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2005 2030 2005 2030
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4 demos in 2008

* + 6in preparation } Current world-wide Alstom effort

Capture RLLEPINT 2010 2015 2020 2025 2030

Post- q | Pre- e
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PEl Prouoemd  Precommerca

Transport | 1
EU,US Local, limited EQR Progressive pipeline deployment,
Australia projgcts + Demo I depending on validated storage sites

Storage I !

2Ll EOR + validatién of Ramp-up to full scale saline acquifer storage
Australia dtorage sites! p-up q 9

Source: Power Systems analysis I
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CO, Rich
Cleanup & Flue Gas
» Cooling >
Combustion & Co,
Boiler System 0, +CO,
= y
Fuel
—1 W -
Advanced Turbine /
ASU Generator
Compressor
Air 0, Depleted Air
Bl 6% % ¥z infen 3B
Conventional: —
Coal = =
N2 kglkg 0.683
A 2 Veleio By ‘ o o
d 79 Vol.-% N L Bl hE
2 = 502 kofkg 0.001
::iM= i ﬁ Ar kgikg 0.008
rAI R dI RN S | Staub |mg/Nm?® tr. 20
Oxyfuel:
& iy
Coal > | :
Air— ASU — 21 Vol.-% O, i P T
l 79 Vol.-% CO 02 ka/kg 0.039
2 co2 ka/kg 0578
H20 kgikg 0.274
S02 ki 0.003
Nz Ar k;:g 0.023
Staub |[mg/Nm? tr 20

R7-RA T %2 55 WERBELLF SR

-12-



PR OB RAAFITRZFR A o bt Py &Y
R E o

GEEY BRI RIS T

2
p
Buo TF 30 2015 & 4 F 250MW 2 7 4 T A > Bofh2 5 %

—%t-

dA0%2 A B2 B EA T F A BTHEY 2 R RES 0 RE
FORAGZI PN > PR T AE M R 2 T 2 F7C0;
2 Hi e §F REECIGCCH I THR Y 2 2§ # #RAplF o B
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(T &> - BFEEE > MF 4 &8 -FF 53 EHH)IE
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i~ 100% COf 45~ PLAF 4 &~ 2o 347 1 3 iR 8k o Alstom
ERASFR BT RIFE R 2020 E 5T EF LD o

ZPpAlstom= & 2 3% 0§ § PEZ N EOLF 2 TR R
HE810BF 8=+ et T RE 370 B/HECO, 48 5 T 30%
2R TATH e

HEREZZBFREEFECEELRE T LT ER
32 H g K 4oB) 9 - Chemical looping 7 #4251 & 48] 10 -

-13-



E------------

Lab scale tests (500kWt) ‘

Demonstration scale tests
Oxy-fired 30MWt

pC ¢ Utility scale tests (250MWe) ‘

¢ Pilot scale (3MW¢) ‘

Oxy-ﬁred # Demonstration Scale tests (10-40MWe) ‘

CFB Utility scale tests
>150MWe

¢ Lab scale tests (10-100 kWt) ‘
* Pilot scale (1-3 MW£) ‘

Chemical

Looping ¢ Demonstration scale tests 10-20 MWe ‘

Utility scale 50-
100MWe

Source ; ALSTOM analysis

B8~ G F wriEs 2 £ e R

Large ASU
400
LA ; N 02
375 oo PEERLEI0N gcen
ENCAP
300 smes—————————- R YR §25%
Large
250 Demos
200 Chemical
looping
150
Process Integration & Scale Process
Optimisation Process Improvt economy Innovation
2000 2010 2020 2030

Source: Alstom.
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Air reactor

Air N2 + 02
Me or CaS MeO or CaS0O4
Fuel CO, + H,0O

Fuel reactor

i 10 ~ Chemical looping -+ . B

I

~ Schwarze Pumpe Oxyfuel CCS 77 # fix P i
(-) et

Schwarze Pumpe % Fi(Black Pumpe) iz > 4p 1 2 f€ ¥ #7% 2
BT LS PG 290 B00MW 2 SRR R R 5 2
R0 2t 1995 & B d o BHER T AT A A 2 4R > B B e
BTS2 BB BRI IR D B T o IR TA L 2
AR FAREDTHL G AR FAN

