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Background
Large reductions in emissions to the atmosphere of greenhouse gases, particularly CO2, will be needed
in future to avoid harmful climate change. One potential way of achieving these reductions is to
capture CO2, for example in power stations, and inject it into the deep ocean, where it is predicted to
remain for hundreds of years.
Ocean storage of CO2 is at a relatively early stage of development. Before any decisions can be made
about whether to implement ocean storage of CO2, it will be important to understand the main issues
that concern people about this concept and many questions will have to be answered. Suitable
research will help to reduce the current uncertainties and answer some of these questions. In order to
provide strategic guidance to research on ocean storage of CO2, the IEA Greenhouse Gas R&D
Programme (IEA GHG) arranged a series of open meetings on this subject. The meetings focussed on
injection of concentrated CO2 into the oceans. Fertilisation of the oceans to increase the rate of
drawdown of CO2 from the atmosphere was beyond the scope of the meetings.
The first activity was to organise a meeting of 14 scientists, legal and policy experts and
environmental non governmental organisations (NGOs) to identify issues of public concern and
recommend a way forward. This meeting was held at London Heathrow in March 19981. One of the
main recommendations was that larger meetings should be held involving a wider range of
stakeholders. IEA GHG decided to hold three Forums in different parts of the world, to help ensure
that issues and concerns in different regions were identified.

Organisation of the Forums
The Forums were facilitated by the Environment Council, a UK-based independent non-profit
organisation2 that specialises in promoting constructive dialogue on environmental topics. A ‘core
group’ of participants from IEA GHG, the Environment Council, industry, a government research
laboratory and non-governmental organisation helped to design the Forums. This group defined the
purpose of the Forums as follows:
“To identify questions which need to be answered to establish whether
ocean storage of CO2 is a robust environmental strategy”
The first of the Forums was the European Forum, held in London on 6th May 1999. The American
Forum was held in New York on 21st October and the Asia/Pacific Forum was held in Kyoto on 3rd
March 2000. The Forums were funded by IEA GHG and some additional funding for the Kyoto
Forum was provided by the Japanese Ministry of International Trade and Industry and the New
Energy and Industrial Technology Development Organisation. Staff of AIST3, NWC4, SRC 5and Fuji
Research also helped to organise the Kyoto Forum.
1

Advisory Group on R&D on Ocean Sequestration of CO2, report of meeting at Heathrow, 26-27 March 1998,
IEA GHG report PH3/2, May 1998.
2
The Environment Council is classified in the UK as a charity.
3
Agency for Industrial Science and Technology
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Participation in the Forums was open to all. Key potential participants were identified by IEA GHG,
the Environment Council and other members of the ‘core group’. These key participants were asked to
suggest other potential participants and they in turn were asked to suggest further participants. This
helped to broaden the range of participants and identify people who had not previously been involved
in discussing the subject of ocean storage of CO2. There were 35 participants from 6 countries at the
London Forum, 30 participants from 6 countries at the New York Forum and 62 participants from 11
countries at the Kyoto Forum. The participants included scientists working on ocean storage of CO2,
scientists working in other fields, staff from governmental and non-governmental organisations and
industry, and students. A list of participants in the three Forums is given in Appendix 1.
The format of each of the Forums varied to some extent, later ones building on the experience of the
earlier events. The forum agendas are summarised in Appendix 2. Short presentations were made to
provide background information for participants who were not familiar with the subject and to
illustrate the range of opinions about ocean storage of CO2. In general the participants first identified
their main individual issues and concerns. They then grouped these into overall subject headings and
discussed them in plenary or sub-groups. The Forums were intended to encourage dialogue, so the
only formal record of what happened is contained on ‘flip charts’ which were prepared as the meeting
progressed, capturing the contributions of the participants. The flip charts were subsequently
photographed and collated into reports that were sent to the participants soon after the meetings.
The independent facilitators have produced a summary of the points contained on the flipcharts, which
is reproduced in Appendix 3; this provides a detailed list of the issues and concerns about ocean
storage of CO2 raised by the participants. However, the summary in Appendix 3 is rather detailed and
it was considered that a more concise record of the meetings was needed, especially to brief IEA
GHG’s members on the results. This summary of the Forums was therefore prepared by John Davison
of IEA GHG. As far as possible it is considered to be an accurate record of the highlights of the three
Forums but it must be stressed that it is the author’s interpretation of the views expressed by the
participants at the Forums. No attempt was made to produce consensus statements during the meeting.
To provide a further insight into the Forums, a personal view was prepared by the independent lead
facilitator and this is included in Appendix 4.
At the end of the Forums the participants filled in a comments sheet to provide feedback to the
organisers. The results are presented in Appendix 5. In general, all three Forums were judged to be
productive and valued by the participants and there was a wish to see the dialogue process continue.

