
General Manager:

IEA Greenhouse Gas R&D Programme

T
he present General Manager, of

IEA GHG, Harry Audus, has

decided not to extend his

contract of employment at the end of

2007. A process to identify possible

successors is now underway by the

programme’s Operating Agent. Those

interested in this position should see

page 2.
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New Members Join IEA GHG

T
he IEA Greenhouse Gas R&D

Programme is very pleased to

announce that Schlumberger

has now completed all the formalities

for its participation as a Sponsor. This

Agreement became effective as of 20

February 2007 and was signed

by Laurent Jammes, Schlumberger

Carbon Services.

Schlumberger is the world’s leading

supplier of technology, project

management, and information

solutions to the oil and gas industry.

It operates in approximately 80

countries and has 70 000 employees

of 140 nationalities. The Members of

IEA GHG are very pleased to have a

new Sponsor with such a depth of

expertise.

We are also pleased to announce that

the Indian government recently

became a contracting party to IEA

GHG. The signing ceremony took

place in New Delhi on 22 January in

the presence of R.V. Shahi, Secretary,

India’s Ministry of Power, and Claude

Mandil, IEA’s Executive Director.

India’s closer partnership with the

IEA GHG firms up existing

co-operation and promises to be

fruitful for all parties. Our reinforced

links underpin a dialogue very much

in line with goals identified at the G8

summits of Gleneagles in 2005 and

St. Petersburg in 2006. India’s

presence at both summits

demonstrated its commitment to

meeting those goals, and especially

the goal of reducing greenhouse gas

emissions from use of fossil fuels. This
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General Manager,

IEA GHG Position

Available

Continued from the front page

S
erious candidates for the

position of General Manager to

the IEA GHG Programme

will probably already have

good knowledge of the activities

of this IEA Implementing

Agreement through its websites

(www.ieagreen.org.uk and

www.co2captureandstorage.info).

is the sole focus of IEA GHG, which

promotes R&D and works to keep

policy makers and all stakeholders

informed about greenhouse-gas

abatement technology and policy

approaches.

This new phase in our work with

India is extremely important because

it provides a formal basis for work to

investigate possibilities existing

outside the IEA countries for meeting

the G8 goals through application of a

range of GHG- reduction

technologies. We have therefore lost

no time in getting to work with India

on some exciting new investigative

projects.

A major IEA GHG focus is CO2

capture and storage (CCS) and a key

initial activity in partnership with

India is an assessment we shall be

making of the potential for CO2

storage in the Indian

subcontinent. The scope of this work

covers emissions and CO2 storage in

India but also in Pakistan and

Bangladesh. National CO2

emission-source data will be

reviewed and updated with the

objective of identifying clusters of

large point sources where substantial

emission reductions could be

achieved if CCS were adopted. A

dataset of potential geological storage

formations within India, Pakistan and

Bangladesh will be developed and the

India signing the agreement to join IEA GHG. From left to right: Mr. Ajay
Mathur, Director General, India’s Bureau of Energy Efficiency; Mr. R.V.
Shahi, Secretary, India’s Ministry of Power; Mr. Claude Mandil, Executive
Director, International Energy Agency

potential storage capacity of these

formations assessed.

Several organisations on the Indian

subcontinent are taking part in the

study, which is led by the British

Geological Survey. The work is being

funded jointly by IEA GHG and the

United Kingdom’s Department for

Environment, Food and Rural Affairs

(DEFRA), whose contribution comes

from a Gleneagles G8 follow-up

fund.

These imply that the General

Manager will be dealing, on

a world wide basis

with government representatives,

industrial organisations and other

stakeholders with an interest in

climate change mitigation through

technology approaches.

Candidates who would have the

respect of such a group through his

or her activities and achievements

hitherto will have a significant

advantage.

The General Manager deals with

both administrative matters

involving staff and letting of

contracts, setting up workshops,

producing reports etc Preference

will be given to candidates who are

able to demonstrate wide ranging

technical competence and

knowledge of carbon capture and

storage and its development history.

He or she must have excellent

inter-personal skills, as managing a

small expert team and dealing with

subscribing members from a global

community is a key aspect of the job.

If you wish to be considered for this

position please email a CV and

covering letter to the Operating

Agent, Dr John Topper, Managing

Director, IEA Environmental Projects

Ltd at john.topper@iea-coal.org.uk .

International

Summer School

on CCS

T
he IEA Greenhouse Gas

Programme (IEA GHG) and

Forschungszentrum Jülich are

pleased to announce a new

international initiative to develop an

annual summer school on CCS. The

first of these summer schools will be

held at Kloster Seeon, near Munich,

Bavaria, Germany between to 19th

and 24th August 2007. This meeting

is being supported by the German

Ministry of Economics. Several

industry organisations have also

pledged their support as have the

European Commission supported

CO2GeoNET project.
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The venue is a former Benedictine

Monastery which was developed into

the District of Upper Bavaria’s

Cultural and Educational Centre in

1993. The centre is situated on a

promontory set out into the lake and

has all the facilities required for a

stand alone conference venue with

an ideal setting for a summer school.

Details of the venue can be found at

www.kloster-seeon.de.

The summer school will cover the

whole field of CCS and will aim to

presents the most recent results from

this active R&D field:

� Sources of CO2

� Capture of CO2

� Transport of CO2

� Underground geological storage

� Ocean storage

� Mineral carbonation and

industrial uses of CO2

� Safety

� Costs and economic potential of

CCS

� Regulatory regimes

� Implications of CCS for GHG

inventories and accounting.

The target group for the summer

school are young scientists, e.g. PhD

students and Post Docs with

background in engineering,

geo-technologies, socio-economics.

The goal is to provide students with

diverse backgrounds a broad

understanding of the issues

surrounding CCS and encourage

their active participation in this area.

Some 50 students from both

developed and developing countries

will be invited to participate at the

summer school, by invitation only. It

is planned that best student awards

will be given which will involve paid

attendance at GHGT-9 to be held in

Washington D.C in November 2008.

Further details on the summer school

will be available in the near future on

the IEA GHG web site:

www.ieagreen.org.uk

It is planned that in future the

summer schools will be held annually

and will rotate around the world.

The next summer school in 2008 is

planned to be held in Canada.

An aerial view of Kloster Seeon

International

Research Network

News

Monitoring Network

T
he monitoring network held its

third meeting in Melbourne,

Australia, between 30th

October and the 2nd November

2006. The hosts for the event were

the CO2CRC and the Australian

Greenhouse Office. This meeting was

the first international research

network meeting held in Australia.

Attendance was good with some 60

delegates present from Australia,

Canada, France, Japan, Sweden, New

Zealand, UK and USA.

The meeting was split into 3 separate,

but related events. The first day was

co-ordinated by the Australian

Greenhouse Office and was focused

on Regulatory Guidelines for

Monitoring, Evaluation, Reporting

and Verification (see later article).

The following two days were

dedicated to the Monitoring network

activities. On the 4th day CO2CRC

organised a visit to the Otway Basin

Pilot Project site.

The monitoring network meeting

had the distinction of being opened

by the Honourable Theo

Theophanous, Minister for Resources

in Australia. This was the first time

one of our network meetings had

been opened by such a prestigious

speaker. The meeting was

concentrated initially on three issues

related to monitoring which were:

� Monitoring of wells and seals

� Monitoring of the cap rock seal

and integrity

� Monitoring of containment

Presentations were invited by key

research groups drawn from around

the world on these topics in

dedicated sessions. At the end of each

session there was a facilitated

discussion to agree on what had been

learnt and where any further

research was needed. On the

afternoon of the second day a

practical session was organised, in

which the proposed Latrobe Valley

CO2 storage site was used as a test

case for discussion. Initially, the

Regulatory needs were outlined from

an Australian context; a detailed

presentation on the geological

situation of the proposed site was

given and then the delegates were

divided into four interdisciplinary

groups (mixing regulators and

monitoring experts together). The

groups were invited to use the

Monitoring Tool to develop their

thoughts first on the regulatory

requirements for monitoring and

finally on the range of monitoring

techniques that could be applied. In
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Production Well at the Otway Basin Pilot Project

the closing session the results from
each group were compared.
Presentations from the workshop are
available to registered users on the
Monitoring Network web site at
www.co2captureandstorage.info. A
report from the meeting will also
appear shortly on the web site for
general dissemination.

The fourth day involved a day’s
excursion to Warrnambool in the
South West Victoria. The day
included a visit to the Otway Basin

Pilot Project (see Greenhouse Issues
number 81) followed by visits to a
BOC-operated CO2 production plant
that is purifying naturally sourced
CO2 for the food industry, a local gas
storage project and a local power
plant and open cast mine. The group
also found the opportunity to visit the
famous 12 Apostles on the Great
Coast Road before returning to
Melbourne.

The next meeting of the monitoring
network will be held in Edmonton,
Canada, hosted by the University of
Alberta in autumn 2007. Details will
be available shortly on the
Monitoring Network web page.

2nd Workshop of the
International
Oxy-Combustion
Network

IEA GHG has recently concluded the
2nd Workshop of the International
Oxy-Combustion Network which
was held on the 24th to 26th of
January 2007 at Windsor,
Connecticut, USA.  The meeting was
fully booked with the participation of 
88 delegates from 16 countries
worldwide.  The meeting was hosted
by Alstom Power Inc., one of IEA
GHG’s industrial sponsors. 

