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EXECUTIVE SUMMARY

The capture and storage of CO, from point sources is an increasingly attractive option for
addressing global greenhouse gas (GHG) emissions. In 2005, a major study commissioned by the
Intergovernmental Panel on Climate Change (part of the United Nations Framework Convention
on Climate Change) was completed, confirming this global interest. Until now, this mitigation
option was not explicitly recognized by the UNFCCC. Negotiations to do so are under way.

The potential value of CO, capture and storage (CCS) to Canada is enormous because of the
proximity of large point sources of CO, and potential geological sinks for CO,. For this reason,
Canada has, for the past 15 years, been very active in exploring the opportunities for CCS, in
developing and testing techniques and technologies to implement it, and in examining the
associated policy, regulatory, environmental, and public education issues. Canada is now
actively promoting the inclusion of CCS within the UNFCCC.

To help the community engaged in CCS work in Canada to identify gaps, set priorities, and
promote cooperation, and to inform Canada’s representatives in international discussions of the
extent of Canada’s engagement, the Office of Energy R&D of Natural Resources Canada
proposed a broad compilation of current work, including not only scientific and engineering
projects, but also projects that examine economic, implementation, public education and
outreach, and regulatory issues. The key players in Canada’s CCS investments were to be
identified and their roles described.

This report seeks to compile all Canadian activity in CCS. The report has three main components.
The first provides brief overviews of the principal Canadian organizations engaged in CCS and
the international organizations involved in CCS in which Canada (or Canadian organizations)
plays an active role. A total of 83 organizations are so featured. The second component features
summaries of specific projects under way (as of the end of 2005) or recently completed (2003 or
later); 126 projects are identified. And finally, five documents that are key to Canada’s strategy
of developing capacity in CCS are listed.

Of the 83 organizations described, 14 provide coordination and planning of CCS activities (6 of
them within Canada and 8 of them internationally); 25 are the principal research performers in
CCS in Canada (including 8 universities with substantial engagement); 23 are companies who
are developing, testing, using, or analyzing the effects of CCS technologies; 8 are federal and
provincial government agencies involved in aspects other than research performance; and 13 are
government programs supporting CCS projects (see Figure 1).
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Figure 1. Distribution of organizations involved in CO, capture and storage

Of the 126 projects, the most frequent topic is CO, capture (54 projects), followed by CO,
storage (49 projects). A number of other subjects have much smaller frequencies: sources &
sinks (7); and economic, social, and regulatory projects (9)). Just 1 project addresses
transportation of CO,. Another 6 projects either fit multiple topics (3) or were difficult to classify
(3) (see Figure 2).
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Figure 2. Distribution of projects involved in CO, capture and storage topic areas
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Many of the projects involve multiple performers and multiple funders. However, when
categorized by lead performer, 59 of the projects are conducted or led by universities; 42 by
government research agencies (including provincial research organizations); 23 by industry (a
category that includes any for-profit company); and 2 by Non-Government Organizations
(NGOs) (see Figure 3).
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Figure 3. CO, capture and storage projects categorized by lead performer

Five documents that are essential to setting the priorities for CCS in Canada are also described.

Each entry in this compendium briefly describes the organization or activity, highlights the role
it plays in CCS, identifies and provides links to contacts for additional information, and for
projects, sets out the duration, funding, and participants.

Organizations devoted to some aspect of CCS, and related projects, are growing rapidly in
number. A major effort was made to ensure the completeness and accuracy of this compendium,
but given the dynamic nature of this field and the number of organizations engaged, some
elements may have been missed. Nonetheless, it is hoped that this document will be of broad use,
not least to demonstrate the resources that the Canadian energy community is prepared to invest
in this promising way of reducing Canada’s CO, emissions.
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INTRODUCTION

The observed increase in the concentration of CO, and other greenhouse gases (GHGs) in the
atmosphere has given rise to growing concerns about the potential for increasing global
temperatures and related climatic impacts over this century and more. The international
community, especially through the Intergovernmental Panel on Climate Change (IPCC), has
pointed to increases in anthropogenic CO; as a principal driver for the observed growth of
atmospheric CO; concentrations. Through the Kyoto Accord, developed under the auspices of
the United Nations Framework Convention on Climate Change (UNFCCC), most developed
nations have committed to reduce their CO; and other GHG emissions. Canada, as a signatory to
the Kyoto Accord, has initiated a number of activities aimed at lowering Canada’s GHG
emissions in both the period covered by the Kyoto Accord (up to 2012) and beyond. These
initiatives are largely focused on the energy sector, which accounts for the vast majority of GHG
emissions.

