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New Identity for IEAGHG,
by Toby Aiken, IEAGHG

The new logo represents a move from 
the lengthy name of IEA Greenhouse 
Gas R&D Programme, to the simpler 
IEAGHG. It incorporates several design 
ideas that will be used in varying 
forms throughout our publications. 
This is the result of many months 
of work, consultation and redesign, 
which included several periods of 
feedback from members, consultation 
with graphic designers, and further 

discussions with web designers to 
ensure that the new logo is flexible 

enough to use in any way we 
require, while maintaining 

a recognisable corporate 
image that can be 

instantly associated 
with IEAGHG and 

our work.

There are some marked changes in this edition of Greenhouse Issues, 
focussed around the design layout and IEAGHG logo. This is following 
a lengthy process whereby IEAGHG have redesigned the style of the 
newsletter to make it more contemporary and flexible in terms of layout. 
Alongside this was a design and consultation process to design a new 
logo for the programme.

Further changes will be noted in the 
coming months, as we extend the 
new design to cover our technical 
reports, public summary reports, and 
our own website, which should be 
launched in the coming weeks. The 
website development will streamline 
the current sites (www.ieagreen.org.uk 
and www.co2captureandstorage.info) 
into one comprehensive site covering 
all our activities and services. The new 
site  will be www.ieaghg.org. More 
information on this will follow in the 
next issue following the launch of the 
site.

New IEAGHG Biomass Study

IEA GHG Summer School 2010

CCS in Copenhagen

CO2CRC Otway Project
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Once again we have exceeded 
previous records, with over 
1000 abstracts submitted, the 
vast majority of which being of 
a very high standard. For this 
conference, the Programme 
Committee (PC) has enlisted 
the help of a panel of experts to 
complete the abstract reviews 
and help build the programme. 
The full list of the Experts can be 
found at: 
www.ghgt.info/GHGT10_EP.html

The PC is currently aiming to have 250 
oral presentations over the 4 days and 
6 parallel sessions with 6 discussion 
panels throughout the week. GHGT-10 
will make use of the light airy space 
within the RAI conference centre to 
host the poster sessions, we anticipate 
approximately 400 posters.

Online registration will open on the 
16th March 2010 with early bird offers 
running until 8th June. Authors will 
receive notification of their paper 
status by the 18th May with a draft 
programme available on the website 
also on the 18th May.

GHGT-10 
Update, 
by Sian Twinning, IEAGHG

New Project Officers 
Join IEAGHG Team

To meet the increasing demands and workload IEAGHG has recruited a number of 
new Project Officers to support its operations.  

OCC1: Conference a Success, 
by Stanley Santos, IEA GHG
The first meeting of the Oxyfuel Combustion Conference was held at the Radisson Blu Hotel in Cottbus, 

Germany from the 7th - 11th of September 2009.  This conference was attended by 280 delegates from 26 
countries. Based on these figures, there is no doubt that this conference represented the largest gathering 

of the Oxyfuel combustion community to date.

The conference was led by 5 keynotes presentations and 3 plenary sessions consisting of 19 presentations. The 
meeting included closing remarks from some of the key stakeholders in Oxyfuel combustion. A total of 69 

oral presentations were given in 3 parallel sessions and around 23 posters were also presented during the 
event. The full programme can be found in the conferences section of our new website www.ieaghg.org 

and the presentations can be found in the same area of 
the website. 

The Oxyfuel Combustion Conference was 
considered an overwhelming success 

which presented the most recent 
developments in research into 

Oxyfuel Combustion 
Technologies.

Conference Delegates in Plenary Session

New Project Officers, left to right:
Ameena Camps, Samantha Neades and Millie Basava-Reddi

Millie Basava-Reddi has joined the 
Programme Team and will join the 
Geological Storage team. Samantha 
Neades is a recent graduate from the 
University of Cardiff, and joins the team 
on a 1 year contract to develop the 
programmes databases. 

Ameena Camps joins from the 
University of Nottingham, where she 
has been employed as a Postdoctoral 
Research Fellow. Ameena will work 
on the programmes activities in risk 
assessment and regulatory affairs.
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The conference included four basic themes that gave shape 
to the technical content; updates on large scale pilot and 
demonstration plants, updates on the development of Oxyfuel 
Combustion Boilers and Burners, updates on the development 
of oxygen production and updates on the development of the 
CO2 processing unit.

One of the main messages highlighted during this event is 
that: 

“Oxyfuel Combustion Technology is now ready for 
demonstration, and this will be a key role in building 
the confidence to move the technology forward to 
commercialisation by 2020”.

IEAGHG are very grateful for the help and support in organising 

12th International Post-Combustion CO2 
Capture Network Meeting, 

by Mohammad Abu Zahra, IEAGHG

The 12th meeting of the 
International Post-Combustion 
CO2 Capture Network was held in 
Regina, Canada, on 29th – 30th 
September, 2009, hosted by the 
University of Regina. A visit to 
the HTC facilities took place on 
the days before and after the 
meeting. Almost 150 delegates 
from 18 countries (including 
major developing countries such 
as, India, China, Saudi Arabia and 
United Arab Emirates) joined the 2 
day programme. 

The programme of the meeting 
consisted of five oral presentation 
sessions in parallel to a poster session, 
which was added for the first time 
due to the high number of submitted 
abstracts and interest in presenting 
during the meeting. 

The meeting agenda included:

• The fundamental studies; this 
session covered topics related to 
fundamental work on amine based 
solvents, the development of new 
solvents with lower heat demand 
for stripping and use of inhibitors 
to minimise solvent degradation 
and corrosion. In addition, the 
development of future capture 
technologies including ionic 
liquids and solid sorbents was 
presented. 

• Pilot plant and scale up; this was the biggest session with 9 presentations. 
This shows the increasing interest in pilot plant and large scale 
demonstration. 

• Capture process modelling; this session presented both fundamental 
thermodynamics and process modelling. 

• Environmental impacts of post combustion capture; which is a 
topic of increasing attention and interest was presented in 
two dedicated presentations.

More information on details of the discussion that 
took place, the network report, presentations and 
information on the next network meeting are 
available on the network website:   
www.ieaghg.org. 

Delegates of the meeting pose for a group photo

this event and ensuring it was a success, particular thanks go 
to the co-organisers, Vattenfall, and our major sponsors and 
supporters, Alstom, Air Products, CIUDEN, Linde and EPRI.  

While the OCC1 event is now over, the work continues.  
IEAGHG are now preparing a summary report highlighting all 
the key messages of the event which will be made available in 
the early part of 2010.  We are also organising a special issue of 
the International Journal of Greenhouse Gas Control (IJGGC) 
highlighting the main fundamental research presented 
during the conference.

Following the success of this first Oxyfuel Combustion 
Conference, we can confirm that the 2nd Oxyfuel Combustion 
Conference will be hosted by CS Energy and will be held in 
Australia in September 2011. 
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IEAGHG High Temperature Looping Cycle Network, 
by Mike Haines, IEAGHG

The first meeting was hosted by the 
Instituto Nacional del Carbón at their 
research centre in Oviedo, Spain. 
The event also received generous 
sponsorship from Endesa, Grupo 
Hunosa, Foster Wheeler and the 

Provincial Government of Asturias.  77 
delegates attended of which about 

30% were from industry. There 
was a full programme of 38 

presentations covering 
the latest advances as 

well as a tour of the 
pilot unit at INCAR. 

There were networking opportunities 
at a reception at INCAR and a dinner in 
La Corrada del Obispo in the centre of 
the old town.

A lot was learned at the meeting and 
some of the main advances in summary 
are:-

Two new pilot demonstrations in the 
MW class are to be implemented in 
Spain (la Pereda for Ca-Looping) and 
Germany (Darmstadt, for CLC and Ca-
looping) before 2010. There are already 
several small dual bed systems in 
operation at various research centres 
in the 10s kW scale range for CLC and 
Ca-looping. 

Both bubbling and entrained beds 
have been shown to work successfully 
in the solid looping application. New 
process variants of the basic CaO 
looping cycle are considered possible. 
Attrition is not the problem previously 
thought in some Ca-based systems 
and hence make up rates of CaO can 
be reduced to very low levels.

Some groups are examining 
pelletisation strategies, and believe 
that they could make synthetic 
materials which are relatively cheap 
and durable with excellent long term 
carrying capacity. Nano particles 
of CaO eliminate the degradation 
process. They have to be deposited 
on a support and remain apart from 
one another to avoid sintering. Mixing 
nano particles with another substance 
has the same effect, the nano particles 
of CaO are separated by particles of the 
second substance with as little as 18% 
of a second material being  sufficient.

Hydration of calcined material by 
different means, including some 
innovative contacting devices, is 
effective in restoring carbonation 
capacity. A three step process including 

a hydration step has been operated 
at pilot scale. 

Exposing hydrated material to a CO2 
atmosphere enables it to be heated 
above the equilibrium dehydration 
point further enhancing this reactivation 
effect. However this promising  result 
needs to be duplicated and confirmed. 

There is potential advantage for 
combining Chemical Looping 
Combustion and CO2 removal and the 
benefits could be significant.

Mixed metal perovskites and similar 
compounds which can contain variable 
amounts of oxygen in the lattice are 
potential candidates for CLC processes.

It has been demonstrated that 
chemical looping combustion can be 
arranged so that free oxygen gas is 
made available for reaction in the fuel 
reactor thus enabling solid materials 
to be combusted using the “CLOU“ 
(Chemical looping with Oxygen 
Uncoupling) principle. In chemical 
looping reforming systems it has been 
shown that all of the oxygen can be 
removed from the feed air if operating 
temperature is >900oC. However it still 
seems to be difficult to reach 100% 
oxidation of fuel in fuel reactors in CLC 
systems.

Sulphur affects metal oxides in CLC 
systems but sulphur can be more or less 
completely released in the air reactor if 
the supply of sulphur contaminated 
fuel is stopped for long enough. Under 
pressurised conditions it is possible to 
fully desulphurise product (to <1ppm) 
in a sorption enhanced gasification and 
watergas shift process. 

After the meeting a list was drawn up 
of things that seemed most useful to do 
next to promote effective development 
of high temperature solid looping 
technology.  These are listed on the 
network meeting webpage:   
www.ieaghg.org 

The next meeting of the network will 
be hosted by ECN in the Netherlands 
in September 2010 just ahead of GHGT-
10. The Technical University of Vienna 
has offered to host a meeting in 2011 
in Austria.

In December 2008, IEAGHG adopted the International High Temperature 
Solid Looping Cycles Network building upon four preceding international 
workshops on in-situ CO2 removal organised by academia. 

Offices of the Instituto Nacional del 
Carbón, venue for the meeting
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The network promotes further 
development and scale- up of 
processes for CO2 capture which 
involve solid looping cycles operating 
at elevated temperatures. At the 
industrial scale dual circulating fluid-
bed are most likely to be used. The 
main applications are high temperature 
carbonation/ calcination to remove 
CO2 from flue gases or reformed gas 
streams as well as Chemical Looping 
Combustion (CLC). The network strives 
to expand participation beyond the 
research community to operators, plant 
designers and equipment suppliers 
now that the technology is moving 
from bench to pilot and industrial 
demonstration scale.
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New IEAGHG Study Reports
Well Abandonment (2009-8); 
Toby Aiken, IEAGHG
IEAGHG recently commissioned TNO in The Netherlands 
to conduct a review of well abandonment procedures 
and methodologies from around the world in order to 
determine whether the predominant factor influencing 
the methods used is regional location and regulatory 
led, or if it is purely down to operator preference.

The report includes a high-level review of the variety 
of techniques that are employed around the world 
to facilitate well abandonment. The report describes 
the preliminary work necessary, such as removal of 
equipment from the well and cleanout of the wellbore 
before plugging can take place. The report outlines 
the basic principles involved in each plugging method 
and highlights the drawbacks and limitations of these 
methods.

