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About ICO,N




ICO,N: Forefront of CCS in Canada

The ICO,N Group addresses challenges and solutions to how
large-scale CCS can be deployed in Canada

Wide range of industry participants

Air Products Canada Inc. BP Canadian Natural Resources Ltd.
ConocoPhillips Company Enbridge Inc. Husky Energy Inc.

Imperial Oil Ltd. Nexen Inc. Shell Canada Energy

Statoil Canada Ltd. Suncor Energy Inc. Syncrude Canada Ltd.

Total E&P Canada Ltd. TransAlta Corporation

Grounded analysis
» Leading CCS technology analysis
» Integrated CCS economics

CCS policy leadership in Canada
« Source of thoughtful CCS information for 5 years
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CCS in Canada




A Strategic Investment for Canada

GHG Reduction Diagram for Canada — Aggregate Wedges
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Long-Term Vision of CCS Across Canada

# Potential Hubs
Potential Storage Basins

# Bell Plain
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Atlantic Region

= Studies underway into coal
and Deep geologic reservoir
storage

Western Canadian Sedimentary Basin

« 3,762 MtCO, of storage potential in oil
and gas reservoirs alone

SW Ontario

= Work to delineate storage potential in
Hamilton to Sarnia corridor required
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Vision for Western Canada
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CCS Economics




CCS Costs

Compilation of Industry CO, Capture Cost Estimates
(Aggregated Results from Capture Cost Survey)
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A Case for Partnership

Conceptual Portrayal of CCS Economics

$140

$120 Overall Cost (Capiure + Pipeline)

Declining overtime
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Cost ($tonne)

340

$20

Time

Provincial and Federal leadership is needed during
the transition period
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CO, Reduction Options — Volume

Comparison of Canadian GHG reduction options undertaken by The Delphi Group

Potential Emission Reductions in 2020
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CO, Reduction Options — Cost

Comparison of Canadian GHG reduction options undertaken by The Delphi Group

Net Cost of Emission Reduction Potential W Net Cost
from All Alternatives m Potential cost reduction
(Projected costs in 2020) from EOR Revenue
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Economics of Common Carrier

A 400 km CO, Pipeline Example

Option 1: Build in phases Capital Cost | Pipeline Capability (t / day) $ /1t Cost
Point & Shoot Pipeline (Phase 1) $400 M 20,000

Point & Shoot Pipeline (Phase II) $400 M 20,000

Total $800 M 40,000 $10/t
Option 2: Build for capacity Capital Cost | Pipeline Capability (t/ day) $/tCost
Build in one phase $500 M 40,000 $6/t

Economies of Scale: Centralized design and pre-building is
significantly more cost effective than point and shoot CCS solutions.
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Canadian Overview




Important Steps Have Been Taken

Federal government
= ~$1.3 billion for CCS supporting studies and demo projects
= Clean Energy Dialogue with the United States

Alberta government
= $2B towards deployment of 4 projects by 2015

» Groundbreaking CCS legislation:
- Assumption of long-term liability
- Establishment of long-term stewardship fund
- Address pore space ownership

Saskatchewan, British Columbia & Maritimes
» Advancement of several large-scale CCS projects
= Study work to understand underground storage potential
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Canada’s CCS Projects

Project

Location

Project Type

Volume

1. Shell Scotford

Edmonton, Alberta

* Bitumen Upgrader

* 1 Mt/yr

Upgrader * Post- combustion amine solvent * EOR & Sequestration
2. TransAlta Wabamum Lake, + Coal-fired power plant « 1 Mt/yr
Pioneer Alberta « Post-combustion chilled ammonia | «+ EOR & Sequestration
_ . - ipeli 1.7 Mt/yr initiall
3 Enhance Industrial Heartland, Large-scale CO2 pipeline M yr initially
Pipeline Alberta (3 facilit « CO, from fertilizer plant & * Pipeline for up to 14Mt
erta (3 facilities) bitumen upgrader « EOR
* In-situ coal gasification
4. Swan Hills White Court, ; gSOOMW ¢ « 1.3 Mt/yr
Synfuels Alberta (syngass for of co- .« EOR
generation)
5. SaskPower Estevan, » Coal-fired electricity power plant « 1 Mtlyr
Boundary Dam Saskatchewn « Post Combustion Amine « EOR
Fort Nelson, British « 1 Mtlyr

6. Spectra Energy

Columbia

» Capture at a natural gas plant

* EOR & Sequestration

. el
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Public Acceptance

National public opinion polling in 2010

Question: “I personally support CCS projects”

Strongly or
Somewhat
Oppose CCS

42%

Strongly or
Somewhat
Support CCS
58%

Source: Ipsos Reid for Shell and TransAlta, 2010
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Supporting Work Must Continue

