
Statkraft – New Sponsor of IEA GHG

T
he IEA Greenhouse Gas R&D

Programme is pleased to

announce a planned further

strengthening of its membership. At

the Executive Committee meeting

held earlier this year members agreed

to welcome Statkraft as its latest

Sponsor. The membership formalities

are in progress at the time of writing.

With a total power production of

42TWh, the Statkraft Group is the

3rd largest power producer in the

Nordic region. It is also the 2nd

largest producer of power from

renewable energy sources in Europe.

Statkraft’s vision is to be a European

leader in environment-friendly

energy. The Members of IEA GHG will

be pleased to have a new Sponsor with

such a vision and depth of expertise.

Birte Marie Skofteland is

Statkraft’s representative on the IEA

GHG Executive Committee.

www.statkraft.com
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Vacancy at IEA GHG for Specialist on

CO2 Storage

D
ue to a planned

reorganisation and a growth

in activity, a vacancy will

shortly be generated in the IEA GHG

office. The vacancy will be for a

full-time project manager to oversee

the Programmes activities on the

geological storage of CO2. The job

would involve:

� Identifying ideas on relevant

topical issues relating to

geological storage of CO2,

developing them into new studies

and managing their progress.

� Assisting in leading the technical

direction of existing international

research on risk assessment,

monitoring and well bore

integrity, managing their progress

and identifying new network

opportunities.

� Managing the Programmes

participation in relevant practical

R,D&D activities

� Overseeing the development of

the Programme's web site

www.co2captureandstorage.info

and maintaining its technical

content.

It is expected that the candidate

would have a relevant technical

background, with ideally a geological

background and experience of

research related to the oil and gas

exploration industry or direct

industry experience. Experience in

both project and project team

management would also be expected.

The post would be located at the IEA

GHG offices in Cheltenham,

Gloucestershire, UK. Interested

applicants should send a CV and

accompanying letter to the General

Manager no later than 16th

November 2008. For further

information contact the General

Manager, harry@ieaghg.org or by

telephone +44 (0)1242 680753.
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New IEA GHG

Reports Available

Annual Report

T
he IEA Greenhouse Gas R&D

Programme published its

Annual Report for 2006 in July

this year. The report is available on

the IEA GHG web site as a PDF

document. Those who would prefer a

paper copy can get one by contacting

the programme’s office. This handy

document highlights key activities

last year and provides a ready

reference to contact details for both

Country and Sponsor Members.

The Chairman of IEA GHG is Dr Kelly

Thambimuthu who focussed his

annual message in the report on the

increased global interest and

involvement in addressing the

problem of climate change. Kelly also

comments on the fact that Carbon

Capture and Storage is now high on

the agenda of many policymakers,

and that the IEA GHG Programme,

recognising this, is becoming

increasingly involved in CCS

development issues.

Capturing CO2

A report issued by IEA GHG in May

this year presents an overview of

various studies commissioned by the

Programme to assess the options for

reducing the emissions of CO2 from

power generation using fossil fuels.

Power generation accounts for about

one third of CO2 emissions from fossil

fuels.

CO2 can be captured by a

variety of methods which

are classified as post-combustion, pre

-combustion, and oxy-combustion.

Post-combustion capture uses a

maintain them as the premier

international technical conference in

the field. In so doing, we hope that

sponsors are attracted to the

conference as a means of promoting

themselves and their corporate

activities.

There has been considerable interest

in sponsoring and supporting the

event from both government

organisation and industry. The

principal sponsor for GHGT-9 is the

US DOE who have made a significant

contribution. Organisations that have

confirmed their intent to sponsor

GHGT-9 at the time of going to press

include:

� Alstom

� BP

� Battelle

� Chevron

� ExxonMobil Corporation

� Government of Alberta

� Schlumberger Carbon Services

� Shell

� US Environmental Protection

Agency.

In addition to our sponsors, we have a

number of organisations that have

expressed their intent to act as

supporters to the conference these

include:

� BG Group

� Canadian Clean Power Coalition

� CO2 Capture Project

GHGT-9 Progress

A
s indicated in previous

newsletters the GHGT-9

conference will be held at the

Omni Shoreham Hotel in

Washington D.C. between the 16th

and 20th November 2008. The 9th

conference in the series is being

organised by Massachusetts Institute

of Technology, the US Department of

Energy and of course IEA GHG.

Sponsors play a significant role in

any conference providing financial

support that underpins the

conference organisation and allows

us to keep the delegate costs down.

Sponsorship is a two way affair; we

constantly strive to ensure the quality

of the GHGT conferences and to

Georgetown is a historic
neighbourhood in Washington DC.
It’s cobble-stoned streets feature
numerous shops, restaurants, bars
and hotels and is a popular area to
visit. Photo Credit: JasonHawkes.com

solvent to capture CO2 from the flue

gases of power plant. In

pre-combustion capture the fossil

fuel is reacted with air or oxygen and

then with steam to produce a mixture

of CO2 and hydrogen. The CO2 is

removed and the hydrogen is used as

a fuel. Oxy-combustion is when

oxygen is used for combustion

instead of air; this results in a flue gas

that consists mainly of wet CO2. The

CO2 can be easily separated and dried

to make it suitable to store.

The report presents a comparison of

the options in terms of plant

performance, electricity production

costs, and environmental impact. All

three options are potentially available

and have their attractions; the choice

of option will depend on many factors

and circumstances.

Both of these reports are available in

PDF format from the IEA GHG website

at www.ieagreen.org.uk or contact

the IEA GHG office for a paper copy.
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Expert Meeting

on CCS Finance

T
he first IEA GHG Programme

and IEA Clean Coal Centre

Expert Meeting on CCS Finance

took place in London on the 31st June

and 1st of July this year. The meeting

was organised, with support from

the World Coal Institute and Rio

Tinto, to gain a clearer picture of the

options available to finance CCS

projects, increase the involvement

of experts from the financial

sector and to discuss financial

instruments with both industry and

Government representatives. It is

hoped that this in turn will help

identify, encourage and develop

world-wide collaboration and

practical development of financial

mechanisms to accelerate the

progression of CCS projects from

R&D to commercial reality.

The specific objectives of the meeting

were to explore the options of:

� Identifying key drivers for

financing CCS projects by the

financial sector,

� Contributing to building financial

mechanisms for demonstration

CCS projects,

� Gaining access to financial

information relevant for industry

and Government investors in CCS

projects,

� Financing and business planning

for CCS demonstration plants,

� Developing options for

consortium arrangements for CCS

demonstration plants,

� Use of futures, derivatives and

insurance markets to reduce

financial risks of CCS

demonstration plants,

� Determining whether to establish

an International Network for

Carbon Capture and Storage

Financial Instruments to

encourage and develop

world-wide collaboration and

practical development of financial

instruments to accelerate the use

of CCS projects from R&D to

commercial reality.

Following the two days of

presentations and discussion it was

generally agreed that there are still a

number or unresolved issues and

potential difficulties in the use of

CCS, such as creating a viable policy

and regulatory framework. Many of

the speakers also thought that

although issues surrounding CCS can

be resolved and it is now financially

comparable to other mitigation

options, it will require additional

financial measures, beyond the EU

ETS and Kyoto mechanisms, to

accelerate the use of CCS projects.

It is also important to note that

while there has been considerable

work and interest in CCS, policy

and regulatory regimes are also

very uncertain and CCS is

largely unknown to policy analysts,

planners, politicians and this is

something that will need to

be addressed. In particular,

Governments will need to provide

financial support for the first CCS

projects.

The meeting discussion provided a

number of points of note:

� Even with a price for carbon

credits generated through CCS

other financial incentives are

needed to make CCS projects

viable,

� CCS is not supported by a policy

framework except in Norway and

Holland,

� There is a perception that climate

change and energy security

supply issues will be drivers

in the development and

commercialisation of CCS,

� More research is needed into the

whole CCS value chain and to

identify viable responses to deal

with liability issues as well as

undertaking projects using

different technologies,

� If the required rapid large scale

commercial deployment of CCS is

going to happen, then the

installation of significant GW

capacity of CCS is needed as

building demonstration plants

alone is unlikely to bring costs

down quickly enough,

� The financial sector is interested

in CCS but needs to have more

information on CCS and also the

mechanisms available for

financing the projects and what

rate of return each generates,

� Liability is seen as an enormous

issue which insurance companies

do have several models for

however there is no actual

template available and there

needs more work to be done on

quantifying the actual liability in

dollar terms to allow insurance

companies a better means of

assessing what underwriting is

needed,

� Finally, it was proposed that this

event should be followed up by a

second exploratory meeting in

New York as it was also a financial

hub. The general consensus from

the attendees was that this is a

good idea and should be

organised for sometime in 2008.

For more information on this event

please contact Brendan Beck at

Brendan@ieaghg.org

� EPRI

� Lawrence Livermore National

Laboratory

� Nexen Inc.
� RWE Power

� Statoil ASA
� The Babcock & Wilcox Company

We fully expect these lists of

sponsors and supporters to grow as

we near the conference. We are

however, extremely grateful to those

organisations that have committed

themselves this far.

If any group or organisation would

like to sponsor any aspect of the

conference or help to sponsor

delegates from developing countries

to attend, please contact either

Howard Herzog (hjherzog@mit.edu)

or John Gale (johng@ieaghg.org).

Please remember to bookmark

the conference web site:

http://mit.edu/GHGT-9 as the plans

develop for the conference these will

be posted on the web site.



