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1st topic Strategy and Drivers
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Some key touchstones

* Importance of clean use of fossil fuels
» a critical transitional issue in getting to a sustainable energy future
» an essential part of the portfolio

* Importance of accelerating the take-up of clean fossil
»need for incentives for early action on "zero emission’ power plant
»stable financial and regulatory framework to get “many of a kind”

= [mportance of addressing issue worldwide
» use of high efficiency technologies, and ..........
) ST prepare the way ‘zero emission’

* retrofitting of high efficient coal plant with capture to avoid “carbon lock-in”
* how to ensure new plant is “capture ready”
* increase use of low carbon technologies

ALSTOM
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Pathway to zero emission power for

fossil fuels

A
Carbon
Reduction B cro Emissions
Storage of CO, Target

90%

Capture ready concept

EOR/EGR K
." Framework/Market? o'
& Value of CO,? g
*  Policy/Regulation? -
..' Geography? High efficiency plant, one key
o - element of zero emission
/ power generation

20% /

Near-term Mid-term Long-term

>

Time

need for an integrated approach to “zero emission”
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The ALSTOM CO2 STRATEGY : key elements

» Efficiency of installed base Ban FoworToday

* Advanced cycles for new plantsZ g
» CO2 ready power plant

» Retrofitable CO2 capture soluti

ALSTOM
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2nd topic CO2 Reduction and Capture Technologies -
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Retrofit = Immediate CO, avoidance

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

<}+112,0m :
Karlsruhe, Unit 8, 890 MW
* Technology - Once Through
* Fuel - Bituminous
— Coal
» Capacity t/h 2.347
” : * Pressure bar 285
: « Temperature °C 603/621
| D j « Exit gas temperature°C 120
| " i e » Boiler efficiency (LHV) % 95
: ol ‘ « Country - Germany
b eoom 7' « Customer - EnBW
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Steam turbine retrofit

— — N — | i 1 i
i - = i i | f

HP Retrofit IP Retrofit LP Retrofit

Performance An ~+5%t0 10% | An~ +3%to An ~ +4% to
improvement 4% 8%
(cylinder Isentropic n)
Emission reduction ~ 1.5%; ~ 0.5%; ~ 3%;
~ 30 000 tCO.,/a ~ 10 000 tCO.,/a ~ 50 000 tCO,/a
~ 170 tSO,/a ~ 70 tSO,/a ~ 340 tSO,/a
Indicative Figures, Assuming 300 MW el. Output, 6500 h/a, Hard Coal Sulfur content: 0.7%

ALSTOM
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Biomass co-firing retrofit

*Fully commissioned in 2006, first dedicated biomass co-firing plant in the
UK

®2/4 x 500 MWe ALSTOM T Fired Boilers EPC retrofit to biomass co-firing

*Processing Up to 20% Biomass (Heat Input Basis) per unit equivalent to
100MWe

ollets, Palm Kernels, Olive Stones, Olive

-l savings per year = 800k T/annu

ALSTOM
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Zero emission technology pathways

Power Plant with CO, Capture

v

Pre-combustion
(New plants only)

v

(New + retrofit)

Post-combustion

Source: Vattenfall

D0, recyca (oapfunl) combamtion capturs

Source: Vattenfall
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Process Flow for Amine Absorption
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Efficiency reduction: goal < 5%-points
Cost of CO2 avoided: goal <20 €/t CO2
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CO, capture solutions

Oxy-combustion: 30 MW, Oxyfuel Pilot Plant

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

wu-r:nm:.i ﬁ

Coal silo i
Desulfurization sty Ash silo

co,
condensation

« 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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CO, capture solutions

Post Combustion Solutions for New Plants and Retrc

CO, absorption processes (MEA, MDEA)

o3,

e = « Available in commercial scale
Fy + Retrofitable and flexible
« High energy demand for
regeneration of solvents

Alternative processes:

e.g. Frosting

CO, freezes on

a—— cooling fins
1t 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

prifpIe"e

- ’—Aﬁ’é’g_ . « Ammonia (NH;) reacts with CO,

and water. It forms ammonia
carbonate or bicarbonate

* Moderately raising the
temperatures reverses the above
reactions — releasing CO,

Cooling & Cleaning of FG CO2 Absorption CO2 Regeneration

Advantages

 High efficiency capture of CO,
and low heat of reaction

* Low cost reagent

* No degradation during
absorption-regeneration

« Tolerance to oxygen and

contaminations in flue gas
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CO2 CAPTURE SOLUTIONS

Pre Combustion Solution for New Plants: IGCC

Coal gasification « CO2 Capture

technology is
proven and
economical in
other industries

Coal Silos

Gasifier Structure B ——

« High Capital and
Operating Costs

« Limited operation

B Acmin B.dg& " Q&m b # flexibility

Control Room ﬁ =8 S Za * [ "'-.-Combushon = ° Plant retrOﬁt: nOt
| T”b'”e generally possible

e  Lan 1,5 X

. L '\,\#______\- / andspace 1,5
PC plant for same
Tampa Electric Company, Polk Power Station, 252 MWe, Mulberry, AMAS
USA (FL . .