There are three principal strategies by which CO, emissions from the energy sector can be
significantly reduced:

1. Reduce energy demand through a combination of energy conservation and energy
efficiency measures

2. Reduce the carbon intensity of energy production through greater reliance on lower-
carbon energy sources such as natural gas and non-carbon sources such as nuclear and
renewable energy sources.

3. Capture the CO; emitted from carbon-based energy production processes and store this
CO; for long periods away from the atmosphere.

This report focuses on the last of these options.

The capture of CO, from point sources and its injection into geologic formations or its fixation in
other media (“CO, capture and storage” [CCS]) is an increasingly promising option for reducing
CO, emissions in Canada and globally. Since the late 1980s, Canada has been actively
investigating the feasibility of enabling the capture of CO; from large point sources and the
technologies to do so, with subsequent disposal, storage, or sequestration in geological structures
and other media. Canada has been and continues to be regarded as a world leader in the
associated technologies and infrastructure.

Canada and a few other countries have been active in CCS for some time, but it is only recently
that the international community, through the IPCC, has begun to recognize the full potential of
CCS to contribute in a major way to combating global warming. Indeed, over the last year or so,
the potential of CCS has been under close study by a specially commissioned working group of
the IPCC. The IPCC Special Report on CO, Capture and Storage was discussed at a September

2005 meeting of the IPCC in Montreal and was tabled at the Conference of the Parties (COP 11)
in Montreal in November and December 2005. Although significant progress was made at

COP 11, the full acceptance of CCS under the Kyoto mechanisms is still under discussion.

Canada’s representatives at these and subsequent meetings will be involved in discussions about
the potential for CCS and how it should be dealt with under the UNFCCC. To do so effectively,
it is vital that our delegates be aware of the full range of Canadian engagement in all aspects of
CCS. In support of this and to help the community engaged in CCS work in Canada to
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identify gaps, promote cooperation, and set priorities, the Office of Energy Research and
Development (OERD) at Natural Resources Canada (NRCan) set out to compile a summary of
Canadian activities and players in the field of CCS. The scope of the compilation was to be broad,
including not only scientific and engineering projects, but also those that examine economic,
implementation, public education and outreach, and regulatory issues. Moreover, the key players
in Canada’s investments in CCS were to be identified and their roles described.

This report is the resulting compilation.

Acknowledgments

The authors (John F. Legg and Frank R. Campbell) owe a great measure of thanks to the many
people who contributed to the development of this compilation. First of all, we must thank
OERD, whose staff identified the need for this document and provided extensive guidance
regarding its scope and structure. We would like to especially thank Dubravka Bulut and Kelly
Kishiuchi of OERD for their help and support throughout the project, and Graham Campbell for
his oversight of the project.

But we have to save our special thanks for all the individual contributors who responded to our
many requests for information, comments, corrections, and approvals. This report is a testimony
to their foresight, innovation, persistence, and curiosity, but most of all to their success in
bringing CCS from a radical concept to near commercial application in a very short time. In
many cases, you will be able to identify these individuals from the contact names that we include.
Nevertheless, the reader should be aware that the work reflected herein is usually the product of
teams. Each member of those teams has earned a mention for his or her contribution; however,
we chose to not attempt an exhaustive listing of all contributors, and so only principal contacts
are shown.

Structure of Document

This document is organized into four principal parts: the first catalogs and describes the major
“players” involved in Canadian CCS; the second catalogs and describes each currently active or
recently completed (roughly since 2003) science and technology (S&T) project; the third
summarizes economic, regulatory, and public outreach projects; and the fourth describes a
number of overview documents that have particular impact on Canadian activities. The first three
parts are further subdivided by the types of players and the project subject areas. Each
subdivision is assigned a sequential number, and each entry within a subdivision is assigned a
second sequential number. Thus, players are identified as “Org a.b”, where a is the number of
the subdivision, and b is the number of the organization within the subdivision. Similarly,
projects are identified as “Proj a.5”. Documents are identified simply as “Doc a”. The overall
structure is best appreciated by examining the Contents page.