4 Greenhouse Issues - September 2007

Delegates of the 10th workshop on CO2 Capture in Lyon, France.

International

Network for CO2

Capture: Report

on 10th Workshop

T
he 10th workshop in this series

was hosted by IFP in Lyon,

France on 24th-25th May 2007.

The subject of post combustion

capture is clearly becoming popular,

as for the first time numbers

attending had to be restricted. The

workshop was held over two days

and included a side visit to

related facilities operated by IFP.

The agenda had 21 presentations.

As always there was a good mix

of presentations on fundamental

laboratory investigations, some

useful process modelling and process

development reports and a number

of country reviews. It is clear that

innovation is beginning to “bite”

with new processes or process units

being described which hold promise

of significant advances towards more

efficient and more cost effective

means of post combustion capture.

A report and all the

presentations can be found at

www.co2captureandstorage.info/

docs/capture/2007-810thCapture

Mtg_FinalReport.pdf

Great thanks are due to IFP and Paul

Broutin in particular for providing

the venue, local organisation and the

dinner on the intermediate evening.

The next meeting has been proposed

for Beijing in April or May 2008. For

more information contact

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

3rd IEA GHG

International

Oxy-Combustion

Network

Workshop

I
EA GHG is please to announce the

3rd Oxy-Combustion Workshop,

which will be held in Yokohama,

Japan from 5th to 6th March 2008. A

visit to the Research Laboratory of

CRIEPI will be organised in the

afternoon of 4th March 2008. The

main topics for discussion in this

workshop will be on the following

issues:

� Power Plant Retrofit with

Oxy-Combustion

� Efficiency improvement

� Oxy-Combustion Burner and

Boiler design

� Oxygen Production

� CO2 (Flue Gas) Processing

� Operational, safety and

environmental issue

� Regulatory and permitting issues

Participation of delegates from

developing countries will be

encouraged. If you are interested in

presenting a paper, please send a

1-page abstract about your

presentation before 15th October

2007 to stanley@ieaghg.org

Further details of the workshop

will be posted at

www.co2captureandstorage.info/

networks/Oxyfuel3rd.htm

Remediation of

Seepage from CO2

Storage

Formations

I
EA GHG have recently published

a study on Remediation of Seepage

from CO2 Storage Formations.

The aim of this study was to assess

what remediation techniques and

approaches are available if seepage

of CO2 is identified from a

geological storage formation. This

article focuses on the five-part

strategy for seepage prevention and

remediation and the costs associated.

The Five-Part Strategy for

Seepage Prevention and

Remediation

It was found that a comprehensive

strategy for seepage prevention and

remediation would contain five main

elements:

1. Selecting favourable storage sites

with low risks of CO2 leakage.

2. Placing Emphasis on Well

Integrity.

3. Conducting a phased series of

formation simulation-based

modelling to track and predict the

location and movement of the CO2

plume.

4. Installing and maintaining a

comprehensive monitoring

system for the CO2 storage site.

5. Establishing a “Ready-to-Use”

contingency plan/strategy for

remediation.

Costs of Implementing the

Five-Part Strategy for

Seepage Prevention and

Remediation

The cost of implementing the

five-part strategy will impact overall

CO2 storage costs, therefore, needs to

be considered in the context of the

overall CO2 storage project.
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1. Seepage Prevention Costs

The main activities that are crucial to

the prevention of a CO2 seepage

event are rigorous site selection, as

well as on-going monitoring and

well integrity testing.

Costs for rigorous site selection and
project design – The major

components of a rigorously selected,

installed and operated CO2 storage

facility are project definition and

design, detailed site and formation

characterisation, and continuing

monitoring and modelling activities.

The costs for site selection and

project design could range from

$5 000 000 to $20 000 000 per site.

The largest single cost item will be

the cost of drilling and testing the

formation characterisation and

observation wells. The actual costs

will depend on the amount of

existing data at the site, the type of

project, the amount of CO2 to be

stored, and the regulatory and

permitting requirements imposed on

the project.

Costs for project monitoring and
seepage detection – The costs of

project monitoring and seepage

detection will depend heavily on the

type of formation in question as well

and the rigorousness of the

monitoring package. An enhanced

oil recovery project followed by CO2

storage will have monitoring costs

between $45m and $78m with

relatively high operational

monitoring costs. A saline aquifer

storage project with high residual

gas saturation (RGS), where the CO2

plume does not move significantly

after injection will be the cheapest

project type to monitor with costs

between $43m and $73m. A storage

project in a saline aquifer with low

residual gas saturation (RGS), where

the CO2 plume keeps moving for a

considerable amount of time after

injection will have the most

expensive closure monitoring

making it the most expansive

monitoring option between $49m

and $80m. These costs do not include

well integrity monitoring and

logging.

Wellbore integrity monitoring and

logging costs will be a function of the

depth of the well, the condition of the

well, and the number and types of

logs required. The total costs for

monitoring well integrity based on

10 CO2 injection wells and 10

logging runs in 50 years, is $12m for

a 5000ft well, $15m for a 7500ft well

and $18m for a 10000ft well.

2. Seepage Remediation Costs

Depending on the nature of the CO2

seepage event, the costs of

remediation can vary significantly.

Below are cost estimates for locating

the seepage source, plugging old

wells, remediating active CO2

injection wells, and remediating

seepage in the caprock.

Costs for locating the source of CO2

seepage – The cost of locating seepage

will differ depending on predicted

source: abandoned well, injection

well, geological CO2 seepage. The

costs for locating a single well (or

even a group of wells) is estimated to

be $100 000 per survey (including

interpretation), with significant

economies of scale in multi-well

situations. For the CO2 injection

wells, a new set of logs or other

diagnostic tools may be needed to

more precisely identify the exact

location and cause of the seepage in

the new injection well. The costs two

diagnostic logs for wellbore-based

seepage detection, including a

diagnostic and management charge

would be in the order of $300 000

per well. For a geologically-based

CO2 seepage, a 3D seismic survey

covering 5 to 20 square miles as well

as new horizontal wells, may be

needed where surface leakage has

been detected to establish the exact

source of the leak. 3D seismic survey

including processing and

interpretation will cost around

$100 000 per square mile with every

new horizontal costing $4 million.

Costs for well plugging – Well

plugging costs will depend on

whether the well is recently

abandoned, an old, previously

plugged and abandoned well, or a

well that was never plugged. The

costs will also depend on what must

be done to plug the well and on the

location of the well being plugged. It

is estimated that the costs of plugging

in a typical 7 500 foot well would be

between $20 000 and $80 000. On

average, most well plugging

operations cost $50 000 per well.

Costs for well remediation – The cost

of a wellbore seepage repair could

vary considerably depending on the

nature of the seepage and the

condition of the wellbore but is

estimated in the range of $30 000 to

$100 000 per well. In some cases, a

seeping well cannot be repaired, and

must be plugged. In this case, the

costs would include plugging the

seeping well and drilling a new

replacement CO2 injection well. The

costs of drilling new wells depend on

the depth of the well; however an

average depth well (7 500 foot)

would be estimated to cost around

$2.5 million.

Costs for remediation of seepage
through the caprock – The first step in

mitigating CO2 seepage in the

caprock would be to stop CO2

injection and, if possible, to inject

water into a formation above the

caprock to create a positive pressure

barrier. This would involve two

horizontal water injection wells and

a water source well injection facilities

which in total would cost around $2

million. There are no documented

cases of fully remediating seepage in

caprock for either a CO2 or natural

gas storage project therefore the costs

associated with this remediation

action are unknown and have not

been estimated.

Example Storage Case

To further illustrate the costs of

remedation, a scenario has been

created around a saline aquifer CO2

storage site. This scenario loosely

follows the high residual gas

saturation (RGS) aquifer discussed in

the Costs for project monitoring and
leak detection section.

The main assumptions for the

scenario are as follows:

� The storage site serves one 1 000

MW coal-fired plant (8.6Mt/year

of CO2 emissions),

� The site will operate for 50 years

(30 years injection, 20 years

post-closure monitoring),

� The CO2 storage site has 10 CO2

injection wells, each capable of
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Stakeholder

Perceptions of

CO2 Capture and

Storage in Europe

I
n parallel with its funding of

scientific projects exploring the

viability of Carbon Capture and

Storage (CCS), the European

Commission through DG Research is

funding a project investigating the

acceptability of CCS. This project,

ACCSEPT, looks at acceptability from

several angles, including legal,

economic, regulatory and social. One

of the stakeholder interactive

activities in the project is a survey of

stakeholder opinions across Europe

and across different stakeholder

groups. The following summarises

some of the main findings, some of

which follow a predictable pattern -

but others not.

Simon Shackley is the main author of

the report this article builds on.

Other contributors are listed below.

During the latter half of 2006, 512

stakeholders from across Europe

participated in a survey of opinion

regarding the role of CCS in Europe’s

possible energy futures. The large

majority of respondents were from

the energy industry, research and

government sectors, with smaller

numbers from environmental

non-governmental organisations

(NGOs) and from national

parliaments. The best represented

countries were the UK (20%),

Germany (11%), Netherlands (9%),

France (6%), Italy (6%), Belgium

(4%), Norway (5%), Spain (5%),

Denmark (5%), Sweden (3%) and

Finland (3%). The small numbers of

respondents from many member

states limits the comparisons which

can be undertaken.

