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Presentation of Alstom

The Alstom Group

A worldwide leader in its activities

Total orders 2008/09: €
24.6 bn

N°L in hydro N°L in integrated power
power plants

N in high speed and very
high speed trains

N°L in conventional Recent acquisition of
nuclear power island wind power

N°L in urban transport
(metros and trams)

N°L in air quality N in services for
control systems electric utilities




Alstom Power
Over 41 GW under execution ALSTOM
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Alstom Power
54,000 employees in 70 countries ALSTOM

Include Permanent employees, Fixed Term Contracts, and Long Term Absentees
Source: Alstom 2008/09




Alstom Power
33 Manufacturing Units

Innovative technologies within Alstom

Innovation — a top priority

Increasing R&D expenses to €586 million (+ 6%) in |
2008/09, following a (+21%) in 2007/08 ,'
)
Technical leadership evident in major programmes 1

<: Power: 9 partnerships for 10 pilot plants for COZ:
1 capture (Poland, USA, Canada, Germany, I
: France, Norway, Sweden)

< Transport: AGV, new Citadis tram,signalling




Alstom Power
38 R&D Centres

@ Thermal

@ Hydro
[&]
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CO2 Capture Solutions within Alstom

Power Plant with CO,, capture

|
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Post-combustion Oxy-combustion Pre-combustion
(New + retrofit) (New + retrofit) (New only)

Source: Vattenfall

Solutions developed by Alstom

CCS must be also applied to the installed base




Oxy- and Post-Combustion
Technologies Overview

Oxy-combustion

Post-combustion
f Time to Market

Time to Market
r High surface solids, membrgnes,
>15 years >15 years enzyme,algae, solid absorbgnt
Chemigal Looping
10-15 years . ntilsublimation
10-15 years ‘
5-10 years Oxy CFB 5-10 years Ammonia S¢rubbing
Oxy|(PC
<5years <5years Advanced Amjines
| |
Long Term  Laboratory Pilot/Demo Commercial > Long Term Laboratory Pilot/Demo Commercial
Research Stage stage Research Stage stage
© ! # # $
Main Partnerships & Projects Portfolio
Joint development programme
Advanced West Virginia Pilot (USA) - Coal
Amines - 20 MWt
Belchatow (Poland) — Lignite 250 MWe
5 MWt
Mountainer (US) — Coal 30 MWt
Northeastern (US) — Coal >200 MWe
Chilled Ammonia
5 MWt
TCM Mongstad (Norway) — Gas 40Mwt || StatoilHydro
30 MWt
250 Mwe
Oxy-combustion Janschwalde (Germany) — Lignite (Feasibility
study)
30 MWt




Advanced Amine Process
Technology Overview

Principle

* Flue gas is contacted with an amine
based solvent which reacts with the
CO2

» Raising the temperatures reverses the
above reaction — releasing CO2 and
allowing the solvent to be recycled

Advantages
* Proven in natural gas & syngas
purification

e Carbon capture from flue gas is a new
application with new challenges

* More efficient capture of CO,

» Higher tolerance against oxygen &
trace contaminants

Source: Alstom

* Lower solvent degradation rates

Advanced Amine Process
Partnership

Exclusive Partnership

Dow Chemical Contribution Alstom Contribution
e World’s largest supplier of amines e Improved process
* Global technology leader in amines + Improved plant integration

* Ongoing aggressive R&D program

A strong team for a promising technology!




Chilled Ammonia Process
Technology Overview

Principle

» Cooled flue gas is treated with ammonium
carbonate in solution, which reacts with
CO2 to form ammonium bicarbonate

* Raising the temperatures reverses the
above reactions — releasing pressurized
CO2

Advantages

* Energy-efficient capture of CO2

* High CO2 purity

* Tolerant to oxygen and flue gas impurities

» Stable reagent, no degradation possible, no
emission of trace contaminants

* Low-cost, globally available reagent

Source: Alstom

A promising technology!

Oxy-Combustion Process
Technology Overview

Principle

» Air Separation Units are used to produce pure
oxygen stream; Fuel is combusted in oxygen
combined with recycled CO2

* Resulting flue gas is concentrated CO2
stream with impurities that are removed
using conventional air quality control systems
and gas processing units

Advantages

* Reliability: components exist, only adaptation
to power generation and scale-up

* All types of boilers / firing systems adaptable
to oxy to cover complete fuel range

* Rapid scale-up to large size possible after
demos. Retrofit in Oxy can be addressed

» Large panel of entities involved in
development, contributing to reaching solid Source: Alstom
consensus

A sound technological option




Alstom activity on 9 major demonstrations

Running / Commissioning Study / Engineering

We Energies Pleasant Vattenfall Schwarze AEP Mountaineer Statoil Mongstad
Prairie Pumpe USA - 30 MWth Norway - 40 MWth
USA - 5 MWth Germany - 30 MWth Chilled Ammonia - Coall Chilled Ammonia - Gas
Chilled Ammonia - Coal Oxy - Lignite
EoN Karlshamn Total Lacq B%vx\cvr\}emi(\:?l Co. PGE Belchatow Vattenfall Janschwalde
Sweden - 5 MWth France - 30 MWth » West Virginia Poland — 20 MWth Adv.  Germany - 250 MWe
Chilled Ammonia - Oxy - Gas/Fuel Advanced Amines Amines - Lignite Oxy - Lignite
Fuel/Gas