The study also summarised case studies of abandonment practices at locations around the world that represent a range of 
aspects of wellbore integrity, and the potential impact these have on storage operations. 

TNO looked at 11 different regulatory regimes from European, Australasian and American countries, and also assesses the 
London Convention and Protocol and the OSPAR Convention, with the role they play as International Conventions and the 
impact of these on well abandonment.

The report demonstrates that there is much experience gained through previous pilot and demonstration operations, and 
that there is a great deal of knowledge on various abandonment techniques that have been proved suitable for CO2 storage 
purposes. Recognition of this knowledge is not always evident, and in communicating with regulators and the general public, 
this level of understanding and confidence should be expressed. This assessment demonstrates this comprehensive range of 
techniques implicitly, and demonstrates the accepted limitations where relevant.

Storage Capacity Coefficients (2009-13); 
Neil Wildgust, IEAGHG
IEAGHG commissioned the Energy and Environmental Research Centre (EERC), from the University of North Dakota, to 
undertake a study to develop storage coefficients for carbon dioxide (CO2) storage. The project was co-sponsored by the US 
Department of Energy (US DOE).

Various Carbon Sequestration Leadership Forum (CSLF) and IEAGHG publications have documented the complexity 
associated with estimating storage resources, and the ability to represent the information in a manner that truly reflects 
the uncertainty involved. A key issue, is how to convert a theoretical resource (total pore volume of a rock mass) to a more 
realistic or ‘effective’ capacity, particularly at regional scale. ‘Storage coefficients’ or ‘efficiency factors’ can be applied to 
theoretical resources to achieve this conversion; such coefficients would be dependent on storage type (i.e. deep saline 
formations – DSF, depleted gas or oil fields) and technical characteristics. The aim of this project was to define a series 
of such coefficients, based on analysis of case studies. Coefficients were derived principally for DSF, reflecting their 
large storage potential but associated complexity and uncertainty.

Given the current limited amount of real-world CO2 injection data for DSF, an alternative numerical modelling 
approach was employed with input parameters derived from global hydrocarbon reservoir data as 
a proxy for DSF. The modelling work showed the relative influence of various parameters on the 
efficiency of storage, and allowed the derivation of probabilistic ranges of storage coefficients at 
both site-specific and formation levels, the overall mean value for all lithologies being 2.6% 
at the formation level.

A key assumption made was that DSF will act predominantly as ‘open’ systems, 
whereby fluid communication between storage sites and the wider geological 
formation and adjacent strata, prevents excessive build up of pressure. 
This assumption, though widely made by numerous storage 
studies, is the source of significant debate and IEAGHG 
has recently commissioned a separate study of this 
issue by Permedia Research, which will be 
reported in 2010.

New IEAGHG Reports are available 
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IEA GHG Publish First in Series of Biomass & CCS 
Study Reports, by Stanley Santos, IEAGHG

Techno-Economic Evaluation of Biomass Fired or Co-Fired Power Plant with Post Combustion CO2 
Capture

The consideration of a ‘negative emission’ scenario has been discussed in various forums.  One of the 
technologies that could provide such a scenario is the capture of CO2 from biomass fired, or co-fired power 

plants.  In response to this discussion, IEAGHG has initiated a series of studies addressing biomass and 
CCS. The first of these studies to be published is the techno-economic evaluation of CO2 capture 

from biomass fired (or co-fired) power plants using post-combustion capture.

The use of biomass in power generation could play an important role in reducing 
greenhouse gas emissions. Specifically, the co-firing of biomass with coal could be 

regarded as a common feature to any new build power plant if a sustainable 
supply of biomass fuel is readily accessible. The CO2 emitted from the power 

plant using biomass as fuel can be considered ‘neutral’.  Currently, the 
focus of discussion is based around how to consider the CO2 

Carbon Dioxide Capture from Flue Gas: Development and Evaluation of 
Existing and Novel Process Concepts.

In September 2009, Mohammad defended his PhD thesis at the technical 
university of Delft in the Netherlands. His thesis consisted of two major 
parts: 

• The conventional capture process definition, optimisation and 
modelling validation

• The development of novel process concepts

The chemical absorption process using Monoethanolamine (MEA) solutions was 
defined as a reference case. Major energy savings was achieved by optimising 
the amine solvent concentration, as well as the stripper operating conditions. A 
minimum thermal energy requirement of 3.0 GJ/tonne CO2 was obtained using a 
40 wt. % MEA solution. This was translated to a minimum CO2 avoided cost of 33 €/
tonne CO2. 

The equilibrium-stage and rate-based modelling approaches were validated 
using large-scale pilot plant data. It was found that there are no major differences 
between the two modelling approaches in predicting the overall capture process 
behaviour (e.g. regeneration energy requirement). The rate-based model, however, 
did yield more accurate predictions of the temperature profiles inside the columns.

In the first developed novel concept, CO2 post-combustion was integrated with co-
production of hydrogen in an IGCC power plant. Recycling the flue gas over the gas 
turbine was investigated and resulted in a reduction on capture costs. Moreover, 
the effect of the flue gas recycle on the energy requirement and the overall cost 
was found more significant using a solvent with high loading capacity. 

Another novel concept was based on dividing the CO2 capture process into a 
bulk and a deep removal step using two different solvent/systems. The overall 
energy requirement in this concept was reduced by 16 % as compared to the MEA 
reference case. The process flexibility is an additional overseen advantage, allowing 
the application of different operating conditions in the different absorption-
desorption units.

IEAGHG Project Manager Successfully Defends Thesis, 
by Mohammad Abu Zahra, IEAGHG 

It was concluded in this thesis that to 
achieve significant reduction of the 
capture process cost, multiple process 
parameters need to be improved. 
It would be beneficial to direct the 
solvent development research towards 
solvent systems, which have lower 
reaction enthalpy, higher capacity 
and regenerated at higher pressure. In 
addition, smart process improvement 
and integration are required to achieve 
a reasonable cost reduction. It can be 
expected that by improving the process 
design and the solvent, implementing 
post combustion capture on larger 
scale will be possible in the near  
future.

Mohammad Abu Zahra, 
IEAGHG Project Manager  for 
Capture & Integrated Systems
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emitted as ‘neutral’, and if captured 
and stored, how it could be considered 
a ‘negative’ CO2 emission. 
This study has been carried out to 
estimate the performance and costs 
of a ‘standalone’ biomass fired power 
plants and a coal co-fired with biomass 
power plants with CO2 capture based 
on standard MEA post-combustion 
capture technologies.  

Method 

The study investigated options and 
evaluated the techno-economic 
performance of a biomass fired, or coal 
co-fired with biomass, power plant, 
based on current state-of-the-art boiler 
and steam generation equipment 
incorporating CO2 capture technology.  
It is expected that the study should 
determine the performance of the 
plant assuming the need to capture at 
least 90% of the total CO2 emissions.

The economic assessment 
incorporated the potential benefit of 
a Green Certificate and the potential 
benefit or penalty of the CO2 ETS price; 
assuming that power plant operator 
will be required to buy the ETS 
certificates necessary for the plant.  

Conclusions
The CO2 capture from a biomass fired 
or co-fired power plant could have the 
potential to contribute towards the 
reduction of CO2 emissions worldwide, 
and this could also have potential to 
remove CO2 from the atmosphere 
based on the ‘negative emissions’ 
scenario.

The economics of the biomass fired or 
co-fired power plant with CO2 capture 
can be significantly affected by the 
performance of the power plant, the 
flue gas clean-up process and the cost 
of the fuel. Furthermore, the study 
only assumed the use of a standard 
MEA post-combustion CO2 capture 
process, therefore there could be some 
significant potential of improving 
energy consumption and economics if 
advanced amines were used.

Meanwhile, both the emission trading 
scheme and the green certificate could 
play a significant role in the economics 
of the biomass fired power plant with 
CCS.  It is concluded that it is essential 
to have a higher CO2 price to make 
biomass fired or co-fired power plant 
with CO2 capture more attractive than 
options without CO2 capture.  For 
e x a m p l e, 

The biomass used as a reference case throughout the study was clean, virgin 
wood and wood chips

this study showed that in order to make the biomass fired or co-fired biomass 
power plant comparable to their counterparts without CO2 capture, an ETS price 
of around €48 – 55/t CO2 is necessary for the 500MWe co-fired with biomass cases, 
whilst an ETS price of €65/t CO2 and €76/t CO2 are necessary for the standalone 
biomass fired 250MWe CFB and 75MWe BFB respectively.

Some of the key recommendations made for this study are presented below.

• It is essential to evaluate the use of lower grade biomass fuel, and consider the 
cost and performance implications of a multi-biomass fuel system.

• It is important to evaluate the use of a higher level of biomass contribution to 
the co-fired system. A contribution of at least 20-30% overall thermal input is 
now being considered in various research activities worldwide.

• Currently there is no power plant co-fired with biomass operating at ultra-
supercritical conditions. It was strongly noted by the reviewers of this 
study that at 10% biomass co-fired with coal under such conditions 
could easily be adapted in the near future.  This should be considered 
as ‘low-lying fruit’ which merits attention for future studies.
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IEAGHG Summer School 2010, 
by Sian Twinning, IEAGHG

CCS in Copenhagen, 
by Tim Dixon, IEAGHG

Following the success of our 
previous three summer school, 
this years’ event will be held in 
Longyearbyen, Svalbard, Norway 
23rd-27th August 2010. 

Our hosts will be The Gas Technology 
Centre NTNU-SINTEF, in collaboration 
with BIGCCS and SUCCESS. The 
IEAGHG CCS Summer School was 
initiated to provide students and 
young professionals with diverse 
academic backgrounds with a 
broad understanding of the issues 
surrounding CCS and encourage their 
active participation in this area. The 
summer school is an annual, weeklong 
exercise with presentations and 
discussion groups led by international 
experts in the field of CCS. The program 
covers every aspect of CCS and aims to 
present the most recent information available in each field. The target group is young scientists, e.g. PhD students and Post 
Docs with background in engineering, geo-technologies, socio-economics.

There will be 50 places for students and online registration will open on the 15th January. For further details of the application 
process and requirements, see our Summer School pages on the website www.co2captureandstorage.info. Deadline for the 
receipt of application will be Monday 15th March 2010.

Colourful buildings, typical in Longyearbyen, Svalbard

The pressure was on at Copenhagen for a new agreement to carry on from the Kyoto Protocol after 2012. 
As we went to press, news came out that this had not been achieved, just a political agreement (the ‘Copenhagen Accord’) 
to cap temperature rise to 2oC, and instead to extend the mandate of the working groups for the post 2012 agreements (the 
AWG KP and AWG LCA) to continue and finish by CMP 6 (Mexico 2010). Despite this focus on the highest level, CCS became 
again one of the hot topics, as attention on CCS erupted in several negotiation tracks. The four main ones were as follows: 
(i) Under SBSTA (the usual area for work on CCS in the CDM), it concluded to continue work at SBSTA 32 in June 2010 on 

addressing the usual issues of concern and reporting back to CMP6 or 7. The text to work from was relatively positive. (ii) 
Under CMP the most heated negotiations took place, as the CDM Executive Board (EB) provided its summary on CCS 

in CDM. The heated exchanges resulted mostly from the EB’s own summary being shown for its differences from the 
underlying report which they had commissioned from Consultants, which showed how the usual issues of concern 

could be addressed and how CCS could work within the current CDM rules.  The conclusions of this negotiation 
occurred late and, instead of the anticipated final decision by Ministers, were to allow SBSTA to continue work 

on the usual issues in line for a decision at CMP6. (iii) Under AWG-KP (for Kyoto Protocol Parties post 2012) 
CCS in a revised CDM was discussed, with basic options of in/out. These options were not concluded 

either and will be taken to CMP6. (iv) Under AWG LCA (for UNFCCC Parties post 2012) CCS came 
up under its mechanisms area with a Norwegian proposal for a new mechanism for storage. 

