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Outlook of global CO, emissions
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ALSTOM strategy for CO,

® Integrated retrofit
offerings with higher ® CO2 post—combustion capture

Installed efficiency and STs products: amine, ammonia,

oxy—combustion for retrofit

base ® Fuel switch
® Advanced cycles retrofit
® Biomass co—firing

® Fuel flexibility via CFBs [ ® Integrated COZ post-
combustion capture or oxy-—
® 620 C best available fuel firing and chemical
New power technology for improved looping
plants efficiency ® 700 C USC boilers & STs
® CO2 ready power plant ® Gasification for
concept polygeneration

Clean Combustion = limiting emissions while
maintaining power plant economics
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Retrofit = Immediate CO, avoldance

Atmospheric Carbon Dioxide Emissions
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Efficiencies of coal fired power plants i
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Karlsruhe, Unit 8, 890 MW

Latest Order: Boiler and Turbine for ALSTOM

< +1120m )
Karlsruhe, Unit 8, 890 MW
* Technology —  Once Through
=21 * Fuel - Bituminous
Coal
e Capacity t/h 2.347
- ” | * Pressure bar 285
. + Temperature ° C 603/621
| D e Exit gas temperature ° C 120
A r * Boiler efficiency (LHV) % 95
: ol * Country —  (Germany
& zo0m =\ £ e Customer —  EnBW
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Evolution of air pollution

controls

Emissions continue to advance toward zero

e Today state of art
— S50, »>> 99% capture with Wet FGD and
DBA
— NO, >95% reduction with SCR
— Particulates>>99. 99% capture

— Hg > 70— 95% capture (coal
dependent)

e Next steps

— Continuous improvements to existing
technology

— Multi—pollutant systems to reduce
costs

— High Hg capture on all coals (w/o
reliance on ACI)

— Introduction of CO, capture
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CO, “Capture Ready” coal power plant

Optimisation

f the cooling system
Recovery of heat in the
lemg?pture and compressjon

Control system adaptati¢p

|

Provisions for steam extractions
Including provisions for adding stages
In the IP cylinder of the steam turbine

Optimisation of the
Boiler surfaces

" Provision for auxifliary
Power consumption

according
Modifications
the heat load
sharing
Improve gas clean up
Or possibility to add c]
An integrated approach is key
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Cost of electricity of an S800MW

coal plant with CO, capture

9. IGCC PC and ALSTOM technologies
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A set of new technologies is under development. The market will
choose according to demonstrated cost of electricity including CO2

capture
’ ALSTOM
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Retrofitable CO, capture solutions

Oxy—combustion: 30 MW,, Oxyfuel Pilot
Plant

CO,—free coal-fired pilot plant at ‘Schwarze

Pumpe ‘¢ site based on Oxifuel technology (planned
NR—

co,
condensation

e Large quantity of 02 required

e (CO2 separation with no use of chemicals

e Smaller boiler and flue gas volume reduction
(Low NOx)
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Air Reactor

CO, capture solutions

Oxy—combustion: Chemical looping metal oxides

Depleted air
(N,, 0,)

N2, 02
H,0, CO,

MeO

S
%
Me + 1/202 -> MeO JCxHy + MeO -> Me + CO2 + H20 &
3
T
Me
Air Fuel Natural gas,_reflnery gas,
(C.H) Coal, Fuel-all,
X Petcoke,Biomass
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Retrofitable CO, capture solutions
Post Combustion Solutions for New Plants and

Available in commercial scale
e Retrofitable and flexible
e High energy demand for

regeneration of solvents

Alternative processes:

o St == e 7 : e.g. Frosting

L -

CO, freezes on
cooling fins

1 t CO,/h pilot plant

(CASTOR EU-FP6)
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Retrofitable CO, capture solutions