40% of the sample believed that CCS

was ‘definitely necessary’ in their

own country, 35% that it was

‘probably necessary’, 12% that it was

‘only necessary if other options fail to

live up to current expectations’, 8%

that it was ‘probably not necessary’

and 4% that it was ‘definitely

unnecessary’. Their belief in the

need for CCS tended to increase

when moving from the national to

the EU to the global scale. The

respondents tended to regard the

risks of CCS as being moderate or

negligible and did not perceive there

to be very negative impacts arising

from investment in CCS upon efforts

at improving energy efficiency and

reducing energy demand. However,

44% of the sample did think that

investment in CCS might lead to at

least some negative impacts on other

low- and zero-carbon energy

technologies (LZCTs), compared to

51% who did not think that there

would be negative impacts or

thought that impacts might even be

positive. A similar response was

observed with respect to the possible

impacts of CCS upon moves to a

decentralised power generation

system.

There were large differences

between the responses of NGOs (5%

of sample) and parliamentarians (4%

of sample) and those of energy

industry, governmental and research

& academic stakeholders (28%, 13%

and 34% of the sample respectively).

NGO respondents tended to be the

most sceptical concerning the role of

CCS and to have a more negative

perception of the potential risks than

did other stakeholders. NGOs also

typically regarded CCS as having a

strongly or at least moderately

negative impact upon investment in

other LZCTs, energy efficiency,

energy demand reduction and

movement towards a decentralised

power generation system. However,

there are still more NGOs

respondents who believe that CCS is

‘definitely’ or ‘probably necessary’ in

their own country (40%) than believe

that it is ‘probably’ or ‘definitely not

necessary’ (35%). A further 25%

believe that CCS is ‘only necessary if

other options fail to live up to current

expectations’. Energy industry

stakeholders, followed closely by

government and research &

academic stakeholders were the most

optimistic regarding the role of CCS,

including a low perception of the

risks and generally not sharing the

NGO respondents’ concerns

regarding the adverse impacts of CCS

upon investment in other LZCTs,

energy efficiency and

decentralisation. Finally,

parliamentarians were typically

some where in between energy

industry and NGO respondents.

This pattern of responses is perhaps

what one would have anticipated,

though the extent of the difference in

opinions between, on the one hand,

NGOs and, to a lesser extent,

parliamentarians, and on the other,

energy industry, government and

research stakeholders, is perhaps

surprising. It is interesting to note

that parliamentarians (at least the

small percentage that replied to our

survey) appear to have adopted a

some what critical view of CCS, and

also that the research & academic

stakeholders do not appear to be

adopting a critical response but

rather one more typical of the

responses of energy industry

stakeholders. To some extent, those

more involved in CCS as part of their

work activity, tended to be more

favourably inclined towards CCS. For

example, those more involved in CCS

tended to perceive the environmental

and health and safety risks as lower,

and show less concern that

investment in CCS might discourage

development of other low- and zero-

carbon energy technologies and

moves towards decentralised power

injecting 2 500 tonnes of CO2 per

day with a 94% operating factor,

� The CO2 plume underlies an area

of about 80 square miles at the end

of 50 years,

� A rigorous site selection and

monitoring system is used.

Based on this example, the cost for

a comprehensive CO2 seepage

prevention, monitoring and

remediation program is estimated to

be on the order of $120 to $130

million per site which equals $0.45 to

$0.50 per tonne over the 30 year

injection period. If the CO2 seepage

problems can not be rectified, which

is only likely to occur if a fault is

activated or if the site was poorly

characterised initially, the

remediation costs would become

significantly larger.

The report of this study (report

number 2007/11) is available free of

charge for readers in IEA GHG’s

member countries and sponsor

organisations. For non members, the

reports are available to purchase for

$400 USD per report. Please contact

the IEA GHG office for further details

on how to order.
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generation. More detailed analysis

found that this relationship only

applied to those who spent less than

50% of their work time on CCS. Some

one spending 90% of their work time

on CCS was not more likely to believe

that CCS was necessary or to perceive

that the risks were lower than some

one who spent, say, 60% of their

work time on CCS. This suggests that

those most closely involved in CCS

are not unduly biased in favour of

CCS as a carbon mitigation option,

possibly because they are more aware

of the uncertainties, potential

negative aspects of, and hurdles

facing the deployment of CCS.

We identified respondents from three

countries – Norway, the UK and

Netherlands – as being the most

enthusiastic about CCS and least

concerned about the potential risks,

of which Norway stands out as

exceptionally keen on CCS. All three

countries are actively engaged in CCS

projects, either existing (in the case

of Norway) or planned. There are

some significant differences between

Norway on the one hand and the UK

& Netherlands on the other; for

example, Norwegian respondents

believed their public was much more

favourable towards CCS than in the

UK & Netherlands. There are

distinctive ‘CCS communities’ in

these countries which have emerged

over the past 5 years or so and appear

to have come to some collective

understandings on the perceived

importance and role of CCS within

their own country. CCS has been

reasonably high on the agenda of the

energy and climate change policy

debate and each country appears to

regard there to be some strategic

benefits arising for it in pursuing

CCS. Respondents from the most

pro-CCS countries, however, show a

similarly wide variance in their

responses to those of other countries.

The operation of a national CCS

community therefore does not imply

a reduction in the range of opinions

compared to other countries (even if

the mean response is significantly

different).

At the other of the spectrum are those

countries that are less enthusiastic

about CCS and tend to regard the

risks to health, safety and the

environment as greater, as well as

considering that there will be more

negative impacts upon development

of other LZCTs and decentralised

power generation. These countries

include the other Scandinavian

nations and many of the Central and

Eastern European nations.

Nevertheless, even these countries

are, on net, positively disposed

towards CCS. Most other countries

adopt a position which is in between

these two groups. CCS is most

frequently regarded by this middle set

of countries as probably necessary but

with some potential risks and

uncertainties which need to be

addressed before it can be more fully

endorsed. A number of these

countries, such as Italy, Belgium and

Spain, are effectively ‘at the edge’ of

the small group of pro-CCS nations.

Over the next few years they may well

become part of the core supporters

group.

Not surprisingly, countries with fossil

fuel reserves tend to regard

availability of coal, and opportunities

for enhanced hydrocarbon recovery

through use of CO2, as more

important than countries which are

not fossil fuel producers. It also

appears that those countries with a

lower GDP per capita (those in

Central and Eastern Europe) are more

sceptical regarding the role of CCS,

possibly in part because of the higher

costs incurred by CCS, but also

possibly because many of these

countries have already more than met

their Kyoto targets.

The survey findings lead to a few

possible recommendations for policy

makers at the European and national

scales. Firstly, there is clearly strong

support from all stakeholders in all

countries for stronger incentives to

support the further development and

implementation of CCS within the EU.

Most important amongst these are an

early commitment to extend the EU

ETS beyond the Kyoto reporting

period with stronger national

emissions caps. Secondly, it appears

that opinion is quite divided between

NGOs and other stakeholders on the

merits of CCS. This difference is

probably, at least to some extent,

unavoidable and reflects

organisational interests and produces

a healthy debate over energy futures

in a carbon-constrained world.

Rather than trying to encourage

consensus, it is important to continue

to pursue an active dialogue and

effective sharing of information and

new scientific and technical data as it

becomes available. The ambivalent

position of parliamentarians is of

interest, and could be followed-up by

a dedicated study of the opinions of

legislators, potentially through use of

focused discussion panels (since it is

very difficult to elicit the opinions of

parliamentarians through use of

surveys).

Thirdly, it seems that stakeholders in

Central and Eastern European

countries are in general less

convinced of the need for CCS than

are those in other parts of Europe.

There is some evidence from

the survey that they are also

less well informed about CCS

technology and its associated risks

and benefits than stakeholders in

other parts of Europe. One

implication is that there may be value

in a focused CCS communication and

awareness-raising activity with

Central and Eastern European

stakeholders, though existing projects

such as CO2NET-East are already

providing this to some extent. Even

though most Central and Eastern

European countries will exceed their

Kyoto targets as a consequence of

structural economic change since

1990, there may be future

opportunities for these countries to

trade CO2 emission reductions

achieved using CCS with other EU

countries via the EU ETS.

Further information on the survey

and other activities in the project are

available on the ACCSEPT project

website (www.accsept.org). The

project is still ongoing and as a part of

continuing stakeholder interaction,

we value any comments or questions

you might have. These should be

addressed to the Project Coordinator:

gudmundur.sigurthorsson@dnv.com

Notes: The main author of the report this
article builds on is Simon Shackley. Other
members of the team have contributed to
the preparation, implementation and
analysis of the survey, namely Holly
Waterman, Per Godfroij, David Reiner,
Jason Anderson, Kathy Draxlbauer,
Heleen de Coninck, Heleen Groenenberg,
Todd Flach and Ole Flagstad.
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CO2ReMoVe

Update –

Research into

Monitoring and

Verification of

CO2 Storage Sites

18 Months on

By Michelle Bentham (British
Geological Survey, Sub-Project
leader for Dissemination and
Training)

T
he CO2ReMoVe project is a

five-year EC and industry

funded 6th Framework

Integrated Project, launched in

March 2006. It aims to develop

tools and methodologies for

monitoring CO2 stored in geological

sites and to produce guidelines

and best practice recommendations,

for CO2 storage projects in

monitoring and performance

assessment. The research is focused

on large-scale test sites, Sleipner

(Norway) and In Salah (Algeria). In

the second phase of the project the

portfolio of sites will increase to

include SnØhvit (Norway) and

smaller-scale test sites. At these sites

an extensive range of site monitoring

technologies including time-lapse

seismics, microgravimetry, electrical

surveys, downhole fluid sampling,

tracers, soil gas measurements,

microbiological surveys, seabed

surveys and atmospheric

measurements will be deployed.