The workshop started with a facility
visit to Alstom’s Power Plant
Laboratories. This included a visit to
their 25MWth boiler simulator,
3MWth Oxy-CFB test rig, chemical
looping combustion test rig, and their 
analytical and material testing
laboratory.

The opening session of the meeting
started with two keynote
presentations by Prof. Adel Sarofim of 
Utah University and Dr. Woody
Fiveland of Alstom. This was followed 
with 19 other excellent presentations 
over the two day meeting which
presented a wide range of topics
looking at the experimental results,
on-going studies, new developments
and discussion on various issues
regarding the oxy-combustion
technology for power plant
application.

The first day of the meeting ended
with a discussion forum led by Prof.
Janos Beer of MIT; wherein the
discussion highlighted the various
key issues related to power plant
efficiency, operational issues and flue 
gas processing.  Finally, the main
highlights of the workshop that
concluded the meeting was the panel
discussion where the six on-going
large scale oxy-combustion
demonstration projects worldwide
were presented.

All presentations are now
published in the IEA GHG

Participants of the oxy-combustion network at Alstom's Power Plant
Laboratories
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Regulators Day at
the IEA GHG
Monitoring
Network Meeting
By Mark Bonner
Director, Energy Futures Branch
Australian Greenhouse Office  

T
he 3rd Annual IEA GHG’s
Monitoring Network Meeting
was held in Melbourne, from

30th October to 2nd November
2006. The week involved
presentations and detailed discussion 
on the technical aspects of CCS
monitoring, with a good
representation of experts from
around the world.

Day One of the meeting was
dedicated to discussion on CCS
related regulation, with a particular

capture and storage website
at www.co2captureandstorage.info/
networks/oxyfuelmeetings.htm

Post Combustion CO2

Capture Network

The International Post Combustion
CO2 Capture Network met last in
Denmark, just before the GHGT-8
conference in Norway in June 2006.
Planning is advancing for the 10th

meeting which will be hosted by
Institut Francais du Pétrole in Lyons,
France 24th-25th May. Topics on the
draft programme include 

1. Environmental Impacts of amines
2. Laboratory studies on use of

amines AND other possible CO2

capture solvents
3. Reports  from pi lo t  plant

operations
4. Model l ing and scale  up

implications; progress towards
demonstration.

Attendance should be by those active
in this field. Anyone wishing
to attend who is not already
on the invitation list
should contact John Topper
(john.topper@iea-coal.org.uk or
Andrea Lacey (andrea@ieaghg.org)

focus on the monitoring, evaluation,
reporting and verification (MERV) of
geologically stored carbon dioxide.

The Australian Greenhouse Office
from the Australian Government’s
Department of the Environment and
Water Resources hosted the day,
which attracted a broad range of
international and domestic
environmental and industry
regulators, CO2 storage scientists,
policy makers and industry
representatives.  Presentations
were made by attendees from a range
of backgrounds, including
government, an environmental
non-government organisation,
research and insurance. The
presentations provided context for
the ensuing regulatory discussions,
particularly on the importance of
CCS in addressing climate change
through greenhouse gas mitigation,
and on the need to develop MERV
technologies and arrangements that
deliver on regulatory requirements.

The regulatory dialogue was
informed and free flowing, and was
not solely technically focussed.  It
sought to make connections between
the various disciplines and
professions represented.  For
example there was general consensus 
and enthusiasm among Australia’s
federal and state public officials to
work more closely together to ensure
a consistency of future regulatory
approaches and to share a
continuously expanding knowledge
base.  Other areas of discussion
included: parallels with other
regulatory processes, including toxic
waste and mine dumping; the need
for transparent and open regulatory
processes for public assurance; the
need to maintain a dialogue across all 
stakeholders; the need to assure the
community of CO2 containment
integrity and the way forward.

A discussion paper will be publicly
released in the coming months, after
consultation with regulators and
members of the IEA GHG R&D
Programme’s Monitoring Network.
The paper aims to provide a
representative and balanced
treatment of the many regulatory
related matters and options that arose 

in the discussion outlined above. 

Expert Workshop
on Financing CCS
Projects

T
he IEA Greenhouse Gas R&D
Programme together with the
IEA Clean Coal Centre is

organising an Expert Workshop on
the financing of Carbon Capture and
Storage (CCS) projects.  The objective
is to identify barriers and solutions to
the funding of commercial-scale CCS 
projects. Areas for discussion
include: information requirements,
financing sources, mechanisms and
incentives, business planning, risk
sharing, insurance, liabilities, etc. 
Several speakers from the financial
community have already agreed to
take part, as have speakers from
organisations developing CCS
projects in Australia, Canada,
Germany, and the UK. The event will
be held in London, at the Rembrandt
Hotel on the 31st May and 1st June
2007. 

Please note: this is a workshop aimed
at people involved in the
development and financing of
commercial-scale CCS projects. A
report on the workshop’s conclusions 
will be posted on the IEA GHG
website. To register for the event
please contact sian@ieaghg.org. 

Seeing is

Believing!

T
he CO2SINK project supported
by the European Commission
plans to start injecting CO2 into

an underground aquifer later this
year. Drilling rigs for an injection
and two observation wells for this
project have already been mobilised.
CO2SINK is an experimental in-situ
programme which will increase the
understanding of how to assure the
integrity of permanent underground
storage of CO2. It will be testing
new and improved methods
of characterising underground
reservoirs and their cap rocks. The
project is taking place about 25km
west of Berlin and will inevitably
attract increasing interest,
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particularly from the local residents
once real operations start. The
injection wells will be within the
industrial area used by the company
which operated the Ketzin natural
gas storage reservoir. This company,
Verbundnetz Gas AG, which will
conduct the day to day operations at
the injection site, has made available
a substantial building at the site, part
of which is being converted to house
a display about CO2 Capture and
Storage. 

Researchers working on the project
have noticed how difficult it is
to explain to visitors and journalists
the conditions which exist in
deep underground reservoirs and
particularly how vast quantities of
CO2 can be so easily stored in them.
One of the key facts which is difficult
to conceptualise is that when CO2 is
brought to depths of more than a few
hundred meters underground it
becomes very dense and assumes
properties which are like those of a
liquid. It would look and feel like
water. Whereas one can easily
imaging tons of water being pumped
in and out of reservoirs it is difficult
to imagine that the same can be done
with CO2 which after all is for the
most part experienced as a gas in the
atmosphere in very dilute quantities. 

The researchers at the
GeoForschungsZentrum Potsdam
(GFZ) have constructed a special
apparatus (see photo) which will
enable CO2 to be observed under the
conditions which exist deep in the
earth. Essentially this is a pressurised
cylinder about 20cm in diameter
with large heavy glass viewing ports
at either end. The apparatus is
equipped with a compressor which
can fill the viewing cylinder with gas
at the high pressures which
exist underground. Thermoelectric
heating/cooling elements on the
walls of the cylinder allow the
temperature to be changed so that a
wide range of temperature and
pressure conditions can be set. It will
be possible to view the CO2, see its
transition from a liquid to a
supercritical phase and hopefully
also to demonstrate its amazingly
powerful solvent properties when in
the supercritical condition. After
testing in the laboratory the device
will be installed at the injection site as 
part of the exhibition open to the

public. It will also be possible to place 
samples of reservoir rock within the
viewing chamber so that the capacity 
of such rock to take up CO2 can also
be viewed and experienced live.

A short video and still pictures of a
typical demonstration are planned.
For those interested there are already
pictures of the behaviour of CO2

under extreme pressure taken by
MBARI from one of their deep
sea exploration expeditions.
These can be viewed at
www.mbari.org/ghgases/deep/
release.htm

CO2NET EAST will contribute to the
European CCS networking by:

l Providing membership support to
new CO2NET member
organisations from EU new
Member States and Associated
Candidate Countries to enable
them active participation in
Annual Seminars and other
networking activities;

l (Co-)organising several CO2NET
events (seminar, workshops) in
new Member and Candidate
Countries;

l Disseminating knowledge and
raising awareness of CO2 capture
and storage technologies in new
Member and Candidate
Countries;

l Establishing links among CCS
stakeholders in new Member and
Candidate Countries and between
them and their partners in other
EU countries using the existing
networks like CO2NET or ENeRG
as well as links with the
Technology Platform for Zero
Emission Fossil Fuel Power Plants.

The project will be built on East-West 
cooperation, helping the new
member states to add to the
co-ordination effort to fast-track the
development and commercialisation
of CCS technology for Europe.

For further information, please
contact Vit Hladik (project
co-ordinator), Czech Geological
Survey – hladik@gfb.cz

CO2 phase demo (Constructed by A.
Jurczyk and St. Meyer (all GFZ)
©GFZ-Potsdam

A New EC CO2

Research Project:
MOVECBM

Monitoring and
Verification of CO2

Storage and ECBM in
Poland

By Pascal Winthaegen
TNO Built Environment and
Geosciences, The Netherlands

O
ne of the options to store the
greenhouse gas CO2 is in
underground coal seams. An 

CO2Net East

C
O2NET EAST is a
Co-ordination Action
co-funded by the European

Community within its 6th Framework 
Programme for research and
technological development (FP6). It is 
proposed as a mechanism to involve
the new EU Member States and
Associated Candidate Countries in
the current European CO2 capture
and storage (CCS) networking
activities, especially in the existing
Carbon Dioxide Knowledge
Transfer Network (CO2NET;
www.co2net.com). This network was 
initially set up under the EC FP5
Programme, as the leading European
CCS networking forum.
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advantage of using coal is that, as a
result, more Coal Bed Methane
(CBM) is released. This methane can
then be produced and used as energy
source, e.g. in a so-called closed loop
system. In a previous EC project,
RECOPOL, the feasibility of CO2

storage in coal under European
conditions was investigated by field
and laboratory experiments. This
project, finished in 2005, showed the 
potential of this application.
However, it also showed that the
fundamental processes are still not
fully understood. Especially, for
optimal storage and enhanced CBM,
the adsorption kinetics (and rate) and 
the diffusity of gasses into fractures /
coal matrix and related monitoring
were identified as main research
targets. In general, monitoring CO2

storage is situation specific. Here
migration of free CO2 and CBM
through relative thin, deep coal
seams and its overburden need to be
monitored.