However this met with opposition against CCS and against mechanisms, and the final text 
remained technology and mechanism neutral. 

IEA GHG attended to support members’ delegates with information on CCS, gave 
talks at side events, and distributed key publications using the CCSA and IEA 

stalls. This article was written as the newsletter went to press, and more 
information will be provided in the next issue. For outcome texts 

and explanation of acronyms see http://unfccc.int/2860.
php/ and for background information on the 

CCS work see http://cdm.unfccc.int/
about/ccs/index.html.8 January 2010 • Greenhouse Issues No. 96
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CSLF Ministerial Meeting; 
Extract from Communiqué & Press Release

Energy Ministers Endorse CCS as Key to Combating 
Climate Change; Technologies seen as solution to rising 
levels of carbon dioxide.

Energy and environment ministers from the Carbon 
Sequestration Leadership Forum’s (CSLF) member nations have 
endorsed CO2 capture and storage technologies (CCS) as a key 
component of international plans to combat climate change.  
This endorsement is viewed as affirmation that CCS must be 
an integral component of any international plan to combat 
climate change.    The ministers’ endorsement came several 
weeks before international negotiators met in Copenhagen 
to continue work on post 2012 commitments to the existing 
international agreement governing CO2 emissions – the Kyoto 
Protocol – which expires in 2012.    

The Ministers pointed out that 
20 G-8 endorsed industrial-scale 
CCS demonstration projects 
called for by 2010 are “vital,” but 
“many more” such projects will 
be needed in developed and 
developing countries by 2020 to 
help mitigate climate change.  

In addition to calling for 
additional CCS projects on a 
global scale, the CSLF Ministers:  

• Agreed the viability of CCS 
as a key mitigation strategy 
“should be appropriately 
recognised in international 
agreements, in particular, 
in the new agreements under the United Nations (UN) 
Framework Convention on Climate Change;” 

• Encouraged the Major Economies Forum to “accelerate 
deployment of CCS globally and particularly in developing 
countries;”  

• Emphasised that cooperation and knowledge-sharing 
on CCS “needs to be increased between developed and 
developing countries;” and,  

• Announced initiation of a CSLF Capacity Building Program 
and increased efforts to “cooperate on capacity building 
with other multilateral institutions.”  

The Communiqué noted the International Energy Agency (IEA) 
CCS Roadmap, (see separate article on page 14), “suggests 
that many more CCS projects will be necessary by 2020, half 
of which need to be in non-OECD (Organization for Economic 
Cooperation and Development) countries.”  The organisation 
endorsed the CSLF Strategic Plan, “which lays out a clear path” 
for international CCS collaboration based on CSLF and IEA 
recommendations made jointly to the G-8 at 2008 meetings in 
Japan. 

The Ministers also called on delegates to the December 
2009 UN Climate Conference in Copenhagen to “recognise 
the importance of CCS in mitigating climate change 
and in achieving the Convention’s ultimate objective of 
stabilisation of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system.”  CCS, 
the Communiqué said, should be appropriately recognised 
in any mitigation and technology incentives that are part 
of any agreement under the UNFCCC in Copenhagen.  

In addition, the Ministers also endorsed the CSLF’s 
Capacity Building Plan as a comprehensive way to address 
the “critical need for the sharing of knowledge and 
experience on CCS, so that all CSLF members can develop 

capacity to effectively 
deploy the technology. 
Effective capacity 
building on such a scale 
requires the collaboration 
and commitment of 
diverse organisations,” 
the Communiqué said.  
“We therefore invite 
foundations, industry, 
multilateral institutions 
and other stakeholders 
to collaborate to support 
this important capacity 
building initiative.”    CSLF 
is a Ministerial-Level 
international climate 
change initiative 

marshalling worldwide resources to develop improved, 
cost-effective technologies for the separation, capture, 
transport, and long-term storage of CO2 from power 
plants and industrial facilities.  CSLF membership includes 
23 developed and developing nations, including China 
and India, and the European Commission, united in 
seeking practical and constructive ways of dealing with 
concerns about CO2 and climate change.
    
For more information on the CSLF activities, and 
a full list of the member countries, visit the 
CSLF website at: 

www.cslforum.org     
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CSLF Recognition Award to the 
European Project DYNAMIS (FP6),
by Maria Barrio, SINTEF
SINTEF Energy Research director Sverre Aam received the “CSLF Recognition Award” for research on CO2 capture and storage 
on behalf of the DYNAMIS project under the Carbon Sequestration Leadership Forum (CSLF) ministerial meeting in London 
on 13 October 2009. 

“DYNAMIS has successfully assessed various alternatives for large-scale 
hydrogen generation incorporating CCS (Carbon Capture Storage) in 
collaboration with and with support from many companies and organisations 
throughout Europe,” said Terje Riis-Johansen, the Norwegian Minister of 
Petroleum and Energy. He presented the award to the DYNAMIS project, one 
of four completed projects which have distinguished themselves in the field of 
CO2 capture and storage.

Low-Emission Technologies
DYNAMIS has prepared the ground for large-scale European facilities producing 
hydrogen and electricity from fossil fuels via decarbonisation and permanent 
storage of the CO2.

Fossil fuels will remain the prevalent energy source for Europe over the 
foreseeable future despite their drawback of emitting CO2. In order to reduce 
its greenhouse gas emissions Europe needs new low-emission technologies 
- including decarbonised fossil fuels and the use of hydrogen as an energy 
vector. 

Isolate and Store CO2

In this perspective it seems mandatory to enable ways of isolating the CO2 and storing it safely for thousands of years at 
reasonable cost and efficiency.

DYNAMIS has investigated viable routes to large-scale cost-effective co-production schemes for hydrogen and electricity 
with fully integrated CO2 management.

DYNAMIS addresses two main dimensions which are the near-zero emission power generation and large-scale dimension for 
H2 deployment for early adopters for the European transport sector. 

Key Conclusions
• Co-production of electricity and H2 from coal and natural gas is feasible and deemed techno/economically viable 
• Pre-combustion CO2 capture will benefit from efficiency improvements in the gasification process and the power cycle 

(pioneering work) 
• Pre-normative work suggests new requirements for CO2 and H2 (proper balance is key for the cost of CCS and H2 production) 
• Pressure build-up from CO2 injected into deep aquifers can be obviated by new injection strategies 

First Phase of HYPOGEN 
The project is the first phase of the EU’s HYPOGEN programme, which is intended to lead to a full-scale power plant for 

hydrogen and electricity generation with CO2 capture and storage. The power station is planned to be operational 
by 2015.

The DYNAMIS project was launched in March 2006 under the EU’s sixth Framework Plan for Research 
(FP6), and is an integrated project (IP) which has involved 32 partners from 10 member states, one 

associated state (Norway) and Switzerland. 

www.dynamis-hypogen.com

DYNAMIS representatives receive 
award from CSLF
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The CO2CRC Otway Project, 
by Tony Steeper, CO2CRC

Located in the State of Victoria, the 
CO2CRC Otway Project is Australia’s first 
demonstration of the deep geological 
storage of carbon dioxide (CO2) and one 
of the most comprehensive geological 
storage research and demonstration 
projects.

Current Operations
Injection of CO2 for Stage 1 began in 
April 2008. Since then over 65,000 
tonnes of naturally occurring CO2 and 
methane from the Buttress gas well 
have been compressed and piped 
two kilometres to Naylor, a depleted 
natural gas field. The CO2 has been 
injected at a depth of 2050 metres and 
stored underground in a reservoir that 
previously contained natural gas. 

The comprehensive monitoring and 
verification (M&V) program for the 
project covers the sub-surface, near 
surface and atmospheric domains. 
Monitoring activities started two years 
before injection and will continue for 
at least two years after the injection 
process has ended. Since April 2008 
there has been no evidence of leakage 
and monitoring observations have 
been largely consistent with modelled 
predictions. 

CO2CRC is monitoring the environment 
for any changing levels of carbon 
dioxide in the air, in the soil, in the 
groundwater and deep underground. 
In addition, data from the M&V 
program is being analysed to refine 
modelling procedures.

Atmospheric monitoring at the 
site includes two atmospheric 
stations continuously measuring 
concentrations of CO2 and surface-
air CO2 fluxes. Understanding natural 
variations from biological flux and 
emissions from local agriculture and 
industrial activities plays an integral 
part in successfully monitoring for 
leakage.

In addition, soil CO2 flux measurements 
are taken during regular surveys at 
many point locations across the region. 
This monitoring aims to pick up any 
CO2 percolating slowly up through the 
surface layers.

Water levels and the chemistry of 
the shallow and deep aquifers are 
monitored to ensure 

Location of the CO2CRC Otway Project

early detection in the unlikely event of any injected CO2 leaking into these 
freshwater aquifers. Seasonal variation, flow rate and direction of water-flows are 
recorded using dataloggers suspended from a steel cable a few metres below the 
existing water level in privately and state-owned shallow and deep water bores. 
This sampling program has proven to be popular with local landholders who find 
detailed information on their water resources very valuable. 

During CO2 injection, chemical tracers have been used to track the injected CO2 
plume, track the movement of methane relative to CO2 and provide additional 

information on the long term fate of the injected CO2.

One of the important aspects of the CO2CRC Otway Project is the comprehensive 
instrumentation of the Naylor-1 monitoring well. The well includes an integrated 
bottom-hole assembly, developed by Lawrence Berkeley National Laboratory and 
CO2CRC, allowing:

• geochemical fluid sampling of fluid and gas samples at reservoir pressure; 
• continuous monitoring for microseismic events; 
• discrete High Resolution Travel Time Resolution (HRTT) 
• Vertical Seismic Profiling (VSP).

A variety of seismic techniques are being used at the Otway 
Project to monitor the CO2 and its movement, including 
time-lapse studies before and after injection which are 
allowing the Project to image the CO2 plume. 
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As well as verifying the safe storage of 
CO2, the CO2CRC Otway Project has 
proven to be highly effective for:

• Developing existing and new M&V 
technologies that can be deployed 
for future CCS projects in Australia 
and worldwide.

• Helping Australian regulators 
and government officials develop 
appropriate regulatory frameworks 
for CO2 storage.

• Informing and reassuring the local 
community that CO2 storage is 
a safe technology to reduce CO2 
emissions.

A Schematic Representation of the CO2CRC Otway Project
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New Developments
The success of Stage 1, plus the existing 
M&V program and a ready source of 
natural CO2 at the site, makes the Otway 
Project an ideal and very cost-effective 
research platform for continued study 
of geosequestration. The multi-layered 
geology of the site means that research 
into storage in other types of geological 
formations is possible.

Stage 1 successfully demonstrated 
storage in a depleted natural gas 
reservoir, where the CO2 is structurally 

trapped in porous and permeable 
sandstone (the Waarre Sandstone) 
overlain by a thick mudstone seal (the 
Belfast Mudstone).

In Stage 2 of the CO2CRC Otway 
Project, scheduled to commence in 
early 2010, researchers will study non-
structural trapping mechanisms in 
saline formations. 

Saline formations are common around 
the world and could potentially provide 
large-scale safe and permanent CO2 
storage. They are often multi-layered 
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heterogeneous sediments. The main 
mechanism being studied is residual 
trapping, which involves CO2 being left 
behind in the pore space as the CO2 
plume travels through the reservoir. 

Solubility and mineral trapping are two 
other important mechanisms that will 
increasingly occur over time. Solubility 
trapping involves the dissolution of 
CO2 in the saline water in the reservoir; 
mineral trapping involves the CO2 
reacting with minerals in the rocks to 
form stable carbonate minerals.

To investigate these mechanisms, a 
new well (CRC-2) will be drilled in early 
2010 into the Paaratte Formation, 
a typical saline formation with no 
structure closure, and a mixture of 
permeable sands and impermeable 
baffles. 