Issues identified during the Forums
The author’s view of the main issues and concerns raised by the participants is given below. A very
wide range of views was expressed at these meetings. Readers are therefore encouraged to read the
comprehensive list of issues in Appendix 2 for a more complete understanding of the views expressed
at these meetings. Many of the topics identified and discussed at the Forums had been identified and
discussed at the technical workshops on ocean storage of CO2 organised by IEA GHG in 1995-6.
However, the range of participants at the Forums was much broader so the views expressed more
accurately reflect the range of issues which would need to be addressed to determine whether ocean
storage is an acceptable option for reducing CO2 emissions.
Tackling climate change
Most of the participants thought that it was important to make large reductions in emissions of
greenhouse gases.
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Range of mitigation options
There was a general preference for options that reduce production of CO2 but there was a willingness
to consider a wide range of options for reducing emissions.
Assessment of ocean storage in comparison with other options
There was a strong wish to see the costs, environmental impacts and risks of ocean storage compared
to those of other greenhouse gas abatement options, for example geological storage of CO2 and
options which avoid production of CO2, such as energy efficiency and renewable energy. Various
issues which need to be taken into account in such comparisons were identified. It will not be easy to
compare different options on a common basis but such a comparison will be essential to demonstrate
whether ocean storage of CO2 is a robust environmental strategy.
Environmental impacts of ocean storage of CO2
Further work is needed to investigate biological, physical and chemical impacts of ocean storage of
CO2. Biological impacts need to consider impacts on whole ecosystems, not just individual species.
Information on the baseline is needed, including the natural variabilities in ecosystems without CO2
injection.
Risks and uncertainties
There are a large number of uncertainties about ocean storage of CO2 and its environmental impacts
and it is unlikely that research would be able to completely resolve all of the uncertainties in a
reasonable timescale. The acceptable level of risk and uncertainty for implementation of ocean
storage of CO2 needs to be defined.
Performance requirements for ocean storage
It is unclear how long CO2 needs to be stored and what are the implications of long term release of
CO2 from the ocean to the atmosphere. Intergenerational equity is a major concern. More needs to be
known about the whole climate system and long term natural changes.
Legal, political and ethical issues
Some potential legal barriers to large-scale use of ocean storage of CO2 were considered. Some
participants suggested some laws should be changed if ocean storage was demonstrated to be
beneficial overall. It is unclear who would decide whether ocean storage should be pursued, how
rights to use the oceans for storage of CO2 would be allocated and how inter-country equity issues
would be resolved.
Research funding
A large amount of research is needed, particularly to answer questions about the environmental
impacts of ocean storage of CO2. It is unclear whether the necessary level of research funding is going
to be made available. There were concerns that funding for ocean storage of CO2 would reduce
potential funding for other greenhouse gas abatement options. There was a greater willingness to
accept research on ocean storage if it is not at the expense of research on other options.
The need for further dialogue
Most participants thought that the dialogue process should continue and differences should be aired
openly. Decisions about ocean storage of CO2 should be transparent to generate more public trust.
The Forums only considered direct injection of CO2 into the ocean. Fertilisation of the ocean for
carbon sequestration was not considered because this involves many different issues and the
organisers considered that the range of issues to be discussed at the Forums was already very large.
However, some participants thought that dialogue on ocean fertilisation would also be worthwhile.
It was suggested that there was a need for this type of dialogue on broader issues of climate change
mitigation options, bringing together scientists, NGOs, regulators, business etc.
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Main Conclusions
The following are, in the opinion of the author, the main conclusions that can be drawn from these
meetings:
•

The Forums brought together people from a wide range of backgrounds to discuss ocean storage
of CO2. All three Forums were judged to be productive and valued by the participants in general
and there was a wish to see the dialogue process continue, involving as wide a range of people as
possible.

•

Similar dialogue is also needed on other aspects of CO2 capture and storage and climate change
mitigation.

•

It is important to compare ocean storage of CO2 and other options to reduce greenhouse gas
emissions. A wide range of people should be involved in agreeing the criteria for comparison.

•

The possible effects of long term release of CO2 from the ocean to the atmosphere need to be
examined at greater length.

•

Further research work is needed to investigate the environmental impacts of ocean storage of CO2.
The level of funding needed for such studies would be large.

•

Policy makers need to ensure that funding provided for research on ocean storage of CO2 is not at
the expense of research on greenhouse gas abatement options which avoid the creation of CO2.

•

The steps which will be needed to achieve legal and political acceptance of ocean storage of CO2
have yet to be defined.

Recommendations
A formal network of researchers and funding agencies should be created to co-ordinate research on
ocean storage of CO2 being carried out by different organisations worldwide. The network should
ensure that the research addresses, as far as possible, all of the issues raised during the Forums. IEA
GHG could help to set up such a network.
IEA GHG should develop ways of comparing ocean storage of CO2 and other greenhouse gas
abatement options on an equivalent basis. A range of participants from the Forums could be involved
in defining the basis for such a comparison, to help to ensure that the results are accepted as impartial.
This dialogue process should be continued and broadened to include capture and storage of CO2 in
general and geological storage of CO2 in particular. IEA GHG should produce a discussion document
which outlines ways in which the dialogue process could be continued.
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APPENDIX 1
LIST OF PARTICIPANTS

1. European Forum (London)
First name

Surname

Organisation

Country

Andrew
Makoto
Dorothee
Mike
Piers
Alison
John
Duncan
Paul
Robert
Lars
Howard
John
Richard
Paul
Charlie
Ulf
Frances
Philippe
Ben
James
Trevor
Manfred
Rick
Takashi
Tony
Akitoshi
Stefaan
Sunil
Irene
Louise
Carol
Gert
David
Andrew

Acland
Akai
Bakker
Bewers
Corbyn
Crowther
Davison
French
Freund
Gatliff
Golmen
Herzog
Hill
Hotchkiss
Johnston
Kronick
Lie
MacGuire
Mathieu
Matthews
McCullagh
Morris
Nauke
Nikerson
Ohsumi
Rice
Sano
Simons
Shastri
Smith
Smith
Turley
Vereet
Warrilow
Watson

Environment Council (Lead Facilitator)
Agency for Industrial Science and Technology (AIST)
University of East Anglia
Bedford Institute of Oceanography
Weather Action
Environment Council
IEA GHG
Cardiff Law School
IEA GHG
British Geological Survey
Norwegian Institute for Water Research (NIVA)
Massachusetts Institute of Technology
Eastern Group plc
National Power plc
Greenpeace Research Laboratory, Exeter
Climate Action Network UK
University of Bergen
Friends of the Earth
University of Liege
Scientists for Global Responsibility
Lawyer
Department of Trade and Industry, UK
International Maritime Organisation
Kommunenes Internasjonale Miljøorganisasjon (KIMO)
Central Research Institute for the Electric Power Industries
Southampton Oceanography Centre
NEDO
University College London
Marine Forum for Environmental Issues
IEA Coal Research
Consultant to BP Amoco
Centre for Coastal and Marine Sciences
OSPAR Commission
Department of the Environment, Transport and the Regions
University of East Anglia

UK
Japan
UK
Canada
UK
UK
UK
UK
UK
UK
Norway
USA
UK
UK
UK
UK
Norway
UK
Belgium
UK
USA
UK
UK
UK
Japan
UK
Japan
UK
UK
UK
UK
UK
UK
UK
UK
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2. American Forum (New York)
First name

Surname

Organisation

Country

Andrew
Eric
Makoto
David
Robert
Francois
Perry
Mike
Ken
John
Jae
Paul
David
David
Marty
Scott
Carwil
Paul
Haroon
Catherine
Olof
Hans-Otto
Ilona
Michael
Yoshihisa
Andrea
Jack
Meyer
Taro
Robert

