clean coal” kA SaskPower

Powering the future




Presentation Outline

 Who Is SaskPower

* [ssues Affecting Power Generation
e Generation Supply Options

e Clean Coal Project Objectives
 Technology Concept

« Why CO2 for EOR

e Progress on Project to Date
 Shand Reference Facility

clean coal” SaskPower

Powering the future



« Owned by Government of Saskatchewan;

 SaskPower's mission is to provide safe, reliable and
sustainable power to the people of Saskatchewan,;

 Providing customers with power at the lowest
possible cost.
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451,713 customers.
«155,818 km of T&D lines
<3668 MW generation
«6.5% Peak Load Growth -
2008
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Forecast Demand

Drops Due to Coal
Retirements?

<Natural gas (+wind?)
<Clean coal
<Polygeneration
DSM

eBiomass

elmports

eHydro

eNuclear

2010 2015 2020 ZCHSS 3 SkP%
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Greenhouse Gas & Criteria Air Emission
Regulations

Greenhouse Gas Regulations:
Canadian Federal Regulations;

Provincial Regulations also in progress.
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Cost of Electricity
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BD ICCS Demonstration

Why BD3?

lowers capital costs = lower cost of electricity

1 million tonnes per year matches EOR market

If no action — default is retirement — 0 MWs
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SaskPower Clean Coal Objectives

 To minimize future customer cost increases
related to emissions regulations;

e Develop economically and environmentally
sustainable electricity supply options through
coal,

e Cost of Electricity (COE) must be lower than
other available options to be viable in long
term.
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- Refurbish Unit 3 to allow an additional 30 years of
reliable, safe operation

A Unique Project

- Demonstrate a cost-effective,
environmentally sustainable, long-term [==i s

model for existing coal-fired electricity
generation
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e CO2 capture
e EOR operation
e Sequestration

e Technologies

« Mechanics of Integration

= Business opportunity and realities
« Reqgulatory Setting
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Conventional Coal Fired Generator
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COAL
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Integrated Carbon Capture/EOR Concept

X ELECTRICITY

Produced
OIL

Liquified CO2

COAL
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Boundary Dam
-1,000,000 T/year. Damonstration

X

Up to 3,000,000
Bbl/year
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Boundary Dam Demonstration

-1,000,000 Tlyear ~$90
million/year

Up to 3,000,000
Bbl/year

$200~ $300
million/year

COAL

IMPERVIOUS LAYER




N2, CO,,Water
Nox,
SOx, Traces
PM, Traces Hg

Waste Storage

BD 3 —Conventional Pulverized Coal Uni§askPower
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N2, CO,,Water
Nox,
SOx, Traces
PM, Traces Hg

1,100,000 T/year CO2

Waste Storage
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N2 ,Water
Minor Nox,
CO2 Traces:
PM, Hg,

Feedwater

Heating
Loop

Upgrade & life extend boiler

eUpgrade efficiency

ereplace worn/aged
components

Waste Storage
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N2 ,Water
Minor Nox,
CO2 Traces:
PM, Hg,

Feedwater
Heating
Loop

Turbo Generator Replacement
and Steam Path Reconfiguration:

eUpgrade efficiency
ereplace worn/aged components

Waste Storage

<Provide for process steam

STORAGE
BD 3 Repowered er
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CO2 Capture

43%

Refurbishment

30%

Emissions Controls
Efficiency Upgrades

27%
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Existing Power Plant
Turbine Commitment

Balance of Plant Repair Planning and Mobilization|Process Design, Condition

Turbine Install and BOP repairs

Process Equipment
Select CO2 System (vendor & technology)
Detailed CO2 system design
Award Process Equipment Supply Contracts
Detailed design, construction contracts ready
Construct phase 1 (.5 Mtpy)
Commission phase 1
Procure/Construct/comm’n phase 2

EIA, Water License

EOR - Phase 1
SaskPower/E&R/Oil Co#1 agreement
Oil Co # 1 - detailed modelling
Site Design Install Pilot Facilities
Oil Co #1 - Pilot testing
Final Geo Modelling
Finalize CO2 sale agreement #1
Engineer, Procure, Construct
Environmental Approval - surface/EOR

Major Commitment - release for cq

EOR - Phase 2
Carbon Capture Train #2

2008 2009 2010 2011 2012 2013 2014 2015
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Design| Procure, Construct
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X
X
X
X
EPC Capture Train #1
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X
| Model I
Eng 11
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Model
X
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nstruction ?
Planning, Piloting | | In Service 2013
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Global capacities for geological CO, storage

Methods for storing CO2 in deep underground geological formations

Overview of Geologicﬂ' Siol'c‘lge opﬁons Produced oil or gas
1 Depleted oil and gas reservoirs © Injected CO,

2 Use of CO, in enhanced oil and gas recovery TSRS % Stored CO

3 Deep saline formations — (a) offshore (b) onshore == =

4 Use of CO, in enhanced coal bed methane recovery

o

"|UNMINEABLE COAL 2
BILLION TONNES

DEPLETED OIL & GAS
RESERVOIRS 3.7
BILLION TONNES

DEEP SALINE
FORMATIONS OVER 100
BILLION TONNES

S Figure TS-7
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Weyburn Pool Production History
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Weyburn Reservoirs of Interest
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Boundary Dam Project - Progress

Two broad areas of engineering

Power Island Performance and Integration

Boiler and turbine performance upgrades

Integration with flue gas desulphurization (FGD) and CO, capture
systems

Results to date — as important as CO, capture technology selection

CO, Capture components

March 2, 2010, SaskPower announced Cansolv and SNC
Lavalin will provide the technology and construction
estimates for the boundary dam commercial project
business case.

CO, offtakers for CO, EOR markets are being
identified

SaskPower continuing to monitor emerging
technologies
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Saskatchewan Reference Facility

Carbon capture plant to be located at SaskPower’s Shand
coal-fired generating station near Estevan.

Host facility to demonstrate multiple carbon capture
technologies.

600 tonnes of CO, per day from a 300 megawatt coal-fired
unit.

Key role to bring competing technologies to the market
place.

CO, product available to Saskatchewan Montana Project.
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Demo Unit (A)

Demo Unit (B)

Demo Unit (C)

By Vendor Partner
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Selected Carbon Capture Facilites
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Shand Power Station - Estevan
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Proposed Reference Plant Facility
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Terry Page, P. Eng.
Senior Engineer, Power Island
SaskPower Integrated Carbon Capture & Sequestration

Phone: (306) 566-3233

Fax: (306) 566-3931

Email: tpage@saskpower.com

Mailing Address: 12W, 2025 Victoria Avenue, Regina SK S4P 0S1
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