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Preface

The seed from which this book has grown was planted by the launch of the
Virgin Earth Challenge by Sir Richard Branson and former U.S. Vice President
Al Gore on Feb. 9, 2007. The aim of the Challenge is to encourage the develop-
ment of commercially viable new technology, processes, and methods that can
remove significant volumes of anthropogenic greenhouse gases from the atmos-
phere and contribute materially to the stability of the earth’s climate.

With emissions from fossil fuel combustion running at 6.0-6.5 Gt-C per year
(Gt-C = 10” metric tonnes of carbon), a material contribution to climate stabil-
ity implies the potential for deployment on a scale of 1 Gt-C per year, roughly
a thousand times larger than any currently operating project. While these vol-
umes seem prodigious, anthropogenic emissions pale into insignificance beside
the natural fluxes such as terrestrial photosynthesis, at ~120 Gt-C year, and
oceanic uptake and release at ~90 Gt-C per year.

A diverse range of carbon capture and storage (CCS) technologies are cur-
rently at various stages of research, development, and demonstration. While
a few of these technologies have reached the deployment stage, many still
require significant further development work to improve technical capabilities
and reduce costs. Although front-runners are already emerging, it is likely that
the long-term potential of CCS will be achieved through the application of a
broad portfolio of different technologies. These could range from the current
favorite—solvent-based capture from coal-fired power plants with geological
storage—to the decarbonation of fuels ahead of combustion, the manipulation
of ecological factors such as microbial populations or ocean fertility to increase
carbon inventories in soils and in the oceans, and many others.

The aim of this book is to contribute in small part to the progress of this
endeavor by providing a comprehensive, technical, but nonspecialist overview
of technologies at various stages of maturity that, it is hoped, will provide tech-
nical background for decision makers and encourage a coming generation of
students and young engineers to tackle the 21st century’s most important tech-
nological challenge.

The book is presented in five parts, dealing in turn with fundamentals, cap-
ture, storage and monitoring, transportation, and information resources.

The three chapters of Part i establish some fundamentals. Chapter 1
describes the global carbon cycle and outlines the perturbing impact of anthro-
pogenic carbon dioxide emissions on carbon fluxes and sinks. In Chapter 2,
a brief initial overview of CCS technologies is given, taking each of the main
industrial sources of carbon emissions as the starting point. Since capture from
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power generation plants will be a major focus of early CCS implementation,
Chapter 3 provides a fairly comprehensive introduction to power genera-
tion technologies. The emphasis here is on the current state of the art and on
systems under development that are likely to be deployed during the period in
which CCS technologies mature.

With these foundations established, Part Il provides a more detailed descrip-
tion of carbon capture technologies. The first two chapters are written from an
industry perspective, for the power industry (Chapter 4) and other industries
(Chapter 5), and the next five chapters from a technology perspective, cover-
ing absorption, adsorption, membrane, cryogenic, and mineral carbonation
technologies.

Part III then addresses the storage of captured CO, and related monitoring
requirements, covering geological storage (Chapter 11), ocean storage (Chapter
12), and storage in terrestrial ecosystems (Chapter 13). The final chapter in
Part Il describes opportunities to increase industrial usage of CO, in ways
that can significantly contribute to global CCS objectives, such as low-carbon
cement and biofuel production.

The transportation of CO, between capture and storage sites, either by pipe-
line infrastructure or by marine transport, is covered in Part IV.

The book concludes in Part V with a compendium of information resources,
including units and conversion factors, a list of key abbreviations, and a glos-
sary of some of the key technical terms encountered.

While the focus of this book is on the technical aspects of CCS, many other
factors will play a part in determining the extent to which CCS technologies
are eventually deployed—chief among them being costs. Apart from some
general indications of currently estimated or target costs of some CCS options,
this book avoids any analysis of the cost of implementation of the various
technologies discussed. The capital and operating costs and the economics of
individual CCS projects will be highly case-dependent, with exchange rate vol-
atility further complicating any general analysis. Future reductions in the costs
and energy requirements of CCS technologies can also be expected, pending
the outcome of further R&D efforts and the learning from early demonstra-
tion projects. The extent and timing of these improvements and their impact
on overall capture costs are highly uncertain, so that current costs are a poor
guide to either actual or relative future CCS implementation prospects or costs.

Various chapters of the book have benefited from review by a number of
scientists and other professionals who are engaged in the broad range of tech-
nologies described here. My special thanks are due to Dr. John Benemann
(Benemann Associates), Dr. Somayeh Goodarzi (University of Calgary), Rob
and Karin Lavoie (Calpetra Research & Consulting), Dr. Klaus Lorenz (Ohio
State University), Dr. Antonie Qosterkamp (Research Foundation Polytec),
Dr. Edward Peltzer (Monterey Bay Aquarium Research Institute), Prof.
James Ritter (University of South Carolina), Prof. Anja Schuster (Universitit
Stuttgart), Dr. Takahisa Yokoyaka (Central Research Institute of Electric Power
Industry [CRIEPI]), and Prof. Ron Zevenhoven (Abo Akademi University).
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Their critical input, generously provided, is reflected in these pages; the respon-
sibility for the remaining shortcomings, errors, and omissions remains with the
author. Any comments, suggestions, or other feedback from readers will be
most welcome; please send them to ccst2010@gmail.com.

It has been a pleasure to work with the team at Elsevier in bringing this
book to fruition, and my thanks are due to Ken McCombs and Irene Hosey,
who shepherded and supported it from concept to completion, and to the pro-
duction team—notably Donald Whitehead of MPS Content Services and Anne
McGee—ably led by Maria Alonso.

A final word of thanks is due to Serge, Brin, and Jimmy, without whose
vision this project would have been a far greater challenge.

In the two decades since the 1990 publication by the UN Intergovernmental
Panel on Climate Change of its First Assessment Report, in the face of an
increasing body of evidence and understanding, the Panel’s careful language of
uncertainty has been progressively strengthened to the point where the Fourth
Assessment Report was able to state with very high confidence that “the net
effect of human activities since 1750 has been one of warming. Most of the
observed increase in global average temperatures since the mid-20th century
is very likely due to the observed increase in anthropogenic GHG concentra-
tions” (IPCC AR4, 2007).

Looking beyond ARS, due in 2014, with new evidence mounting daily that
the climatic impact of our activities is at the upper end of the range of predic-
tions, the task before us is to ensure that, at the end of our finite window of
opportunity for change, we do not conclude ...

“This earth is ruined! We gotta get a new one.” (Fey, T. (2007). Greenzo,
30Rock, 2 (5)).

Stephen A. Rackley
August 2009
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