Chilled Ammonia Process

A promising technology for post combustion carbon capture

Principle
— r————jFﬁik_m e Ammonia (NH;) reacts with CO,

and water. It forms ammonia
carbonate or bicarbonate

e Moderately raising the
temperatures reverses the
above reactions - releasing

TATAY

Cooling & Cleaning of FG CO2 Absorption CO2 Regeneration

Advantages

e High efficiency capture of
CO, and low heat of reaction

e [Low cost reagent

e No degradation during
absorption—regeneration

e Tolerance to oxygen and

contaminations in flue gas
CRF, APG, Rugeley 20/06/07 — 23/11/2007 — P 19 POWER SYSTEMS
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CO, capture solutions

Time—line of CO, capture processes

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 - 20

Chilled
Ammonia

Oxy-
Combustion
CFB

PC

Lab Tests + Pilot + _ Comme

Lab Tests + Pilot + Valid

Commerci

Engineering/Integration + H2 Turbine de Commercie

Chemical

Looping

Lab Tests + Pilot + Valid
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Gas turbine portfolio

Gas Turbines from 56 MW to 281 MW

GT26 281 MW

GT24 188 MW

GT13E2 172 MW

GT11N2 115 MW
@D 50 1

GTSC2 CD 60 1z 56 MW

CD 50 & 60 Hz

GT ISO Rating, simple cycle

ALSTOM
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Fuel compositions experience

A Broad Range of Fuels Handled Successfully

e ALSTOM experience in fuel gas composition:

— Standard pipeline gas :

— Dilution with CO2 / N2:

— (C2+ content:

— H2 content:

— Syngas:

— Steel work gas:

CRF, APG, Rugeley 20/06/07 — 23/11/2007 — P 23

LHV = 35 MJ/kg - 50 MJ/kg

LHV down 20 MJ/kg

(Wobbe Index WI = 22 MJ/m?3)

up to 22 vol%

up to 85 vol%

LHV = 7 MJ/kg - 14 MJ/kg
= 2 MJ/kg - 4 MJ/kg

POWER SYSTEMS
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GT13E2 with MBTU fuel

Api Energia Ol

e IGCC Plant fired with Refinery

refinery residues

e 290 MWe at 40.8% cycle
efficiency

e Minimum modification to
standard GT 13EZ2

e Dual—-fuel capability
— diluted syngas
— 011

e Commercial in 2001

ALSTOM
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Experience base on Hydrogen fuels

Key Targets &
Technology Elements

— Gas Turbine Burner
for Hydrogen (up to
90%)

— Benchmarking against
Existing
Technologies

— Enabling
Technologies for CO,
Storage
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Address Iahttp:”wwwEncapcoZ.org)’\ndex.htm\ j WGD Links
o = — _ 5 i ingh.
e ENHANCED CAPTURE OF COz

€NCAapPco:

EMCAP 1= a project whose objectve is to develop new pre-
combustion GOz capture technologies and processes for power Latest News:
generation. it aims at technologies which meet a target of at least a
90% COz capture rate and a reduction in the cost of capture of 50%
compared to present. The future large-scale development of these - 5 the El
technologies will depend on significant improvements in their cost
and other aspects that may improve their competitiveness against
conventional energy sources and renewsbles. The results from
EMCAP will enable power companies to decide to launch a new
design project by 2008-2010 aimed at a large demonstration plant with the potential for wide commercial
exploitation in the harizon of 2015-2020

ENCAR is organised as an integrated project (IP) and has structured its research activities in order to have
an impact in the medium to longer term. The project is supported by the European Commission under the
Bth Framewaork Program. Contract No: SESB-CT-2004-502668.

Statistics of the website

POWER SYSTEMS
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Priorities summary

e Retrofit and new equipment integration and
optimisation

e Ultra super critical steam plant based on hard
coal and lignite

e Multi pollution control for very low emissions
of conventional pollutants

e Post—combustion CO, removal from both coal and
gas plant

e Oxy—fuel combustion of solid fuel

e Fuel flexibility and H, for gas turbine
e (Continued research and development :EE??

& ALSTOM will remain active in the EU ZEP Technology Platform
- helping set the strategy for Europe

ALSTOM
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