The project with a total budget of €

15 million is funded through the 6th

framework by The European

Commission Directorate General for

Research and industrial partners (BP,

ConocoPhillips, ExxonMobil, DNV,

Schlumberger, Statoil, Total,

Vattenfall, Vector and Wintershall),

who also provide technical support to

the project. Participating partners

include European academic research

organisations and the International

Energy Agency. The project is

coordinated by the Netherlands

Organization for Applied Scientific

Research (TNO).

The project is divided into five

sub-projects:

� Acquisition of data sets

� Site performance assessment and

remediation

� Interpretation, modelling and

assessment of datasets and

monitoring tool development

� Best practice and contribution to

guidelines

� Dissemination and training

During the first 18 months of the

project, key researchers from across

Europe in the CO2ReMoVe team have

been involved in a number of

activities. Draft guidelines have been

produced for CO2 storage projects,

with the aim to inform and advise

regulators in Europe. This activity

was brought to the top of the project

agenda in order to keep pace with the

European timetable on regulation.

Work has begun on the large-scale

test sites, with a continuation of the

monitoring programme at the

Sleipner field. This includes

completion of processing of 2006

time-lapse 3D and high-resolution

2D seismic data and seabed imaging.

At the In Salah site the focus of effort

has been on data acquisition and

development of a geological model,

using pre-CO2 injection data.

Monitoring plans have been devised

for the In Salah site. Teams of

geophysists, microbiologists and

geochemists are ready for

deployment to undertake a number of

field tests. Amongst the portfolio of

novel monitoring tools is an

atmospheric CO2 flux-monitoring

tower. Purchased by BGS and

developed in CO2GeoNet, it will be

Cryogenic Carbon

Capture

E
NECOGEN, a joint venture

between Dutch utility ENECO

and UK generator International

Power has started a project to

evaluate the feasibility of capturing

CO2 using Liquefied Natural Gas

(LNG) as an energy source.

ENECOGEN plans to build a 840MW

CCGT plant in the Rotterdam port

area, consisting of two identical

power trains of 420MW each.

Subject to the decision to invest being

taken by the sponsors, this plant is

expected to enter operation early

2011. Next to the ENECOGEN site,

LionGas, a subsidiary of LNG

company 4Gas, plans to build a

9bcm/yr LNG terminal which is due

to come on–line end 2010.

ENECOGEN and Liongas have signed

a MoU for heat integration between

the two plants. According to this

Atmospheric CO2 flux-monitoring
tower (left) combined with a weather
station (right), undergoing testing at
the BGS site

tested and deployed at sites in

CO2ReMoVe project (Figure 1).

Several new smaller sites are being

evaluated for inclusion in the second

phase of the project. These include

Ketzin (Germany), Karniov and

Tarnov (Poland), K12B (Netherlands)

and a CO2 field laboratory to be

developed in Norway. Links with

new countries are being developed,

by the inclusion of targeted research

to be undertaken by institutes in

Argentina, India and South Africa.

These partners will assess

performance (well integrity) and

develop monitoring techniques

(microseismics).

CO2ReMoVe is funded by the EC 6th

Framework Programme and by

industry partners Statoil, BP,

ExxonMobil, Norsk Hydro, Total,

Vector, Vattenfall and Wintershall.

R&D partners are BGR, BGS, BRGM,

DNV, ECN, GFZ, GIG, GEUS,

IEA-GHG, IFP, Imperial College,

MEERIPAS, OGS, TNO-NITG,

Quintessa, Schlumberger and

SINTEF. For more information please

see www.CO2REMOVE.eu and

contact the project coordinator Ton

Wildenborg ton.wildenborg@tno.nl

tel. + 31 30 256 4636.
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MoU, ENECOGEN will supply

warmed cooling water to LionGas for

the re–gasification of LNG. LNG is

shipped and stored at a temperature

of -160°C and needs to be heated to

temperatures of around +5°C for

re–gasification and subsequent

distribution through pipelines.

Instead of using cooling water for

LNG re–gasification, the flue gasses

of ENECOGEN could also be used as

the heat source. The flue gasses of the

CCGT would be cooled to

temperatures as low as -120°C,

where a phase change takes place

and CO2 can be captured in solid or

liquid form. As the CO2 is not

captured in the gaseous phase, the

compression energy for sending it

into a pipeline at approximately 100

bar is also significantly reduced.

Several process schemes are

envisaged for this approach, and

ENECOGEN is currently investigating

the best process configuration. The

MoU also covers potential heat

integration for carbon capture

should this technology become

successful. It is expected that a

substantial part of the CO2 produced

by ENECOGEN (2 million tonne per

annum) can be captured by using

only LNG.

Although the ENECOGEN plant is still

under development, it will start

operation without carbon capture.

The capture plant could be built as a

retrofit – subject to appropriate

arrangements being in place for the

transport and storage of the CO2

together with an appropriate

regulatory framework. It is expected

that this could be in 2013 i.e. two

years after the start of operation of

ENECOGEN.

ENECO plays a key role in the CO2

infrastructure plans of the Rotterdam

Port Authority and the city of

Rotterdam is its largest shareholder.

In that respect, ENECOGEN aims to

contribute to the realisation of this

CO2 infrastructure. Also, Rotterdam

started the Rotterdam Climate

Initiative in which it aims to reduce

the CO2 emissions in the city to 50%

in 2020. In the RCI plans, it is

recognised that this is only feasible

with CCS.

For more information please contact:

Jos Jacobs, j.jacobs@eneco.nl

Chemical-Looping

Combustion of

Solid Fuels

By Anders Lyngfelt

I
n Chemical-looping Combustion

(CLC), fuel is introduced to the fuel

reactor where it reacts with an

oxygen carrier to CO2 and H2O. The

reduced oxygen carrier is transported

to the air reactor where it is oxidized

back to its original state by air. As a

result, CO2 can be inherently

separated in this combustion process

without any direct loss in efficiency,

and the total amount of heat released

in the air and the fuel reactor is equal

to the heat released from normal

combustion.

Almost all of the work around

chemical-looping combustion has

focused on the use of gaseous fuels.

Since solid fuels are considerably

more abundant and less expensive

than natural gas it would be highly

advantageous if the CLC-process

could be adapted for solid fuels. This

would mean to introduce the solid

fuel into the fuel reactor where the

oxygen carrier oxidizes the fuel.

However the solid-solid reaction

between char remaining after

devolatilization and a metal oxide is

not very likely to occur at an

Schematic picture of the
CLC-process. Two interconnected
fluidized bed reactors, one air and one
fuel reactor, with circulating oxygen
carrying particles

First start of solid fuel addition to Chalmers’ 10 kW chemical-looping
combustor for solid fuels, March 20, 2006.
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appreciable rate. Instead the char

needs to be gasified and then the

oxygen-carrying particles react with

the produced gas, making the

gasification the time limiting step. An

important advantage compared to

normal gasification is that it will take

place in a high concentration of CO2

and H2O which is highly beneficial

for the reaction rates. The main

gasification reactions are:

The main reactions with the metal

oxide are:

For the direct application of solid

fuels it is clearly to be expected that

the particle lifetime will be shorter.

One reason is that the continuous

discharge of solids in the form of fuel

ash will probably increase the loss of

active oxide particles. Another reason

is that reactions with the ash of the

fuel may gradually degrade the

particles. At the same time, the

gasification reactions in the fuel

reactor are in most cases slower than

the gas reactions with the metal oxide

in the fuel reactor. Thus, the

residence time and solids inventory in

the fuel reactor, are likely not limited

by the oxygen-carrier reactivity,

meaning that high reactivity of

oxygen-carriers is of less importance.

This means that the optimal

oxygen-carrier material for the

application with solid fuels can be

expected to be characterized by being

much cheaper and having lower

reactivity.

In the EU-project ENCAP the

possibility to apply chemical-looping

combustion to solid fuels has been

investigated during three years. Out

of a number of materials of with

varying costs and reactivities a few

were selected for tests with solid fuels.

Thus, a specially designed laboratory

reactor system, where solid fuel and

air can be added cyclically, has been

used to study the reaction of seven

solid fuels with three different

oxygen carriers. Parameters that

affect the reaction rate have been

varied, such as temperature and

concentrations of steam and sulphur

in the fluidizing gas.

Legal Aspects of

Storing CO2-

Update and

Recommendations

C
O2 emissions from energy

production and consumption

are a major contributor to

climate change. Thus, stabilising CO2

concentrations in the atmosphere by

reducing these emissions is an

increasingly urgent international

necessity. Carbon capture and

storage (CCS) represents one of the

most promising potential solutions to

contain emissions resulting from

continued use of coal and other fossil

fuels. However, challenges such as a

lack of legal and regulatory

frameworks to guide near-term

demonstration projects and

long-term technology expansion

must be addressed to facilitate the

expanded use of CCS.

In October 2006, the International

Energy Agency (IEA) and the Carbon

Sequestration Leadership Forum

(CSLF) convened with legal experts,

to discuss the range of legal issues

associated with expanded use of CCS

and to identify ways to facilitate

further CCS development and

implementation Participants

examined gaps and barriers to the

deployment of CCS and identified

recommendations to guide further

development of appropriate legal

and regulatory frameworks.