The objective of the EC MOVECBM
project is to improve the current
understanding of CO2 injected in
coal and, hence, the migration of
methane in order to ensure a
long-term reliable and safe storage.
The laboratory work and modelling
will be based on parameters of the
previously investigated test site in
Kaniów, Poland. The injection well,
realised in the EC RECOPOL project,
will be used to produce gas from the
coal seams (Figure 1). The
composition of this gas will be
continuously monitored to define the
actual adsorption of CO2 that was
injected in the coals seams during the 
RECOPOL project. 

Besides the field production test in
Kaniów, a small scale combined
injection and production experiment
will be carried out in the Velenje coal
mine in Slovenia. Horizontal
injection and production wells are
drilled in the coal. The results from
the mine will fill the gap between the
larger scale field experiment in
Kaniów and the laboratory work.

These laboratory and field results of
the MOVECBM project will allow to
test optimal storage and production
regimes and corresponding optimal
monitoring methodology. Besides the 
coal reservoir and the cap rock also
the wells and the (near) surface are

monitored. Research will be
performed on the resolution,
geometry and time-intervals of the
applied monitoring techniques. The
combination of monitoring and
modelling is essential for predicting
long-term CO2 and CH4 behaviour
and, subsequently, the long-term
reliability and safety. A methodology
is developed where, based on field
test and laboratory results, models
are updated and used to predict
future behaviour and can be used to
optimise the storage process.

Monitoring and verification
guidelines for site certification are
derived from modelling results and

Figure 1: The well in Kaniów that was used as CO2 injection well and that
will be used as production well in the MOVECBM project.

compared to broadly accepted
standards. It is emphasised that the
storage technology developed in this
project can also be applied to third
countries (e.g. China, Australia,
USA), where major CO2 emitters are
located near large coal resources
(Figure 2). These are optimal
conditions for ECBM. 

The MOVECBM project is partly
funded by the Sixth Framework
Programme of the European
Commission (contractnr. 38967). A
list of the consortiums 17 research
partners can be found on the website.
TNO is coordinator of the MOVECBM 
project that started on November 1st,

Figure 2: In red is indicated the major coal basins, in green is indicated the
countries of the participating members of the MOVECBM research
consortium.
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2006 and has a duration of 2 years.
More information can be
obtained from the project
website: www.movecbm.eu and
info@movecbm.eu

New and Revised
Version of
CO2STORE Best
Practice Manual

T
he CO2STORE project is now
complete. CO2STORE carried
on the research that started

with SACS and was funded by EU,
industry and national governments.
The SACS/CO2STORE work is being
continued through the EU
Framework 6 Integrated Project
CO2ReMoVe.

One of the tangible results of this
work is a completely revised version
of the Best Practice Manual (BPM)
that was first published in 2003 as a
result of SACS. The BPM’s full title is:
“Best Practice for the Storage of CO2

in Saline Aquifers – Observations and 
Guidelines from the SACS and
CO2STORE Projects”. 

CO2STORE continued the work
on Sleipner that started with
SACS, but widened its scope to
four new case-studies selecting
and characterising potential
storage sites in Europe, in both
offshore and onshore settings.
As well as establishing protocols
for conventional geological,
geochemical and geophysical
characterisation and monitoring,
significant effort was put into
evaluating requirements for the
more holistic discipline of site risk
assessment. 

Many of the research results from the 
SACS and CO2STORE projects are
published in the scientific literature
but in a somewhat disseminated
form. The BPM consolidates some of
the key findings into a manual of
observations and recommendations
relevant to underground saline
aquifer storage, aiming to provide
technically robust guidelines for
effective and safe storage of CO2 in a
range of geological settings. This

will set the scene for
companies, regulatory authorities,
non-governmental organisations,
and ultimately, the interested general
public, in evaluating possible new
CO2 storage projects in Europe and
elsewhere.  

The document is framed around a
seven-stage template for site
development, from initial project
inception to eventual site closure,
outlined below. 

1. Statement of storage aims and
benefits 

2. Site screening, ranking and
selection 

3. Site characterisation 
4. Site design and planning consent 
5. Site construction 
6. Site operations 
7. Site closure 

Each project stage is assigned a
separate chapter. The document is
based mainly on the project group’s
experiences with a limited number of
case-studies. When considering its
applicability to other potential
storage sites, it is important to bear in
mind that the Earth’s subsurface is an
extremely variable natural system
with properties that are highly site
specific. Thus, the importance of
some of the issues and procedures
highlighted in the manual will vary
from site to site and, as new potential
sites and storage concepts are
investigated, new issues may arise
that were not considered in
SACS/CO2STORE. Nevertheless, a
wide range of geological,
environmental and planning issues
are addressed, and the document
forms a sound basis for establishing
recommended procedures for the
planning and setting up of a potential
CO2 storage operation. 

The SACS and CO2STORE partners
comprised: Statoil, BP, ExxonMobil,
Hydro, Total, Energi-E2, Vattenfall,
UK Department of Trade and
Industry, BGR (Bundesanstalt für
Geowissenschaften und Rohstoffe),
BGS (British Geological Survey),
BRGM (Bureau de Recherches
Geologiques et Minieres), GEUS
(Geological Survey of Denmark), IFP
(Institute Francais du Petrole), PEL
(Progressive Energy Ltd), TNO-NITG
(Netherlands Institute of Applied
Geoscience – National Geological

Survey), NGU (Norwegian
Geological Survey), SSR
(Schlumberger Stavanger Research),
SINTEF (SINTEF Petroleum Research)
and IEA GHG. 

The Best Practice Manual is edited
and compiled by Andy Chadwick
(BGS), Rob Arts (TNO-NITG),
Christian Bernstone (Vattenfall),
Franz May (BGR), Sylvain Thibeau
(Total) and Peter Zweigel (Statoil).
You may freely download the whole
document (65 MB, 289 pp) from
the home page of CO2STORE:
www.co2store.org. In the near future 
it is hoped that the BPM will also be
made available in book form, details
of this will be announced later.

U.S. DOE Solving
Carbon Capture
and Storage Issues 
through Regional
Partnerships
By John Litynski, Coordinator for 
the Regional Partnership
Program

T
he U.S. Department of Energy
(DOE) is aggressively working
to develop the infrastructure in

the United States and Canada for the
future commercialisation of carbon
capture and storage technologies
through the Regional Carbon
Sequestration Partnerships (RCSP)
Initiative.  The regional differences in 
geology, CO2 sources, and existing
infrastructure required that regional
approaches be developed for the
mitigation and storage of CO2

emissions.  

Underlying the DOE’s approach is
the belief that the geographical
differences in fossil fuel/energy use
and storage sinks across North
America dictate regional approaches
to CO2 sequestration.  In addition,
DOE believes that local individuals
and organizations will bring local
technical and institutional
information to bear on the task of
characterizing opportunities in
individual regions and will perform
the work more efficiently.
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The Regional Partnerships 
Initiative

In 2003, DOE formally launched it's
the Regional Carbon Sequestration
Partnerships (RCSP) Initiative, a
government/industry effort tasked
with defining the relevant
infrastructure needs, regulatory
framework and suitable technologies
to enable carbon capture, storage,
and sequestration in different areas
of the country.  This nationwide
network of seven partnerships
involves more than 400
organizations (state agencies,
universities, environmental groups,
and private companies) spanning 41
states, two Indian nations, and four
Canadian provinces. The
Partnerships are funded by DOE,
with significant cost-share from each 
partnership, and operated by
individual lead organizations.  The
seven partnerships are as follows
(also see Figure 1):

l Big Sky Carbon Sequestration
Partnership (Big Sky), led by
Montana State University

l Midwest Geologic Sequestration
Consortium (MGSC), led by
Illinois State Geological Survey

l Midwest Regional Carbon
Sequestration Partnership
(MRCSP), led by Battelle Memorial 
Institute

l Plains CO2 Reduction Partnership
(PCOR), led by the Energy and
Environmental Research Center.

l Southeast Regional Carbon
Sequestration Partnership
(SECARB), led by the Southern
States Energy Board

l Southwest Regional Partnership
on Carbon Sequestration (SWP),
led by the New Mexico Institute of
Mining and Technology

l West Coast Regional Carbon
Sequestration Partnership
(WESTCARB), led by the
California Energy Commission

Phased Approach

The Regional Partnerships Initiative
is being implemented in three phases:

l Characterization (2003-2005)
l Validation (2005-2009)
l Deployment (2008-2017)

The goal of the initiative is to
demonstrate the technical and
economic viability of carbon
sequestration as a mitigation option
for anthropogenic CO2 emissions,
forming a critical element of a
national strategy to mitigate global
climate change.

