxide Enhanced Oil Recovery

The IEA Greenhouse Gas R&D Programme (IEAGHG) commissioned Advanced Resources International (ARI), 
in association with Melzer Consulting, to undertake a study of global CO2 storage potential associated with 
enhanced oil recovery (CO2-EOR).

The main aim of the study was to reassess the likely future potential storage capacity for CO2 in depleted oil fields 
as part of EOR operations across the world. The study also aimed to identify the key technical, economic and 
regulatory barriers that may be preventing widespread application of CO2-EOR globally as a means of providing 
an early opportunity for CO2 storage. 

2010 - 2:  International Network for CO2 Capture: Report on 12th Meeting

This is a report of the 12th Meeting of the international network for CO2 capture. The meeting was held in Regina, 
Canada in September 2009, and was organised by IEAGHG and hosted by University of Regina.

The meeting invited presentations covering key aspects and aims of CO2 post combustion capture. The topics 
for presentations covered: capture fundamental studies, process modelling, environmental impact of post-
combustion capture process and pilot plant and scale-up projects.
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Conferences & Meetings

This is a list of the key meetings IEAGHG are holding or contributing to throughout 2010-11. Full details will 
be posted on the networks and meetings pages of our website at www.ieaghg.org.

If you have an event you would like to see listed here, please email the dates, information and details to: 
toby.aiken@ieaghg.org. 

Please note that inclusion of events in this section is at the discretion of IEAGHG.

UKCCSC Early Career Researchers Annual Meeting 
6th July 2010;  University of Edinburgh, UK
www.geos.ed.ac.uk/ccs/early-career/

UKCCSC Storage and Monitoring Meeting
7th July 2010;  University of Edinburgh, UK 
www.geos.ed.ac.uk/ccs/Meetings/storage-7july2010/

IEAGHG International CCS Summer School 
23th-27th August 2010; Svalbard, Norway

UKCCSC Biannual Meeting
14th-15th September 2010; University of Leeds, UK

High Temperature Solid Looping Network
15th-17th September 2010; Alkmaar, The Netherlands

GHGT-10
19th-23th September 2010; Amsterdam, The Netherlands

26th International Activated Carbon Conference & Courses
9th-15th October 2010; Holiday Inn, Pittsburgh Pennsylvania, USA
www.pacslabs.com email: Henry@pacslabs.com

IEAGHG CO2 Leakage Workshop 
2nd-4th November 2010; Laacher See, Germany

IEAGHG Social Research Network
17th-18th November 2010; Japan

Oxyfuel Workshop
25th-26th January 2011; London, UK