OSPAR

Convention

Amended for CCS

A
t the OSPAR Commission

meeting in Ostend this year

amendments were adopted to

the Annexes to the Convention

which will allow the storage of CO2

in geological formations under the

seabed.

The OSPAR Commission was set up

by the 1992 OSPAR Convention for

the Protection of the Marine

Environment of the North East

Atlantic. It is made up of

representatives of the governments

of 15 contracting parties and

the European Commission. The

latest OSPAR amendment paves the

way for new types of CCS operations

and on a large scale.

The amendments follow the

This publication provides

policymakers with a detailed

summary of the main legal issues

surrounding the CCS debate,

including up-to-date background

information, case studies and

conclusions on the best legal and

regulatory approaches to advance

CCS. These strategies can be used

to enable further development,

deployment and demonstration of

CCS technology, potentially an

essential element in global efforts to

mitigate climate change.

The report can be ordered

from the IEA bookshop at

www.iea.org/w/bookshop/add.as

px?id=325

ISBN: 978-92-64-03408-2

No. of Pages: 144

Paper copies are €100, and PDF

copies are €80 (2007)

A chemical-looping combustor for

solid fuels with a thermal power of

10kW was designed and built at

Chalmers University of Technology.

The unit has been operated with a

low cost oxygen carrier and two

different solid fuels. The results

clearly establish the feasibility of this

process.

The design of a 455 MWe CLC for

solid fuels made by Alstom Power

Boilers, indicates that the application

of chemical-looping combustion to

solid fuels could give both low CO2

avoidance costs and low energy

penalty.



Greenhouse Issues - September 2007 11

publication last year by OSPAR of

reports on ocean acidification, which

confirmed that high levels of CO2 in

the atmosphere are changing ocean

carbon chemistry at least 100 times

faster than at any time in the last

100,000 years. Currently 50% of the

CO2 that is emitted from power

plants or heavy industry inevitably

ends up in the oceans. As a result of

this amendment, the CO2 could be

captured, transported offshore by

pipeline or ship, and placed in an

offshore installation. OSPAR has set

standards for a mechanism to

minimize the risks associated with

the storage of CO2. These standards

effectively protect the marine

environment from CO2 that would

have ended up in the oceans through

emissions from energy generation or

industry, as well as from CO2

escaping the geological formations

from where it will be stored.

The Commission also decided to rule

out legally the placement of CO2 into

the water-column of the sea and on

the seabed, because of the potential

negative effects.

According to Prof David Johnson,

Executive Secretary to

the Commission ‘appropriate

regulations are necessary to facilitate

CCS as it is a relatively new concept.

Careful selection of suitable depleted

oil and gas fields and deep saline

formations is now necessary in order

to reduce the amount of CO2 entering

the atmosphere and economic

incentives to take up the technology

will be needed’.

For more information, see

www.ospar.org

emissions. But the USA appears to be

more supportive of a UN process to

limit climate change.

Post-Kyoto

Angela Merkel said the G8 would

negotiate within a UN framework to

seek a replacement for the Kyoto

Protocol by the end of 2009. No

mandatory target was set for

emissions reductions, but Ms

Merkel’s preferred benchmark of

50% cuts by the year 2050 was

backed by the EU, Canada and Japan

and was included in the agreed

Summit statement. The leaders

agreed that developing nations

should also cut emissions. Ms Merkel

described the climate change deal as

a ‘significant and important step

forward’. An extract from the agreed

text reads: ‘Taking into account the

scientific knowledge as represented

in the recent IPCC reports, global

greenhouse gas emissions must stop

rising, followed by substantial global

emission reductions’.

Support for UN

The G8 leaders agreed that the UN

climate process is the appropriate

forum for negotiating future global

action on climate change. They called

on all parties to actively and

constructively participate in the UN

Climate Change Conference to be

held in Bali, Indonesia in December

2007, with a view to achieving

a comprehensive post-2012

(post-Kyoto) agreement that should

include all major emitters. They

stressed that further action should be

based on the UNFCCC principle of

common but differentiated

responsibilities and capabilities.

Innovation

There was recognition of the

important opportunities offered by

effective action on addressing climate

change, in particular for innovation,

technological development and

poverty reduction. Technology was

seen as key to mastering climate

change and enhancing energy

security. For example, the urgent

need to develop, deploy and foster the

use of sustainable, less carbon

intensive, clean energy and

climate-friendly technologies was

highlighted. In addition, an

expanded, collaborative approach

was seen as important in accelerating

the widespread adoption of

clean-energy and climate-friendly

technologies in emerging and

developing economies.

Private sector investment was

identified as the primary means of

technology deployment and

diffusion. Strong economies and a

wide range of policy instruments are

required to develop, deploy and

foster climate-friendly technologies.

Market mechanisms, such as

emissions trading, tax incentives,

performance-based regulation, fees

or taxes, and consumer labeling can

provide pricing signals and deliver

economic incentives to the private

sector.

Energy Efficiency

The G8 identified improving energy

efficiency worldwide as the fastest,

most sustainable and cheapest way to

reduce greenhouse gas emissions and

enhance energy security.

According to the IEA, successfully

implemented energy efficiency

policies could contribute to 80% of

avoided greenhouse gases. The G8

leaders agreed to promote

international research, encourage

investment and development

co-operation aimed at energy

efficient technologies and other

greenhouse gas mitigation options.

Wider Co-operation

The continuing leadership role of

developed economies in future

climate change efforts was

acknowledged by the G8 leaders, but

they also recognized that this would

not be enough and so invited the

emerging economies to reduce the

carbon intensity of their economic

development. This action could take

several forms, including sustainable

development measures, and the use

of an improved and strengthened

CDM.

The need to engage major emitting

economies on how best to address the

challenge of climate change was

reiterated. To this end, G8

G8 Summit,

June 2007

G
erman Chancellor Angela

Merkel forged something like

consensus on climate change

at the G8 summit, held in

Helligendamm, Germany in the first

week of June, 2007. The G8 leaders

stated their commitment to taking

strong leadership in combating

climate change. However, the hard

work on emissions cuts has yet to

come and so far, there is no deal in

sight to persuade India, Brazil and

China, in particular to reduce their
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Emissions and

Emissions Policy

in China

I
n June 2007 China topped the list

of CO2 emitting countries,

according to estimates for 2006

by the Netherlands Environmental

Assessment Agency (MNP). In 2006

global CO2 emissions from fossil fuel

combustion increased by about 2.6%

(compared to 3.3% increase in

2005). The 2006 increase was

mainly due to a 4.5% increase in

global coal consumption, of which

China contributed more than

two-thirds. In 2005 China’s

emissions were still 2% behind the

USA, in 2006 they were 8% greater.

The figures were derived from the

MNP using BP energy data and

cement production data.

In 2006 global CO2 emissions from

coal combustion increased 4.5%

(+500 MtCO2). China contributed

most to this increase with a 9%

increase in 2006. Global CO2

emissions from the combustion of

natural gas increased 2.5% (+130

MtCO2), mainly due to increasing

consumption in Russia and China.

The estimate of emissions does not

include emissions from flaring and

venting of associated gas during oil

and gas production or CO2 emissions

from deforestation/logging/decay of

remaining biomass. In addition, CO2

emissions from underground coal

fires in China are not included.

If emissions are expressed per capita,

they are roughly 5 tCO2e for China,

15 for the EU and 20 tCO2e per

capita for the USA. Emissions per unit

of GDP show the opposite pattern, at

roughly 1.1 kgCO2e/US$ of GDP in

developing countries compared with

0.7 in developed countries.

A number of factors need to be

considered when evaluating the

implications of these rising

emissions, such as economic

development, per capita emissions

and historical contribution to the

current global warming. Another

element is the amount of exports to

high-income industrialized

countries – a substantial part of

China’s emissions growth is being

driven by consumers in developed

countries buying Chinese goods.

Differences in other country-specific

circumstances can also be relevant to

emission reduction potentials – such

as climate, geography, economic

structure particularly of the

manufacturing industry, and the fuel

mix of the total primary energy

supply.

At a similar time to the news that

China is now the largest emitter of

CO2, China has unveiled its first

national plan for climate change,

saying it is intent on tackling the

problem but not at the expense of

economic development. The 62 page

report reiterates China’s aim to

reduce energy use by a fifth before

2010 and to increase the amount of

renewable energy it produces.

China’s National Climate Change

Programme, published in June 2007

is the result of two years of

preparation by the State Council, the

National Development and Reform

Commission (NRDC) and 17 other

departments. The five-part plan was

developed under the approval of the

UN FCCC. It states China’s current

situation and efforts on climate

change, as well as the effects and

challenges of climate change in the

country. It sets out the nation’s

guidelines and goals for tackling the

problem, related policies and

measures, and China’s stance on

climate change and the need for

international co-operation.

The Chinese government has not set a

direct target for the reduction or

avoidance of GHG emissions, rather it

aims to reduce energy consumption

per unit of GDP by 20% by 2010,

according to the plan. China also

aims to increase the share of

renewable energy in primary energy

provision to about 10% and to cover

roughly 20% of its land area with

forest. China has set another major

goal of strengthening its capacity to

adapt to climate change, with a focus

on grassland restoration, improved

irrigation efficiency, forest and

wildlife conservation, flood control

and coastal security.

The plan stresses the role of

technology transfer and international

co-operation in helping China move

towards a low carbon economy,

which is considered crucial in the

country’s transition away from its

current energy structure. Technology

and cost are major barriers to energy

efficiency in China, and it is

considered difficult to alter the

nation’s coal-dependent resource

and consumption framework in the

short term.

