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POWER Systems
POWER Service TRANSPORT

ALSTOM



CRF, APG, Rugeley 20/06/07 - 23/11/2007 - P 4

Complete range of solutions

Steam turbine
and generator

Coal

Boiler

Dust 
collecto

r

Combustion
system

Desulphurisation
system 

Denitrification
system

Component 
suppliers

Architect 
Engineers 

(A/E)
ALSTOM



CRF, APG, Rugeley 20/06/07 - 23/11/2007 - P 5

Agenda

1st topic ALSTOM Background

2nd topic The need and ALSTOM approach 

3rd topic CO2 Reductions Now/Near Term 

4th topic CO2 Capture Medium Term 

5th topic Fuel Flexible Gas Turbines 

6th topic ALSTOM Priorities



CRF, APG, Rugeley 20/06/07 - 23/11/2007 - P 6

Outlook of global CO2 emissions 
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Clean Combustion = limiting emissions while 
maintaining power plant economics

Near Term Medium to Long Term

New power 
plants

Installed 
base

ALSTOM strategy for CO2

• Integrated retrofit 
offerings with higher 
efficiency and STs

• Fuel switch

• Biomass co-firing

• Fuel flexibility via CFBs

• 620 C best available 
technology for improved 
efficiency

• CO2 ready power plant 
concept

• CO2 post-combustion capture 
products: amine, ammonia, 
oxy-combustion for retrofit

• Advanced cycles retrofit

• Integrated CO2 post-
combustion capture or oxy-
fuel firing and chemical 
looping

• 700 C USC boilers & STs

• Gasification for 
polygeneration
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Retrofit = Immediate CO2 avoidance 

-25 % CO2 
emission 

reduction TODAY 
!
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Efficiencies of coal fired power plants in 
Europe

30

35

40

45

50

55

1950 1960 1970 1980 1990 2000 2010 2020
Year of Commissioning

Once - through Technology
(175/540/540)

1st Supercritical Plants

N
et

 e
ffi

ci
en

cy
 (L

H
V)

 [%
]

AD700°, Comtes 700 
(360/700/720)

Isogo 1
(280/605/613)*

Nordjyllandsvaerket 3 
(290/582/589/580)*

Wai Gao Qiao III 
(280/605/603)*

Torrevaldaliga 
(242/600/610)*

Vestkraft 3
(250/560/560)*

Niederaußem K 
(270/580/600)

Neurath F,G 
(272/600/605)

Schwarze Pumpe A,B 
(266/547/565)

Mannheim 18
(255/530/540/530)* 

Westfalen convoy             
(285/600/610)*



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

Karlsruhe, Unit 8, 890 MW

Latest Order: Boiler and Turbine for ALSTOM

Karlsruhe, Unit 8, 890 MW

• Technology - Once Through

• Fuel - Bituminous 
Coal

• Capacity t/h 2.347

• Pressure bar 285

• Temperature °C 603/621

• Exit gas temperature °C 120

• Boiler efficiency (LHV) % 95

• Country - Germany

• Customer - EnBW
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Evolution of air pollution 
controls

• Today state of art

− SO2 >> 99% capture with Wet FGD and 
DBA

− NOx >95% reduction with SCR 
− Particulates>>99.99% capture
− Hg > 70- 95% capture (coal 

dependent)

• 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 CO2 capture

Emissions continue to advance toward zero
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CO2 “Capture Ready” coal power plant

Improve gas clean up
Or possibility to add cleaning

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

Control system adaptation

Provisions in arrangement planning

Provision for auxiliary
Power consumption

Optimisation
Of the cooling system
Recovery of heat in the 
CO2 capture and compression

Optimisation of the
Boiler surfaces 
according
Modifications of 
the heat load 
sharing

An integrated approach is key
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A set of new technologies is under development. The market will 
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capture

PC and ALSTOM technologiesIGCC
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Retrofitable CO2 capture solutions
Oxy-combustion: 30 MWth Oxyfuel Pilot 
Plant

CO2-free coal-fired pilot plant at ‘Schwarze 
Pumpe‘ site based on Oxyfuel technology (planned 
operation: mid 2008)

• Large quantity of O2 required

• CO2 separation with no use of chemicals

• Smaller boiler and flue gas volume reduction 
(Low NOx)
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CO2 capture solutions
Oxy-combustion: Chemical looping metal oxides
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Retrofitable CO2 capture solutions
Post Combustion Solutions for New Plants and Retrofit

• Available in commercial scale

• Retrofitable and flexible

• High energy demand for 
regeneration of solvents

CO2 absorption processes (MEA, MDEA)

PP Esbjerg (DK)

1 t CO2/h pilot plant 
(CASTOR EU-FP6)

Alternative processes:

e.g. Frosting

CO2 freezes on
cooling fins
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Retrofitable CO2 capture solutions
Chilled Ammonia Process

A promising technology for post combustion carbon capture

Advantages

• High efficiency capture of 
CO2 and low heat of reaction

• Low cost reagent

• No degradation during 
absorption-regeneration

• Tolerance to oxygen and 
contaminations in flue gas

Principle

• Ammonia (NH3) reacts with CO2
and water. It forms ammonia 
carbonate or bicarbonate

• Moderately raising the 
temperatures reverses the 
above reactions – releasing 
CO2

5 MW Pilot Plant (USA)Start-up anticipated for 2007
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CO2 capture solutions
Time-line of CO2 capture processes

Amines Pilot + Validation

Lab Tests + Pilot + ValidationChilled 
Ammonia Commercialization

2010 2016 - 202004 2005 2006 2007 2008 2009 2011 2012 2013 2014 2015

Oxy-
Combustion 

CFB

PC 

Lab Tests + Pilot + Validation Commercialization

Engineering/Integration + H2 Turbine development + Validation

Chemical 
Looping CommercializationLab Tests + Pilot + Validation

Commercialization

IGCC Commercialization

Lab Tests + Pilot + Validation Commercialization
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Gas turbine portfolio

GT26

GT24

GT13E2

GT11N2

GT8C2

281 MW

188 MW

172 MW

115 MW

56 MW
50 Hz 

60 Hz

50 & 60 Hz

GT ISO Rating, simple cycle

Gas Turbines from 56 MW to 281 MW
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Fuel compositions experience

• ALSTOM experience in fuel gas composition:

− Standard pipeline gas : LHV = 35 MJ/kg – 50 MJ/kg

− Dilution with CO2 / N2: LHV down 20 MJ/kg
(Wobbe Index WI = 22 MJ/m3)

− C2+ content: up to 22 vol%
− H2 content: up to 85 vol%
− Syngas: LHV = 7 MJ/kg – 14 MJ/kg
− Steel work gas: LHV = 2 MJ/kg – 4 MJ/kg

A Broad Range of Fuels Handled Successfully
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GT13E2 with MBTU fuel

Api Energia Oil 
Refinery• IGCC Plant fired with 

refinery residues

• 290 MWe at 40.8% cycle 
efficiency

• Minimum modification to 
standard GT 13E2

• Dual-fuel capability

− diluted syngas

− Oil

• Commercial in 2001
GT13E2
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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 CO2
Storage
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Priorities summary

• Retrofit and new equipment integration and 
optimisation

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

• Multi pollution control for very low emissions 
of conventional pollutants

• Post-combustion CO2 removal from both coal and 
gas plant

• Oxy-fuel combustion of solid fuel

• Fuel flexibility and H2 for gas turbine

• Continued research and development

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



www.alstom.com
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