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Amount of CO, emission Ratio to 2005 levels

Industrialized countries peak out in 2010, and reduce their
emissions by 50% in 2050 compared to the 2005 levels.
Developing countries peak out in 2030, and their emissions
increase by 10% in 2050 compared to the 2005 levels.
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KR BY7EH:

B DCO28EL

CO, Emissions
2030 2050
Region
Ratio to 1990 | Ratio to 2005 Ratio to Ratio to 2005
levels levels 1990 levels levels
World 1.60 1.20 1.00 0.75
Industrialized ) o o .48
countries 05 95 53 4
USA 1.16 0.96 0.57 0.47
EU15 0.89 0.86 0.46 0.45
Japan 0.93 0.79 0.55 0.47
Developing
countries 2.82 1.54 2.05 1.12
China 2.77 1.48 1.53 0.82
India 3.42 1.91 2.83 1.57
ASEAN 3.74 1.64 3.41 1.50
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CCS Technology
Deployment Roadmap

2010

15t GEN: CCPI-3 & Industrial C-

Integrated Component
Demeonstrations

* Separation

* Compression and Injection

* Component Integration

* Operational Reliability/Safety

Ten Commercial-Scale

Demonstrations Post 2016
* |GCC (3)

1 G ti
* Post-combustion (3) cum:-.“:rzallnn

* Oxy-combustion (1) Deployment

2016 2" GEN: Advanced CCS Demonstratiun_

* Industrial CCS (3) '

Next Generation
Demonstrations
* Oxy-combustion
* |GCC

* USC

Mext Generation Component
Demonstrations (3X Techs)

* Coal feed pump

* Warm gas cleanup

* Ha/Syngas turbine

* CO: Compression

* Oxygen Separation

* Advanced post-combustion capture

Game Changing

Demonstrations

* Post-combustion
¥" Oxy-combustion

-

¥ PC retrofit
s |[GCC

Game Changing Component

Demonstrations TRANSEORMATIONAL CCS DEPLOYMENT

* C0:z Membranes Post 2020

* Solvents

* Sorbents 2™ Generation

* 0z Membranes Commercial
Deployment

—



Major CCS Demonstration Projects

Basin Electric
HTC Purenergy Amine Capture
Total: $287M; DOE: $100M
* EOR or Saline Storage — 1.0 MTPY
* 120 MWe Slipstream

FutureGen
B&W Oxy-Combustion

Post-Combustion
IGCC
Oxy-Combustion
Industrial (ICCS)

DOE: $1.048B

[

GE Gasifier/Rectisol CO, Capture

HECA

Total:~$2.8B; DOE: $408M
* EOR Storage — 2.0 MTPY

* Saline Storage — 1.0 MTPY
* 200 MWe (gross)

T

NRG '/

e (net) Fluor Econamine FG Plus™
Total: $334M; DOE: $167M
* EOR Storage — 0.4MTPY
* 60 MWe Slipstream
Air Products
SMR H2 Production, VPSA
Total$ 431; DOE:$284

EOR, 1 MTPY
0 Yo

Q

(o]

Summit TX Clean Energy

Siemens Gasifer/Selexol CO, capture

Total:~$1.7B; DOE: $450M
* EOR Storage — 3.0 MTPY
* 270 MWe (net)

Leucadia Energy
Methanol, Rectisol

Total$ 436; DOE:$261
EOR, 4.5 MTPY

Archer Daniels Midland
Industrial Power & Ethanol
DOW Alstom Amine
l Total$ 208; DOE:$141

Saline, 1 MTPY

,,“‘“ w‘;

AEP
Alstom Chilled Ammonia
Total: $668M; DOE: $334M
*SalineStorage — 1.5 MTPY
= 235 MWe Slipstream

=\

Southern Company
Transport Gasifier/Selexol CO, Capture
Total:~$2.98; DOE: $270M
* EOR Storage — 3.0 MTPY
* 582 MWe (net)




Investment to Accelerate CCS

ARRA Funding + Appropriations + Industry Investment
Focused on 2020 Deployment

Recovery Act:
$3.4 Billion

_ Bequestration PL US
Character
Ization ;r'ﬂlil"lﬂ.f N B |

FE investment to Date,
2000 — 2010: nearly $4B in
Coal RD&D program

' ARRA $3.4B leveraging up to
$7 billion of industry funds

Sum total is the largest
Amounts ins miflions financial investment in CCS

DOE accelerated R&D on advanced CCS by any country
through Industrial CCS Program + two new
simulation initiatives: $635 million
investment toward post-2020 deployment
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Infrastructure
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© EEPR projects - locations o

@ IGCC

EEuropeon ® OXY
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CCS roadmap: time-to market ALSTOM

Alstom iz working towards full-scale commercialization of Carbon Capture technologies that will be available to the market in 2015.

Capture | 2005 | 2010 | 2015 | 2020 | 2025 | 2030 |
’ Transport
(EUY%.  Local, EOR" + demo

Storage
:‘E‘gét?:'n St%?;g; \;iatl‘i;:ation of Ramp-up to full-scale saline acquifer storage and EOR**

* Enhanced Ol Recovery
** Potential for early EOR projects where infrastructure already exists

Commitment made in 2005 to be ready before 2015

J.M. - 25/02/2011 -P 9

© ALSTOM 2010. Al rights reserved. Information contained mh&sdocumemrsmdacsbveml No representation or wamanty s given or should bergliedonmatmscompieteorcorredormllm M%,
particular project. This will depend on the technical and commercial circumstances. It is prw»dedwmnlxabllrtya\dlssbyec:md\ange without nobce. Reproduction, use or disclosure out
express written authority, is strictly prohibited.



Financial challenges
Economics of Carbon Capture and Storage ALSTOM

€/tonne CO, 90

Funding schemes
(EEPR. NER)

Public funding

—
n
| NN BN BN BN |

Demonstration Early commercial Mature commercial
phase (2015) phase (2020+) phase (2030+)

Source: McKinsey & Company “CCS — assessing the economics” for the cost numbers; policy implications drawn by ZEP

Public funding required at demo phase and early commercial deployment
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