We have tried to make it relatively easy to navigate the almost 200 separate entries in the
document. Once again, the Contents page (TOC) is key. All titles in the TOC are “linked” to the
corresponding player, project, or document summary. When you are viewing the TOC, a “Ctrl +
left click” on a title will bring you directly to the location of the relevant entry in the body of the
document. Each player entry contains references to the projects with which that player is
involved, if any. Similarly, each project contains references to the relevant players. However,
these references are not themselves “linked”. To link to a particular project or player, you will
have to return to the TOC.
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Returning to the TOC takes a little more work. If you are running Word 2003 or XP, pull down
the Tools menu, and select Customize. In the dialog box that then appears, select the Toolbars
menu. Scroll down until you see a check box marked “Outlining”. Select the check box, and

click Close. You should now see a new line of tool icons at the top of the page. The one that you
need for navigation purposes is the icon depicting a document page with an upward curved arrow.
Clicking this icon will bring you to the end of the TOC. You can then scroll to the location you
want within the TOC.

Caveats

The authors have made a determined effort to ensure that

e the compilation is exhaustive. Although an exhaustive listing was the objective, so much
activity is underway that we have almost assuredly not included all activities and players.
The field is a dynamic one, and new projects are taking shape all the time. We trust that
gaps in the coverage are not many and certainly not so numerous as to distort the overall
picture of Canadian activity in CCS.

e entries are accurate and reasonably complete. In all cases, we tried to solicit feedback
about the quality of the summaries from the organizations and individuals cited. We were
not always successful. Summaries for which feedback could not be obtained are
identified by an asterisk in front of the identifying number. In a few cases, we were
unable to obtain sufficient information to allow a decent summary to be drafted. Where a
summary is unavailable, we have provided an unsorted list of project titles and possible
contacts at the end of the appropriate section (Section 2). In some other cases, key
information could not be acquired, and the relevant data fields are therefore blank.
Finally, we also exercised some editorial discretion on specific text, and so the wording
may be slightly different from that proposed by project proponents; however, we have
tried to stay true to the basic descriptive material provided.

A word about verb tenses: In the project descriptions, the reader will note the use of a variety of
verb tenses. The future tense is used often, even for projects already completed, because in many
cases the authors of this report relied on descriptive information contained in proposals.
Proponents left most of these descriptions unchanged during their reviews, and so there was no
confirmation that all proposed work had been completed successfully. Consequently, the tenses
were left as they appeared in the proposal. In other cases, proponents revised project descriptions
to reflect actual outcomes, in which case the past tense was used. The authors regret any
confusion this may cause.

Acronyms and Initialisms

The meaning of each major acronymn and initialism used in this document appears here.

APEC Asia—Pacific Economic Cooperation
AST Advanced separations technology
CBM Coalbed methane

CCS CO; capture and storage
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CDM
COP
CSLF
ECBM
EHR
ENGO
EOR
GAMS
GHG

GIS

Gt

GWP

IEA

IEA GHG
IGCC

km
km?
kmol

kt

MDEA
MEA
MOP
Mt
NGO
NRC
R&D
S&T
SOFC

Clean development mechanism

Conference of the Parties [to the Kyoto Protocol]
Carbon Sequestration Leadership Forum
Enhanced coalbed methane

Enhanced hydrocarbon recovery
Environmental non-governmental organization
Enhanced oil recovery

General Algebraic Modelling System
Greenhouse gas

Geographic information system

Gigatonne

Global warming potential

International Energy Agency

International Energy Agency Greenhouse Gas R&D Programme
Integrated gasification combined cycle
Kilometer

Square kilometer

Kilomole

Kilotonne

Cubic meter

Methyldiethanolamine

Monoethanolamine

Meeting of the Parties [to the Kyoto Protocol]
Megatonne

Non-governmental organization

National Research Council

Research and development

Science and technology

Solid oxide fuel cell
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UNFCCC UN Framework Convention on Climate Change
WCSB Western Canadian Sedimentary Basin

ZET Zero emissions technology
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1. COORDINATION AND PLANNING—CANADA

Org 1.1: Canadian CO, Capture and Storage Technology Network

What is it? The Canadian CO, Capture and Storage Technology Network (CCCSTN) is an
extensive, voluntary network of people and organizations working on CCS development in
Canada. The scope of the network includes economic and environmental issues relating to CCS.