Regional Characterization

The Partnerships completed the effort 
to characterize the potential of their
region to store CO2 emissions in
geologic formations and terrestrial
sinks. Each partnership developed
decision support systems that
contained information and data on
regional CO2 sources and sinks used
to develop source-sink matching
models.  Information on sources and
sinks was gathered from State
Surveys, federal organizations, and
industry partners. This effort
developed a comprehensive set of
information on storage opportunities
in the different geologic storage
sinks. Each partnership also
researched project tools necessary to
model and measure the fate and
spread of CO2 after injection.  

Work products from Phase I of the
Regional Carbon Sequestration
Partnerships Initiative are available
at www.netl.doe.gov/technologies/
carbon_seq/partnerships/phase1/w
orkproducts_table.html

Figure 1. Regional Partnerships Map with Locations of Validation Phase
Field Tests

Summary of CO2 Sources

The Partnerships identified 4365
point sources in the United States and
Canada that emitted 3809 million
tons of CO2.

These sources include electric power
plants, oil and gas refineries, cement
kilns, and ethanol plants and
represent opportunities for the
capture of CO2 for future storage. 
Table 1 summarizes the emissions of
CO2 from these sources in United
States and Canada. Figure 2
developed through the NATCARB GIS
illustrates the distribution of sources
throughout the United States. 

Summary of CO2 Sinks

During the Characterization Phase
the Regional Partnerships assessed the 
storage capacity of depleted oil and
gas fields, unmineable coal seams,
and deep saline formations.  These
partnerships determined that
significant storage opportunities exist 
throughout the United States and
Canada that could be used to store
hundreds of years of future CO2

emissions.  Table 2 summarizes the
total storage potential determined
during the Characterization Phase.

During the assessment of storage
sinks the partnerships identified 63
trillion cubic feet of natural gas that
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could be recovered from coal seams
and more than 16 billion barrels of
additional oil that could be recovered 
from depleting oil reservoirs during
sequestration operations. Such
enhanced recovery efforts will help
offset the cost of developing the
infrastructure necessary to capture
and transport CO2 from sources to
geologic sinks.

Regulatory Development

Partnership representatives
participated in the Interstate Oil and
Gas Compact Commission’s (IOGCC) 
working group to identify the
necessary regulatory framework for
implementing field tests, as well as
identifying the gaps in the current
information base for implementing
demonstration-size sequestration
tests.   The working group reviewed
existing legislation related to capture, 
transportation, injection, and
long-term liability of CO2 storage
projects.   During the Validation
Phase, the IOGCC, the partnerships,
and state regulatory agencies are
working to develop a set of model
regulations and statues that could
help develop future regulatory
requirements for carbon capture and
storage projects.

Public Outreach and
Education

The partnerships developed outreach 
and education programs aimed at
local communities to communicate
the benefits of carbon capture and
storage, outline the applicable risks,

and explain possible risk mitigation
strategies.  Products used include
websites, fact sheets, tutorials and
using town meetings, web casts, and
focus groups to educate and gauge
public opinion about the benefits of
carbon sequestration technologies.

Validation Phase

The Validation Phase began in 2005
and focuses on the implementation of 
field tests to validate the efficacy of
carbon sequestration technologies in
a variety of geologic and terrestrial
sinks throughout the United States.
The seven partnerships identified the
most promising opportunities for
carbon sequestration in their regions
during the Characterization Phase,
and have proposed a series of 25
geologic and 11 terrestrial field tests
for the Validation Phase. Geologic
field tests will explore the storage of
CO2 and other GHGs in geologic
formations such as depleted oil and
natural gas fields, saline formations,
and unminable coal seams. 
Terrestrial field tests will investigate
modified forest and agricultural
practices to promote additional
carbon uptake in trees, soils, and
other vegetation. Appropriate
measurement technologies will be
employed to monitor the fate of the

Figure 2.  Distribution of CO2 Point Sources in U.S. and Canada

Partnership Quantity
(Million
Tons)

No. of
Facilities

PCOR 401 1037

MGSC 343 212

MRCSP 1319 496

SECARB 1021 981

WestCarb 132 62

SWP 336 432

Big Sky 112 158

Northeast 144 987

Total 3809 4365

Table 1.  Regional CO2 Sources

stored CO2 and to satisfy
compliance requirements
associated with emerging GHG
registries and carbon markets.
Figure 1 illustrates the location and 
type of field tests scheduled for the
Validation Phase.

During the Validation Phase, the
regional partnerships will continue 
characterizing sequestration
opportunities; maintaining the
regional geographic information
system (GIS) and decision support
system (DSS); working to permit
field projects through the
appropriate regulatory agencies;
and implementing public outreach
and education activities in the
communities where the field
projects will be located to ensure
that the local citizens are well
informed on all the issues related to 
technology deployment. 

Deployment Phase

The primary focus of the
Deployment Phase will be
large-volume geologic
sequestration tests designed to
address R&D issues that will only be 
addressed by scaling up.  The
activities of the projects will be
focused on three major activities
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including site selection and
characterization; injection
operations and monitoring; and well
closure and post injection
monitoring.  Specific technical issues
to be investigated include sustainable 
injectivity rates, well integrity, and
formation behavior with respect to
prolonged injection.  Issues such as
these can only be addressed by
scaling up the size and duration of
sequestration tests.  The large volume 
tests will be expected to inject on the
order of 1 million tons of CO2 per
year.

Conclusion

The three phases of the initiative are
designed to lead to the development
of commercial-scale carbon
sequestration projects in North
America. The Partnerships have
identified hundreds of years of
storage capacity for future CO2

emissions in the United States and
Canada.  During the Validation Phase 
the Partnerships will work to
demonstrate that the assumptions
made during the previous phase are
accurate related to capacity and
injectivity.  Finally, the DOE will be
working to initiate several large
volume sequestration tests that will
demonstrate that the long-term
storage of CO2 in these geologic
formations is feasible in the
regionally diverse geologic
formations.

Partnership Saline Unmineable
Coal Seams

Oil
and
Gas
Fields

Total

Low High Low High Low High

BIG SKY 271 1085 - - 0.75 275 1086

MGSC 29 115 2.3 3.3 0.44 32 119

MRCSP 118 118 0.9 0.9 2.5 121 121

PCOR 97 97 8 8 19.6 125 125

SECARB 360 1440 57.4 82.1 32.4 450 1555

SOUTHWEST 18 64 0.85 2.3 21.4 40 88

WESTCARB 76 304 - - 5.3 81 309

Total 969 3223 69.5 96.6 82.4 1135 3402

Table 2.  CO2 Storage Capacity Estimates for Geologic Formations 
(Giga tons of CO2) 

Latest News on
the Science of
Climate Change

T
his is the first of four reports
that will be published in 2007
by the IPCC as part of its Fourth

Assessment Report (4AR) has been
released. The report, from the IPCC’s
Working Group I, looks at the
science of climate change.  The other
reports will look at: impacts,
adaptation and vulnerability;
mitigation of climate change, these
will be published in April/May 2007
and finally a Synthesis Report will be
published in late 2007. 

The key findings of the WG I report
are;

l It is “very likely” that human
activities are causing global
warming. In 2001 it was
concluded that it was “likely” that
human emissions were
contributing to climate change

l Probable temperature rise by the
end of the century will be between 
1.8C and 4C, higher than
projected in 2001. 

l Possible temperature rise by the
end of the  century ranges
between 1.1C and 6.4C 

l Sea levels are likely to rise by
28-43cm, a more conservative
projection than in 2001 

l Arctic summer sea ice is likely to
disappear in second half of
century 

l It is very likely that parts of the
world will see an increase in the
number of heat waves 

l Climate change is likely to lead to
increased intensity of tropical
storms 

Full details and a copy of the
Summary for Policy Makers can be
found at: www.ipcc.ch

Developments on
CCS/CDM at
Nairobi

K
enya hosted the second
meeting of the Parties to the
Kyoto Protocol (COP/MOP 2),

in conjunction with the twelfth
session of the Conference of the
Parties to the Climate Change
Convention (COP 12) in Nairobi in
November 2006. The conference also 
included the 25th session of the
Subsidiary Body for Scientific and
Technological Advice (SBSTA 25), the 
25th session of the Subsidiary Body
for Implementation (SBI 25) and the
second session of the Ad Hoc
Working Group on Further
Commitments for Annex I Parties
under the Kyoto Protocol (AWG 2). 

CO2 Capture and Storage
in the CDM

Of most interest to readers are the
developments on CCS and CDM. The
COP/MOP 2 called for further input
from governments and others on
whether CO2 capture and storage
(CCS) technologies should be eligible
as CDM projects. 

There are two main concerns about
including CCS in the CDM. The first
is that developing countries may not
be the right proving ground for the
emerging CCS technologies. The
second concern is that CCS projects
require a long term liability, which
goes far beyond the present
maximum crediting lifetime of 21
years for CDM projects. During
COP/MOP 2 it was apparent that the
discussion on including CCS in the
CDM goes further than the regular
discussions on eligibility of project
types. Allowing CCS in the CDM
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would have direct implications on the 
energy and emissions profile of the
host country, which would also have
an impact on that country’s position
during post-Kyoto negotiations. For
example, implementation of CCS
projects in China and India for a
period of 30 years would reduce
these countries’ incentives to adopt
emission reduction targets under a
future climate policy regime. 