Vattenfall = & 1 # 3% % B3 2 3 3 K & 30MW 2 % 7% B 14
KEHE WESRE AT > A TR

ARG A2 0B 1)K 45T F A AR (AIr
Separation Unit) ~ § ¥ % ’&4% % (Oxyfuel Boiler) ~ # 7 & A %

(ESP) ~ 7 % £ -7 F 2 % fik & (FGD) ~ ' # 4 % B (Flue Gas
Condenser) ~ CO, 32 1 (Gas Processing Plant) - ¥4 12 -
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R 11~Schwarze Pumpe & Fi 3 CCS 7 # iy 42pe B (7 & ik : Vattenfall)

(m s B 5 CCS 7T # )

Air Separation Unit

N ; Switchgear
e Buildin
"‘\&i— "'-'z g

Source: Vattenfall

| 2x coz Tanks |

B 12 ~ Schwarze Pumpe Oxyfuel CCS 7+ # i3k &
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% CCS fr#/&?%fﬂ 2005 & B¥ 4024412006 # 5 * 1 »
%2008 £ 8P =1 iEH o 1 HY2E o 21 is4Ld Alstom i

TR > 3 2008 £ 12 7 6 p # < Vattenfall = & - 1 fgi& &

%\' '!‘If'gl 13 °

ND\‘J 08
2005 2006 2007 2008 J 2009 2010 2011

Pre-Project Planning l‘
Contract Award Main Components i
Ground Braking Ceremony € 29.05.2006 i
Preparation of Permit Application 3
Permit Application ¥ 30.06.2006 i
Permitting Process 3
Notice of Approval €| 15.11.2006 3
Preparation Working Field i
Civil Engineering / Erection 20.01.2007| Start of construgtion
Plant Engineering / Erection 05.(}7.20#7 Start of boiler ingtallation
Cold Commissioning | | i
Start Hot Commissioning & 01.(:)5.2008
Hot Commiss. / Performance Test . i
Start Pilot Plant Operation L 0%1 .08.2008
Pilot Plant Operation 3 ‘

Planning Erection .Commisswoning Operation

B 13 ~ Schwarze Pumpe CCS 7 # fji 1 #2i& &

PR RRT RORA T,000 H 0 FHTA K 10 £ R

- —

Sz e~ 3,000 7

LZ_ AR o iR

Bz EEL 10E

LIERIRE FF A

Vattenfall = # $pl382 38 P ¢ 35 ¢

Lt 2 % REA § T OREL R TH

2.5 i3 EHA -

3.1 RIZE -

4.5 BB e TE 1Y PR o

SR RS 2 R 5§ AR AT BN .
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> Sot Process Scheme

p\ Primary Flue Gas Recycle

&/

m

c

6”-; ::; Seal Gas E@ Steam- i
% <1,2 bar | o
%s - HEX Seal Gas |+

F 3

|:| %‘: ‘ @ Steam- obar
i \ HEX_ % @ b >
Zlm.. . D X

Furnace A y L3 ‘ #

2nd Path X % L

"' b FGD FGC Procéss
X IDFan1 Babcock- IDFan2 Trema Linde
¢ Secondary Flue Noell
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;, b/ HEX Linde
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HEX ASU
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1~ 7 # %~ #F(Air Separation Unit)
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B 15~ 2 5 ~ 3k

2~ 4%’ (Boiler)

Sp B S Alstom EE FE 30MW, > PHEE B St 4
FRoFF o EFF PRGN R 2 S Ny 3 AN
;\‘. , ,vag] 16 -
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OxPP : 1 x 30 MW,

Core air

core : Air

Dried lignite /
Transport air

surroundl:  Air

surround2:  Air

Secondary air

surround3 :  Air

core : Oxygen+RFG* core : RFG*

surround1:  Oxygen+RFG* surround1:  RFG*

surround 2:  Oxygen+RFG* surround 2:  RFG*

surround 3 : Oxygen

surround 3 : Oxygen+RFG*

Oxyfuel operation Oxyfuel operation

direct oxygen injection)
(premixed oxygen) . ( > -
*RFG = Recirculated Flue Gas RFG = Recirculated Elug