The CRC-1 Injection Well

Small volumes (up to a few hundred 
tonnes) of CO2-rich gas will be injected 
using a ‘Huff-n-Puff’ approach, where 
the CO2 is injected and left to ‘soak’ for 
several days, before the pore fluid is 
produced from the well to measure the 
amount of CO2 left behind.

This technique will allow CO2CRC to 
focus on the processes and kinetics 
governing CO2 solubility, residual 
trapping and mineral trapping. 
CO2CRC will also use a set of dedicated 
monitoring tools to characterise and 
measure parameters such as saturation 
and relative permeability that affect 
CO2 behaviour in saline formations. 

The research will provide valuable 
information for improving estimations 
of storage capacity in saline formations, 
as well as M&V techniques specific to 

this type of storage, such as improved 
seismic techniques. The work will also 
provide a useful base for larger scale 
injections in the future.

The CO2CRC Otway Project is funded 
by the Australian Federal Government 
through the CRC Program, the 
Victorian Government, and CO2CRC 
partners. Research agencies in 
Australia, Canada and the US have also 
provided support.

Further information on the Otway 
Project is available on the CO2CRC 
website:
www.co2crc.com.au/otway
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IEA CCS Roadmap, 
By Brendan Beck, IEA

The roadmaps will enable 
governments, industry and financial 
partners to identify required steps and 
to implement measures to accelerate 
required technology research, 
development and deployment (RD&D). 
Each roadmap will identify major 
barriers, opportunities and policy 
measures for policy makers, industry 
and financial partners to accelerate 
RD&D efforts for specific clean 
technologies, at both a national and 
international level.

Rationale for CCS
The analysis in Energy Technology 
Perspectives 2008 (ETP) projects that 
carbon dioxide (CO2) emissions will 
increase by 130% above 2005 levels by 
2050 in the absence of new policies or 
from supply constraints resulting from 
increased fossil fuel usage (IEA, 2008a). 
Addressing this increase will require 
an energy technology revolution 
involving a portfolio of solutions: 
greater energy efficiency, increased 
renewable energies and nuclear 
power, and the near-decarbonisation 
of fossil fuel-based power generation. 
CCS is the only technology available 
to mitigate greenhouse gas (GHG) 
emissions from large-scale fossil 

fuel usage in fuel transformation, 
industry and power generation. 

The ETP BLUE Map scenario, 
which assessed strategies for 

reducing GHG emissions by 
50% by 2050, concluded 

that CCS will need to 
contribute one-

fifth of the 
n e c e s s a r y 

The development of advanced clean energy technologies must be accelerated to address the global challenges 
of energy security, climate change and sustainable development. This pressing need has been acknowledged 
by the Ministers from G8 countries at their meeting in June 2008, where they asked the International Energy 
Agency (IEA) to prepare roadmaps to advance innovative energy technologies, including carbon capture and 
storage (CCS).

emissions reductions to achieve 
stabilisation of GHG concentrations in 
the most cost-effective manner.

If CCS technologies are not available, 
the overall cost to achieve a 50% 
reduction in CO2 emissions by 2050 
will increase by 70% (IEA, 2008a). 
CCS is therefore an essential part of 
the portfolio of technologies that is 
needed to achieve substantial global 
GHG reductions. The CCS Roadmap 
(IEA, 2009) was released jointly at 
the IEA Ministerial and the Carbon 
Sequestration Leadership Forum 
(CSLF) in Paris and London respectively 
in October 2009. The CCS Roadmap has 
since been presented across the world 
including in the United States, Europe, 
and Asia. The CCS Roadmap will also be 
presented and distributed at a number 
of events at the International Climate 
Change negotiations in Copenhagen.

CCS status
For the roadmap, CCS is defined as a 
system of technologies that integrates 
three stages — CO2 capture, transport 
and geological storage. Each stage of 
CCS is technically available and has 
been used commercially for many 
years (IEA, 2008b). However, various 
technologies with different degrees of 
maturity are currently competing to be 
the low-cost solution for each stage of 
the CCS value chain.

CO2 Capture
CO2 capture technologies have long 
been used by industry to remove 
CO2 from gas streams where it is not 
wanted or to separate CO2 as a product 
gas. There are currently three primary 
methods for CO2 capture — post-
combustion, pre-combustion and 
oxy-fuel. Post-combustion involves 

scrubbing the CO2 out of flue gases 
from combustion process. 

Oxy-fuel involves 
c o m b u s t i n g 

f u e l 

in recycled flue gas enriched with 
oxygen to produce a CO2-rich gas. Pre-
combustion uses a gasification process 
followed by CO2 separation to yield a 
hydrogen fuel gas. Of these methods, 
post-combustion CO2 capture using 
solvent scrubbing is one of the more 
established for CO2 capture, and 
there are currently several facilities 
at which amine solvents are used to 
capture significant flows of CO2 from 
flue gas streams. Oxy-fuel combustion 
has been demonstrated in the steel 
manufacturing industry at plants 
up to 250MW in capacity, and the 
related oxy-coal combustion method 
is currently being demonstrated. 
Pre-combustion CO2 capture from 
an integrated gasification combined 
cycle (IGCC) power plant has yet to 
be demonstrated, however, elements 
of the pre-combustion capture 
technology have already been proven 
in other industrial processes (IPCC, 
2005; Henderson et al, 2009).

CO2 Transport
CO2 transport has been utilised for over 
30 years in North America; over 30Mt 
CO2 from natural and anthropogenic 
sources are transported per year 
through 6,200 km of CO2 pipelines in 
the United States and Canada. CO2 is 
transported predominantly via high-
pressure pipeline networks, which 
present a number of regulatory, access, 
public acceptance and planning 
challenges for different regions. 
Ships, trucks and trains have also 
been used for CO2 transport in early 
demonstration projects and in regions 
with inadequate storage.

CO2 Storage
CO2 storage involves the injection 
of CO2 into a geologic formation to 
enhance carbon recovery. The three 
options for geological CO2 storage are 
saline formations, oil and gas reservoirs, 
and deep unminable coal seams (IEA, 
2008b). Of the three, it is expected 

that saline formations will provide 
the opportunity to 14 January 2010 • Greenhouse Issues No. 96
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store the greatest quantities of CO2, 
followed by oil and gas reservoirs. 

Monitoring data from projects 
involving injection into depleted oil 
and gas fields and saline formations 
has shown that the CO2 performs as 
anticipated after injection with no 
observable leakage (IPCC, 2005). A 
number of other projects involving 
the injection of CO2 into oil reservoirs 
have also been conducted, primarily in 
North America. Most of these projects 
use the CO2 for enhanced oil recovery 
(EOR), but some also intentionally 
store and monitor CO2 concurrently 
with EOR operations. The practices 
in respect to CO2 injection are well-
known, however, more experience 
is needed to improve predictions of 
CO2 behaviour at commercial scale. 
Exploration programmes are also 
needed to locate and characterise 
suitable storage sites, particularly deep 
saline formations.

Key CCS Roadmap Findings
• CCS is an important part of the 

lowest-cost GHG mitigation 
portfolio. IEA analysis suggests 
that without CCS, overall costs to 
reduce emissions to 2005 levels by 
2050 increase by 70%. The roadmap 
includes an ambitious CCS growth 
path in order to achieve this GHG 
mitigation potential, envisioning 
100 projects globally by 2020 and 
over 3,000 projects by 2050.

• The roadmap’s level of project 
development requires an 
additional investment of over US 
$2.5 to $3 trillion from 2010 to 2050, 
which is about 6% of the overall 
investment needed to achieve a 
50% reduction in GHG emissions 
by 2050. OECD governments will 
need to increase funding for CCS 
demonstration projects to an 
average annual level of US $3.5 
to $4 billion from 2010 to 2020. 
In addition, mechanisms need 
to be established to incentivise 
commercialisation beyond 2020 
in the form of mandates, GHG 
reduction incentives, tax rebates or 
other financing mechanisms.

• Although the developed world 
must lead the CCS effort in the 
next decade, CCS technology 
must also spread rapidly to the 
developing world. This growth will 
require expanded international 
collaboration and financing for 
CCS demonstration in 

developing countries at an 
average annual level of US $1.5 to 
$2.5 billion from 2010 to 2020. To 
provide this funding, CCS needs 
to be approved in the Clean 
Development Mechanism or an 
alternative financing mechanism.

• CCS is more than a strategy for 
‘clean coal’. CCS technology must 
also be adopted by biomass and 
gas power plants, in the fuel 
transformation and gas processing 
sectors, and in emissions-intensive 
industrial sectors like cement, iron 
and steel, chemicals, and pulp and 
paper.

• CO2 capture technology is 
commercially available today, 
but the associated costs need to 
be lowered and the technology 
still needs to be demonstrated 
at commercial scale. Additional 
research and development is also 
needed, particularly to address 
different CO2 streams from 
industrial sources and to test 
biomass and hydrogen production 
with CCS.

• CO2 transport via pipeline has 
been proven. The challenge for 
the future of transport technology 
is to develop long-term strategies 
for CO2 source clusters and CO2 
pipeline networks to optimise 
source-to-sink transmission of 
CO2. To address this challenge, 
governments need to initiate 
regional planning exercises and 
develop incentives for the creation 
of CO2 transport hubs.

• There is an urgent need to advance 
the state of global knowledge of 
CO2 storage prospectivity. While 
depleted oil and gas fields are well 
mapped and offer promising low 
cost opportunities, deep saline 
formations are the most viable 
option for the long-term. However, 
only a few regions have adequately 
mapped the CO2 storage potential 
of these formations. There is also 
a need for common international 
methods for CO2 storage site 
selection, monitoring and 
verification, and risk assessment.

• While some regions have made 
important progress in developing 
dedicated legal and regulatory 
frameworks for CCS, most countries 
still have issues to address before 
significant progress can be 
achieved. There is a need to develop 
near-term regulatory approaches 
to facilitate CCS demonstration 
efforts, while working at the same 
time to develop comprehensive 
approaches for the large-scale 
commercial deployment of CCS.

• Local communities have legitimate 
concerns about CCS that must be 
addressed. Governments need 
to take the lead on developing 
community-tailored CCS public 
engagement strategies, starting 
with providing resources for this 
critical activity and then ensuring 
early provision of information 
about the costs and benefits of 
planned CCS projects compared to 
other GHG mitigation options.

Due to the urgency and scale of 
the required deployment, the CCS 
Roadmap’s vision will only be possible 
through international collaboration. 
In particular, new efforts to provide 
developing country CCS capacity 
building and knowledge and 
technology transfers are needed, 
including through industry sectors 
with a global reach. Efforts to promote 
this collaboration are being fostered 
in conjunction with the IEA by 
expanding the activities of the Global 
Carbon Capture and Storage Institute, 
IEAGHG, and the Carbon Sequestration 
Leadership Forum.
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BIGCCS Centre: Kick-Off, 
by Mona J. Mølnvik, Grethe Tangen and Nils Røkke, SINTEF Energy Research

On June 22nd 2009 the 
International CCS Research 
Centre, BIGCCS , was launched and 
21 partners from Norwegian and 
European industry and research 
were gathered in Trondheim to 
celebrate joining forces in this 
unique opportunity to contribute 
to curb the worlds CO2 emissions. 
The BIGCCS Centre will enable 
sustainable power generation 
from fossil fuels based on cost-
effective CO2 capture, and safe 
transport and underground 
storage of CO2. This will be 
achieved by building expertise and 
closing critical knowledge gaps 
of the CO2 chain, and developing 
novel technologies in an extensive 
collaborative research effort.