Acland
Adams
Akai
Archer
Bacastow
Bailet
Bergman
Bewers
Caldeira
Davison
Edmonds
Freund
Goldberg
Hawkins
Hoffert
Hynek
James
Johnston
Kheshgi
Leining
Linden
Poertner
Porsché
Redemer
Shirayama
Smith
Solomon
Steinberg
Takahashi
Warzinski

Environment Council (Lead Facilitator)
Massachusetts Institute of Technology
Agency for Industrial Science and Technology
University of Chicago
Scripps Institute of Oceanography
International Ocean Institute, Dalhousie University
Federal Energy Technology Center
Bedford Institute of Oceanography
Lawrence Livermore National Laboratory
IEA Greenhouse Gas R&D Programme
Battelle Washington Operations
IEA Greenhouse Gas R&D Programme
Lamont-Doherty Earth Observatory of Columbia Univ.
Natural Resources Defence Council
New York University
Arthur D. Little
Greenpeace US
Greenpeace Research Laboratory, University of Exeter
Exxon Research and Engineering
Centre for Clean Air Policy
Swedish International Development Agency
Alfred Wegener Institute for Polar and Marine Research
Environment Council
Texaco
Seto Marine Biological Laboratory, Kyoto University
IEA Greenhouse Gas R&D Programme
Praxair
Brookhaven National Laboratory
Lamont-Doherty Earth Observatory of Columbia Univ.
Federal Energy Technology Center

UK
USA
Japan
USA
USA
Canada
USA
Canada
USA
UK
USA
UK
USA
USA
USA
USA
USA
UK
USA
USA
Sweden
Germany
UK
USA
Japan
UK
UK
USA
USA
USA
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3. Asia Pacific Forum (Kyoto)
First name

Surname

Organisation

Country

Andrew
Sharad
Makoto
Guttorm
Mie
Izuo
Perry
Mike
Peter
John
Anthony
Paul
Lars
Yukiko
Keiko
Howard
Shuichiro
Nami
Kenshi
Yoichi
Ulka
Mohammed
Ryuji
Mutsumi
Norihide
Shigeo
Stephen
Richard
Koji
Osamu
Yukiko
Masahiro
Akiko
Atsuko
Takashi
Nana
Yuri
Masahiko
Ilona

Acland
Adhikary
Akai
Alendal
Asaoka
Aya
Bergman
Bewers
Brewer
Davison
DiNicola
Freund
Golman
Goto
Hashimoto
Herzog
Hirai
Hoshijima
Itaoka
Kaya
Kelkar
Khalil
Kojima
Komune
Kurano
Masuda
Masutani
Matear
Matsumoto
Mitsui
Nakayama
Nishio
Nishizawa
Niwa
Ohsumi
Okayama
Onodera
Ozaki
Porsché

Environment Council (Lead Facilitator)
Himalayan Climate Centre
Agency for Industrial Science and Technology
NERSC
Kiko Network
Ship Research Institute
Federal Energy Technology Center
Bedford Institute of Oceanography
Monterey Bay Aquarium Research Institute
IEA Greenhouse Gas R&D Programme
Counterpart International
IEA Greenhouse Gas R&D Programme
NIVA
Osaka University of Foreign Studies
Interpreter
Massachusetts Institute of Technology
Tokyo Institute of Technology
Interpreter
Fuji Research Institute
RITE
TERI
University of Nairobi
Ship Research Institute
Interpreter
Marine Biotechnology Institute
RITE
Hawaii Natural Energy Institute
CSIRO
Kansai Electric Power Company
System Research Centre Co.
Famile Fushimi
Agency for Industrial Science and Technology
Interpreter
Interpreter
Central Research Institute for the Electric Power Industries
NWC
Friends of the Earth Japan
Mitsubishi Heavy Industries
Environment Council

UK
Nepal
Japan
Norway
Japan
Japan
USA
Canada
USA
UK
Indonesia
UK
Norway
Japan
Japan
USA
Japan
Japan
Japan
Japan
India
Kenya
Japan
Japan
Japan
Japan
USA
Australia
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
UK
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Byong-Jae
Akinori
Itsuko
Akitoshi
Yasushi
Arild
Tatsujiro
Jun
Kenji
Kenji
Nahoko
Tomoyuki
Toshihide
Reiko
Mr
Hisayo
Yuka
Atsushi
Chi Shing
Kori
Yuko
Kenji
Yuka

Ryu
Saitoh
Sakanaka
Sano
Setoguchi
Sundfjord
Suzuki
Takahashi
Takahashi
Takano
Tamura
Tanaka
Tanaka
Tatematsu
Tawarada
Thornton
Uchida
Ueda
Wong
Yagi
Yamamoto
Yamane
Yokoyama

Korea Institute of Geology, Mining and Materials
CASA
Interpreter
NEDO
Fuji Research
NIVA
University of Tokyo
MITI
Kansai University
Lamont-Doherty Earth Observatory, Columbia Univ.
Kwansei Gakuin University
NEDO
Osaka Gas Co.
Osaka University of Foreign Studies
Kansai Electric Power Co.
Kyoto University
Osaka Gaidai
Ritumeilcan University
Institute of Ocean Sciences
Osaka University of Foreign Studies
Osaka University of Foreign Studies
Ship Research Institute
Interpreter
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Korea
Japan
Japan
Japan
Japan
Norway
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Canada
Japan
Japan
Japan
Japan

APPENDIX 2
FORUM AGENDAS

European Forum
Presentations (evening before the Forum):
Paul Freund (IEA Greenhouse Gas R&D programme) – Context of greenhouse abatement
Howard Herzog (MIT) – Technology of ocean storage of CO2
Paul Johnston (Greenpeace) – Greenpeace view
Jim McCullagh (lawyer) – Legal aspects of ocean storage of CO2
Introductions, purpose of the meeting and groundrules
Identifying issues
Exploring issues, arguments and research needs
Way forward
Participants’ evaluation of the Forum

American Forum
Introductions, purpose of the meeting and groundrules
Responding to climate change: the options
Presentations:
Jae Edmonds (Battelle) – Context of greenhouse gas abatement
Eric Adams (MIT) – Technology of ocean storage of CO2
Paul Johnston (Greenpeace) – Greenpeace view
Responding to climate change: comparing options
Identifying and prioritising key research issues
Messages from the meeting
Participants’ evaluation of the Forum

Asia/Pacific Forum
Opening and introductions
Opening presentation:
Yoichi Kaya – Background to climate change
Working session: responding to climate change
Presentations:
Paul Freund (IEA Greenhouse Gas R&D programme) - Context of greenhouse gas abatement
Howard Herzog (MIT) – Technology of ocean storage of CO2
Kenshi Itaoka (Fuji Research) – NGO view
Questions and answers
Working sessions: Agreeing the major issues around ocean storage
Participants’ evaluation of the Forum
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APPENDIX 3
DETAILED SUMMARY OF THE FORUMS

OCEAN STORAGE OF CARBON DIOXIDE
Detailed Summary of London, New York and Kyoto Forum Outputs
1.