Bl 16 ~ ¥4 B v

PR RG 2 BERE S B R A RREA L LA
NP ERER > FWREZTPMANRT A o F 5 (LRI

=~

G vl 0 SCR A & % o #hippe kv A Bl4o® 17-19 -

Boiler Design DeNOXx-Optior

L

Ignition  Burner

B —

b

Y

"BEE

o f (]
o

Burnout

Oxydant [}

1\

o ‘Hydrated
Lime

ESP




B 19 ~ &% 102 7 A B(EAR)
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FEREE L DR TR HF 2.3 22 FaT
KELEX3BERT TEFERGETLER EF A
RR o EEF ) - (e 20)

(1)

Bl 20 ~ $hp & RIS 2 KRS
Yp KR G 143 C ~ FE AR Y 30T ~ FiE &4 Y
25 bar~ ZA R E 9 A0th s WER o B R 1,000 C - R
BRYLIIOC(Fes T#FGD » v R ER) -
BLEAEE
BrBAKEETELAE ~CRAEYN 10T 3 F %
WO 2 M F o 39,000 Nm > % § 2RSS R 5 38,000

Nm¥ho it e e i3 24k B B [,,.;s? e A 20 mg/Nm® i
T g F OERSR S 14mg/INmii T oo
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(2) warw i

B EAT-TFERES N A v R F R R K 190 5 %

THEF n s 8,200 Nm¥h (dry) « ‘£ 4 B GikRdh s § ER R
N TR REES L 30% ek T F
RN LHRE A
Yok F R 2 BR i (40 & T §5 B Schwarze Pumpe) > ESP
B TO0%E F W 3% 487 » 30%:% FGD o & &5 > B (#7234 2

=

frgiﬁf‘;\ Janschwalde) » B F]'E § #ei> % > ESP Ji v 2 T 5 7

i % 100% % % 4 -

4~ % 5 4 & % (Flue Gas Condenser)
L F on 8,200 Nm*h dry »
g1

W F 5 W2 Trema
v F B R 29 T o

2ing 5kgho » v F R A X 100 >
BFO2RRBA RS N0 LR B s NaOH M ¥ fepit ik S d -

'}k’f{‘ﬁ#ﬁé_i‘_ £ 0.5~0.6kg/s - ' v ez COLk B 57 i 80%




5+ CO2 s f (Gas Processing Unit)

B33 e 48 B2 Linde » T § 7= & 3,500~7,700 Nm*/h(wet) -
+ % & 50~85%(HE f#
B % 50%(H Ak ) -

=t
e
F
A
|
o
@
!
o
<
@
)f
1
=
m)
O
9
ks 3«7‘

LL)’ng%rg‘g—ﬁr%% \é?;r: ‘§—/-"L§
KB4 fb 5% o

WP ATUEF A S 1 CO, 77.12% ~ § 5 10.82% - § §
5.12% ~ & # 3.04% ~ -k i> 3.92%

7% i COpk 3+ A it 8,600 kg/h » COLB+H# 3+ 2 & & 180 m° o
CO, % B 7 it 99%17 + » FEARCOF .5 i 90%:4 ¢ » 4 * NH;
TR 538 L3 £ 5 230 R /HCO,(i%) » » 38 3% % ¥ #-CO,
d 37 80%k RiE— H i3 99% oo jap mCOT AR W
Joig * o b R T 95% A R o

Bl 22 ~ CO T i 2 2 H
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COETE 2 (T3 B &5V & %41 » it N s
BB R L 0 M R e gl b s RERE R MR -

B LR 3 Ak 2 kiR 0 £ 4B T 1.25bar
FHEEB - AF O F G2 LG £ 4RI 22bar
Wik AEd 4 e 10C o 4o~ B B3 30 T Kz LGP

3-15C o e BRI T RICCO AT F 25 F(MPEFR)-
R B COuL » M4 3E » 384 CO v B F & » e 4 4r2-50C &
- A FF R F F IS F 0 @ CORA o R 11-28T >
15barz_ i i ¥ > Rk o (F Az Ao 23 o