The USA and China recently agreed

in their second strategic economic

dialogue to collaborate on the

promotion of clean coal technology.

This includes developing large-scale

coalbed methane capture projects in

China, enhancing R&D of CCS

technologies, and formulating a

national low-sulphur fuel policy for

China.

For more information see:

www.mnp.nl/en/sevice/pressreleas

es/2007 and

http://en.ndrc.gov.cn/newsrelease/

PO20070604561191006823.pdf

representatives had already met with

representatives from Brazil, China,

India, Mexico and South Africa in

Germany the month before the

Summit.

Adaptation

It was admitted that even

implementing ambitious mitigation

steps would not avoid all the impacts

of climate change, especially in

developing countries and the regions

most vulnerable to climate change. So

the G8 leaders stated their

commitment to enhancing resiliency

to climate change in a way that

supports the goal of sustainable

development.

For more information see the G8

summit declaration of 7 June 2007 on

‘Growth and responsibility in the

world economy’ on the G8 website

www.g-8.de/Webs/G8/EN/

Homepage/home.html
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Voluntary Carbon

Markets

R
icardo Bayon, Amanda Hawn

and Katherine Hamilton,

together with a large number

of contributors have written a

comprehensive account of voluntary

carbon markets which sets out to be

an international business guide to

what they are and how they work.

The term 'carbon market' refers to the

buying and selling of emissions

permits that have been either

distributed by a regulatory body or

generated by GHG emission

reductions projects. GHG emission

reductions are traded as carbon

credits, which represent the

reduction of GHGs equal to 1 tonne

of CO2.

Voluntary carbon markets are not

new – the first carbon offset deal was

brokered in 1989 when an American

electricity company, AES Corp,

invested in an agro-forestry project

in Guatemala. The voluntary market

does not rely on the law to generate

demand. So the market suffers from

fragmentation and a lack of widely

available impartial information. The

voluntary market has been criticized

because there is a lack of uniformity,

transparency and registration. The

lack of regulation means that it

cannot grow to a size that will have a

real impact on the problem of climate

change. However, it is evolving and

growing fast and can have some

advantages over the regulated carbon

market, as the products can be

innovative and flexible and have

lower transaction costs.

The global carbon market is

expanding fast and so there are

increasing opportunities for

business, and for the reduction of

greenhouse gas emissions. The

voluntary carbon market is growing

fast too and there are some large

organisations involved, including

HSBC, Volvo, Avis and American

Express. These outfits are offsetting

their greenhouse gas emissions to

become ‘carbon neutral’ and so are

contributing to the growth of the

voluntary carbon market. At the

moment the voluntary carbon

market is in a critical period. It is

formalizing and developing quickly,

while creating new economic and

environmental opportunities for

investors, businesses, NGOs and

individuals.

The book draws together the key

information on international

voluntary carbon markets, with

commentary from practitioners and

business people. The voluntary

market is complex, fragmented and

multi-layered. However, a few

guiding practices and business

models are becoming established,

from which conclusions are drawn

about market direction and

opportunities. All aspects of

voluntary carbon markets around the

world are covered – what they are,

how they work and their potential to

help reduce emissions of GHGs.

‘The Big Picture’ is the opening

chapter which explains market

theory, carbon markets and then the

voluntary carbon market.

Understanding supply and demand

in the voluntary carbon market is the

focus of chapter 2. Consideration is

given as to how the voluntary carbon

market relates to the US REC

(renewable energy certificate)

market. A number of experts give

their perspective on the voluntary

carbon market. Contributions are

presented from economists,

conservationists, project developers,

policy makers, retailers, consultants,

investors, buyers and a bank. The

final chapter considers the future of

the market, and the questions that

remain to be answered. The authors

conclude that the voluntary carbon

market is becoming an interesting

public relations and risk-

management option for companies,

and that it is educating consumers

about climate change. They think

that the voluntary market will

eventually find a way to co-exist with

the regulated carbon market, and

that the co-existence will be

beneficial. They conclude that there

will be two distinct sources of

demand for voluntary carbon – one

from those interested in playing a

role in addressing climate change,

and the second will be corporations

and institutions that feel compelled

for a number of reasons to go beyond

regulation to address climate change.

'Voluntary carbon markets – an

international business guide to what they

are and how they work' by R Bayon, A

Hawn and K Hamilton, Earthscan 2007,

www.earthscan.co.uk

Greenhouse

Cuttings

EasyJet Unveils

‘Eco-Plane’

E
asyJet, a low-cost airline, has

unveiled a design for a new

‘eco-plane’ which is capable of

cutting CO2 emissions in half by

2015. The plane is based on

technologies already being developed

by aircraft manufacturers. It would

be built largely of carbon composite,

which is already being used in the

manufacture of Boeing’s 787

Dreamline, launched this summer.

The engines would be mounted at the

rear of the plane, between a double

tailfin. Equipped with rotor blades,

mounted behind the engines, the

plane would be more fuel efficient

but slower than current models. The

prototype plane would also produce

about 75% less nitrogen oxide, and

the noise level would be reduced by

about 25%. www.telegraph.co.uk/

news/main.jhtml?xml=/news/2007

/06/15/necojet115.xml

Vatican to Build Solar

Panel Roof

The cement roof tiles of the Paul VI

auditorium at the Vatican are

deteriorating. In 2008 they will be

replaced with photovoltaic cells

which should generate enough

power to light, heat or cool the hall.

The Paul VI auditorium was designed

by Pier Luigi Nervi and built in 1969.

When the 6 000 seat hall is not in use,

the surplus energy will be fed into the

Vatican power network.

The Vatican is considering placing

solar panels on other buildings,

although St Peter’s Basilica and other

historical landmarks will not be

touched. http://news.bbc.co.uk/go/

em/fr/-/2/hi/europe/6725109.stm

Biofuels ‘Will Push Up Oil

Price’

OPEC Secretary General, Abdalla

El-Badri has said that moves to use

biofuels would make his members
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consider cutting investment in new

oil production. He said that while

OPEC members had so far

maintained their investment plans,

he added: ‘If we are unable to see a

security of demand … we may revisit

investment in the long term’. The

warning from OPEC, which controls

about 40% of global oil production,

came as the G8 countries met in

Germany in June.

George W Bush had pledged to cut

US petrol use by 20% over the next

10 years through the use of more

efficient vehicles and a big increase

in biofuel consumption. In 2005,

world production of biofuels, derived

from agricultural commodities such

as corn and sugar, was equal to 1% of

all road transport fuel.

Mr El-Badri warned that biofuel

production could prove

unsustainable in the medium term as

it competes for agricultural land with

food supplies. He said that the biofuel

strategy championed by Bush and

European leaders would backfire

because ‘you don’t get the

incremental oil and you don’t get the

ethanol’. In this case, he warned, oil

prices would ‘go through the roof’.

Currently, OPEC plans to invest

about $130 bn until 2012 to raise its

oil output. From 2013 to 2020 OPEC

plans to invest another $500 bn in

production infrastructure, but that

could change depending on the

biofuels outlook, according to

El-Badri.

Claude Mandil, head of the IEA,

responded to OPEC’s concerns by

stressing that biofuels will provide

only a small proportion of the

world’s demand for fuel in the next

decade. He said that, even in the

worst case for OPEC, the IEA forecast

that global oil demand in 2015

would rise by close to 10 million

barrels a day (mb/d), to 94.8 mb/d.

Demand for OPEC oil could be 38.8

mb/d in 2015, up from 31 mb/d

today, while biofuels would provide

just 3 mb/d.

http://news.bbc.co.uk/go/em/fr/

-/2/hi/business/6725407.stm

EU ETS ‘is Failing’

The EU Emission Trading Scheme (EU

ETS) a key part of the UK

Government’s drive to combat

climate change, began in 2005 and

Phase 1 is coming to an end. One

main outcome was the creation of a

trade in carbon offsets. Phase 1 did

not result in a decline in emissions,

but rather it gave a windfall to power

companies. A government minister

has promised that the scheme’s next

phase will be a big improvement.

http://news.bbc.co.uk/go/em/fr/

-/2/hi/programmes/file_on_4/672

0119.stm

US DOE Releases Draft EIS

Statement for FutureGen

Project

The draft Environmental Impact

Statement (EIS) for the FutureGen

project describes the potential

environmental effects of constructing

the state-of-the-art 275MW

coal-fired power plant with

hydrogen production capabilities.

The plant will also use CO2 capture

and storage (CCS) technology. The

draft EIS provides detailed

descriptions of the proposed power

plant, CCS methods, monitoring

activities, planned and potential

research activities, resources

required for the project, and

construction and operation plans.

The EIS also considers the various

human and environmental impacts at

the site and surrounding community

that could result from the

construction and operation of the

power plant. The EIS incorporated

comments from DOE-hosted public

hearings conducted in the

communities located near the 4

candidate sites – two in Illinois and

two in Texas. The draft suggests

mitigation options that can be

considered as the project develops.

This assessment will be used for

reference in the design, construction

and eventual operation of the

FutureGen plant. Comments on the

draft may be included in the final EIS.

It can be found at:

www.netl.doe.gov/technologies/coa

lpower/futuregen/EIS/

Capture Ready

The UK’s Department for Business,

Enterprise and Regulatory Reform

(BERR) has given the go-ahead for a

new £400 million gas fired power

station at Uskmouth, Newport, South

Wales.

