Vattenfall CCS Validation and
Implementation

EU ETS March 9 2007

Gdran Lindgren
Vattenfall Research & Development AB
Stockholm/Alvkarleby/Berlin

VATTENFALL é‘,




The Vattenfall Group

- Vattenfall is one of the major Energy companies in Europe

» Vattenfall sells almost 200 TWh electricity

— The main part is produced by hydropower, nuclear power,
coal and natural gas.

— A smaller part is produced by bio fuels and wind power

— About 20 TWh is produced in combined heat and power
plants

» Vattenfall also sell about 40 TWh heat

— The main part is produced by bio fuels, coal and gas in
cogeneration plants

+ Vattenfall emits about 90 million tons of CO, per annum
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Roadmap to realization of CCS

» Theoretical
Research

» Research

* Basic
principles

» Combustion
characteristics

* Demonstration
of the process
chain

* Interaction of
components

« Validation of
basic
principles and
scale-up
criteria

e Long term
charac-
teristics

* Non-
commercial

* Verification
and
optimization of
the component
choice, the
process and
reduction of
risks

» Commercially
viable incl.
subsidies

» Competitive in
the market at
that time

* No subsidies
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Capture Technology Options

Three technologies
seems capable to fulfil
the primary target to
2020. No “new”
technology can do
that.

o All three largely contain
known technology and
components

*All need optimisation,
scale up and process
Integration
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Capture option: Oxyfuel
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Preliminary 30 MW Pilot Plant layout
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Time Schedule — 30 MW pilot test facility

Permit achieved 215t Nov 2006
\
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The 30 MW test facility
produces CO, of avery
high quality
It can be stored
anywhere, or sold as a
commercial product

It is a product, not a
waste

Several pilot storage
options are examined at
present

We anticipate to have a
pilot storage ready,
when considerable
amounts of CO, start to
be produced
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Time line — 300 MW Capture & Storage demonstration
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3 years of construction

- 1(3) T Order
: Investment decision
f Scenarios
Scenarios cD . Capture plant permit

AB

Sl

A = Early Consultations
B = Pipeline permit application submitted Order

C = Capture plant tenders sent out Investment decision
D = Storage permit application submitted ;
E = Capture permit application submittedO CO2 storage permit

3% years (pipeline), 4 ¥z years probably needed
2 years (storage), Actual time needed uncertain
1Y years (capture)

3 years of construction
(production drilling, surface facilities)
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END

Thank You for
Your attention
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