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CETC CANMET ENERGY TECHNOLOGY CENTRE

Why a Roadmap?

CO2 Capture & Storage Technology Roadmap

The Roadmap was developed in cooperation with industry and
government stakeholders to help formulate a climate change

mitigation strategy employing CCS technology for large industrial
emitters.

Some of the key questions addressed included:
 What will tomorrow's fossil fuel industry look like?

 What technologies will be required to support that
vision?

 When should they be ready?

 What actions are required?
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CANMET ENERGY TECHNOLOGY CENTRE

Geologic Storage of CO,

Ga

natural gas pipeline

Storage in geologic formations over
geologic time

Options include: oil reservoirs,
coalbed methane reservoirs,

depleted oil and gas reservoirs and
deep saline aquifers

Injection into oil reservoirs and
coalbed methane reservoirs
produces oil and gas revenues
which can offset costs

Afford the time to continue to use
fossil fuels until renewables are

developed

CO, for re-pressurization of gas
caps

Matural Resources Ressources naturelles

Canada



CAMMET ENERGY TECHNOLOGY CENTRE

Adapted from Olav Karstaad , Statoil, Norway I+l
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CANMET ENERGY TECHNOLOGY CENTRE

Participants

« 3 workshops were held over a 3 year time period

* Over 180 people from industry, academia, provincial & federal
governments participated in these workshops and in developing
Canada’s Technology Roadmap

« Experts from Canada, USA, UK, Norway and Australia

 NGO'’s (environmental groups) also included in workshops
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CETC CANMET ENERGY TECHNOLOGY CENTRE

Financial Support and In-kind Assistance

The CCSTRM received primary funding from Industry Canada and
Natural Resources Canada (NRCan). The following organizations also
provided in-kind or financial support (in alphabetical order):

Advanced Resources International

Alberta Energy Research Institute

Alberta Research Council

BP North America Corporation

CANMET Energy Technology Centre — Devon
CANMET Energy Technology Centre — Ottawa
Carnegie Mellon University

CO2CRC Program

International Energy Agency Greenhouse Gas Programme
Fluor Canada Ltd.

Natural Resources Canada

Natural Resources Defense Council

Statoil

United States Department of Energy
University of Regina
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CANMET ENERGY TECHNOLOGY CENTRE

The Roadmap’s Roadmap

CO,TRM Technology Pathway

Survey of roadmaps & Survey of energy
August 03 technqlomes stratagies,_issues & needs
Synthesis, outline
August 03 2
nen approach & strawman
________ Set up interactive
wehsite
Launching workshop: Info
dissemination, develop
Septemhber 03 ?
_Deprember strategy, form A/group
Activity of oil & gas group: Activity of industrial
detailed technology - group : detailed
J 04
_aney pathways technology pathways
| 2 v
______________________ '
Workshop on geological Workshop on capture Supporting analysis of
storage pathways, key — technologies, key issues technology p athways
March 04 issues and needs and needs I
Activity of subgroups on ; :
et o Doy |
_ technology p athways
VIS A CET NI — — — — — — — — ﬂ
technology roadmap
Assemble draft report & Tt | oo . March 06
- | apture & storage
September 05 review workshop roadmap and translation
[ L
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Roadmap Structure
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Matural
Canada

The Canadian Advantage —
Carbon Dioxide Capture and Storage

The Global Challenge — an Issues Scan
The Opportunity — Cleaner Fossil Fuels
Technology Pathways

The Way Forward
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CETC CANMET ENERGY TECHNOLOGY CENTRE

The Path Forward- Capture

i+l

Short-term to 2010 Medium-term to 2015 Long-term to 2020 +

- Develop advance solvents, contractors
- Development of modular test facilities for integrated

pre-combustion capture systems; process modification for
SMR processes Early outcomes

- Develop improved O2/CO2 recycle variants better heat transfer
- System integration and optimization for CO2 capture and

multi-pollutant capture

- Develop novel sorbents; Ceramic membranes for gas separation i.e. ITMs

- Develop O2/CO2/Steam turbines; chemical looping combustion

- Develop integrated gasification systems with hot gas clean-up and CO2 separation
- System integration and optimization