Consent was given to Severn Power

for the construction of an 800MW

Combined Cycle Gas Turbine (CCGT)

power station. The station has also

been given deemed planning

permission under section 90 of the

Town and Country Planning Act

1990.

As part of the section 36 consent,

Ministers have included a condition

to ensure that carbon capture plant

can be retrofitted should that be

necessary in the future.

http://news.bbc.co.uk/1/hi/wales/

south_east/6953923.stm

Basin Electric Looking at

CO2 Capture Technology

Basin Electric Power Cooperative

issued a request for proposal (RFP) on

1 June 2007 as the launch of a plan to

demonstrate CO2 capture at its

Antelope Valley Station near Beulah,

North Dakota. The RFP is for a

demonstration project that will

evaluate various types of CO2

removal technologies to try to

determine which might be

technologically and economically

feasible. The CO2 captured during the

demonstration project would be fed

into an existing CO2 compression and

pipeline system owned by Basin

Electric’s wholly owned subsidiary,

Dakota Gasification Company.

Basin Electric plans to decide

which technologies to use in

the project by 1 December 2007.

The RFP can be found at:

www.basinelectric.com/Commerce/

WhatWeBuy/c02_capture_rfp.html

Alstom and E.ON to Build

Chilled Ammonia Based

CO2 Capture Plant

Alstom has signed a joint

development contract with E.ON to

launch a 5MW CO2 capture

demonstration plant at Karlshamn



Greenhouse Issues - September 2007 15

Power Plant in southern Sweden. The

demonstration plant will use

Alstom’s new chilled ammonia-based

technology to capture CO2 and is

expected to begin operation in 2008.

After technical evaluation, the

companies plan to introduce the

technology in other Swedish power

plants. Research suggests that chilled

ammonia-based CO2 capture can

remove up to 90% of the CO2 from

flue gases. Alstom’s chilled ammonia

process greatly reduces the amount

of energy used to capture CO2. The

technology may result in an energy

loss of only about 10%, compared to

other methods of post-combustion

CO2 separation which can result in

energy losses of 30%.

The Alstom chilled ammonia CO2

capture technology will also be

demonstrated in West Virginia,

Oklahoma and at a 15 000 t/y pilot

plant project at Pleasant Prairie,

Wisconsin. www.alstom.com

Alstom and Statoil to

Develop Chilled

Ammonia-Based CO2

Capture for Natural Gas

As well as the project with E.ON (see

above), Alstom has signed a contract

with Statoil to test Alstom’s chilled

ammonia technology for CO2

capture from flue gases from natural

gas combined cycle (NGCC) power

plants. The agreement covers the

design and construction of a 40 MW

test and product validation facility at

Statoil’s Mongstad refinery in

Norway. The facility will be designed

to capture at least 80 000 t/y CO2

from the refinery’s cracker unit or

from a new CHP plant being built by

Statoil. The test and product

validation facility is expected to enter

operation by 2009-2010 with the

first operation and testing phase to

last 12-18 months.

Both parties intend that this facility

will lead to technical advances and

the construction of a larger CO2

capture unit that may eventually

capture over 2 million t/y CO2 at

Mongstad. www.alstom.com

Global Energy Technology

Strategy Addressing

Climate Change Report

The Phase 2 report, published in May

2007 is the product of nine years of

research in two phases by the Global

Energy Technology Strategy

Programme. The report of Phase 2

addresses findings from an

international public-private

sponsored research programme. The

research took place mainly at the

Joint Global Change Research

Institute. When the first phase began

the importance of a technology

strategy was unappreciated.

However, GTSP Phase 1 made the

case that a technology strategy was

an important part of a larger strategy

to address climate change and

needed to be included with the other

major components – climate science

research, adaptation to climate

change and emissions mitigation.

Phase 2 recognised that to craft a

global energy technology strategy it

is important to develop a deeper

understanding of potentially

important technologies and

technology systems, and to embed

that knowledge in the context of the

larger global energy and economic

systems. In Phase 2 six energy

technologies and technology systems

were identified which have the

potential to a play a major role in a

climate-constrained future: CCS,

biotechnology, hydrogen systems,

nuclear energy, other renewable

energy, and end-use technologies

that might be used in buildings,

industry and transportation.

Knowledge gained in each area has

been integrated into a larger global

energy-economy-climate frame. The

full report is available at:

www.pnl.gov/gtsp/docs/gtsp_2007

_final.pdf

New Measures to Reach

Norway’s Ambitious

Climate Targets

The Norwegian government has

produced a new white paper on

climate policy. The paper proposes

that Norway should have the most

ambitious climate targets in the

world. The country is to be carbon

neutral by 2050, which means that

all remaining emissions will be set off

against emissions in other countries.

Norway’s commitment under the

Kyoto Protocol will be improved by

10% and by 2020 it is planned that

GHG emissions will cut by 30% of

1990 emissions.

Research and technological

development are major priority areas

for the government’s climate policy.

The proposed measures for reducing

GHG emissions in Norway include

the following:

� prohibiting the installation of

oil-fired boilers in new buildings

from 2009

� supporting the conversion of

oil-fired boilers to those using

renewable energy

� increasing the fund for the

promotion of energy efficiency

measures and the use of

renewable energy

� starting a programme to develop

marine wind turbines

� increasing the fund for

sustainable gas technologies

� expanding the production of

bioenergy

� improving public transport.

For further information visit the

Norwegian Ministry of the

Environment website press release at

www.regjeringen.no/en/dep/md/

Press-Centre/Press-releases/2007/

New-measures-to-reach-Norways-a

mbitious--2.html?id=473402

DNV Asks for Standards

for Capture, Transmission

and Storage

Proper standards and best practices

for capture, transmission and storage

of CO2 do not exist at present in the

oil and gas industry. In order to

develop these guidelines, DNV in

Norway is inviting industry leaders

and key stakeholders to join three

Joint Industry Projects in order to

develop such standards.

The key challenges the projects will

address include how to store CO2 in

sub-seabed formations in a safe

manner, how to qualify CO2 storage

projects and new CO2 capture

technology, and what should be the

industrial standard for transmission

of CO2 in pipelines. Industrial
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standards and best practices

addressing these challenges do not

currently exist. www.dnv.co.uk/

energy/news/DNVinvitestheoilandg

asindustrytodevelopstandardsonCO2

capturetransmissionandstorage.asp

CO2 Capture at Mongstad,

Norway

The Norwegian Ministry of

Petroleum and Energy has signed an

agreement with DONG Energy,

Hydro, Shell, Statoil and Vattenfall on

co-operating towards a test centre for

the CO2 capture and storage at

the combined heat and power

station at Mongstad, Norway. The

co-operation agreement will regulate

the planning and preparation for a

test centre (European CO2 Test Centre

Mongstad) and will run until the

investment decision for the test centre

takes place early in 2008.

www.regjeringen.no/en/dep/oed/

Press-Center/Press-releases/2007/

An-important-step-towards-CO2-ca

pture-at.html?id=473389

Japan Could Cut CO2

Emissions by 70% by

2050

In February 2007 the ‘2050 Japan

Low-Carbon Society’ team published

a report which concluded that Japan

has the technological potential to

reduce emissions of CO2 by 70 %

from 1990 levels and still have a

well-off and advanced low-carbon

society.

The 70% CO2 emission reduction

target could be met by reducing

energy demand by 40-45% and by

introducing more low-carbon energy

supplies. The energy demand-side

emission reduction could be achieved

by the combination of a shrinking

population with the promotion of

rational energy use, energy

conservation and improvements in

energy efficiency. In addition energy

supplies would need to be

decarbonised further. For example

nuclear power, hydrogen production

and CCS would be options as would

smaller scale energy systems such as

solar, wind and biomass, and energy

efficiency improvements. The annual

cost of implementation of

introducing low-carbon technologies

in order to attain a target of 70%

emission reductions by 2050 is

estimated at around 1% of GDP in

2050, or 6.7-9.8 trillion yen

(US$ 54.5-79.7 billion).

http://2050.nies.go.jp/interimrepor

t/20070215_report_e.pdf

Google Backs Green

Computer Plan

Google and US semiconductor firm

Intel have joined a scheme which

aims to cut CO2 emissions by 54mt/y.

Hewlett-Packard, Dell and Microsoft

have also signed up to the campaign.

The use of energy efficient

technology would add about $20

(£10) to the price of computers and

$30 (£15) to servers, but the costs

would be offset by lower electricity

bills. Manufacturers who agree to the

climate-saving programme agree to

design, produce and sell equipment

that meets the US EPA’s Energy Star

standard of 80% initially. (This will

rise to 90% by 2010). The initiative is

an extension of the WWF Climate

Savers programme, which helps

companies to reduce GHG emissions.

Initial supporters include Yahoo,

Hitachi and Sun Microsystems.

http://news.bbc.co.uk/1/hi/uk/67

47323.stm

CEZ Looking at Two

Locations for Low

Emission Technologies

The CEZ Group introduced an action

plan for CO2 emission reduction in

March 2007. The plan includes

increasing its energy production

from renewable resources to 5.1TWh

by 2020. Other objectives include

reducing GHG emissions by 15%,

contributing to the Czech Republic

national goal of reducing energy

intensity by 23TWh/y and investing

in foreign projects leading to savings

of 30MtCO2.

The CEZ Group is planning to

participate in the construction of

demonstration zero emission power

plants in the EU. CEZ’s contribution

will be the construction of at least one

unit in the Czech Republic, of the

10-12 planned. The plan is for the

units to be operational by

2012-2015. Broad commercial

application of these technologies is

expected after 2020.