Background

1.1
Introduction
The Environment Council has prepared this document at the request of the IEA Greenhouse Gas
Research and Development Programme. We have based it on discussions at the London, New York and
Kyoto Forums on ocean storage of carbon dioxide held between May 1999 and March 2000. It
summarises and structures the issues identified at the three Forums.
We must emphasise that The Environment Council takes no position on any of the issues here, nor on
any questions arising from ocean storage. The Council’s role is to advise on how complex issues can be
most effectively addressed in a limited time, and to facilitate meetings in order to make the time available
as productive as possible. Nothing contained in or excluded from this document, deliberately or
inadvertently, should be taken to indicate any substantive position on the issues discussed.
1.2
The Forums
The IEA Greenhouse Gas Research and Development Programme asked The Environment Council to
run a series of Forums during which a range of stakeholders could discuss ocean storage and the issues
it raises. A small, balanced, working group of stakeholders defined the purpose of these Forums as
follows:
“To identify questions which need to be answered to establish whether
ocean storage is a robust environmental management strategy.”
Although the format of each Forum varied to some extent, all identified a range of issues that people felt
needed addressing, many of them expressed in the form of questions – as suggested by the purpose
described above. These were then grouped under various headings and discussed in plenary or subgroups. We recorded the discussions on flip charts, and these were subsequently photographed and
distributed to participants.
1.3
Presentation of this document
The three Forums generated a large quantity of material. Inevitably, there was much duplication, though
each Forum approached the same issues in a different way and used different structures and language to
express similar views.
Compiling the document required us to reconcile two different and often conflicting needs: for
comprehensiveness without unnecessary duplication; and to be faithful to the thinking of the original
participants with the need to create an overall logic to the arrangement of the material. We have based
the bulk of this document loosely on the format of the first Forum. Participants discussed the issues
around ocean storage under three headings: Assessment, Impacts and Ethical, Legal and Political
issues. Under each heading are gathered bullet points and questions taken from the original flipcharts of
all three Forums. Following this, there are two additional sections of material that we felt it important to
include. The first contains what one group of participants considered the general criteria that should be
used for judging responses to climate change; the second is a group of ‘messages from the meetings’,
containing advice to those pursuing research into ocean storage.
As regards our approach to the material, we have throughout tried to change as little as possible,
intervening only where the language is ambiguous or unclear, or where it requires order and structure to
be as accessible as possible to those who did not attend any of the Forums. This means that while not
all of the original material has been used in its original form, all the topics mentioned during the Forums
have been included: and where doubtful we have generally erred in favour of inclusion. Words in square
brackets indicate textual interpolations.
1

1.4
Using the document
Participants in all three Forums came from government, academia, business and non-government
organisations. While we made every effort to ensure that participation was reasonably balanced, these
were not intended to be representative forums and therefore no significance should be attached to the
number of questions raised under each heading.
It also became apparent in all three Forums that the questions around ocean storage of carbon dioxide
are still being formulated, especially by those relatively new to the subject, so readers should be
extremely cautious before drawing any conclusions from the range or nature of questions and issues
included here.
The best use of this document will be therefore as an aide-mémoire for those who attended the forums,
or as a checklist and stimulus to further thought for those who did not.
1. ASSESSMENT OF OCEAN STORAGE
1.1 General and background issues
 What are the processes and methodologies available to assess ocean storage against other methods
of carbon storage? How can they be standardised? Who should be/is doing them? IPCC?
 Is ocean storage effective and feasible when compared to other methods of carbon storage?
- What criteria should be used to judge such options?
- What is best CO2 sequestration medium? How do you judge ‘best’?
- Ocean storage of CO2 needs to be considered in realtion to other methods of reducing
greenhouse gases.
 What uncertainties need to be addressed so that different options for responding to global warming
can be judged against each other?
 Sequestration only deals with a small amount of potential ‘global warming (i.e.CO2)
 Do not miss the opportunity to implement more sustainable approaches to mitigate climate change
that may have important secondary benefits
 Technological issues - storage and transportation to injection point and comparison by LCA with
alternatives
 How much could be sequestered?
 Is the residence time long enough to make it worth implementing the technology?
 Technologies for CO2 sequestration themselves might affect environment and create more CO2
 Comparison to geological sequestration
Carbon cycle
 How long is fossil fuel going to be the main human fuel?
 What are the precise mechanisms of the carbon cycle? (20-30% uncertainty)
 What are the implications of the carbon cycle on [for?] ocean circulation?
 What are the impacts of those changes on the effectiveness of deep injection?
 What is the role of the deep ocean environment on the carbon cycle?
 Different effects of different modes of sequestration, e.g. injection vs. diffusion
 Impurities of CO2 injection – solvent residues
 What are the likely impacts on the carbonate cycle of deep injection
− including climate effects?
− without projected climate change?
 What amount of CO2 could be sequestered? Is there a maxium level of contribution by ocean
sequestration?
 Is there any possibility that CO2 comes up? (i.e.) by volcanic eruption, earthquake and so on? Will it
work?
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Ocean models
 What do we need to know?
 Behaviour of benthic boundary layer
 Model return flow (for standards)
 Can we develop tracer technologies which would/could track CO2 in ocean for several hundred years
like atmospheric CO2 measurements?
Mitigation
 What is the mitigation supply curve?
 Mitigation options should not create bigger environmental problems than climate change
 No one single response to climate change will be enough.
Atmospheric change
 Where is the climate going?
 Even if there is more CO2 in the atmosphere will there be significant warming?
 Will the world start cooling in next twenty years?
 Research vital into solar activity
 Some models (under current efficiencies) say that CO2 in atmosphere could ultimately be higher if we
used deep sea sequestration
 How robust are IPCC’s projections of climate change?
 If the world is overdue for the next ice age, what are the implications for ocean storage of CO2?
Climate system
 What is the significance of non-linear responses in the climate system?
 What is the function of the deep ocean eco-system on climate system management?
 Do we need to understand the whole climate system to decide yes/no on deep injection?
CO2 behaviour
 How will the sequestered CO2 behave in the deep ocean?
 How do we differentiate release from different sites?
 CO2 hydrate behaviour in water column
Change in thermo-currents circulation
 Could release CO2 into atmosphere?
 How ocean circulation affects return time
 What would be the effect on ocean circulation of injected CO2 returning to the atmosphere?
 Monitoring of ocean current and water temperature. Where? And how long?
 Ocean circulation impact on sequestration efficiency?
 What are scenarios for ‘business as usual’ release of greenhouse gases?
1.2 Siting
 How to assess suitability of sites?
 How many sites should be decided for efficient implementation on a global scale?
 “Is there a business opportunity between countries?”
 Are there differences between CO2 storage in tropical areas and non-tropical areas? – warming of
oceans etc
 Have enough baseline studies been conducted to offer feasible and cost-effective alternative
choices?
 How would land-locked countries producing CO2 for storage proceed? - inter-country scientific cooperation
 Should site-selection criteria be different for different countries? If so, how?
 Who should decide where to store CO2? – energy group, government/scientists = multidisciplinary
 Who should determine the criteria? –oceanographic, public, economic etc.
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How should the location be decided on
(a) Experiment
- locally – specific E.I.A.?
(b) Implementation - geology
What regions and depths are best target sites from respect to ‘storage’ time?