BIGCCS is one of eight Centres 
for Environment-friendly Energy 
Research (CEER)  established by the 
Research Council of Norway as a new 
instrument to meet the ambitions of 
the Norwegian parliament agreement. 
The agreement relates to the white 
paper on climate challenges  stating 
a targeted reduction of 15-17 Mt of 
greenhouse gases (GHG) by 2020 for 
Norway, comprising 30% of today’s 54 
MtCO2 equivalents per year.

The 8 year and €45 million BIGCCS 
Centre is hosted and managed by 
SINTEF Energy Research, and is 

building on the BIGCO2 Research 
Platform  (see Figure 1). 

The research activities for the 
BIGCCS Centre signify a great 

boost to CCS research 
that is complementary 

to the ongoing 
research. The 

Centre will 
focus on 

n e w 

activities with a large potential to 
foster the development towards 
the realisation of breakthrough CCS 
technologies. 

BIGCCS Objectives
Tangible objective: To pave the ground 
for fossil fuel based power generation 
that employ CO2 capture, transport 
and storage with the potential of 
fulfilling the following targets, in line 
with ambitions set by the FME call, the 
CLIMIT Program plan  and EU (ZEP ): 

• 90 % CO2 capture rate 
• 50 % cost reduction
• fuel-to-electricity penalty less than 

6 percentage points compared to 
state-of-the-art fossil fuel power 
generation

Scientific objective: The BIGCCS Centre 
aims at providing crucial knowledge 

and a basis for technology 
breakthroughs required 

to accelerate the 

development and deployment of large 
scale CCS enhanced by comprehensive 
international co-operation. The 
fulfilment of this objective relies on 
long-term, targeted basic research of 
high scientific quality, professional 
management, and involvement form 
industry partners. The following 
specific scientific objectives have been 
defined for the BIGCCS Centre:

• Capture and systems: To explore 
novel techniques for pre-
combustion, post combustion and 
oxy-fuel CO2 capture, including 
both new and retrofit technologies 
contributing to cost reductions 
focusing on increased efficiency in 
CO2 separation 

• Transport: To develop a coupled 
fluid-material fracture assessment 
model to enable safe and cost-
effective design and operation 
of CO2 pipelines by improving 
the fundamental understanding 
of the interaction between the 
mechanical and fluid dynamical 
behaviour. 

Figure 1:The BIGCCS Centre – building on the BIGCO2 Research platform.
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Challenged by Carbon, 
by Dr. Brian Lovell

• Storage: To develop in-depth 
knowledge on long-term and 
safe storage of CO2 enabling 
qualification and management of 
CO2 storage recourses, to develop 
improved understanding and 
description of interactions of CO2 
with the storage volumes, and to 
strengthen CO2 storage safety by 
combining geophysical monitoring 
methods with reservoir fluid flow 
simulations.

Technological objective: To foster future 
innovation and value creation within 
CCS technologies along the whole CO2 
value chain. Further, to create the basis 
for new services and products for the 

industry partners originating from the 
BIGCCS centre activities ranging from 
novel separation technologies to value 
creation from transport and storage on 
the Norwegian continental shelf  
(Figure 2).

Recruitment objective: To recruit and 
educate personnel, of which 50% are 
women, with first-class competence 
within CCS related topics (18 PhDs, 8 
post-docs, 50 MSc graduates) to ensure 
recruitment both to industry and 
research institutions.

Not far from the road that the Romans called Ermine Street and we more prosaically call the A10 is a field strewn 
with rounded flint pebbles. These formed on a tropical beach 55 million years ago: Hertfordshire-by-the-Sea. 

Above the field stands a copse. The farmer has not sought to bring it under the plough, and there is a good 
reason. The wood is pitted with Roman and Stone Age excavations. Our ancestors quarried hard patches of the 
beachrock, cemented by silica, at a time of exceptional global warming 55 million years ago. The Hertfordshire 
puddingstone was used to grind 
corn. 

Grinding corn with puddingstone 
querns was more important to the 
survival in that area of our Stone Age 
and Roman ancestors than oil is to 
us today. You have to eat: you don't 
really have to consume hydrocarbons 
by driving up the A10 and flying from 
Stansted to Lanzarote - although that 
can be fun in the right company. 

The former head of Opec, Sheikh 
Yamani, once said that the Stone Age 
did not end because they ran out of 
rock, and there is indeed unshaped puddingstone to be found. The Stone Age ended because people with brains as good 
as ours developed new technology and adapted to it. 

We shall never know their names, but those of our present-day leaders who have the conviction and courage to act on 
the message written in those 55 million-year-old rocks will never be forgotten. 

What is that message? While the flint pebbles were being rounded on the hot shores of Hertfordshire, an 
episode of dramatic global climate change was being recorded in deep-sea sediments on the ocean floor. 
We can now read that record 55 million years later, using the recently established division of that part 
of the geological timescale into thousands rather than millions of years. This brings the story on to a 
human timescale: we are thereby led to some uncomfortable and implacable conclusions about 
our current use of the planet. 

It is commonly said that our present-day release of carbon into the Earth's atmosphere is 
an uncontrolled experiment with an unknown outcome. That is not really true. Fifty-
five million years ago there was a release of fossil carbon comparable with that 
on which we have now embarked. This was long before we were around 
to light so much as a camp fire - so we didn't do it, but now we 
know about it. Although we cannot predict with complete 
confidence the outcome of our own experiment, the 
main effects of the 55 million-year release 
of fossil carbon provide hefty 

Figure 2:The position and role of the Centre in the innovation chain

Puddingstone rounded flint pebble
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clues to what is likely to happen. This 
observational science requires no 
computer- generated models to carry 
conviction. 

Earth became a lot warmer 55million 
years ago. Even on the deep ocean floor, 
temperatures increased by several 
degrees centigrade. The boundary 
between the Palaeocene and Eocene 
epochs is defined by the resulting 
extinctions in the fossil record. 

Warming of the oceans caused their 
advance on the land, and they became 
notably more acidic and received large 
volumes of carbon as the released 
gases were recycled. It was well over 
100,000 years before the planet 
returned to something approaching its 
previous state. 

The trigger for the 55-million-year- 
old event remains a matter of active 
research. Nonetheless we know 
enough to assert that the whole 
episode may plausibly be regarded as 
an earlier and complete version of our 
own present-day dumping of CO2 into 
the atmosphere. A global event that 
is a threat to the survival of a highly 
specialised species such as Homo 
sapiens is not something we would 
wish to provoke through our own 
agency. 

The oil industry is widely perceived to 
be a significant part of the problem. 
The rapture of those who discovered, 
and recovered, the spectacular wealth 
from the North Sea must now be 
tempered by the realisation that they 
are responsible for starting a piece of 
unfinished business with the Earth's 
carbon cycle. Petroleum geologists and 

engineers may not feel particularly in 
need of redemption, despite the 

obloquy dished out by many 
environmentalists. But if they 

are abashed, help lies 
close at hand, in their 

very own reservoirs 
- and elsewhere 

underground. 
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We can put the fossil carbon back - at a 
price. As well as considering the future 
price of a barrel of oil, the prospective 
value of a tonne of carbon put safely 
back underground becomes crucial. 
At least some of the technical and 
commercial skills required to produce 
oil and gas are comparable with those 
needed to inject and store CO2.
 

We do not have the luxury of choosing 
between consuming less fossil fuel 
on the one hand, or carbon capture 
and storage on the other. We need to 
do lots of both, to have any hope of 
holding the level of carbon dioxide 
in the atmosphere at (say) 550 parts 
per million (ppm) by the middle of 
this century. At present oil production 
stands at about 80 million barrels a 
day. Depending on how much you 
compress the CO2 before injecting it, 
you could achieve some 20 per cent 
of that 550ppm target by pumping 
80 million barrels of CO2 underground 
each day. 

Those of us who buy the oil industry's 
most useful product do so to feed the 
engines of aircraft, ships and cars - 
which do not lend themselves to easy 
CO2 capture. However, capturing fossil 
carbon at coal-fired power stations 
is simpler. The storage of their CO2 
probably provides the best prospect for 
using the oil industry's skills to help to 
meet our stringent targets. 

And why should the oil industry not 
seize this opportunity to develop 
existing technology? True, pumping 
waste into long-term storage is not what 
we veteran frontier explorers are used 
to, with our techno-gambler culture of 
high risk and high reward. This would 
be a future service industry, with a price 
per tonne for all the carbon safely stored. 
The dull psalm of duty would appear to 
replace the trill of pleasure - but that is 
to set the technical challenges too low. 
The geology and engineering involved 
are interesting enough to quicken the 
blood of skilled young people. The task 
could be tackled properly between 
now and 2050, with every prospect of 
technical and commercial opportunity 
for the UK. 

One thing is missing, which only the 
most determined action by our leaders 
can provide. That is the establishment 
of policy and regulation that puts an 
appropriate and fungible value on a 
tonne of carbon. Simply that: there 
need be no officious dictation of 
choices of action within such a global 
framework. This is one area where the 
market really can do its work. 

Which of our leaders will have the guts to 
establish restraint in per-capita output 
of carbon as a social good, on a par with 
the provision of health services and 
education? Could it be a combination 
of President Obama and Prime Minister 
Brown, working with China, India and 
others? We have received an important 
55 million-year-old message from a 
warm planet. We can understand it and 
we should respond with conviction. 
 
This article is an abridged and edited 
version of Chapter 8 from Bryan Lovell, 
Challenged by Carbon: The Oil Industry 
and Climate Change, 2009. 

Copyright Bryan Lovell 2010 published by 
Cambridge University Press, reproduced 
with permission. 

For further information, and to purchase 
copies of the book, please visit: 
www.cambridge.org/uk/catalogue/
catalogue.asp?isbn=9780521197014



19January 2010 • Greenhouse Issues No. 96
www.ieaghg.org                 www.ghgt.info

WEO 2009EU GeoCapacity Project, 
by Toby Aiken, IEAGHG

Since WEO-2008, the economic 
downturn has led to a drop in 
energy use, CO2 emissions and 
energy investment. Is this an 
opportunity to arrest climate 
change or a threat that any 
economic upturn might be stifled 
at birth? 

What package of commitments 
and measures should the climate 
negotiators at Copenhagen put 
together if they really want to stop 
global temperatures rising? How much 
would it cost? And how much might 
the developed world have to pay to 
finance action elsewhere? 

How big is the gas resource base 
and what is the typical pattern of 
production from a gas field? What 
does the unconventional gas boom in 
the United States mean for the rest of 
the world? Are we headed for a global 
gas glut? What role will gas play in the 
future energy mix? And how might the 
way gas is priced change? 

The 2009 edition of the World Energy 
Outlook (WEO), was released on 10 
November and it provides updated 
projections that take into account 
the implications of the global credit 
crisis, the economic slowdown and the 
recent slump in the prices of oil and 
other forms of energy. 

For more information, visit:   
www.worldenergyoutlook.org

The EU GeoCapacity project has recently completed its activities, and 
held a final dissemination meeting in Copenhagen in October 2009. 

The meeting outlined the results and conclusions of 3 years of work by the project 
participants, and included reviews of the capacity for geological storage in most 
partner countries, as well as an overview of the GIS and web-GIS databases 
established by BGS under the project. Each presenting country partner reviewed 
the likely storage scenarios in their country, and also highlighted the major point 
sources of CO2 that were suitably located in proximity to the geological sinks and 
provided a rough estimation of the number of years worth of storage that could 
potentially take place within these sinks.

The EU GeoCapacity Project website will remain live for some years to come, and can 
be found at www.geocapacity.eu; the site contains publicly available information, 
along with the final reports of the project.

The Final Activity Report for the project states that: 
‘The results of the GeoCapacity study are the first detailed pan-European 
assessment of CO2 storage capacity’ 

The report goes on to list the major achievements of the project as:

• Establishment of an inventory of CCS within Europe on a GIS platform,
• Development of an advanced Decision Support System (DSS),
• Paving the ground for a European focussed CO2 storage atlas,
• Contributing to standards and guidelines  for the assessment of geological 

storage capacity, site selection criteria and methodologies for ranking,
• Pioneering CCS work in many European countries, and in China.