The First Projects

— Ensure they advance

CCS Regulatory Work

— Progress CCS regulations on operations, liability and long-term stewardship

Climate Change and CCS Policy
— Ensure that it will work to advance CCS deployment
« Climate change policy must work to incentivize CCS deployment

« Avoid building inefficiencies into regulations that act as barriers to
future CCS projects;

— Recognition that sector specific performance standards are not enough to
drive early CCS




Supporting Work Must Continue

Economics and Incentives
— Advance understanding on what large-scale CCS deployment will require

— Fill gaps on participation as part of a next wave (including oilsands, coal and
broader group of players);

System Integration

— Transition from the first ‘point and shoot lines’ to a bigger picture system;

— Common carrier approach and pipeline integration/optimization

Ongoing study work

— Purity Specification Project — a global study to develop CO, purity and
contaminants standards

If major emissions reductions are to be achieved, then CCS
must still be considered a long-term priority
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Thank You

For more information:
WWW.Ico2n.com

Contact:
Eric Beynon ebeynon@ico2n.com

ICO,N Members:

Air Products Canada Inc. BP

Canadian Natural Resources Ltd. ConocoPhillips Company
Enbridge Inc Husky Energy Inc.
Imperial Oil Ltd. Nexen Inc.

Shell StatoilHydro Canada Ltd.
Suncor Energy Inc. Syncrude Canada Ltd.
Total E&P Canada Ltd. TransAlta Corporation
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Conceptual CCS Economics

(With a range of site specific factors) Costs of CCS system
CCS COSTS GAP COMPENSATION components are variable and site
specific. Key drivers are:

$140 * Pipeline — Distance of
transport and pipeline size

Uncertainty
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, %0 . Capture — Facility specifics
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Transition Period i1s Essential

Multiple Business Risks:

« Economics
« Gap
» Development of new CO, markets

* Investment Risk
« Large capital expenditures
» Policy uncertainty

« Technology Risk
« A new way to use technology
« Early adoption may not pay

Governments and industry each have a role in moving CCS to full
deployment and realizing major emissions reductions
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Only Certain Industries Can Pursue CCS

Canada's 2006 Sectoral GHG Emission Summary

Total Emissions - 721 Mt CO2 eq

Residential & 0
Commercial Electricity
10% 16%

Agriculture
9%

Petroleum
20%
Industry Transport
10%

Personal Transport Mining and
16% Manufacturing
17%

Crude oil production
7%

Natural Gas production,
transmission &
distribution
7%

Oil sands, coal & coke
production
4%

Refining
2%



Supply and Demand

CO, Supply & EOR Demand Potential circa 2020 / 2025
with $75 Oil Price (WTI)

(Supply cost includes capture and transport costs)

$250

m=m FOR Market Demand for LCIO'2
$200 === CO, Supply Potential
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Canada’s Storage Capacity
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Application at Alberta’s Oil Sands

Crude Oil GHG Emissions (Well-to-U.S. Retail Pump)

Cdn Oil Sands - SCO/SAGD
Cdn Oil Sands - DilBit/SAGD

Cdn Oil Sands - SCO/mined

§ Imports of Middle East Heavy B Crude Extraction

A O Upgrading

fo) US Domestic Heavy (California) B Crude Transport to U.S.
< B Refining

8 eI AT VAU O Distr. of Refined Products

Imports from Mexico
Imports of Saudi Light

Average Barrel Consumed in U.S.

(0] 50 100 150 200
kg CO2 Equivalent per Barrel of Crude Oil

Source: Cambridge Energy Research Associates (CERA). The use of this material/graphic was authorized in advance by CERA.
No reuse or redistribution of CERA information is permitted without written permission by CERA.
For more information on CERA please visit www.cera.com, or call Jim Meitl at 403-770-4522 or email at jmeitl@cera.com
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Learning Curve Improvement

(slow and uncertain)

Flue Gas Desulphurization
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Source: Rubin et al et al, Estimating Future Costs of CO2 Capture Systimes Using Historical Experience Curves
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Learning Curve Improvement for CCS

Reduction of CO, Capture Costs Based on Expected Learning Rates
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70 \
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# of CCS Projects Worldwide

Low Learning Rate (13%)
Medium Learning Rate (25%)

Units of Cost

Data provided for this chart is based upon a technical study done by the IEA on estimating the future trends in the
cost of CO, capture technologies.

Pre/post/oxyfuel combustion technologies for CO, capture were reviewed and an estimated range of learning
curves (13%-40%) were presented.

We have used a midpoint of 25% to demonstrate potential reduction of CO, capture costs and have included
the low rate for comparison.