1.3 Costs
 What are the relative costs of different means of GHG reduction and sequestration?
- How to define costs? - How to quantify costs?
 What is the energy balance?
 What is the balance between financial costs of disposal vs. human cost of business as usual?
 What are the following costs:
- research
- technical/engineering?
- infrastructure?
- environmental?
- human health?
- socio-economic & political?
- monitoring, control & mitigation?
- opportunity costs in lost uses for other users of sites and CO2?
- legacy left by infrastructure?
 How certain are the costs?
 Who bares [sic.] the cost?
 What are operating costs (financial and other) integrated over time?
 What is the cost of CO2 capturing?
 Balance between financial cost and human and environmental costs in case of doing nothing
 Life cycle costs of capture, transport and injection
 What is the cost of the technology compared with the cost of climate change? It should be compared
(probabilistically)
 What is relative cost-effectiveness? [In the context of ocean storage.]
 What are people willing to pay?
 Can one realistically internalise externalities?
 Detailed study of deep-sea fauna (describing all the creatures in the deep sea) will be very expensive
- but less expensive than ‘making a big mistake’?
 Is this the technology for developed countries or developing countries? – prefer to use cheaper fossil
fuel energy
Comparing Sequestration Costs and Fossil Fuel Costs
 There are continued un-priced externalities of fossil fuels
 CO2 control needs to be monetised – i.e. externalities turned into internalities
 Systematic distortion in prices of fossil fuels externalities in favour of using fossil fuels
 How do we assess the external costs/benefits of electricity generation and other sources [of
energy?]?
1.4 Benefits
 What do you need to know in order to evaluate net benefit of deep-sea storage of CO2?
 Projected reduction in CO2 with time
 Uncertainties in the estimation of benefits
 What is social, economic and environmental benefit in deep ocean injection?
=> compared to energy efficiency
- to renewable energy
- to forestry
=> compared to shallow vs. deep
- mid (dispersion) vs. deep
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Is there any local benefit by ocean storage in social and economic aspect?

1.5 Risks
 Can we define acceptable limits for these [risks] e.g. range of costs, range of benefits
 Is it more or less precautionary to put CO2 into the atmosphere than any other sink?
 What is acceptable?
 Known unknowns and unknown unknowns
- uncertain future
- of the technology
- on the site
- of failure
- legal liabilities
 What are safe minimum standards?
 How far do we have to reduce uncertainties before implementation?
 Economical environmental risk assessment in comparison to other mitigation options
 What would be the effects of unexpected events on the CO2 site? What if something goes wrong?
- tectonics?
- ocean circulation? (variability)
- release/spill/accident
- other incidents?
 Risks of not achieving the proposed benefits?
 Risk element would weigh heavily in a cost-benefit analysis
1.6 Alternatives to ocean storage
 What are the alternatives?
 Renewables are capital intensive
 Cost of keeping 1 tonne of CO2 out of the atmosphere: compare sequestration with energy efficiency
measures
 Switching power production
 Decrease energy use
 What are ocean fertilisation options?
1.7 Time scales
 What are time scales involved?
 How long might we need the CO2 stored?
 How much information on CO2 retention is there?
 As transitional technology? (unrealistic – needs to be part of long term portfolio)
 Build scenarios with characterisation of uncertainties
 What is the residence-time of sequestered CO2 injected in different geographical locations and
depth?
1.8 Research issues
 How do we judge to which research resources should be allocated?
 Sequestration research drives out other options
 Emphasis on carbon sequestration, even research on it, may drive out other options – unintended
consequences
 How do we identify a method to verify/prove how ocean storage will reduce/stabilize atmospheric CO2
concentrations?
 Can deep injection of CO2 be combined with other technologies (e.g. artificial upwelling machines)
more effectively?
 Spin-offs from research into sequestration
 Contribution to technological development
 Are there adequate resources to answer all the questions?
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What you need to know depends on who you consider to be stakeholders
Are there adequate (financial) resources available to understand the deep ocean environment?
Who pays? - ethical debate
Who funds research and why
If IEA paid, people might not be too worried about it
Small-scale experiments should be allowed to obtain scientific data
Scientists should make clear the situation of Greenhouse affect
Scientists should make clear the impact on undiscovered sea animals and plants
Market driven influences may help to equalise the north/south divide
Discussion is ethical, but is research ethical? [Parallel with gene research?]
Any research will need to have generic benefit – not just in relation to carbon sequestration
Industry agendas (patents etc)
What scale of research is required to provide governmental and industrial assurance?