The COP/MOP 2 called for
submissions on a range of technical
issues and asked the SBSTA to provide 
recommendations at COP/MOP3,
with a view to taking a decision at
COP/MOP4 on the inclusion of CCS
in the CDM. COP13 and COP/MOP3
will be held on 3-14 December,
probably in Bali, Indonesia. A final
decision on the venue is due in
mid-February.

Coal Award for
Kelly
Thambimuthu,
Chairman of IEA
GHG

T
he IEA Coal Industry Advisory
Board (CIAB) Coal Award was
presented to Dr Kelly

Thambimuthu by CIAB Chairman
Preston Chiaro (Chief Executive -
Energy, Rio Tinto) at a dinner hosted
in Paris by Claude Mandil, IEA
Executive Director, on 2 November
2006.

The CIAB which advises the IEA on all 
coal-related matters, created the
Award for Sustainable Development
to recognise and celebrate work
which enhances the sustainability of
coal as a contributor to world energy
resources. Dr Thambimuthu has
earned the award for his
contributions to the development of
clean coal technologies, most
recently with a focus on the low
emission technologies that can help
stem rising CO2 emissions from the
combustion of fossil fuels.

As well as chairman of the IEA GHG,
Kelly is Chief Executive Officer of the
Centre for Low Emission Technology
(cLET) in Queensland, Australia and

is a co-ordinating lead author for the
UN IPCC. He has worked in the field
of clean coal technology for over 25
years.

The CIAB was formed in 1979 to
advise the IEA. It is composed of
high-level executives from
coal-related industrial enterprises.
The current work programme of the
CIAB focuses on clean coal
technologies, including work on
zero-emission technologies for
coal-fired power generation. A
second theme is coal and sustainable
development, in particular, looking
at how the energy security value of
coal should be taken into account
alongside the environmental
challenge faced by coal.

For further information on the CIAB,
go to www.iea.org/ciab

Chemical Looping 
Combustion of
Gaseous Fuels
By Anders Lyngfelt

I
n January 2006 the EU-project
“Chemical Looping Combustion
CO2-Ready Gas Power” (CLC GAS 

POWER) was started under contract
no 19800.  The project is 30 months
and is funded on the achievements in
the previous GRACE projects, which
involved the study of more than 300
different oxygen-carrier particles, as
well as 100 h of successful operation
in a 10 kW chemical-looping

combustor  (see e.g. Greenhouse

Issues, number 73). 

The project partners include:

l Chalmers University of
Technology (Chalmers), Sweden

l Consejo Superior de
Investigaciones Cientificas
(CSIC), Spain

l Vienna University of Technology
(TUV), Austria

l ALSTOM Power Boilers (APB),
France

l Shell Global Solutions
International BV, Netherlands

l Tallinn University of Technology
(TUT), Estonia

The project is also part of phase II of
CCP (CO2 Capture Project).  

Critical issues for an up-scaling of
CLC to a demonstration phase of
20-50 MWe have been identified and 
it is the objective of the project to
establish and validate solutions to
these.  Thus, the following topics will
be addressed:

1) Identify process suitability of raw
materials commercially available
at competitive prices.

2) Establish best commercial particle 
product ion technique for
up-scaling from laboratory
freeze-granulation method so far
applied.  

3) Adapt  al ternate  part ic le
production paths with potentially
lower production costs.

4) Investigate possible effects of gas
impurities on particles, primarily
sulphur.

5) Long term testing in an existing
10 kWth CLC prototype unit to
confirm mechanical  and
chemical integrity of particles.

6) Testing and intermediate CLC
demonstration at 120 kWth scale.

7) Extend and verify modelling
capabi l i ty  for  process
performance optimisation and
scale-up.  

8) Process and technology scale-up
to prepare for industrial 20-50
MWe demonstration unit.

The following achievements have
been accomplished during year one:

l It has been verified that there is a
market with raw materials
available at competitive prices,
which are suitable for the
production of oxygen-carrier
particles. Suitable nickel raw
materials can be found at prices,
although somewhat above the
world market price for nickel, still
much below those of the
“pro-analysi” materials used in
the first phase of the research.
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l The up-scaling of particle
production from freeze-
granulation, to large-size
spray-drier has been initiated and
it appears that spray-drying can
produce particles to the
specifications derived from the
earlier successful powders
produced by freeze-granulation. 

l An alternate route for particle
production based on
impregnation, has also been
investigated with good results,
and the production of a 30 kg
batch is well underway.  

l A cold model of an attrition rig to
confirm long term durability of
oxygen carrier particles under
representative industrial
conditions has been designed and
built.

l The 10-kW chemical-looping
combustor at Chalmers has been
improved and adapted for long
term testing with new
oxygen-carrier particles.

l An intermediate chemical-
looping combustor demonstration 
unit of 120 kWth has been
designed, and the construction of
the unit at TUV has been started.

l The modelling capabilities have
been developed within a process
simulation environment. The new
model library contains the
relevant solids for oxygen carrier
description and the unit models of
the fluidised bed reactors. 

“Chalmers’ 10 kW chemical-looping
combustor”

Funny Weather
by Kate Evans 
By Debo Adams

F
unny Weather is a comic strip
that presents climate change in a 
new and lively way. It is very

readable, well drawn and covers the
subject comprehensively, with an
introduction by George Monbiot. 

The first chapter explains the
greenhouse effect and what is
happening as a result of greenhouse
gas emissions, that it is climate chaos,
rather than global warming. For
example, there are quotes from
survivors of Hurricane Katrina.
Evidence for climate change is
summarised, and the impacts of this
are illustrated – such as polar bears
being 15% skinnier than they used to
be. Political, as well as ecological,
ramifications are covered, such as
forecasts of massive migrations of
environmental refugees.

Feedbacks are explained in the
second chapter. Soil and the oceans

are major carbon sinks, but as
temperatures increase they may
become sources of greenhouse gases
instead. For example, if permafrost
thaws, it may release large amounts
of methane. 

"What are we doing?" is the title of
chapter 3. It explains about fossil fuel 
consumption, the Kyoto Protocol, and 
the position of major players – the
USA and China. Chapter 4 opens
with a quote from Mahatma Gandhi
‘Whatever you do will be
insignificant. It is very important that 
you do it’. This sets the tone for a
chapter on what can we do about
climate change. It stresses personal
responsibility, and options that can
be taken like switching to green
energy suppliers, cycling and
reducing air travel. It also describes
some of the other ways to reduce
emissions, such as CO2 capture and
storage and increased use of nuclear
power – although these are not
recommended.

At the end of each chapter there is a
list of notes and references, mostly
from New Scientist, newspapers and
other popular books on climate

A few examples from the book ÓMyriad Editions
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change. The illustrations are good,
and I enjoyed reading about climate
change in a different format. 

Funny Weather – everything you didn’t
want to know about climate change but
probably should find out by Kate Evans,
2006 Myriad Editions, Brighton, UK

Myriad Editions 
59 Lansdowne Place 
Brighton BN3 1FL, UK
Tel: +44 (0)1273 72 00 00

Ongoing
Response of IEA to 
G8

A
t the G8 meeting held in
Gleneagles, Scotland in July
2005 the focus was largely on

climate change. The IEA was asked at
the summit to assist in the
development of a new energy future.
Under the G8 Gleneagles Plan of
Action, the IEA is working with
partners around the world to focus
on climate change, clean energy and
sustainable development. Full details
of the programme can be found at
www.iea.org/G8/index.asp. As part
of this work the IEA has organised
and hosted a number of workshops
and produced various reports.

Near Term Opportunities
for CO2 Capture and
Storage (CCS)

This workshop was organised by the
IEA with the Carbon Sequestration
Leadership Forum (CSLF) and held in
San Francisco in August 2006. Near
term opportunities for CCS are

defined as those that are technically
and economically viable, or ready for 
demonstration or commercialisation
in the near term and include both
sources and sinks and all fossil fuels. 

Presentations were made to provide a 
perspective from the EU, from the
IEA, from environmental
organisations and from emerging
economies such as Brazil, China, and
Mexico. Developed economies were
represented by Australia, Japan, the
UK and the USA. The second
workshop in this series will be held in 
Oslo, Norway, from 21-22 June
2007.

Legal Aspects of Storing
CO2

This IEA workshop was held in Paris
in October 2006. It was the second
one on this theme, organised in
conjunction with the CSLF. The first
one, held in 2004, developed an
understanding of legal aspects of
storing CO2, and identified five
priority areas which became the
focus for the second workshop: 

l intellectual property
l legal and regulatory frameworks
l international environment

protection instruments
l a level playing field for CCS and
l public awareness.

The workshop concluded that
development of robust and consistent 
legal and regulatory frameworks is
essential to facilitate the successful
uptake of CCS as a viable greenhouse
gas mitigation technology.
Significant advances have occurred
on the technical front and practical
experience has been gained from the
early projects. But progress must be
made on a range of legal issues to
ensure the widespread commercial
deployment of CCS.

Energy Efficient
Technologies and CO2

Reduction Potentials in
the Pulp and Paper
Industry

This technical workshop, held in
Paris in October 2006, aimed to
quantify better the global potential

for energy efficiency and CO2

reduction in the pulp and paper
sector and to discuss various
approaches to overcoming the
barriers to improvements. The
workshop was organised into three
main parts: 

l status and global trends; 
l technologies to improve energy

efficiency and reduce CO2

emissions; and 
l integrated energy systems,

alternative fuels, feedstocks and
processes.