Pre-selected for European Energy Programme for Recovery funding

! . # # $
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Chilled Ammonia Process
Reactions in the NH3-CO2-H20 system

« Ammonia reacts with CO, and water and forms ammonia carbonate or
bicarbonate

< Absorption at low temperature minimizes ammonia release

* 2NH; + CO, +H,0 —»  (NH,)2CO,
« NH,+CO,+H20 —_—— NH,HCO,

<«

« (NH,)2CO, + CO, +H,0 == 2NH,HCO,

* Moderately raising the temperature reverses the above reactions — producing
CO,

< Regeneration at high pressure produces a high purity CO2 with low
concentrations of ammonia

Chilled Ammonia Process
Description




Chilled Ammonia Process
Solids from Absorber

Chilled Ammonia Process
Field Pilot at We Energies

Pleasant Prairie Power Plant (“P4”)

CO, Field Pilot at Pleasant Prairie

=~

Industrial pilot program

* Project participation through EPRI by 37 US and
international utilities

Designed to capture 1,600+ kg CO,/hour
< About 15,000 tonnes/yr at full capacity

Operations commenced June 2008
< Currently in 24 x 7 operations
< Over 4,500 hours operation

< On target to achieve 90% capture in
continuous operation at full load

* Program provides data necessary to establish
“proof of concept”

A great technical success!




Chilled Ammonia Process
First “Captured CO:”

Ammonium bicarbonate solids and solution, collected at We Energies Pilot

Validation Pilot at We Energies
Data Sampling and Collection

EPRI’s sub-contractor to collect:
< Liquid sampling at regular intervals
< Gas samples at selected periods of the program

« 200 instruments are recorded by the process control system at
regular intervals

* FTIR based gas analyzer system used to collect data from up to
13 different points in the process

< Concentrations for 5 gaseous species (CO,, NH;, SO,, NO,, O,) at
each sample point
< Designed to handle very high and low concentrations

* Design based on lessons learned in bench scale testing




We Pilot — Operating Data
Overall CO2 Capture Efficiency in Absorbers

Overall CO, Capture efficiency in Absorbers : 88 %

# $

We Pilot — Operating Data

Total CO, Captured in Absorbers & Released from Regenerator




We Pilot — Operating Data

CO, Product Quality

® CO, Concentration in product stream: 99.7%

® Moisture Content: 0.3%

Chilled Ammonia Process
Field Pilot at E.ON Karlshamn

Karlshamn Power Plant (Sweden)

Test bench 3D schematic

Industrial pilot program
» Designed to capture over 1,600 kg CO2/hr

g About 15,000 tonnes/yr at full capacity

Project schedule:
— Unit currently in start-up

* Testing to continue into late 2009




Chilled Ammonia Process
Product Validation Facility at AEP Mountaineer

Mountaineer Power Plant

Product Validation Facility

Technology Validation Program

Designed to capture & store 100,000 tonnes CO2/year

Captured CO2 will be sequestered into two wells on the plant
property

Commenced engineering and permitting in Oct 2007
Started construction 2Q 2008

Project start-up Sept 2009

Alstom responsible for CAP island, AEP responsible for
utilities to/from CAP island and CO2 storage (Battelle as
contractor)

If successful this project might be followed by the
Northeastern large-scale project

Chilled Ammonia Process
AEP Mountaineer Construction Advances

Q3
2008

Q4
2008

Q1
2009

Q2
2009




Chilled Ammonia Process
Product Validation Facility at StatoilHydro Mongstad

StatoilHydro

Technology Validation Program

* European CO2 Technology Centre Mongstad (TCM) for
flue gases from natural gas CHP plant and a catalytic
cracker (refinery)

* Designed to capture 80 000 t CO2/year

Industrial demonstrator 80 000 tpy, * Amine-based post-combustion to be tested in parallel
Mongstad (Norway)

* Project schedule:

— FEED study completed in November 2008

Detailed engineering on-going

Project approved by the Norwegian Parliament May 7th

Plant Commissioning complete: October 2011

CO2 Capture and Storage Roadmap

Roadmap
(Installation date)

2005 2010 2015 2020 2025 2030

|
Oxy- ' | - .l e
. Pilot / Demo First of its kinds Commercialisation
Combustion I

Transport |

Capture

Post-
Combustion

Pilot / Demo

EU, US, Local projects, I:!emo and Progressive pipeline development depending on
Australia EOR | validation of storage sites
|
Storage I
Australia storage siies “ Ramp-up of saline aquifer storage
\/

EU, US, EOR + validagion of
Time for large-scale demos is now!

Market and technology development requires large-scale demos
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Conclusions

* The Alstom current partnerships and demonstration projects are designed to

demonstrate key CCS technologies in diverse fuels: coals and gas

< Retrofitable CCS technologies is a must

e The Chilled Ammonia process is showing good industrial promises and its

development is on track for commercialisation by 2015

e Itis now time to move to large-scale demonstration and the EU, the US,

Australia and Canada are showing funding leadership

Alstom is fully committed to make CCS a successful technology !




Today we provide the cleanest air solutions
< for new plants

< for the installed base