Transitional phase

- Develop advance sorbents for CO2 separation

- Develop zero recycle oxy-fuel combustion systems Towards
- Develop high temperature membrane reactors for enhanced water gas shift reactions for SMR, gasification 22?.;—
- Develop hybrid power cycles involving IGCC and fuel cells emissions

- System integration and optimization
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CETC CANMET ENERGY TECHNOLOGY CENTRE

The Path Forward - Storage

i+l

Short-term to 2010 Medium-term to 2015 Long-term to 2020 +

- Regional scale geological and hydrogeological characterization

of formations; assessment of potential leakage paths through
caprock; improved reservoir characterization; Early outcomes

- Geochemical research on effects of CO, on reservoir properties and

CO, storage optimization

- Cost-effective short-term monitoring systems for detecting and quantifying the amount

and rate of leakage;

- Evaluation criteria for integrity of old wells; assessment of well failures; identification of

critically stressed faults; Transitional phase

- Migration and flow modelling of CO, in underlying and overlying geological strata in the

event of a breach in the caprock or well leak;

- Geochemical research on effects of CO, on caprock integrity

- Long-term monitoring techniques such as high resolution seismic and non-seismic methods for identification

of the CO, plume,

Towards
- Geomechanical monitoring technologies, soil carbon measurement, remote sensing of above ground leaks;, near-
- Development of well technologies including long-term cement integrity, procedures for maximizing CO, injection e miZ:;%ns

and injection processes; migration and flow modelling of leakage pathways including subsurface, land surface
and atmospheric models of CO, migration and dispersion
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CETC CANMET ENERGY TECHNOLOGY CENTRE

Critical Objectives

Policy development

Regulatory frameworks

Public outreach and education

Technology watch and international collaboration

Address technology gaps

Demonstration

National coordination
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CETC CANMET ENERGY TECHNOLOGY CENTRE

Implementation

Original implementation was to be undertaken the designation of
“champions” for each critical objective

Political uncertainty prevailed for almost two years

In the meantime, funding through existing R&D programs based on
compliance with CCSTRM criteria

Current government canvassed industry on how to implement CCS
Industry responded with the CCSTRM
Task Force established by Prime Minister

Task Force provided policy and regulatory recommendations to
Ministers on January 9th
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CAMMET ENERGY TECHNOLOGY CENTRE

Linkages

Cross Cutting Roadmaps

Research
Institutes

Pipeline
Industry

Petro-Chemical

Industry

International
Stakeholders

CO2 Capture
For Use

& Storage

Fossil
Electricity
Generation
Industry
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Government
Energy &
Environment

Upstream
Oil & Gas

Tar Sands &
Heavy Oil
Upgrading
Industry

Planning

Coordinating
Networks

ecoETI

CSLF

CCP

IEA

IPCC
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CETC CAMMET ENERGY TECHNOLOGY CENTRE

Linkages

CCSTRM Roadmap

e WWWw.co2trm.gc.ca

CCTRM Roadmap

e www.cleancoaltrm.gc.ca

Oil Sands Roadmap

e http://www.acr-alberta.com/
Projects/Oil_Sands_Technology Roadmap/Oil_Sands_Technology Roadmap.htm

Hydrogen Roadmap
» http://strategis.ic.gc.ca/epic/internet/inhfc-hpc.nsf/en/mc00006e.html
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CAMMET ENERGY TECHNOLOGY CENTRE

Release of CCSTRM
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CANADA'S CO3 CAPTURE & STORAGE TECHNOLOGY ROADMAP
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“cransitional rechnolagy for coday's energy cconamy
praviding che basis for cransfarmarive change romorrow”

CLEAN ENERGY TECHNOLOGIES

Canadi

The Canadian CO2 Capture & Storage
Technology Roadmap was released
March, 2006

Be sure to visit our website for updates
WWW.co2trm.gc.ca
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