The workshop concluded with a
roundtable discussion on
recommendations for G8 activities.
The focus of the discussion was R&D
needs, achieving efficiency and CO2

reduction, benchmarking and other
approaches, emissions trading and
the IPCC, energy indicators,
extending best practices to
developing countries, co-ordination
of international activities in this field,
CHP and paper recycling, and
energy.

Feedstock Substitutes,
Energy Efficient
Technology and CO2

Reduction for
Petrochemical Products

This workshop was organised by the
IEA in conjunction with the European 
Chemical Industry Council (CEFIC)
and held in Paris in December 2006.

The chemical industry is one of the
most energy-intensive industries – it
accounts for 30% of total industrial
final energy use, but it is not merely
an energy consumer. More than half
of the energy used by the chemical
industry is processed as feedstock. 

The goal of the workshop was to
explore possibilities to improve
energy efficiency in the
petrochemical industry, through
technology development, the use of
biomass feedstocks and recycling of
waste materials. It may take decades
to make fundamental changes to the
production structure, so timely action 
is favoured. 
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Energy Efficiency and
CO2 Emission Reduction
Potentials in the Cement
Industry 

The IEA and World Business Council
for Sustainable Development
(WBCSD) organised this workshop in 
Paris in September 2006. The scene
was set in the opening session when
figures were given for the amount of
cement produced worldwide, the
amount of energy used, CO2

produced and the potential for
reduction. Then regional
perspectives were presented from
Europe, the USA and Canada, Japan,
China, the Middle East, Russia, India
and Latin America. Energy efficiency
and CO2 reduction technology
potentials were considered. The
workshop concluded with two round 
table discussions considering
recommendations for G8 activities -
the future policies which can
facilitate energy efficiency
improvements and CO2 reduction in
the cement industry and what can be
done on a global scale.

Sectoral Approaches for
GHG Mitigation in the
Power Sector

A workshop was organised by the IEA 
and ENEL and held in Rome in
October 2006. The aim was to
consider a number of aspects of the
electricity sector in the context of
climate change mitigation and to
look at some sectoral approaches to
curb emissions. 

A range of sectoral approaches are
available to the power sector to
mitigate emissions. These include:
voluntary actions aimed towards an
international/national benchmark in 
a given timeframe, various types of
GHG targets (absolute or per kWh of
output), the adoption of low and
no-GHG technologies, with targets
and timetables, such as a rate of
diffusion of specific technologies by a 
given date. Further, existing policy
instruments like the CDM could be
broadened to incorporate sectors as a
whole, which would be a step up
from the existing project-based
approach. 

The G8 workshop series is a unique
opportunity to bring together
international experts to create a
dialogue between the technical,
industrial, policy, financial, social
and environmental community. It
also serves to maintain the
momentum of the G8, IPCC and COP. 
For more information on any
of these workshops visit
www.iea.org.Textbase/work/
workshopdetail.  

Renewable
Energy: R&D
Priorities

R
egular readers of Greenhouse

Issues may be interested in this
book which can be obtained

from the IEA’s Publications Bookshop 
at www.iea.org/books. The 2006
publication reviews the current
status of the renewable energy
technologies portfolio and provides
guidance on their mid- and
long-term development.  

It is noted in the book that the biggest
challenge facing renewable energy
technologies is to advance the state of 
the art to the point where more
renewable options can generate
energy at costs that are competitive
with conventional sources. A cost
illustration from the book is shown
below.

For comparison, electricity produced
in fossil fuel power plant costs
somewhere in the region of 4 to 6 US

cents/kWh depending on the fuel
cost whilst CCS would add about 2
cents/kWh.

IEA GHG
Undertaking a
Study on ‘Capture 
Ready’ Power
Plant

T
he concept of capture ready
power plant is receiving a lot of
attention. The IEA Greenhouse

Gas R&D Programme is undertaking
a study on the potential applicability
of a capture-ready concept to power
plant. The report goes into
considerable depth on how carbon
capture and storage might be
retrofitted to various power plant
technologies. It is at present being
reviewed in draft form and is
planned for release in May.  The
report will be expanded to address
policy issues by the IEA and
incorporated into its response to the
G8 Gleneagles Communiqué.  

Readers may wish to consult a recent
communication from the
Commission of the European
Communities to the Council and the
European Parliament in which
capture readiness as an integral part
of fleet modernisation is discussed. 
The proposed Commission action is
to : “assess on the basis of recent and
planned investments whether new
fossil fuel power plants built and to

Cost-competitiveness of selected renewable power technologies. Source:
Renewables for Power Generation, Status and Prospects, OECD/IEA 2003



16 Greenhouse Issues - March 2007

Zero Emission
Power
Generation: A
Dream or Reality? 
10 Years On

I
t is ten years since the ‘First
workshop on zero-emission
power cycles’ held at the

University of Liège, and organised by
Professors Iantovski and Mathieu.
The workshop was only attended by
10-15 people. It is interesting to see
the progress that has been made since 
those early days. The second
workshop, in January 1998 attracted
over 40 people, and was again held in 
Liège. After the second workshop, the
event was taken over by the IEA GHG
and now forms part of the GHG
Technologies conference series. The
most recent one, GHGT-8 was held in
Trondheim in June 2006, and was
attended by 980 delegates. The GHGT 
conferences cover a broader range of
subjects than just zero emission
power cycles. At GHGT-8 the focus
was largely on technical
developments in the field of
greenhouse gas control and CO2

capture and storage (CCS).
Non-technical and policy issues were
also covered – such as regulatory
development, safety and public
awareness.

The presentations at the first
workshop, in January 1997, explored 
a range of options to reduce
emissions. For example, there was a
paper on a CO2 cycle fuelled with
biomass from micro-algae using
solar radiation and re-injection of

CO2 into the algae pond. There was
also an analysis of the cost and
performance for CO2 capture in
small scale power plant, using the
Cheng cycle with cogeneration and
chemical absorption of CO2. The first
workshop identified the inherent
elements of a zero-emission cycle as:
air separation for oxygen production, 
high and low pressure CO2 turbines,
production of liquid CO2 at 60bar (or 
greater), and storage of CO2

underground or in the ocean.  

In the last 10 years we have moved a
long way from that first small
workshop. There are now real
projects, such as the 1 billion dollar
FutureGen initiative, a project to
create the world’s first zero emissions 
fossil fuel plant. The plant will be
built in the USA and should go online
in 2012.

be built in the EU use best available
technologies regarding efficiency
and whether, if not equipped with
CCS, new coal- and gas- fired
installations are prepared for later
addition of CCS technologies
(‘capture ready’).”

The commission notes that it is
imperative to avoid a situation where
much of the new build power plant is
undertaken in a way that precludes
subsequent addition of CCS
components.  

Greenhouse
Cuttings

Branson Launches $25m
Climate Bid 

M
illions of pounds are on
offer for the person who
comes up with the best way

of removing significant amounts of
carbon dioxide from the atmosphere. 

Virgin boss Sir Richard Branson
launched the competition today in
London alongside former US
vice-president Al Gore. A panel of
judges will oversee the prize,
including James Lovelock and Nasa
scientist James Hansen. 

Sir Richard said humankind must
realise the scale of the crisis it faced. 

“The Earth cannot wait 60 years,” he
said at the news conference. “I want a 
future for my children and my
children’s children. The clock is
ticking. 

He said if the planet was to survive, it
was vital to find a way of getting rid
of the greenhouse gas carbon dioxide.

He said he believed offering the $25m 
(£12.5m) Earth Challenge prize was
the best way of finding a solution. 

Overseeing the innovations are James 
Hansen, head of the Nasa Institute for
Space Studies, the inventor of Gaia
theory James Lovelock, UK
environmentalist Sir Crispin Tickell
and Australian conservationist Tim
Flannery. 

They are looking for a method that
will remove at least one billion tonnes 
of carbon per year from the
atmosphere. 

Al Gore, the former presidential
candidate turned environmental
campaigner, joined the Virgin boss.
He said: “It’s a challenge to the moral
imagination of humankind to
actually accept the reality of the
situation we are now facing. 

“We’re not used to thinking of a
planetary emergency, and there’s
nothing in our prior history as a
species that equips us to imagine that
we, as human beings, could actually
be in the process of destroying the
habitability of the planet for
ourselves.” 

Carbon capture and storage is
already a key area of research. 

http://news.bbc.co.uk/2/hi/science
/nature/6345557.stm
www.virginearth.com

USA Tax Credits for Clean 
Coal Projects

The Internal Revenue Service (IRS) of
the USA announced on 30 November
2006 that it has allocated nearly $1
billion of tax credits to nine planned
clean coal projects.

The Energy Policy Act of 2005
authorised $1.65 billion in tax credits 
for clean coal projects. This has been
divided as follows: $800 million of
credits for integrated gasification
combined cycle (IGCC) projects,
$500 million for non-IGCC advanced 
coal electricity generation projects
and $350 million for gasification
projects. 