2. IMPACTS OF OCEAN STORAGE
2.1 General
 What are the questions that research needs to answer about the possible impacts, before deep-sea
sequestration can be considered?
 Impacts of different types of technology
 Net impact over no action
 Scale of impact/extent of exposure
 Local vs. global impacts
 How to engineer system to minimise adverse impacts?
 What level if any of environmental impact is acceptable?
 Long term effects
 CO2 control to be monitored
 Dumping in one place – effect elsewhere?
 How long should be the time-figure to consider impact? - 100 years? - 1,000 years?
 What research needs to be done to establish a baseline for research?
 For a given site, what is the baseline biology, chemistry & physics?
 Given the range of ‘known uncertainty’ should we even consider deep ocean sequestration?
 How much uncertainty are ‘you’ willing to accept?
 Far-field impacts are generic (and influx into [?] ocean compared to pre-industrial levels; near-filed
impacts are specific to this technology
 Long-time scale: higher CO2 levels vs. potential short-term benefits
 Base-line study of area that appears suitable to carbon sequestration – can this be seen in isolation
to rest of ocean?
 Far-field impacts: both if CO2 injected and if not
 Laboratory work [is] ‘mechanistic understanding’
 Mid-water column characterisation
 Do we know enough about CO2/water instability?
 Does liquid CO2 exist naturally on the seabed? No! Yes! Can one learn about biological impact from
naturally occurring CO2?
 CO2 is going to end up in the sea anyway. We need to model that now (unless we stick it in aquifers)
 What are the parameters (site specific and general) before CO2 introduction and how might they be
affected afterwards?
 What are the links among climate change, carbon cycle and marine ecosystems?
 How do we assess the impact of deep ocean sequestration:
 biological impact?
− biodiversity
− productivity/population size
− habitat
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− species balance?
− physiological impact?
− ecological impact?
− genetic impact?
Physical:
− ocean circulation
− depth
− tectonics
− geology/morphology
− unknown
Chemical:
− chemical environment
− acidity

2.2 Impacts on the marine environment
Need to understand deep ocean biogeochemistry and the effects of CO2 on it and ecosystems:
− mortality
− productivity
− feedbacks - layers & atmosphere
− clathrates formation
− release of stored carbon [on?] CaCO3 sediments and coral reefs
 What do we need to know about the interaction between CO2 and the marine environment under
normal and extraordinary conditions?
 Does the marine environment have the ability to recover – e.g. lake scenario
 What about effecst other than CO2 increase, pH decrease e.g. oxygen levels, metal toxicity
 Learn about biological impact from naturally occurring CO 2
 What is the public perception of the ‘value’ of the deep ocean environment?
 How do we establish lifetime of CO2 hydrate?


2.3 Impacts on land
Infrastructure building/vs. risk involved
 socio-economic + or –
 Social and economic impact of the environmental impact – e.g. coral reefs, => tourism, surface
effects/human food resources - fisheries


2.4 Impacts on atmosphere
CO2 drawdown
 CO2 return (time scale?)
 Change in ocean circulation and ocean/atmosphere exchange
 CO2 release from CaCO3 sediments and corals
 Other greenhouse biogas production via anaerobic processes
 Products of the gas separation - where do they go? [SO4, CH4....]
 What are the projected benefits (in terms of atmospheric CO2 reduction over time)?
 How do we assess this?


2.5 Impacts on marine biota
 Impact of CO2 on marine biota /organisms and eco-systems (high levels of CO2 in case of
sequestration)
 Descriptive base-line research on biota of sea prior or in parallel to impact of CO2 on marine biota
(needs to be carried out first)
 What is the range of tolerance of biota - can we find indicator species?
 How do we differentiate acute vs. neutral vs. chronic biological impacts? And what is the ease of
monitoring compared to other options?
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Impact of elevated CO2 on i) benthic biology? ii) surface biology? iii) mid-depth biology? - long-term,
short-term studies
How do we define impact? Need indicator species to define impact. How do you choose these?
Is the biological impact ‘stationary’ in time, can sequestration be limited to certain time of year so as
not to coincide with e.g. migration /productivity changes and other seasonal changes

2.6 Interference with the marine eco-system
 Needs to be a value placed on different eco-systems but you have to start somewhere
 Is there an equilibrium state for a given eco-system?
 Single species impact does not give an adequate representation of the ecosystems as a whole
 Biodiversity - different ocean eco-systems
2.7 Secondary chemical impacts
 Impact of impurities in captured CO2?
 Impact of form of CO2:
−
liquid
−
solid
−
hydrates
−
bicarbonate etc
 Impact on seawater chemistry (other than carbon cycle?)
 May not be a beneficial effect if you alter the pH
2.8 Measuring change
 Need to have the system adequately characterised so that you can measure the changes (historically
what we thought was adequately characterised was in fact flawed - with result that more impact than
originally thought had happened)
 Basic difference between a gradual change and an engineered change
 Is there a significance in the differences in tolerance to change between the deep and surface
ocean?
 Why only climate change? Consider surface chemical changes
 Near- and far-field impacts
 Need tools:
−
for long-term monitoring
−
for comparative life-cycle assessment
 Climate change impact on oceanographic processes
3. ETHICAL, LEGAL AND POLITICAL ISSUES
3.1 Ethical issues
 What are the moral constraints?
 Is it morally acceptable to use the atmosphere/hydrosphere for storing industrial waste?
 Intergenerational equity & responsibility
 Who is the arbiter of what is ‘moral’?
 How does the precautionary principle apply here?
 Should each human take responsibility evenly?
 Ethical conflicts between conventions [e.g.] Biodiversity conflicts with Climate Change
 Put the ethical dilemma before a world audience and let them decide
 Equity: who benefits/loses
 Generally CO2 producers would place a high price on sequestration - so does it need to be equitable
N/S?
 In theory 3% of world population controls about 90% of oceans (and that 3% don’t produce the CO2!)
 Who decides what actions are taken?
 What values are placed on various effects?
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Who is responsible?
Who pays?
Do best with current knowledge: should not impose our problems on the next generation
How could the equity issues raised by different options for responding to climate change be
compared?
Private technologies or public domain technologies? – how to support and assist countries in need of
technologies for CO2 capture etc.
How would the implementation of this option [i.e. ocean storage] affect the concentration and
distribution of wealth and power?
What would be the impact of this technology on the well being of future generations in comparison
with other options?
Does this option require a continuing dedication of resources/responsibility on a permanent basis
compared with other options?
Does it promote or maintain the attitude of mass production/mass consumption?
One CO2 Ocean Sequestration is implemented people will stop saving fossil fuels? forget about the
crisis of global warming?
What is the moral cost of doing nothing?
Need basis for comparing options [for responses to climate change] in an equitable way
Rich country/poor country technology differences
Scientists need to be more up front about uncertainties - and it is their responsibility to be
ethical/transparent