For more information on the project and its conclusions, visit the project website. 

The Regional Carbon Sequestration 
Partnerships Annual Review Meeting, 
by Millie Basava-Reddi, IEAGHG

The Regional Carbon Sequestrations Partnership Annual Review Meeting 
was held in Pittsburgh, Pennsylvania USA from 16th – 19th November 
2009. The meeting was organised by the United States Department of 
Energy’s (DOE) National Energy Technology Laboratory (NETL).
Geological carbon dioxide (CO2) storage projects across DOE’s Regional Carbon 
Sequestration Partnership’s (RCSP) have demonstrated improved techniques in 
measuring the amount of CO2 stored, which is essential, if storage projects are to 
offset emissions. 

The United States Environmental Protection Agency (USEPA) gave a presentation 
outlining the new rules for the Underground Injection Control (UIC) Class VI wells, 
which give the requirements needed for wells to be used to inject CO2 for storage. 
The rules are expected to be finalised in 2010/ 2011. One of the main issues relating 
to the proposed Class VI well regulations is that unless a specific waiver is granted, 
injection wells will be required to be located below any potable aquifers.

Presentations outlining the geological storage collaborations and updates from 
NatCarb (the National Carbon Sequestration Database) were given, and it was 
highlighted that CCS projects can now be viewed on Google Earth through NETL’s 
recently released Carbon Capture and Storage Project’s Database   
(www.netl.doe.gov/technologies/carbon_seq/database/index.html) and also that 
it is now possible to generate  maps based on specific user preferences on the 
NatCarb website (www.natcarb.org/).

Presentations were also given on RCSP Phase II Validation 
Phase pilot projects utilising unmineable coal seams, 
depleted oil and gas fields, and saline 
formations. All of the projects... 
continued on page 20
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have extensive monitoring, verification 
and accounting (MVA) protocols in 
place in order to track CO2 during the 
duration of the project and to ensure 
safe and effective storage of CO2.  The 
primary goal of the U.S. Department 
of Energy’s Carbon Sequestration 
and MVA Programs is to develop 
and demonstrate a broad portfolio 
of Primary, Secondary, and Potential 
Additional technologies, applications, 
and accounting requirements that 
can meet DOE’s defined goals of 
demonstrating 95% and 99% retention 
of CO2 through geological storage of 
CO2 by 2008 and 2012, respectively. 
The 95% and 99% retention levels are 
defined by the ability of a GS site to 
detect leakage of CO2, at levels of 5% 
and 1% of the stored amount of CO2, 
into the atmosphere. MVA techniques 
include 4D seismic surveys, VSP 
(vertical seismic profile), RST (Reservoir 
Saturation Tool), well logs, soil and 
groundwater sampling, and the use of 
tracers. Conventional Perfluorocarbon 
tracers and alternative alcohol based 
tracers can be used to mark injected CO2 
as a way to distinguish from naturally-
occurring CO2, and therefore aid in 
leak detection and plume movement 
tracking. There were various challenges 
in each project, often dependent 
upon the location, climate, and local 
permitting issues. For example, the 
West Coast Carbon Sequestration 
Partnership’s (WESTCARB) Arizona 
Utilities Project in the Colorado Plateau 
region, all groundwater is protected 

UK-China NZEC Initiative, 
by International Energy and Technology, UK Department of Energy and Climate Change

CCS capacity building in developing countries: the UK-China NZEC Initiative
The abundance of coal supplies means that many countries look set to continue relying on this fuel to meet their 

electricity needs, despite the fact that its CO2 emissions are significantly higher than other energy options.  
Carbon capture and storage (CCS) is the only technology capable of cutting greenhouse gas emission from 

power plants by as much as 90%.

CCS must be deployed globally from 2020 in order to stabilise climate change at 2 degrees Celsius, 
and achieve the scale of deployment envisaged by the International Energy Agency, with 38 

power plant projects by 2020 and 1670 by 2050.  A significant proportion of this effort will 
need to be in fossil fuel dependent developing countries, and therefore CCS must be 

developed and demonstrated in these countries in  parallel to OECD countries.   

Demonstration will be critical in supporting the creation of the necessary 
skills base, storage mapping and regulatory requirements.  

The flagship EU-China NZEC agreement, the first 
agreement of its kind, aims to build a bilateral 

partnership through which CCS 
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...continued from page 19 regardless of water quality and a dual 
permit is necessary. Although the dual 
permit was made possible with the 
cooperation of the authorities, one of 
the project’s largest challenges related 
to tribal land rights and subsequent 
surface access.  WESTCARB is employing 
an extensive outreach programme 
to engage the public regarding the 
Arizona Utilities project. 

There were also new developments 
presented, dealing with storage in 
basalts; a presentation was given 
by Charlotte Sullivan (Batelle Pacific 
Northwest National Laboratory) about 
the Big Sky Carbon Sequestration 
Partnership (Big Sky) Phase II project 
in the Grand Ronde Basalt formation. 
Basalt formations are geological 
formations of solidified lava that have 
a unique chemical makeup that could 
potentially convert all injected CO2 to 
a solid mineral form and permanently 
isolate it from the atmosphere.  As the 
flow tops are severely brecciated, they 
have a high porosity and permeability 
and the lower layers of overlying flows 
act as caprocks. Drilling of the well 
has been completed and reservoir 
simulations for the injection of 1,000 
metric tonnes of CO2 have been 
conducted.  Experiments are underway 
obtaining well core cuttings and a 
permit for injection has been requested.  
Injection is anticipated for Spring 2010.

Presentations were given on the progress 
of the RCSP Phase III Developmental 
Phase field tests, whereby detailed 
site characterisation is taking place for 

each project. The Southeast Regional 
Carbon Sequestration Partnership 
(SECARB) in their Cranfield, Mississippi 
test site moved from injecting during 
the Phase II into Phase III earlier this 
year and in August 2009 injected over 
1 million tonnes of CO2 at the site.  The 
Midwest Geological Sequestration 
Consortium (MGSC) project is planned 
to commence in 2010 with 2 years of 
injection at 250 – 1000 t/day. The Plains 
CO2 Reduction Partnership (PCOR) 
project in Fort Nelson, British Columbia, 
Canada is on track to begin injection of 
over 1 million tonnes per year in 2011.  
All three of these tests will be in a saline 
formation.

DOE is now providing funding under the 
American Recovery and Reinvestment 
Act (ARRA) to provide the opportunity 
for organisations to offer carbon capture 
and storage (CCS) training programs. 
The training programs are aimed at 
professionals working within the CCS 
industry, environmental professionals, 
graduate and undergraduate courses, 
and teachers, who will then teach 
secondary school students. These 
activities will also help with outreach 
in some areas, enabling the teachers to 
interact with their local community.

Outreach activities were also discussed 
as an important and essential topic 
in most of the presentations, and 
communication with the local 
population is often attempted at an 
early stage as this is seen as a key stage 
in developing CCS into a commercial 
scale activity.
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demonstration can be achieved in 
China.  Under this agreement, the 
UK-China NZEC Initiative, launched in 
2007, has brought together experts 
from both countries to assess the 
options for CCS in China.

NZEC
The EU-China NZEC agreement was 
announced as part of the EU-China 
Partnership on Climate Change at the 
EU-China Summit in September 2005.  
It was agreed that both partners would 
aim to develop and demonstrate in 
China and the EU advanced, near-zero 
emissions coal technology through CCS 
by 2020. More recently, recognising the 
urgency of demonstration in China, the 
UK and China announced their support 
for accelerating the operation of the 
plant to 2015 at the UK-China Summit 
in February 2009.   

Memoranda of Understanding were 
signed between the UK and Chinese 
Ministry of Science and Technology 
(MOST) in December 2005, and 
between MOST and the European 
Commission in February 2006, leading 
to the UK-China NZEC Initiative, and the 
Cooperation Action within CCS China-
EU (COACH) project respectively.  Both 
projects examined options for CCS 
in China – although COACH focused 
specifically on Integrated Gasification 
Combined Cycle technology – and 
examined storage potential in the north 
east region of China.  The Commission 
additionally funded STRACO2 which 
looked at CCS regulation in the EU and 
China.  The UK-China NZEC Initiative 
was funded with up to £3.5m from the 
UK Department of Energy and Climate 
Change.

The UK-China NZEC Initiative was 
launched in November 2007, bringing 
together 19 Chinese and 9 UK partners, 
including universities, institutes and 
industry.  It examined Chinese energy 
trends, options for capturing CO2 from 
power plants, options for storing CO2, 
as well as their costs, and assessed 
policy and regulatory issues.

The Initiative also included capacity 
building activities, including a policy 
study tour to the UK and Europe for 
Chinese policy officials and academics; 
a workshop on CO2 storage for Chinese 
geologists at the British Geological 
Survey in Nottingham; and placements 
for Chinese students at UK universities.  

Key Findings
The key conclusions, launched at the 
EU-China NZEC Conference in Beijing 
on 28-29 October 2009 (see also:  
www.nzec.info), were as follows:

• CCS is the only option that can 
ensure a significant reduction 
in CO2 emissions for the power 
generation and energy intensive 
industrial sectors, such as iron/steel 
and cement, all of which remain 
heavily dependent on coal.

• The more promising, near term 
technology options for a capture 
plant in China are post-combustion 
capture in a state of the art 
pulverised coal power plant and 
pre-combustion capture in an 
Integrated Gasification Combined 
Cycle unit.

• The cost of deploying CCS, 
either pre-combustion or post-
combustion, and including 
transport costs, would increase 
the cost of electricity generation 
by around £17 per megawatt hour 
compared with a pulverised coal 
power plant without CCS, which 
is equivalent to a cost of avoided 
emissions of about £24 per tonne 
of CO2.  This is considerably less 
than is predicted to be the case for 
developed countries, primarily due 
to the lower costs of labour and 
resources in China.  Some of the 
newer and as yet unproven capture 
options, such as oxy-fuel and chilled 
ammonia scrubbing, offer some 
prospect of being constructed and 
operated at lower overall cost.

• The assessment of basins in 
North East China showed that the 
capacities of individual oil fields 
are generally small compared 
with the annual CO2 emissions of 
power stations currently being 
built in China.  However, some have 
potential to make use of CO2 for 
enhanced oil recovery, although 
these reservoirs are typically 
geologically complex, and so they 
would require a large number of 
wells to access the available storage 
capacity, which will increase the 
costs.

• There is some potential storage 
in saline aquifers, and this will be 
vital for more significant levels 
of storage. Significant further 
investigations, including detailed 
site appraisals, of both oil fields 
and aquifers, is necessary.

• Regulations will be needed to 
support the demonstration and 
deployment of CCS in China, 
particularly for the storage of CO2 
underground but also to address 
the safety of pipelines carrying 
CO2 and the environmental 
impact of CCS plants. China has an 
opportunity to observe and draw 
lessons from the experiences of 
other countries in deciding how 
it wants to proceed in developing 
regulations.

• There are several challenges that 
need to be addressed through 
further R&D, particularly to 
reduce the extra costs and energy 
penalty of CCS technologies, and 
to establish in sufficient detail the 
national capacity for CO2 storage.

Next Steps
China, the European Commission 
and the UK envisage a three phase 
approach to the EU-China NZEC 
agreement.  Phase I includes the UK-
China NZEC and COACH projects, Phase 
II will be the selection of the project 
and detailed design work, and Phase III 
will see the construction and operation 
of the plant.