Role Played in Canadian CCS CCCSTN participants use the network to exchange information
and to facilitate coordination of their research, development, and demonstration project
initiatives.

CCCSTN represents Canadian projects at international and national events hosted by such
organizations as the Australian Cooperative Research Centre for Greenhouse Gas Technologies

(CO, CRC), the Carbon Sequestration Leadership Forum (CSLF), the International Energy
Agency (IEA), the Intergovernmental Panel on Climate Change (IPCC), and so on.

Description  Participation in the network is open to the entire Canadian CCS community,
including industry, academia, and government. International collaboration is active and
encouraged.

CCCSTN is funded by the federal government. There is no membership fee. Resources for
conferences and other activities are provided in-kind from network members.

Many of the participants have worked on major documents that, although not formally a product
of the network, reflect the views of the Canadian CCS community. These include a CCS
technology roadmap [Doc 1.1]; CANiCAP, a CO; capture “pillar document” to the Canadian
roadmap [Doc 1.4]; CANIiSTORE, a CO, storage “pillar document” to the Canadian roadmap
[Doc 1.3].

National coordination and a secretariat are currently provided by the federal government’s
CANMET Energy Technology Centre—Ottawa [Org 3.1].

Contacts

Bill Reynen Donna Baskin

National Coordinator, CCCSTN National Secretariat, CCCSTN
CETC-Ottawa CETC-Ottawa

(613) 996 5759 (613) 947 2651
ccestn.info@nrcan.ge.ca ccestn.info@nrcan.ge.ca

The CCSTN web site is www.co2network.gc.ca.
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Org 1.2: EnergylNet Inc.

What is it?  EnergylINet is a Canadian network that brings industry, researchers, and
government together to help develop new environmentally responsible hydrocarbon and
renewable energy technologies.

Role played in Canadian CCS The corporation includes a CO, Management Program
(principally storage) and a Clean Coal Program (principally capture).

Description EnergylNet is a group of professionals with a head office in Calgary and a
Saskatchewan office in Regina. The corporation works to be a facilitator or a neutral place where
organizations can come together to work on common issues.

e At present, EnergyINet focuses on six programs related to
development of alternate and renewable energy.

e enhanced value of bitumen and heavy oil.

e demonstration and use of new clean coal technologies.

e reduction of greenhouse gas and other emissions.

e maximizing recovery of conventional and unconventional oil and gas.

e treatment, recycling, and reduction of water consumption.

To these ends, the corporation maintains an overarching vision and strategy in its role of
facilitator and collaborator and in creating links to build a roadmap for research and
commercialization. The corporation also serves as a global technology information clearinghouse.
Finally, the corporation invests directly in research, development and technology
commercialization.

EnergylINet’s Clean Coal and Carbon Innovation Program (CCCIP), with an interest in CO,
capture, has recently merged with the Canadian Clean Power Coalition [Proj 3.6]. CCPC plans to
demonstrate the commercial feasibility of CO; capture from a coal-fired power plant.

EnergyINet’s CO, Management Program covers systems for CO, capture and transport;
identification and characterization of geological storage sites; new technologies for geological
storage; and technology and guidelines to verify storage.

EnergyINet is guided by a board of directors consisting of senior managers drawn from federal
and provincial energy departments, major utilities, oil and gas producers, and major research
centres.

Contacts

Malcolm Wilson Bob Stobbs

Program Director, CO, Management Program Director, Clean Coal and Carbon
EnergyINet Management

(306) 337 2287 EnergyINet

co2(@energyinet.com (306) 566 3326

bobstobbs@energyinet.com

The EnergylNet web site is www.energyinet.com.
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Org 1.3: Petroleum Technology Alliance Canada

What is it? The Petroleum Technology Alliance Canada (PTAC) is a not-for-profit industry
association that promotes collaborative research and technology in the Canadian upstream
conventional oil and gas industry.