3.2 Legal issues
 What are the legal constraints?
 What ‘body’/’bodies’ should have jurisdiction?
 What are the implications of the UNFCCC’s ‘sustainable development’ and ‘intergenerational equity’
requirements?
 Science and propaganda will influence changes in laws
 Generally law adapts to technical progress
 London Convention is law (although‘96 protocol not ratified) industrial waste prohibits ‘dumping’ of
CO2
 When conventions conflict, usually the stricter takes precedence
 Is Law of the Sea relevant?
 Does Seabed Authority have any jurisdictional responsibility for deep ocean storage?
 Is it possible to amend London Convention? If so, how do you convince the Party or Stakeholders?
 Who is policeman against violation of London Convention?
 Is OC countable in Quantified Emission Reduction Target under UNFCC? => relation to CDM
 Fishery Industry will oppose to the amendment of London Convention
 What is the best persuasive process to set rule for Ocean Seq.? Maybe through IPCC/UNFCCC
process.
 What relevance has the GPA/LBA (Washington Pc. 1995) Agreement have for CO2 sequestration via
pipeline?
 Legalities should wait until technical issues are understood
 [Specific] Legal questions:
1. Should disposal/dumping be allowed?
2. Should credit for ocean sinks be permitted?
3. What should compliance/monitoring/verification be?
4. How are conflicting legal documents read?
5. Should the oceans be subject to different constraints than land/atmosphere?
3.3 Political issues
 Who should decide which options should be pursued?
 Who decides which options should be researched?
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How does the existing power structure influence decisions in this field?
Would the creation of an overarching body for addressing CO2 storage be a useful step?
What is the potential opportunity cost of researching this area rather than others?
Will ocean sequestration displace or delay other mitigation policies?
What time frame should be used by those working in this area?
How do we apply a discount rate for the return of sequestered CO2 to the atmosphere and what are
the inter-generational equity implications?
Is there a policy response difference in dealing with uncertainty or ignorance?
- How do we accommodate the difference?
Links to carbon credits
Emission rights for CO2 storage
How to weight public participation [in decision-making process]?
How do we prevent cheating [with reference to monitoring]?
How would we reach global ‘consensus’ on subject?
What rights would countries, regions have?
Could normal political process be used to implement this idea?
How does one resolve conflicts between parties?
Can standards be developed to deal with disputes?
Should UN or other neutral institution deal with disputes?
How to involve /institutionalise local population on decision making (esp. fisher folks)
Would people affected by CO2 disposal be compensated?
How to evaluate the dynamic between scientific community, decision-makers and public
Can we develop international protocol for evaluating CO2 concentrations?
Research needed to see what would change perceptions (Kyoto protocol art. 2) - but not
legally binding
Facilitate flow of information between science /public/media/politicians/other scientists
What is an effective process for improving communication between the scientists and the public? Do
we have to continue to rely on IPCC? Is IPCC credible?
Politicians must not be allowed to make decisions on pure science - by horse-trading
better to make decisions transparent
could do with an audit trail for future generations
Politicians need to be educated by
− science (good/new)
− stakeholders - not just through the media (puerile)
Consider sequestration in global frame
Overall objectives and political strategy
Lack of public awareness of climate change issues
The result of this conference should be shown to the public
Sequestration should not be an end point
How well characterised do we want [research] information to be? - policy decision
− in an ideal world characterised in as much detail as possible
− if this technology is implemented in next 100 yrs it will have to be with incomplete knowledge
− [this is] an ethical/political question – other options are available
Distinguish between authority to
− Experiment with CO2 injection
− Operational CO2 injection for sequestration
Are scientists responsible only for their studies and do not have to worry about actual
implementation?
Do scientists have enough passion (confidence) of their research that they are contributing to the
public?
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4. CRITERIA FOR JUDGING RESPONSES TO CLIMATE CHANGE
 Environmental impact
 Why only climate change? Consider surface chemical changes
 Cost
 Effectiveness
 Environmental acceptability
 Safety
 Public support/awareness
 Who will pay?
 Mitigation option should not cause a greater environmental impact than the one being addressed
 Intergenerational equity
 Use current knowledge to best effect
 Socially and politically acceptable
 Sustainable for long term
 Contribution to technological development
 Flexibility/regional criteria
 Beneficial to international cooperation
 Measurable social/economic benefit, secondary benefits
 Balance between financial costs of disposal versus human cost of business as usual
 Cost/benefit analysis needs to put value on environment
 Significant reduction of CO2
 Protect ‘valuable’ parts of nature. Need to determine how to define ‘valuable’
Messages from the Meetings
 Research into CO2 storage does have benefits. Should be continued. However, it is an opportunity to
develop a mitigation (at source) e.g. renewable energy, land use project, energy efficiency. Also
opportunity to learn more about the ocean.
 Global warming won't wait for us. Proceed with caution and been brave enough to stop, if necessary.
 Must reduce energy consumption and increase efficiency rather than ‘techno- fix’.
 Scientists must be open-minded and keep a perspective by continuing dialogue like this.
 Talk to the public in plain language and don't be afraid to admit uncertainties
 Clarify and identify other options other than injection
 Climate change is a real problem
 We need to set the ‘real’ cost of burning fossil fuel
 Exciting possibility but must be tempered with caution
 Increased dialogue with the public
 Please develop a robust proposal based on scientific understanding and economic cases -a role and
duty of scientists
 Use this case as a basis for assessment of the option on social and political issues
 Use Internet to educate – bring it down to personal cause and affect - how does what I do affect the
wider environment
 do need to talk subjects through thoroughly and transparently
 Job of IEA is to give sound scientific analysis option against option
 Is the residence time long enough to make it worth implementing the technology?
 There are some fundamental questions that need to be addressed first of all (e.g. near- field impacts)
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APPENDIX 4
PERSONAL VIEW BY
THE FORUM FACILITATOR