¥ ICON
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Alberta CO, Purity Project

Coordinators
- : Susie Dwyer, PTAC
Chair Robert Craig, ICO,N Kali Taylor, ICO,N
Steering Committee
Alberta Energy
Advisory \ Alberta Innovates
Sponsors L (non-voting)

CAPTURE TRANSPORTATION EOR SEQUESTRATION INTEGRATION .
Key Accomplishments

(7 N\ . .
& « Steering Committee and
. ol &
Fectnmer  |[1CON || SR || e || G Technical Silos meetings
lechni_tt:tal David Lamont Ziad Saad Kelly Edwards c:zott Imbus « Resources deployed to
ommittee - Kinder Morgan -~ Human Energy-
Lead(s) Gonocc‘;millips BARRICK = ;nove ztUdy components
———————————— e T B o R et 1 1-- orwar
ICO2N CEPA CCP3 . . . .
Technical Membership Mernbership Schedule 3 Membership Schedule 3 Project is nearing Phase |
Committee completion (March 3,
Oth Others as Others as COthers as
Members approv:(rjsbaysthis approved by this approved by this approved by this 2011)
Committee Committee Committee Committee
Contractor(s) TBA TBA TBA TBA TBA
Note: Funders are eligible to participate as Technical Committee Members in any

\ silo at the discretion of the appropriate Technical Committee /

» Sliel ICON




DNV Hydraulic Assessment

* Detailed pipeline design review of
demo projects and linkages to longer
term build up

« Defined scope, deliverables and
schedule

» A technically strong proposal
received from Det Norske Veritas

« $115 K overall cost poses budget
challenges to ICO,N

* Originally scheduled to start Jan. 1
and to be completed March 2011
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Assess EOR and Sequestration Costs

320

Assess international studies on sequestration costs
— IEA, GCCSI, Worley Parsons, EPRI

Draw on Alberta comparators
— WASP, ARC, others

— Assess full scope of storage costs (site characterization, injection well
costs, ongoing monitoring and post closure monitoring

In discussion with Rob Lavoie of CalPetra and former WASP
project manager




Quest Project

* Project Lead: Shell Canada @

* Project Partners: Athabasca Oil Sands Project
Shell Canada (60%) Chevron Canada Ltd (205) Marathon Oil Sands L.P (20%)

 Expected Start Date: 2015

 Location: Scotford Upgrader near Edmonton

« CO,source: Bitumen Uprgrader

« Capture Process: Amine Solvent will capture CO, from hydrogen production
* Volumes: 1 MT CO./y for EOR and Sequestration

* Public Funding: Canada $120 Million & Alberta $750 Million

38


http://www.shell.ca/

Project Pioneer

Tra ns[,\lta"

* Project Lead: TransAlta Corporation

* Project Partners: Capital Power, Alstom Canada, Enbridge
 Expected Start Date: 2015

* Location: Wabamum Lake west of Edmonton

« CO, source: Coal-fired electricity power plant

» Capture Process: Post Combustion Chilled Ammonia

*  Volumes: 1 MT CO2/y for EOR and Sequestration in an Saline Aquifer

* Public Funding: Canada $343 Million & Alberta $431 Million
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http://www.transalta.com/

Alberta Carbon Trunk Line

* Project Lead: Enhance Energy
* Project Partners: North West Upgrader, Agrium Fertilizer ENHANCE
« Expected Start Date: 2012
 Location: 3 major facilities

« Compressor facility at Agrium Complex- South of Redwater

« A compression facility at NWU site

» Pump station west of Bruderhiem
+ CO, sources: Bitumen Upgrader and Fertilizer plant

* Volumes: 1.7 MT CO2/y for EOR

* Public Funding: Canada $63 Million & Alberta $495 Million
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http://www.enhanceenergy.com/

Swan Hills Synfuels ISGC

« Project Lead: Swan Hills Synfuels » Hills
SYNFUELS

* Project Partners: To be determined
« Expected Start Date: 2015

« Location: White Court, Alberta

+ CO, source: In situ coal gasification from unmineable coal seams

* Volumes: 1.3 MT CO2/y for EOR and syn-gas for 300 MW of co-generation

« Public Funding: Alberta $285 Million
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http://www.swanhills-synfuels.com/index.htm

Boundary Dam

« Project Lead: Sask Power il SaskPower

 Project Partners: Many

« Expected Start Date: 2015

* Location: Estevan, Saskatchewn

« CO2 source: Retro Fit of 100 MW Coal-fired electricity power plant
« Capture Process: Post Combustion - Amine

* Volumes: 1 MT CO2/y EOR

« Public Funding: Canada $250 Million

3@


http://www.saskpower.com/index.shtml

Spectra Energy
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Project Lead: Spectra Energy

Project Partners: Many

Expected Start Date: 2016

Location: Fort Nelson, British Columbia

CO2 source: Natural gas

Capture Process: Extraction off produced natural gas

Volumes: 1 MT CO2/y for EOR and Sequestration

Public Funding: British Columbia $3.4 Million

Spectr@

Energy