F I 2CO ip 2 G FEo7rig * 2 CO= i b A 240

— CO2 w iz :
# R~ kT 1. + # #Altmark (7~9.2 /% )(350km)
B3 125 bar 2. Linde# & % 424,000 -
v 3. P®IAF o
#% € & ~ SOx ~ HCI ~ HF T
v @;3?5.122bar (ﬁ:éﬁ u—-—-r.,;)
£ % ks paza g | COLGR)E =
w100 28C > 15 bar
v Ar310C 0 4o x PIER N, S - )
2%k 0, CO,
v (R4 =) CO,
45 BTk £ & 3N, ~ Oy(¥) # 42 -28C
3 #4r3-15C % 4rx -50°C T
21 CO, A %N, O,(§) RBCOE ki |—»
v B COL L » M ApsE J
Bl 23 ~ COL A2 i in A2
Composition Oxyfuel pilot plant Comparison
CO,, liquid (Technical CO2) Food quality
co, >99,7 % >99,99 %
N,+Ar+ Q, <0,3% < 30 ppm
H,0 < 50 ppm < 50 ppm
-~ 1 2P E v 1 PR e
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TlNet
(NCV)

Bl 24 ~ % L CO, = ip b iz

» Alstom 2 7 2 R fRi R ok 2 =

\

‘1*3

g Alstom # B2 T > P A BT - XL BT KR RT
Pk itgk B4 0 0% B BB 7 iE 46%(LHV) o 4ol 25 o o i
EETF B iR A2 N2 R T L LM rorF E ik
FEED G AR o - A G o S K & 90~94% 2 F > T 48

2
j
Yo Pt 46% 11+ o

LA A RP R R EF 5 20C 0 AR
ARz 0CHNH S B RERKEF 100 #HraFiTR s
0.3~0.4%F ~» B = + ©

Development of the Power Plant Efficiency
Skeerbaek DK

r |
g&mly”a”d AD700/COMTES700
413 MW !

(Double RH) jdﬂj-"

Shidongkou PRC 600 MW
Hemweg 8 NL 680 MW
Meri Pori FIN 590 MW

L Y S L, PO

Avedcere DK
475 MW
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25 ~ TR E ok
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TR i b 1000 & REL PR 2 LTS 0 B HE B T A0
Wit o 5 e 4 B 3 280 bar/600°C/620°C (4= 26) -

55
— > o o
Pcl SU ‘2 — o 8 S
50 2 5 5 T—5--—8-
o< o = = [==] -~
o 0 - & o o o
2 5 o L = ®
S =50 L 8 <
45 52 gEs S 8
ozﬂ' =] I.ﬂ
2 0w Lo ™ o
n [%, net] S~ SN 5
40 243 28 ¢
35///f
30 1 1 1 1 1
1950 1960 1970 1980 1990 2000

B 26 ~ Alstom = P AZ Mt 8 e 5T iE 2 2 g

B Alstom = @ £ ERA#F it e®s 3 FLEE SR
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% fii Cycle A~Cycle B~Cycle C» H ZiTig i & wla 250

bar/540°C/565°C ~ 270 bar/580°C/620°C ~ 275 bar/600°C/620°C (4~ &l
27) R R E
W‘M EARE Y rak AT
ii%@%ﬂm%ﬁgb

e

MR AEAEE

AATEREARBEE ZF KA 7o - AT o ART
P ATEE S E Y

AR ARFE TR L

ALSTOM Categorisation of Power Plant Products based on Steam Cycle Characteristics:

Fuel: International Hard Cycle A Cycle B Cycle C
Coal (Low SC) (Mild SC) (Advanced SC)
Steam parameters (ST 250 bar abs 270 bar abs 275 bar abs
inlet) 540 /565°C 580 /600°C 600 /620°C
Examples of Performance (50 Hz):
Capacity Class 898.7 MWe 909.5 MWe 909.7 MWe
(Gross MWe per Unit)
Estimated Auxiliary 64 MWe (7.1%) 74.8 MWe (8.2%) 75 MWe (8.2%)
Power