Role played in Canadian CCS Within PTAC, a newly-formed CO, Enhanced Hydrocarbon
Recovery (EHR) Steering Committee offers members a forum for collaboration.

Description The CO, EHR Steering Committee’s mandate covers the use of CO, to enhance
production of oil and gas reservoirs, leaving the CO; sequestered in the geological formation.

The role of the Steering Committee reflects the role of PTAC as a whole. The committee
provides a forum on CO, EHR-related innovation, research and technology, priorities, needs and
challenges, and identification of barriers and opportunities.

Under the guidance of the Steering Committee, and as funding permits, PTAC will facilitate the
search for new or improved technologies and will foster their development through pilot testing,
if required. Furthermore, PTAC will organize demonstration projects, working groups, Requests
for Technology (RFTs), technology or innovation case studies, workshops, forums, conferences,
and technology information sessions as required to deliver the results of development work to
industry.

Members of the Steering Committee (as of April 2005) were Alberta Energy Research Institute,
Air Liquide, Alberta Geologic Survey (AEUB), Alberta Research Council, Anadarko, Canadian
Fertilizers, The CO, Hub, Enbridge, EnCana, Husky, Paramount Resources, Penn West, Praxair,
Shell Canada, Suncor, and the University of Calgary.

In addition, co-chairs are provided by Alberta Energy, Devon Canada, and Natural Resources
Canada.

Contact

Ralf Aggarwal
PTAC

(403) 218 7711
raggarwal@ptac.org

The PTAC web site is www.ptac.org
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Org 1.4: (Federal) Interdepartmental CCS Coordinating Committee

What is it? The Interdepartmental CCS Coordinating Committee brings together middle
managers from all federal government departments that have responsibilities for CCS.

Role played in Canadian CCS The committee coordinates federal action, from research to
industrial policy to international negotiations.

Description This committee was formed in response to the growing activities surrounding CCS
in Canada and internationally. In particular, it helps to coordinate the federal response, on behalf
of Canadians, to the role Canada plays in international negotiations on the reduction of
greenhouse gases.

Representatives come from the departments of Natural Resources, Environment, Finance,
Industry, and Foreign Affairs and International Trade, and from the Privy Council Office.

The Committee meets several times annually, particularly for planning the response to major
events such as the recent COP/MOP meetings in Montreal during November and December 2005.

The Chair and Secretariat are provided by the Office of Energy R&D, Natural Resources Canada.
Contact

Graham Campbell

Chair, Interdepartmental CCS
Coordinating Committee
Natural Resources Canada
(613) 995 8860
graham.campbell@nrcan.gc.ca
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Org 1.5: Ad Hoc Committee on CCS Public Education and Outreach

What is it? In the Ad Hoc Committee on CCS Public Education and Outreach the federal
government (Natural Resources Canada), a province (Alberta) and an ENGO (Pembina Institute)
promote public communications and outreach activities.

Role played in Canadian CCS Coordination of national initiatives regarding public education
and outreach.

Description To date, the committee has supported two scoping studies to develop a path
forward on public education and outreach:

e Towards a Strategy for Stakeholder Engagement on Geological Carbon Storage
[Proj 16.1]

e Steps Toward a Strategic Plan for Citizen Involvement for Carbon Capture and Storage
[Proj 16.3]

The committee has also supported a study titled “Public Attitudes Toward Geological Disposal
of Carbon Dioxide in Canada” [Proj 16.5] and held preliminary discussions on a domestic
strategy for public education and outreach.

Contact

Anne-Marie Thompson

Natural Resources Canada

(613) 947 0151
anne-marie.thompson@nrcan.gc.ca

Carbon Dioxide Capture and Storage: A Compendium of Canada’s Participation



Org 1.6: Integrated Carbon Dioxide Network (ICO,N)

What is it? The Integrated Carbon Dioxide Network is a group of private companies working
jointly to establish a CO; system and infrastructure that allows for CO; capture, transportation,
and storage.

Role played in Canadian CCS 1CO;N wants to establish a system that would enable CO, to be
moved between sources and sinks.

Description The project is described as national in scope. It is setting out to design and create
infrastructure that will serve long-term needs and not just build a pipeline linking current sources
with near-term EOR applications. The project will help to establish the partnerships, ta