The two locations being considered

by the CEZ Group are North Bohemia

and Hodonin in South Moravia. Both

have the potential for CCS. The North

Bohemia project could have a large

installed capacity (about 660 MW)

and high efficiency, over 42%

without CCS. It also may be possible

to store CO2 in the geological

structures in the region. However,

there may be space constraints, and

the facility to store CO2 locally is not

proven. At the Hodonin site there is

the potential to test CO2 capture from

fluidized bed boilers. In addition the

plant burns lignite as well as

biomass. Nearby there are depleted

hydrocarbon structures which may

be suitable for storing CO2. However,

the plant has a lower installed

capacity, 105 MW, and it uses

lignite, a lower quality fuel. For more

information see www.cez.cz

Gazprom Completes CBM

Pilot Study

Gazprom, the largest Russian

company and the world’s largest

natural gas producer, has announced

the successful completion of a pilot

coalbed methane (CBM) production

project in the Taldinskaya area of

Kuzbass Basin. The aim of the project,

in the Kemerovo Oblast, is to provide

a reliable gas supply to the Kuzbass

region while improving safety at coal

mines. The first phase of the project

included engineering design and

infrastructure development. Pilot

wells were constructed which are

operational. During 2007-08, the

project participants plan to

implement a second phase which

will focus on addressing the lack of a

regulatory framework for CBM

production. Gazprom plans to begin

supplying gas to customers in the

second half of 2009.

The Kuzbass Basin is suitable for

CBM development because of its

well-developed infrastructure and

proximity to the large industrial

centres of the Kemerovo Oblast.

Gazprom estimates that CBM

reserves in Russia are 49 trillion

cubic metres (Tcm), 13Tcm of which

are located in the Kuzbass region.

www.gazprom.com/eng/news/

2007/07/24659.shtml
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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:

� Potential Impacts of Leaks from Onshore CO2 Storage Projects on Terrestrial Ecosystems. (Report

No. 2007/03)
This report looks at the range of potential impacts that a leak from an on-shore CO2 storage project may have. It

specifically focuses on the impacts on terrestrial ecosystems, and performs a review of the current state of

knowledge and data available. From this, it reviews the research currently underway, and outlines a list of the

data that is needed, and the knowledge gaps that exist with respect to the impacts of CO2 seepage on both flora

and fauna components of ecosystems.

� CO2 Capture Ready Power Plants (Report No. 2007/04)
A CO2 capture ready plant is a plant which can include CO2 capture when the necessary regulatory or economic

drivers are in place. The aim of building plants that are capture ready is to reduce the risk of stranded assets or

‘carbon lock-in’. This study reviews the technical options that may be available to make power plants ready for

retrofit of post-combustion, pre-combustion and oxy-combustion capture processes. The economics of optional

capture ready pre-investments are assessed.

� 3rd Monitoring Network Meeting Report (Report No. 2007/05)
This network meeting was held in Melbourne, Australia in November 2006. Three themes were discussed:

monitoring of wells and seals, monitoring of cap rock and reservoir integrity, and monitoring containment. This

report provides a summary of the presentations given and results from the meeting. The Australian Greenhouse

Office organised a one day workshop prior to this on the development of regulatory guidelines for monitoring,

evaluation, reporting and verification. A short report from that meeting is also included.

� 3rd Well Bore Integrity Workshop. (Report No. 2007/06)

This workshop was held in Santa Fe, New Mexico, USA in March 2007. It addressed four main areas of research

and development; field studies / surveys of well bore performance and reliability, cement – CO2 interaction

experiments and observations, numerical modelling & experiments of the near and far field well bore

environment and policies, regulations and best practices. The results showed that knowledge and understanding

had progressed a long way since the previous meeting, while highlighting the knowledge gaps that still exist, and

highlighted the need for further research and field experiments.

� International Network for CO2 Capture: Report on 10th Workshop (Report No. 2007/08)
This network has developed over the past seven years into a friendly specialist network which examines, on an

annual basis new developments in post combustion power science and latterly the introduction of pilot plants in

different parts of the world; all aimed at promoting the development of demonstration plant for this

technological approach.

� Expert Workshop on Financing Carbon Capture and Storage: Barriers and Solutions

(Report No. 2007/09)
The purpose of this workshop was to provide a clearer picture of the options available to finance CCS projects, to

increase the involvement of experts from the financial sector, and to discuss financial instruments with industry

and Government representatives.

The ultimate outcome of this work will be to identify, encourage and develop world-wide collaboration and

practical development of financial mechanisms to accelerate the progression of CCS projects from R&D to

commercial reality. Following the meeting there was a general consensus that although issues surrounding CCS

can be resolved, and it is now a financially viable option, it will require additional financial measures, beyond the

EU ETS and Kyoto Protocol to accelerate the development of CCS projects.

News for IEA GHG Members
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Conferences & Meetings

V
oluntary Carbonmarkets.

16th-17th October 2007, ICO

Conference Centre, London, UK.

Contact: Dana Vogel, Tel: +44 207

801 6333 Fax: +44 207 900 1853

dana.vogel@greenpowerconferenc

es.com www.greenpowerconferenc

es.com/carbonmarkets/voluntary_l

ondon07.html

T
he 4th Trondheim Conference on

CO2 Capture, Transport and

Storage. 16th-17th October 2007,

Trondheim, Norway. Contact: Hanne

Kvamsdal, SINTEF Energy Research,

NO-7465 Trondheim, Norway. Tel:

+47 73550465 Fax: + 47 73592889

Hanne.Kvamsdal@sintef.no

www.energy.sintef.no/arr/CO2_20

07/index.asp

2
0th World Energy Congress:

Energy Future in an

Interdependent World. 11th-15th

November 2007, Rome, Italy.

organisingsecretariat@rome2007.it

www.rome2007.it

I
nternational School of Geophysics,

30th Workshop. CO2 Capture and

Storage: a UK-Italy common strategy

and worldwide state of the art.

1st-7th November 2007, Erice, Sicily,

Italy. Contact: Fedora Quattrocchi -

quattrocchi@ingv.it

1
3th Conference of the Parties to

the UNFCCC & 3rd Meeting of the

Parties to the Kyoto Protocol. 3rd-14th

December 2007, Bali, Indonesia.

Contact: COP13, UNFCCC

Secretariat, PO Box 260 124,

D-53153 Bonn, Germany.

Fax: +49-228-8151999

info@unfccc.int www.unfccc.int

C
O2GeoNet - Training & Dialogue

Workshop on CO2 Geological

Storage. 3rd October 2007,

Paris, France. Contact: Dr

Isabelle Czernichowski-Lauriol,

info@co2geonet.com Fax: +33 2 38

64 32 66 www.co2geonet.com

2
nd International Symposium on

Capture and Geological Storage of

CO2. 4th-5th October 2007, Le

Méridien Étoile Hotel, Paris, France.

Contact: François Kalaydjian, IFP -

Communication Division, 1 & 4,

avenue de Bois-Préau, 92852

Rueil-Malmaison Cedex, France. Tel:

+33 1 4752 6440 Fax: +33 1 4752

7049 francois.kalaydjian@ifp.fr

www.co2symposium.com

I
ndia Energy Summit 2007. 5th-6th

October 2007, Hotel Hyatt

Regency, New Delhi, India. Contact:

Bharat Book Bureau Tel: +91

(022)2757 8668 / 2757 9438

Fax: +91(022)2757 9131

info@bharatbook.com

www.bharatbook.com/India-Energy

-Summit-2007.asp

S
PE ATW Workshop : Exploring

large-scale capture and

storage. 7th-10th October 2007,

Perth Australia. Contact: Society

of Petroleum Engineers

www.spe.org/spe-app/spe/

meetings/07APER/2007/index.htm

3
rd Annual European Energy

Policy Conference 2007.

9th-10th October 2007, Brussels,

Belgium. Contact: James Wilmott,

Tel: +44 (0) 2920 894 757 Fax: +44

(0) 2920 894 755

jwilmott@epsilonevents.com

www.euenergypolicy.com

C
oal Trading Conference. 3rd-4th

December 2007, New York, NY,

USA. Contact: American Coal Council

Tel: +1 (602) 485 4737

Fax: +1 (602) 485 4847

info@americacoalcouncil.org

www.clean-coal.info

F
uture Fuels Conference.

Addressing the Strategic

challenges of Successfully Bringing

Biofuels to Full Commercialisation.

3rd-5th December 2007,

Washington DC, USA. Contact: Laura

Kennedy, Tel: +44 020 7978 0092

Fax: +44 020 7978 0099

lkennedy@thecwcgroup.com

www.thecwcgroup.com/conf_detail

_home.asp?FP=1&CID=175

P
OWER-GEN International 2007.

11th-13th December 2007,

Ernest N. Morial Convention Center,

New Orleans, LA, USA. Contact: Judy

Tarpley, Tel: +1 918 831 9560

Fax: +1 918 831 9875

pgiconference@pennwell.com

http://pgi07.events.pennnet.com/

G
HGT-9. The 9th International

Conference on Greenhouse Gas

Control Technologies. 16th-20th

November 2008, Omni Shoreham

Hotel, Washington DC. Contact:

Mary Gallagher, LFEE, Room

E40-445, Massachusetts Institute of

Technology, 77 Massachusetts

Avenue, Cambridge, MA 02139,

Tel: +1 617 258 0307

Fax: 617.253.8013 ghgt9@mit.edu

http://mit.edu/ghgt9/