(FL) Hydrogen-fired gas turbines
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Cost of Electricity :

800MW Coal Plant Comparisons

IGCC PC

9. e e

8 |

7

6

5

$c/kWh
net
4 |
Different solutions will demand different technologies .... cost will remain a critical element of choice

3

2

14

0 : : : :

Ref IGCC Future IGCC Ref PC Amine Future Chilled Oxyfiring
2005 CO2 Cap 2005 Amine Ammonia
CO, capture technologies impact plant performance
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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

INUIIES

Chilled
Ammonia

Oxy-

Combustion
CFB

@

Lab Tests + Pilot + V_ Comme
Lab Tests + Pilot + VaIid_Commerci

i

Engineering/Integration + H2 Turbine dev_ Commerci-

Chemical
Looping

Lab Tests + Pilot + Valide

commercial scale

A — a4
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3rd topic Capture Ready Plant and other important issue

ALSTOM
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Capture ready power plant concept

The need The answer
Prepare the « CO, capture ready plant definition:
way for the - Plant designed to have CO, capture added at
future some time in the future with minimal impact on
CcO?2 plant lifetime performance and cost
address ready « Availability of a CO, ready plant:
— Based on post-combustion scrubbing or oxy-
tqday the power combustion processes, coal-fired plants are
Issues plant CO, ready provided that:
raised by concep -+ Extraroom is left for the installation of the
future t capture plant or the ASU
stringent « A suitable back-end equipment is installed
CO?2 * Future shut-down time is minimised
regulations  Transport and storage of CO2 is validated

Ensure CO2 readiness of current power plants

Source : ALSTOM analysis
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CO, “Capture Ready” coal power plant

Optimisation

Of the cooling system
Recovery of heat in the
ggz_gapture and compressjon

Control system adaptation

e Provisions for steam extractions
' Including provisions for adding stages
In the IP cylinder of the steam turbjne

o

Optimisation of the A 2 * : s " Provision for auxiliany
Boiler surfaces NZ/ < Power consumption
according

Modifications of
heat load sharir

Improve gas clean up
Or possibility to add cleaning

An integrated approach is key
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Advanced Capture Processes

Technology development will provide additional

solutions
Oxygen Fired CFB
. . el Hexibilit Fuel
Chemical Looping e o co
" \ | . .
» Combustion sian N ety
. . reduction
» Gasification
Possibility of integrated z e =
. ility of integrat control GFB
CO, & H,0 Dem:ts?.ﬁ Al ::g;?&?gﬁ (t)))gr?g?studied g)e(tme;per;ra?turein
exchanger

CaS Q CaSO,
Steam
Coal, Ccaso, Ai

Ir

LimEStone [ i i
Reducer Oxidizer Calciner
co,

Chemical Looping Caco; " cod
Combustion H, / ", Solids Chemical Looping
4 K 3 Gasification

Ca?O / cac Hotr

Solid * .
‘e, Depleted
Air, Ash,
Caso,
Red CasoO L
Steam
CCT2007 Clean Power Systems for Coal OTTER 16May07 - - P 24 POWER SYSTEMS ALS I ( ))M




Multi-pollutant Control Systems

* Integrated APC system based around commercially
proven and reliable technologies

» Uses readily available reagents

* Produces reusable byproduct(s)

» Superior cost/performance ratio:

— Extremely compact design .
— Fewer moving parts reduces maintenanc
— Superior environmental performance

« Targeted emissions levels:

- SO,: 0.02 Ib/MMBTU (> 99.5%)
- Hg: 1.01b/TBTU (> 90%)

- PM: 0.01 Ib/MMBTU (99.99%)
- NO,: 0.05 Ib/MMBTU w/SCR Controls SO,, PM,,/PM, -

Mercury & NOXx

Not just CO2

ALSTOM
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CO, Transportation and Storage

wiihr CO2 dissolved in
formation water

Key Issues YT, CO2 plame

Cost Reduction
Public Acceptance

Safe and Effective Storage

o 0O 0 O

Developing the Legal,
Regulatory & Fiscal Framework

No point in capturing CO2 unless storage and/or use is
addressed

....... safety and acceptance of CO2 Storage is a critical issue
............ nolistic approach required

ALSTOM
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|
4th topic Concluding Remarks -

ALSTOM
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onciudaing remarks . LU
Summary an integrated o
approach , pes

Today !
—— .

° In_ttehgrr]atid re’;:cpf_lt offermgs ® CO2 post-combustion
VSV'II' 'gher etticiency an capture products: amine,
Installed S ammonia, oxy-combustion
base e Fuel switch for retrofit
* Biomass co-firing ®* Advanced cycles retrofit
_ _ o Intpgmtpd CO2 post-
® Fuel flexibility via CFBs combustion capture or oxy-
: fuel firing and chemical
New ® 620 C best available looping J
technology for improved
power efficiency ® 700 C USC boilers & steam
plants turbines
® CO2ready power plant . o
concept Gasification for
polygeneration
Clean Combustion = limiting emissions while
maintaining power plant economics
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