Within these limits, the IRS allocates
the credits to specific projects, in
consultation with the Department of
Energy (DOE). Credits have been
allocated to two IGCC bituminous
coal projects ($133.5 million each),
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gets €1.8 billion. The highest portion
of the budget will go on information
and communication technologies
(€9.11 billion), followed by health
(€6.05 billion), transport (€4.18
billion), nanotechnology (€3.5
billion), and food, agriculture and
biotechnology (€1.935 billion).
Other budget lines include, space
(€1.43 billion), security (€1.35
billion), and social-economic
sciences and humanities (€610
million). For more information, see
http://cordis.europa.eu/fp7

Hydrogen Transport Fuel

Developments

Worldwide development of
hydrogen as the transport fuel of the
future is growing exponentially, and
Europe is a dynamic centre of
hydrogen activity. In September
2006, energy companies Shell
Hydrogen and Total France
announced a joint venture with
carmakers BMW, Ford, General
Motors Europe and Volkswagen to
facilitate the first wave of
hydrogen-powered vehicles and
fuelling stations.

One pilot scheme underway is the
Hydrogen Bus Initiative – a real-time
testing of vehicles in 9 European
cities. For example, three state of the
art buses are operating on some of
Reykjavik’s busiest routes. The Citaro
buses cost €7 million, are
manufactured by Daimler-Chrysler,
and use a stacked fuel cell
arrangement to propel silent running
electric motors with a total power
output of 250 kW.

Not all the European hydrogen
projects involve fuel cells – some
feature internal combustion engines
burning hydrogen. BMW will be
releasing a limited number of its
dual-fuel Hydrogen 7 cars this year,
which it hopes will become the first
commercially available hydrogen-
powered car. This car can travel 125
miles burning liquid hydrogen or
300 miles on petrol.

Creating a network of filling stations
is one of the biggest obstacles to a
hydrogen crossover, and mobile
stations may have to provide an
initial solution. In Lower Saxony,

Germany, the Volkswagen
Technology Centre Isenbütte has
been equipped with a solar-powered
hydrogen filling station. The facility
is completely self-sufficient,
producing electricity for the
hydrogen process from a 49 m2 solar
panel. Water goes through an
electrolysis process to separate
hydrogen, which is then cleansed
and fed into a 40 MPa, high pressure
storage tank from which vehicles are
filled.

PSA Peugeot Citroën in France,
working with Intelligent Energy
(UK), is testing an Intelligent Energy
Proton Exchange Membrane (PEM)
fuel cell, intended for use in
conjunction with PSA’s battery
electric vehicle fleet, 10 000 of which
have been built so far.

Renault, another major French car
manufacturer, has demonstrated a
new automotive fuel cell and a
‘reformer’ to convert liquid fuels
such as petrol into hydrogen gas on
board the vehicle. However, other
manufacturers have rejected
on-board reformers as too heavy and
too costly.

Fiat in Italy is developing both a
fuel-cell vehicle running on
hydrogen gas and a second version
that uses a reformer and carries
on-board methane. The hydrogen-
equipped Seicento can travel about
140 miles.

Intelligent Energy in the UK has also
built a fuel-cell motorbike, the
Emissions Neutral Vehicle (ENV). It
has a 1 kW fuel cell and can travel for
100 miles at speeds of up to 50 mph
on one tank of compressed hydrogen.

The European Hydrogen Association
was formed in 2000. It has pulled
together experts from 7 countries to
find and promote hydrogen
technology across Europe. The
website is at h2euro.org.

Funding for Australia’s

First Geosequestration

Project

An additional $6.145 million funding
has been made available to the
CO2CRC from the Cooperative
Research Centre Programme of the

an IGCC lignite project ($133
million), two non-IGCC advanced
coal electricity generation projects
($125 million each) and four
gasification projects (amounts
ranging from $40.663 million to
$130 million).

About $650 million of additional tax
credits will be available for allocation
to clean coal projects in 2007. Of this
total, $267 will be available for IGCC
sub-bituminous coal projects, $133
million will be available for IGCC
lignite projects, $250 million for
non-IGCC advanced coal electricity
generation projects and $337 000 for
gasification projects.

The US DOE believes that incentives,
such as these tax credits, will
accelerate the widespread use of
these technologies and assist in
driving down their overall cost.
www.irs.gov/newsroom

Launch of EU Seventh

Framework Programme

The largest ever funding programme
for R&D in the EU, the Seventh
Framework Programme (FP7) was
launched on 1 January 2007. FP7
will run for 7 years, until 2013, and
has a total budget of €50.521 billion.
An additional €2.7 billion has been
earmarked for the Euratom
programme on nuclear research,
which will run for 5 years.

FP7 aims to build on the
achievements of the previous
research framework programme and
will be implemented through four
specific programmes: Co-operation,
Ideas, People and Capacities. The
‘Cooperation’ programme will
support research co-operation in a
number of key thematic areas. ‘Ideas’
will fund investigator-driven
research through a newly created
European Research Council. The
‘People’ programme will support
training and career development,
while ‘Capacities’ will fund the
co-ordination and development of
research infrastructure, regional
research clusters, international
co-operation and closer ties between
science and society.

Under FP7, energy receives €2.3
billion and environmental research
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Australian government. This
funding, on top of a previous $30
million, will enable the CO2CRC to
undertake a comprehensive pilot
project to test at a commercial scale,
the storage and monitoring of
concentrated CO2 deep underground 
in geological formations.

The project will involve separating
CO2 from other gases, compressing
the CO2, injecting it into a deep
geological formation in western
Victoria, and long-term monitoring
to verify that it is stored securely. It is
supported by the federal
government, the Victorian
government, industry and a number
of research organisations. CO2CRC
partners have set up a new company,
CO2CRC Pilot Project Ltd, to operate
the project.

Drilling of a deep (2000 m) well for
the geological sequestration is
expected to begin early in 2007 in
the Otway Basin of Victoria, with the
initial injection of a mixture of CO2

and methane into a deep geological
formation around the middle of the
year. Stage 2 of the project will
include separation of the CO2 from
the methane before injection of
highly concentrated CO2. 

Dr Peter Cook, chief executive of the
CO2CRC said: ‘This project will
demonstrate that geosequestration is
technologically feasible and that the
CO2 can be stored safely and
effectively monitored under
Australian conditions. This will be a
first for Australia and the most
advanced project of its type in the
world’.

For further information, see
www.co2crc.com.au

Clean Coal Power Plant
for Norway

An international group of
companies, including France’s
Eramet, US Alcan, Norway’s Norsk
Hydro, and Norwegian
family-owned industrial company
Tinfos are seeking bids from
construction firms for a 400 MW
coal-fired power plant to be built in
west Norway. It will use a carbon
capture technology developed by the
Norwegian clean energy group,

Sargas. The plant will cost about
$700 million. 95% of the CO2, as well 
as nitrous oxide, will be captured.
The 2.6 mt CO2 captured would be
piped or shipped to offshore oil or
gas fields and sequestered deep
below the sea floor. The timescale for
the project is for a bid in 2007, to
start the project in 2008, and
production to begin in 2011. Power
generation costs are estimated to be
$0.047-0.055/kWh, including costs
of capture. This is equivalent to about 
25% above power generation costs
without capture.

Money for Gorgon Gas
Project, Australia

The Australian government has
committed $46.5 to the Gorgon gas
project, a large carbon capture and
storage system, off the Australian
coast. The plan is to sequester 125
mtCO2, equivalent to two-thirds of
the total emissions that the plant
would emit over 20 years of
operations. The CO2 removed while
processing the natural gas will be
injected 1.6 miles underground. The
funding is dependent on
environmental approval for the
development of the massive natural
gas field on Barrow Island by
Chevron Corp and its partners Exxon 
Mobil and Royal Dutch Shell.

Costs of CCS

Carbon capture and sequestration
(CCS) for ‘clean’ coal-fired power
plants would be demonstrated
technically viable within 5-10 years,
but there are still no commercial
incentives to do so. According to IEA
GHG's Harry Audus it is up to
politicians to institute the
commercial incentives. Carbon
storage is only economically feasible
to power generators if carbon prices
trade for $25-30/t. They are
currently traded at $24 for 2008
delivery, but after 2012 when many
emissions targets expire under the
Kyoto Protocol, there will be a price
vacuum. Nations under the Kyoto
Protocol are looking at ways to
extend the agreement beyond 2012. 

Many companies are working to
develop CCS technologies, including
American Electric Power, BP, E.ON,

Statoil and Vattenfall. The US DOE is
in the process of choosing a site for
the $1 billion FutureGen project. The
EU is planning to build a near-zero
emissions coal-fired plant in China
by 2020, and hopes to operate CCS
plants commercially as early as 2010 
in the UK and Norway. Norway’s
planned gas-fired Mongstad plant
will capture 100,000 tC/y in 2010,
with full carbon capture from 2014.
Carbon taxes in Norway led to CCS at 
Statoil’s Sleipner gas field in 1996. In
2006 these taxes ranged from
$255-300/t. 

Climate Change on APEC
Summit Agenda

Plans to examine the issue of global
warming were in the forefront at the
Asia Pacific Economic Co-operation
(APEC) Summit, held in November in
Hanoi, Vietnam. APEC is comprised
of 21 nations, including the USA and
China, and accounts for half of the
world’s global trade market. Member 
countries were encouraged to pledge
their efforts in making the transition
to low-carbon energy systems and to
promote the transfer of similar
technologies to less developed
countries. Commitments to address
clean energy initiatives and climate
change were also discussed. John
Howard, Prime Minister of Australia
was pushing for Asia-wide emissions
trading and set up a task force to
examine a possible role for Australia
to address global warming issues.
Australia, the world’s biggest
exporter of coal, will also establish a
joint working group on clean coal
technology with China. 