China and the European Commission 
signed a new MOU for Phase II at the EU-
China Summit on 30 November 2009.  
This set out the framework for Phase 
II, aiming to start it in early 2010, and 
complete it by 2012.  The intention 
is that Phase II will involve a 
short-listing of potential 
projects and storage sites, 
the engagement of 
project developers and 
other stakeholders, 
followed by 
a detailed 



22 January 2010 • Greenhouse Issues No. 96
www.ieaghg.org                 www.ghgt.info

feasibility study to be undertaken by Chinese and EU experts.  It will also consider 
regulatory and public perception issues, as well as the structure and procurement 
for Phase III. 

The European Commission Communication on “Financing the EU-China Near 
Zero Emissions Coal Plant Project”, published in June 2009, estimated that the 
construction and operation costs of the CCS elements of the demonstration plant 
might be around €500m for an Integrated Gasification Combined Cycle plant and 
€800m for a pulverised coal plant. 

The Phase II MOU also committed to a knowledge sharing link between the NZEC 
demonstration and CCS activities in the EU.  This will be essential in maximising 
cross-learning between projects and  the global development and deployment of 
CCS.

Conclusions
The UK-China NZEC Initiative has been a model for CCS capacity building, and has 
effectively extended China’s institutional capacity and individual expertise on CCS, 
paving the way for of the next Phases of the EU-China NZEC project.  It deserves 
careful consideration on the part of those seeking to ensure the success of similar 
activities in other developing countries. 

Contact: christopher.snary@decc.gsi.gov.uk

CO2 Transport and Storage Cost Curve 
for China, Robert T Dahowski and Casie L Davidson, 
Pacific Northwest National Laboratory, Richland, 
Washington USA

The first-ever comprehensive survey of the potential for large scale 
deployment of CCS in the People’s Republic of China finds that China has 
adequate deep geologic storage capacity to meet likely demand over 
the coming century – and perhaps beyond – and that China’s storage 
capacity resource is on par with that of the U.S. and Europe. Source-
sink matching and proximity analyses show that promising storage 
reservoirs are located near a majority of existing CO2 sources, indicating 
strong potential for CCS as a cost-effective emissions mitigation option 
in China. 

This work received a Recognition Award from the Carbon 
Sequestration Leadership Forum at the recent ministerial-

level meeting in London in October.

The research team, led by Robert T Dahowski at the U.S. 
Department of Energy’s Pacific Northwest National 

Laboratory and Xiaochun Li at the Chinese Academy 
of Sciences Institute of Rock and Soil Mechanics, 

cataloged CO2 sources in China emitting 
over 100 ktCO2 annually, and major 

sedimentary basins potentially capable 
of storing large volumes of CO2. 

These data were combined via 
geospatial modeling based 

on a globally optimised 
c o s t - m i n i m i s i n g 

a l g o r i t h m 

to match sources to their least-cost 
storage option based on per-ton 
levelised costs for transport and 
storage, including site characterisation, 
long-term measurement, monitoring, 
and verification of the stored CO2, 
and, where appropriate, the costs and 
revenues associated with enhanced 
hydrocarbon recovery. 

Cataloguing CO2 Sources and 
Sinks
The project documented 1,623 large, 
stationary point sources of CO2 in 
China, emitting a combined total of 
3,800 MtCO2 per year. These include 629 
fossil-fired power plants, which account 
for 72% of total emissions from the set 
of sources examined, as well as 554 
cement plants, 160 ammonia plants, 
127 iron and steel mills, 84 refineries 
and 69 other facilities. 

The team also catalogued 2,300 GtCO2 
of potential storage capacity in 90 major 
onshore geologic storage formations 
including deep saline formations 
(DSFs), oil- and gas-bearing basins, 
and coal regions. As with CO2 storage 
resources in many other parts of the 
world, DSFs account for a very large 
fraction of the total potential capacity, 
and in China DSFs represent over 99% 
of the nation’s total theoretical storage 
resource, with coal beds (12 GtCO2), oil 
fields (4.6 GtCO2) and depleted natural 
gas fields (4.3 GtCO2) accounting for the 
rest. While these represent theoretical 
capacity estimates and further field 

CO2 Source-Sink Map of China
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and laboratory studies are needed to 
verify the achievability of these storage 
capacities, a conservative approach 
was purposefully applied to limit the 
potential for greatly overestimating 
the resulting capacities. For oil fields 
and coal seams, maximum incremental 
volumes of oil and gas that could be 
produced via successful CO2-driven 
enhanced recovery techniques were 
also evaluated to be 6,700 MMB of oil 
via CO2-EOR, and 16 trillion m3 of gas 
via CO2-ECBM. 

Building the Cost Curve
Cost curves for CO2 transport and 
storage were modeled based on the 
core methodology developed by the 
PNNL team for their previous study of 
North America published by IEA GHG 
in 2005, with numerous modifications 
to the original assumptions to reflect 
the maturing understanding of the 
science and economics of CCS over the 
past five years.  Transport capital costs 
were calculated as a function of both 
flow rate and distance. Injection capital 
costs included site characterization 
and monitoring, field distribution 
infrastructure, and injection wells. Well 
counts were derived as a function of 
CO2 mass flow rate from the source 
and estimated average annual 
injection rate of the individual sink 
under consideration. For EOR- and 
ECBM-based storage opportunities, 
additional costs for production and 
CO2 recycling infrastructure were 
included, as well as offsetting revenues 
derived from the sale of produced oil 
and gas. Operating and maintenance 
costs were also included for transport, 
injection, production and CO2 recycling 
infrastructure.

Based on transport and injection 
costs specific to each source-sink pair, 
levelised per-ton costs were calculated 
for all storage options within a 150-
mile search radius of a given source. 
An optimised matching algorithm 
then determined the set of least-cost 
pairings for all sources, considering 
the 20-year storage demand of each 
CO2 source as well as the finite capacity 
of each of the candidate storage 
reservoirs.  This proceeded until all 
sources had either been matched with 
an available storage formation or were 
determined to be stranded and unable 
to access sufficient available storage 
capacity within the specified search 
radius. The cumulative annual CO2 
storage and net cost for each 

of the final source-sink pairs constitute 
the resulting cost curve, as shown 
[above].  This curve represents the 
results of the first 20-year period of full 
scale deployment under the reference 
case scenario, colored according to 
selected reservoir class. As the sample 
projects called out on the cost curve 
demonstrate, total per-ton costs tend 
to be heavily influenced by source 
size – driven by economies of scale in 
aspects of both transport and storage 
– as well as transport distance and the 
potential for enhanced hydrocarbon 
recovery. 

Distribution of Geological 
Storage Potential
Key results from this work suggest 
that much of the geologic CO2 storage 
resource in China appears to be in the 
right places, with more than 90% of the 
existing CO2 source fleet being located 
within just 100 miles of at least one 
candidate storage reservoir. Results of 
the various modeled scenarios suggest 
that total transport and storage costs 
for the majority of sources fall in the 
$2-8/tCO2 range (exclusive of the cost of 
capture). These findings clearly suggest 
that CCS may be a valuable option for 
CO2 emissions mitigation in China while 
allowing continued industrialisation 
and economic development fueled 
by the nation’s vast, domestic coal 
reserves. 

China’s large CO2 
s o u r c e s 

and candidate storage reservoirs 
are particularly well matched in the 
North and Northeast regions of the 
country where this analysis reveals 
that virtually all point sources should 
be able to access adequate capacity 
in nearby candidate CO2 storage 
reservoirs through this century and 
beyond. The degree of competition 
for storage capacity varies from region 
to region and CO2 sources in other 
regions may find it more difficult to 
access available storage capacity. For 
example, in the heavily industrialized 
East and South Central regions, there 
are nearly 200 sources that either do 
not have any known onshore geologic 
storage options available within the 
applied 150-mile search radius, or are 
outcompeted by lower-cost sources 
for the available storage. However, 
preliminary analysis conducted as 
part of this study has identified 
780 GtCO2 of potential offshore 
storage capacity in deep 
formations below the 
seabed which could 
represent an important 
option for sources 
along the 
eastern and 
southern 

Cost Curve Graph
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coasts of China where onshore storage 
may become constrained. 

As elsewhere, the large and broadly 
distributed deep saline formations in 
China will be critical to the large-scale 
deployment of CCS and account for 
the bulk of the $2-8/tCO2 cost range for 
transporting, storing and monitoring 
CO2 for the majority of China’s large 
stationary point sources. While there 
are some CCS projects on the curve 
that might see their costs offset by 
revenues from enhanced hydrocarbon 
recovery resulting from CO2 storage in 
depleted oil fields and coal seams, the 
opportunity to exploit these value-
added reservoirs is limited by technical 
factors such as field readiness for CO2-
driven enhanced recovery, remaining 
uncertainties for CO2 storage in coals, 
and the relatively small total storage 
capacity available in each field. There 
are also some facilities that could see 
transport and storage costs that are 
many times larger than those in the 
$2-8/tCO2 range but in general these 
represent relatively small sources that 
are quite distant from their nearest 
candidate storage reservoir and it is 
likely that there could be more cost 
effective ways of addressing CO2 
emissions from these sources.

Implications for China
To date, much of the discussion about 
China’s options for addressing climate 
change have focused exclusively on 
coal – the nation’s large indigenous 
reserves, and its heavy and increasing 
use – creating a false dichotomy 
suggesting that China must choose 
between either continuing to use 

domestic coal and bearing the 
environmental consequences, 

or forgoing the nation’s cheap 
domestic reserves and 

bearing the economic 
consequences. This 

study shows that 
CCS offers a 

potential third option that allows 
China’s economy to continue to grow 
using domestic energy resources, 
while safely and securely reducing CO2 
emissions to the atmosphere.

The ultimate role of CCS technologies 
in global efforts to cost effectively 
reduce greenhouse gas emissions 
will be determined by a combination 
of the stringency and timing of 
future greenhouse gas emissions 
reduction policies, the full costs of 
employing end-to-end CCS systems, 
and how those costs compare to other 
methods of bringing about large scale 
decarbonization of the economy. It is 
therefore essential to understand the 
costs of deploying CCS relative to other 
emissions mitigation technologies 
and this work begins to highlight 
the potential for CCS technologies to 
deploy in China. The analysis to date 
intentionally omits the cost of CO2 
capture, compression and dehydration 
in order to focus on the storage side of 
CCS; future analyses will incorporate 
these significant additional cost 
components to provide a more 
complete picture of estimated end-to-
end CCS system costs. 

Though in-depth field and laboratory 
studies will be needed to validate 
current capacity estimates and regional 
accessibility of storage potential, 
results of this study indicate that China 
has a robust and broadly distributed 
geological CO2 storage resource 
and that the costs of transport and 
storage for most projects should fall 
within a range of $2-8/tCO2 over many 
decades of large-scale deployment.  
Sensitivity analyses indicate that this 
cost range holds true even if there 
proves to be only half as much useable 
storage capacity as projected. Cases 
in which only 50%, 10% and 1% of the 
identified 2,300 GtCO2 storage capacity 
are available for use were analyzed 
and only in the most pessimistic 
and unlikely of these scenarios do 
significant constraints develop on 
the cost effective deployment of CCS 
in China. For all but the very lowest 
capacity scenario examined (only 

23 of 2,300 GtCO2 available), CCS 
appears able to play a significant 

role in addressing China’s 
CO2 emissions 

while at the 

same time preserving the energy and 
economic security provided by China’s 
large, domestic industry and fossil fuel 
resources. 

The complete technical report from this 
study will be available soon. For more 
information, please visit: 

w w w . p n l . g o v / n e w s / r e l e a s e .
aspx?id=448.

A review of the UK's potential 
offshore carbon capture and 
storage (CCS) sites has been 
launched in the hope of 
establishing exactly how much 
capacity is available.
The Energy Technologies Institute (ETI) 
has unveiled the project, entitled The 
United Kingdom CO2 Storage Appraisal 
Project (UKSAP), which is expected to 
cost more than £3.5 million.

Led by Senergy Alternative Energy Ltd, 
the review of possible offshore storage 
sites will involve other organisations 
such as the British Geological Survey, 
Imperial College London and the 
Scottish Centre for Carbon Storage.