Facilitating the Ocean Forums
Andrew Acland
One of the privileges of being a professional facilitator is that you are constantly exposed to
fascinating subjects without having the burden of making judgements about them. We do not
comment on dialogue processes or the issues they cover so that there can be no perception of
bias or any dilution of our independence.
So my initial reaction on being asked to comment on the IEA’s Ocean Forums on Carbon
Storage was negative. After further thought, though, I decided that I could discuss the process,
spread over nearly a year and three continents, without compromising my role or that of The
Environment Council on whose behalf I was working. Even so, caution rules and I emphasise
that these are strictly my reflections, not those of the Council, and they concern the process of
the meetings, not their subject matter or the views of the participants.
Let me begin by putting this process in context for readers who are unfamiliar with what has
come to be known as stakeholder dialogue. I usually summarise it as a process of discussion
and/or decision-making among different parties with different interests and values at stake that
is facilitated by an independent third party specifically trained for this role. What this means,
behind the careful phrasing, is a meeting or series of meetings at which companies, local
authorities, pressure groups, government departments and assorted academics, experts and other
individuals are helped to work together. The least achievement is generally a better
understanding of each other’s interests and concerns; at its best such a process can prevent or
end a conflict and bring agreement and stability where previously there was chaos and
confusion.
My facilitation work covers a wide range of issues. In the last couple of years, for example, I
have helped business organisations and their critics talk about sustainability and human rights,
biodiversity and social responsibility. I have run meetings about decommissioning oil rigs and
developing new gas fields, planning future strategies and untangling the mess that happens when
mighty egos meet. It can be a small meeting in a village hall one day and a big international
conference the next.
So the Ocean Forums were not, in themselves, particularly unusual in the mix of social,
political, ethical and technical issues they raised. They were set apart to some degree, however,
by the diverse backgrounds of the participants and their locations in London, New York and
Kyoto. Discussing the same issues in these three very different cities, with all the nuances of
contrasting languages and cultures, was both challenging and revealing.
All three forums were, judging by the evaluations, productive and valued by the participants.
From my point of view, as the facilitator, I would describe them as, respectively, combative,
complaisant and cautious. The contrasts between London and New York echoed previous
differences I have experienced between similar meetings in Europe and the United States. My
perception is that European politics, and especially environmental politics, is both more
polarised and more passionate than the American variety. It may be a factor of scale: the
European environment is under greater stress from the pressures of population and
industrialisation. Those wide open spaces across the pond do make a difference.
But I think it is also, in three ways, a legacy of history. First, the Green movement in Europe is
in some ways heir to the revolutionaries of the past, and this does bring an edge to politics here
that I have always found lacking in North America. Secondly, on our continent there remains a
greater general scepticism about, in particular, the methods and motives of business. Thirdly,
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there is an awareness of the colonial past and the impact that has had over many generations far
from home. I think some people see global climate change as a kind of environmental
imperialism, imposing, albeit unintentionally, the consequences of our ways on people unable to
defend themselves.
So the London forum was sparky, passionate, very much focused on different perceptions of
values and responsibilities, with this strong consciousness of the broader global and generational
context of climate change. The same issues, more or less, surfaced in New York, but my
feeling is that the overall focus there was perhaps rather more on the technology of ocean
storage, and while real differences were still apparent, conversations tended to be more
restrained though no less engaging.
Kyoto was different again, though in ways harder to characterise. It is also, for me, more
difficult to summarise and describe because I was concentrating so much on the process of the
meeting and trying to adapt my own approach to that of our host country. The general tenor and
format of the Kyoto meeting was also slightly different: we had simultaneous translation, of
course, and also ‘table translators’ – English language students borrowed from the university –
who were both delightful and very helpful. I think also that they brought with them the
concerns and insights of the younger generation of Japanese (a feature noted in the evaluations),
though to what extent these affected the results of the meeting it is difficult to tell. Looking
back through the evaluations, I sense a cautious enthusiasm for the process, and among many an
urge for a deeper understanding of the subject.
My favourite moment of all the forums happened in Kyoto. During the afternoon I suggested,
somewhat nervously, that we have an informal session for people to wander around the meeting
room and contribute their thoughts on various issues, previously identified as important, that
were posted on sheets of flipchart paper around the room. The immediate reaction was silence,
with perhaps a slight ripple of shock. This was not, apparently, a normal way to discuss such
issues in Japan. I was about to lose my nerve and switch to a more conventional format when I
noticed a Japanese man at the back of the room. He was punching the air in delight and urging
me on over the heads of his colleagues. I held my nerve, and after some moments of anxious
milling, the group plunged into the task. Such are the moments that a facilitator remembers
long after the actual subject matter of the meeting has faded from memory.
Half a year beyond the final forum, my lasting impression, over the whole process, is of intense
and searching dialogue. Plenty of scepticism, certainly, but also a willingness to listen and to
argue the issues on their merits: and ultimately it is this that makes my job worth doing, and I
hope made the meetings worthwhile for both participants and sponsors.
Andrew Acland is an independent facilitator and a director of Dialogue by Design Ltd. Find
out more by visiting www.dbyd.co.uk
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APPENDIX 5
OPINIONS ABOUT THE FORUMS
AS EXPRESSED BY THE PARTICIPANTS

Participants were asked to allocate scores between 0 (very bad) and 10 (very good) to various criteria.
These scores are shown on the x-axis of the charts. The y-axis shows the number of people giving
each score.
1. Do you feel the forum has been effective in promoting understanding of the issues concerning
research on storage of CO2 in the deep ocean?
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2. Did you find the presentations useful?
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3. Do you feel that those involved with research on ocean storage of CO2 have listened to your
views today?
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4. Do you feel that your views have been listened to by the other participants?
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5. Do you feel that this style of working has been a useful way to tackle the subject?
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6. Did the facilitators help you to contribute?
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7. Would you like to see a process of this kind continue?
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