EU Emissions Trading to
Expand

Iceland, Liechtenstein, Norway and
Switzerland have agreed in principle
to join the EU emissions trading
scheme (ETS). Norway will submit
their plan to the executive European
Commission, which will outline the
limits that Norwegian industries will
have regarding CO2 emissions.
Norway would become the 28th

country to join the EU ETS. In
November, Australia and Canada
were investigating their own
domestic carbon markets, which
could join the European scheme. 
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This section is provided specifically for readers in member
countries and sponsor organisations (see list on the back page).
Reports on IEA GHG studies are freely available to organisations in 
these member countries and sponsor organisations. Please  contact 
IEA GHG for further details. For Non-Member countries, reports
can be made available by purchase at the discretion of IEA GHG.
Reports recently issued include:

l RECOPOL Final Report (Report No. 2006/10)

This is the final report of the "Reduction of CO2 emissions by means of
CO2 storage in coal seams in the Silesian coal basin of Poland"
(RECOPOL) project. The European Commission funded RECOPOL
project has investigated the technical and economical feasibility of
storing CO2 permanently in subsurface coal seams. It was the first
European field demonstration in Poland. The main goal of the project
was to demonstrate, in the Upper Silesian Basin in Poland, that CO2

injection under European conditions was feasible. 

The report has been reproduced by IEA GHG with the kind permission
of the European Commission and TNO on behalf of the RECOPOL
project. 

News for IEA GHG Members
World Mayor Council on
Climate Change in Kyoto

The World Mayor Council on
Climate Change (WMCCC) is in
Kyoto from 16th-18th February 2007.
The participants are municipalities,
businesses and citizens from Japan
and other countries, who are
addressing global warming at the
local level. They will discuss
measures to prevent global warming
and the challenges to be faced, while
strengthening international
co-operation to promote climate
change countermeasures at the
global level. The WMCCC has
member mayors from 15 cities and
districts in 11 countries, including
Germany, Canada, the Philippines
and the USA.

For more information see
www.japanfs.org/db/1605-e

CONSOL Energy
Demonstrates
Micro-Turbine Using
Coal Mine Methane

CONSOL Energy Inc., with its
partners CNX Gas Corporation and
Ingersoll Rand Energy Systems, has
successfully demonstrated a new
micro-turbine generator. It is
configured to generate electricity
using unprocessed coal mine
methane gas directly from an
underground source. The generator
is at CONSOL Energy’s Bailey Mine,
one of the largest underground mines 
in the world. The unit uses coal mine
methane liberated directly from the
underground workings to generate
electricity. 

The micro-turbine unit is a small
mobile electricity generator designed 
and built by Ingersoll Rand Energy
Systems and modified for the project
by CONSOL Energy R&D. It generates 
about 70 kW of electricity which is
then used by the Bailey Mine
operations. This pilot project, which
received a $1.64 million grant from
the Pennsylvania Department of
Environmental Protection, will
recover an otherwise lost resource
and reduce greenhouse gas
emissions.

say that this is compensated by its
high reactivity with the gas. The
ultimate idea is to pump supercritical
CO2 into porous sedimentary rocks
below the basalt layer. The gas would
move upwards through the rock and
react with the basalt above, forming a 
‘cap’ that would stop any unreacted
gas from escaping.

However, some geologists are
unconvinced about the project, and
do not support CO2 sequestration in
volcanic areas. They fear that the heat 
in the rock could cause the dissolved
CO2 to become gaseous, and then it
may seep out through the fractures.
Another concern is that as the Deccan 
lavas are very old and highly
weathered, they will have reacted
with CO2 in the air already, to an
extent. This could make their
capacity to react with newly injected
CO2 low. 

The initial phase of the project,
scheduled to take 18 months, will
characterise the permeability and
porosity of the rock. It will also look at 
the nature of faults within the rock, to 
determine how CO2 would flow
through the rock, once injected. The
PNNL is due to start pumping CO2

into the Columbia River basin basalts
later this year – and India will be
watching. 

CO2 Trap in Indian Basalt

The Deccan Traps, India is the
world’s largest continental
flood-basalt province outside Siberia. 
The Traps are a thick pile of solidified
lava resulting from volcanic
eruptions 65 million years ago.  It is
now being proposed as a site for
storing CO2 since research at the
Pacific Northwest National
Laboratory (PNNL), USA, found that
water saturated with CO2 reacts
rapidly with basalt to form stable
carbonate minerals. The US Pacific
Northwest has similar basalt deposits
which the PNNL estimates could hold
more than 50 GtCO2. The National
Thermal Power Corporation (NTPC)
in New Delhi, India is collaborating
with the PNNL and the National
Geophysical research Institute
(NGRI) in Hyderabad on a pilot study. 
A tentative estimate is that the
Deccan Traps could hold 150 GtCO2

– as much as the world’s power
industry might emit in 15 years.  The
three-way project, to which India has 
committed US$1.3 million, is one of
17 initiatives endorsed by the Carbon 
Sequestration Leadership Forum
(CSLF). 

NGRI scientists admit that basalt isn’t
very porous, making it hard to
disperse CO2 through the rock, but
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Conferences & Meetings

26th Session of the
Intergovernmental Panel on

Climate Change (IPCC-26).  4th May
2007, Bangkok, Thailand. 
9th session of Working Group III,
30th April – 3rd May 2007,
Bangkok, Thailand.
10th session of Working Group I.
29th January – 1st February 2007,
France
8th session of Working Group II. 2nd

– 5th April 2007, Brussels, Belgium.
Contact: Rudie Bourgeois, IPCC
Secretariat. Tel: +41 22 730 8208
Fax: +41 22 7 30 8025/13
IPCC-Sec@wmo.int www.ipcc.ch/ 

EWEC 2007 European Wind
Energy Conference and

Exhibition. 7th – 10th May 2007,
Milan, Italy. Contact: EWEC
Organizer; Tel: +32 2546 1980 
Fax: +32 2546 1944 info@ewea.org
http://www2.ewea.org/06b_events
/events_EWEC2007.htm 

6th Annual Conference on Carbon
Capture & Sequestration. 7th -

10th May 2007, Sheraton at Station
Square, Pittsburgh, PA, USA.
www.carbonsq.com/

15th European Biomass
Conference and Exhibition. From

Research to Market Deployment -
Biomass for Energy, Industry and
Climate Protection. 7th - 11th May
2007, ICC Berlin International
Congress Center, Berlin, Germany.
Contact: Tel: +39 055 5002174 
Fax: +39 055 573425
biomass.conference@etaflorence.it
www.conference-biomass.com

International G8-Expert Workshop
on Clean Coal Technologies 2007.

6th - 7th March 2007, Leipzig,
Germany. Contact: Dr. Volker
Breme, Projektträger Jülich,
Forschungszentrum Jülich GmbH,
D-52425 Jülich, Germany. Tel: +49
2461 612 887 Fax: +49 2461 613
131 v.breme@fz-juelich.de

US-UK Joint-workshop on CO2

Capture and Sequestration
Project Development: challenges and
solutions. 19th - 21st March 2007,
Los Angeles, CA, USA. Contact:
Kimberly Yavorsky, US Department
of Energy, National Energy
Technology Laboratory, 626
Cochrans Mill Road, PO Box 10940,
Pittsburgh, PA 15236-0940, USA.
Tel: +1 412 386 6044 
Fax: +1 412 386 6486
Kimberly.yavorsky@netl.doe.gov
www.netl.doe.gov/events/07confer
ences/ccs/

GW18: Earth Summit for Global
Warming Mitigation. 19th -

20th April 2007, Miami, USA.
Contact: Global Warming
International Center, PO Box 50303,
Palo Alto, CA, USA, 94303-0303. 
Tel: +1 630 910 1551 
Fax: +1 630 910 1561
http://gw18.globalwarming.net/

Coal's New Frontier. 24th - 25th
April 2007, Adams Mark Hotel,

St Louis. Contact: Georgina Lucey 
Tel: +44 1730 265095
georgina.lucey@mccloskeycoal.com
www.mccloskeycoal.com

3rd International Conference on
Clean Coal Technologies for our

Future. 15th - 17th May 2007,
Cagliari, Sardinia, Italy. Contact:
Consulcongress Srl, Via San
Benedetto, 88-09129 Cagliari, Italy.
Tel: +39 070 499242 
Fax: +39 070 485402
info@cct2007.it www.cct2007.it

Risø International Energy
Conference 2007. Energy

solutions for sustainable
development. 22nd - 24th May
2007, Risø National Laboratory,
Denmark. Contact: Vivi Nymark
Morsing, Risø National Laboratory,
P.O. Box 49, 4000 Roskilde,
Denmark. Tel: +45 4677 5151 
Fax +45 4677 5199
vivi.nymark@risoe.dk
www.risoe.dk/konferencer/
Energyconf07/

32nd International Technical
Conference on Coal Utilization &

Fuel Systems. 10th - 15th June 2007,
Clearwater, FL, USA. Contact:
Barbara A. Sakkestad, Coal
Technology Association, 601 Suffield
Drive, Gaithersburg, MD 20878,
USA. Tel: +1 301 294 6080 Fax: +1
301 294 7480 BarbaraSak@aol.com
www.coaltechnologies.com

20th World Energy Congress:
Energy Future in an

Interdependent World. 11th – 15th
November 2007, Rome, Italy. 
organisingsecretariat@rome2007.it 
www.rome2007.it 