David Clarke, ETI's chief executive, said 
current estimates of capacity "vary 
wildly" and that this new project is 
intended to pinpoint more accurately 
how much carbon could be stored in 
the UK.

"Fossil fuels will remain an important 
source of energy and coal is a cheap and 
relatively secure fuel so we have to find 
a way of using those fossil fuel plants 
and capturing the CO2 and storing it 
somewhere," he added.

Energy giant E.ON announced recently 
that plans to build a new coal-fired 
plant at Kingsnorth in Kent, due to 
be the first in the UK to feature CCS 
technology, have been postponed due 
to the recession and falling demand.

£3.5m Carbon 
Storage Project 
Launched
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Speaking ahead of the CSLF ministerial meeting, Gardiner Hill, Chairman 
of the CCP said, “The CCP is a leading example of how public-private 
partnerships can work successfully to make rapid progress on closing 
the technical knowledge gaps that will allow widespread deployment 
of next generation technologies. Our findings represent a crucial step in 
the evolution of CCS. However, if CCS is to become part of the solution 
for managing climate change, governments and industry must not only 
collaborate on technology development but also on deployment. CCS 
needs to be met half-way. We have a technology ready for deployment 
today, and the CCP work will help underpin future reductions in cost and 
build public confidence of CCS.”  

The findings are the result of a major collaborative effort between the members of CCP including eight oil & gas majors 
and government bodies including the EU, the US Department of Energy, the Norwegian Research Council and 60 academic 
institutions, industry and leading environmental groups. Over 150 projects have been undertaken by the CCP, to date, to 
increase understanding of the science, engineering applications and economics of CCS.   The CCP is now entering its third 
phase – using insights from the first two phases to further test and trial high potential technologies. This work will prepare the 
ground for widespread deployment of these technologies throughout the oil and gas industry and the power sector. Formed 
in 2000, the CCP is a respected technical authority on CCS, facilitating the sharing of expertise to advance the development 
of next-generation capture technologies, the transport of CO2 and the development of a certification framework for CO2 
geological storage.   For further information please visit: www.co2captureproject.org   

CCP Project Publish Book of Results

We are pleased to inform you that the website for the In Salah carbon 
capture and storage (CCS) project has gone live.  We hope that you find 
the website a useful resource; providing background information and up 
to date news on the project. 

In Salah, in Algeria, is operated by BP, Sonatrach and Statoil. This joint venture 
has overseen the capture and storage of one million tonnes a year of CO2 from 
its natural gas refinery. Since 2004 the project has compressed, dehydrated, 
transported (via two pipelines) and stored the CO2 in a deep saline formation close 
to the gas-field. Three state-of-the-art horizontal wells are used to store the CO2 
2km below ground. The storage formation is a low-permeability Carboniferous 
Sandstone, which is commonly found in the USA, northwest Europe and China - 
regions with high CO2 emissions.   

www.insalahco2.com  

New Website for the In Salah Project

In the last edition of Greenhouse Issues, 
number 95, we wrongly attributed 
the hosting of the workshop on 
modelling held in Svalbard. The hosts 
of the workshop were the University of 
Bergen, not Sintef as previously stated. 
We apologise for this error.

Erratum

FENCO-ERA Workshop on CCS, Learning by Doing
By Jan Willem Dijk (DConsult) and Peter Versteegh (SenterNovem)

On October 28th 2009, a FENCO-ERA Workshop on “CCS, Learning by Doing: Large Scale 
Demonstration Project Managers tell their Real Stories” was held in Amsterdam. FENCO-
ERA is a European Union 6th Framework Programme Coordination Action (CA) on 
clean fossil fuel energy. The overall aim of FENCO-ERA is to map the national 
R&D activities in the field of fossil energy conversion and CO2 capture and 
storage (CCS) in order to construct a durable network and cooperation 
that will enable European Industry to compete effectively in the 
global marketplace.  

In total 31 delegates from 11 EU member states 
participated.  They comprised public 
officers, representatives of 
nat ional 

The In Salah Installation in Algeria
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Conferences & Meetingsauthorities, technical experts, 
industrialists, future CO2 storage 
operators, and FENCO-ERA members. 
This article presents a short summary 
of the Workshop.
Many FENCO-ERA members are 
now getting near or have already 
realised the first implementation of 
CCS projects in the form of large-
scale demonstrations. Oil & gas 
multinationals like Shell, Vattenfall, 
and Total are now facing the first real-
life challenges of CCS implementation. 
One of the biggest issues emerging is 
that of public awareness/acceptance 
and this was cited by many other 
presenters including Gassnova, the UK 
Advanced Power Generation Forum 
(APGTF), Groningen Province, and 
Rotterdam Climate Initiative.

The participants came to the overall 
conclusion that fully integrated large-
scale and operating CCS Power Plant 
is necessary to gain the necessary 
learning effects on e.g. public 
awareness and acceptance. This view 
was echoed by Mr. Neil Wildgust of IEA 
GHG based on the conclusions of an 
IEA GHG survey amongst all large-scale 
CCS-operators. 

Mr. Philip Sharman, Chairman of the 
APGTF referred to the UK-government 
competition that was announced in 
the March 2007 budget for a large-
scale CCS demonstration.  Funding will 
be made available for a fully integrated 
>300MWe post-combustion capture 
project based on coal-fired power 
plant with offshore CO2 storage. A pre-
condition is that the gained knowledge 
is disseminated.

Norway is also taking-up large-
scale demonstrations. Mr. Tore 

Amundsen Managing Director 
of European CO2 Technology 

Centre (TCM) stated that the 
Norwegian government 

has set as a goal 
that no carbon 

based power 

generation is allowed without CCS. 

The State and Statoil agreed upon a 
2-stage approach to pursue this goal:

1. Demonstrate and develop 
technologies

2. Build large scale (1 MtCO2/year) 
CCS chain

It is expected that stage 1 will probably 
cost around €600M. The project is 
called the TCM and starts in 2011.

So, large-scale demonstrations are 
being taken up by several European 
member states. Most stakeholders 
have great interest in the learning 
effects concerning public awareness 
and acceptance processes. Several 
operators such as Total, Vattenfall, 
and Shell have already gained some 
experience on the matter.

In order to improve public acceptance, 
Mr. Gérard Moutet of Total recommends 
setting up the right level of resources 
early in the process. An operator 
should consider establishing a special 
CCS implementation information 
team consisting of technicians and 
communication specialists. The team 
should start with a full social relationship 
management analysis to map opinions 
of the stakeholders upfront. To this end 
Total undertook public consultations. 
The company distinguishes the need 
for three different types of approaches 
at local, regional, and national level. All 
three levels may have differing view 
points on CCS. Mr. Moutet explained 
that if a balance between burdens and 
benefits for all stakeholders involved is 
established, the public acceptance will 
increase. Total gained experience with 
their Lacq project in France.

Mr. Korshøj described 
Vattenfall’s experience from the 
Nordjyllandsvaerket project and the 
pivotal role played by communication 
with the public. He explained that one 
of the key factors for success was the 
formation of a local contact group 
to secure communication between 
Vattenfall and the public. It worked 
very successfully and the levels of 
acceptance are high.

Shell also learnt that an important 
and very difficult part of the 

project concerns public 
acceptance. Ms. 

Margriet Kuijper of Shell CO2 Storage 
said that understanding and handling 
the playing field is not easy.  Shell gained 
experience with the preparation of 
the onshore CO2-storage Barendrecht 
project. Ms. Kuijper believes that 
the public must understand basic 
elements before starting a large-
scale CCS-demonstration. It all starts 
with understanding of the urgency of 
climate change and energy security. 
Secondly, awareness must be raised 
on the necessity of CCS related to the 
transition towards renewable energy. 
Only then understanding for small 
demonstrations will grow and the 
framework for full-scale installations 
can be developed. 

Mr Jaap Siemons of the Groningen 
Province said that governmental 
officials who have to deal with the 
playing field of conflicts of interest 
(economy versus environment) have to 
be trained properly in order to learn to 
make the right decision. He suggested 
that an interdisciplinary CCS core team 
should be established within regions, 
with a flexible structure. Besides 
Networking and lobbying is also 
important to understand the different 
political issues, and to increase changes.

During the discussion, it was concluded 
that national governments and the 
European Union should give similar 
messages. Governments should explain 
the different options, and how necessary 
they are for tackling the climate change. 
Mr. Barend van Engelenburg of the 
Rotterdam Climate Initiative explained 
that in the Netherlands a website was 
prepared with information provided by 
scientists, NGOs, and the government 
on explaining what CCS is and the 
accompanying risks. This approach 
worked because it provided unbiased 
information and was authorized by 
almost all stakeholders.

The workshop organisers have 
published the presentations and the 
proceedings on their website: 
www.fenco-era.net/WS7-Amsterdam/
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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:

2009-8: Long Term Integrity of CO2 Storage - Well Abandonment
This is the final report of work carried out on behalf of IEAGHG by TNO. The report looks at the long term integrity 
of CO2 storage, with specific reference to well abandonment. The report reviews regulatory regimes, and outlines 
the impact these have on abandonment methodologies around the world, and also reviews the various best 
practices applicable to well abandonment.

2009-11: 5th Meeting of the Monitoring Network
The fifth meeting of the Monitoring Network was held in Tokyo, Japan in June 2009. The meeting was organised 
by the University of Kyoto, JAPEX, RITE and AIST, and included presentations and discussions of the latest 
research and practical R&D activities. 

The discussion sessions were varied, and generated a set of agreed conclusions, incorporating the needs and 
direction for future research activities.

2009-13: Development of Storage Coefficients for Carbon Dioxide Storage in Deep Saline Formations
This is the final report of work carried out on behalf of IEAGHG by the Energy and Environmental Research 
Centre (EERC), from the University of North Dakota, to undertake a study to develop storage coefficients for CO2 
storage in deep saline formations. The project was co-sponsored by the US Department of Energy (US DOE).

2009-14: Evaluation of Novel Post-Combustion CO2 Capture Solvent Concepts
SINTEF Chemistry and Materials has extensively evaluated and assessed three novel solvents for post-combustion 
CO2 capture and these includes:

(a.) Alstom’s Chilled Ammonia Process
(b.) CANSOLV DC101 Solvent
(c.) Praxair MDEA-MEA Blend Solvent.

The assessment has made based on publicly made available information and supplemented by kinetic data 
gathered at their laboratory. 

The assessments were aimed to identify the potential benefits, challenges, and uncertainties regarding the three 
processes described. Also included in this report is a brief summary of a standard MEA based process which is 
used for performance comparison. The standard MEA process is based on Fluors Econamine technology. 

News for Members
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Conferences & Meetings

This is a list of the key meetings IEAGHG are holding or contributing to throughout 2010. Full details 
will be posted on the networks and meetings pages of our website, www.ieaghg.org and more 
information will be posted on the website in due course.

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.

  Environmental Impacts of Capture 
   February 12th 2010; Oslo, Norway

  2nd Modelling Network
   February 16th - 17th 2010; University of Utah, Salt Lake City, USA

  2nd EAGE CO2 Workshop on Geological Storage
   March 11th - 12th 2010; Berlin, Germany
 

  Innovation for Sustainable Production
   April 18th - 21st 2010; Bruges, Belgium

  6th Wellbore Integrity Network  
   April 28th - 29th 2010; The Hague, The Netherlands

  6th Monitoring Network
   May 6th - 8th 2010; New Orleans, USA

  9th Annual Conference on Carbon Capture & Sequestration
   May 10th - 13th 2010; Pittsburgh, Pennsylvania, USA

  6th Monitoring Network
   May 6th - 8th 2010; New Orleans, USA

  5th Risk Assessment Network
   May 17th - 18th 2010; Denver, Colorado, USA

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

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

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