Net Power MWe 834.7 MWe
Condenser vacuum 30 mbar
(Direct sea-water cooling)
Efficiency Net 44 .5% 45.1% 46.1%
Bl 27 ~ Alstom = @ AZ TR A B 4 PR T e 3
ﬁﬁ*%ﬁ%’ﬁﬁﬂ%ﬁi HAFAERZ OV EA
B4k mBE MG R ARD FTER BRI
A ZR SRR N HREHTLEY TR L R Efﬁé
B4 R A 2k F TE R EHRER A AL A A AR

PE G H TR

CL ) K

RER B FEE o FTRAR

1CH»cF 2 H A »xFZ4pd > R4 % 10bar -

p # Alstom %2 g7+ COMTES 700 3+ % - 7p3* & 2013 # %
AiE T &S 3 350 bar/700°C/720C » i Evre kv iE 50% 17 ¢
(LHV) e paie § 7 (2t > 2 & 44 6 & > R B LT 70

FEMNSANRERT 7o 7 MMM EE
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STHE 2 B o 3AcE 28~ 29
Membran wall Tubes SH outlet header
| |
2010
Nickel all\oy Nickel IaHoy Nickel alloy
NF 12, SAVE 1
2005 VM2 .
1998 9-129
Cr-steel
7 CrMo VTiB 10 10 Austenite E911, P92, P 122
HCM 2S5 ‘
1995
13 CrMo 4 4 X 20 CrMoV 12Austenits X 20 CrMoV 12 P 91
1 — —
260|270| 290|300/ 350 260|270| 290|300| 350 260(270| 290|300| 350| bar
550|580| 600|630| 700 550|580| 600|630| 700 550|580| 600|630| 700| °C
570|600| 620|650 720 570|600]| 620|650 720 570|600] 620/ 650.720| °C

Heating Surfaces

B 16 Mo 3

113 CrMo 4-5

I 7 CrMoVTiB 10-10

[ 110CrMo 9-10

L 1vM12

I Super 304 H
Shot blasted

[ 1HR3C/DMV 310 N

B 28 ~ #hvp R & Zix i -1

- Header

- Eco
15 NiCuMoNDb 5-6-4 (Inlet/Outlet)

16 Mo 3 (Inlet)

P92 (Outlet)

P92 (Inlet)

P92 (Outlet)

P92 (Outlet)

P92 (Inlet)

P92 (Outlet)

P92 (Inlet)

P92 (Outlet)

-30-



AAEEHEH I 2B AR AT HBEINS o HNuEAR
s A2 thpa 3o ;‘gd V2RIV R iE ] 90%
P IR AR IRFET Y RATL G A RL R F P

i
K/Z]g‘i HHEFAFEE2 ﬁ?;%‘g} R
Z e > é’#\'-:"

3 BBFAHER I HFTHL LO6%E AL
~ WARE T A VA 16%F A o
5~ e ecd @ HonF T 23%F A Bk o

6 Y T EEHT R LENT A B -

Flue gas heat

Increase of the Process Improved turbine i
Reduced condenser pressure due recovery o SR effici due t Reducgd Thaton
to optimised cooling tower + 1,3 %-Points stesm condltions plimsation o sekvice lagd
P = ling ol + 1,6 %-Points + 1,8 %- Points mod;—\n team turbine + 1,56 %-Points
+ 1,4 %-Points 23 %- Points
Air preheater
Bypass
Flue gas cooler economiser (Lubeco)

Steam Generator

Flue gas =
Cooling desulphurization é Turbine
tower plant - e 1

Air Generator
— Electrostatic ~ Preheater
precipitator ey
=
0a
e Dry ash
ﬂ FREBesies Condenser
Gypsum Water- Wet ash
air- @ ﬂ Coal mill
preheater |
Alr Transformers

@ 30 - Alstom #% < # 22 % 2_ %% (40 B Niederaussem % Neurath 7 &)
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W ¥ 7 (Oxyfuel) & 224 e d? (Pre-combustion) 4 & 4t e 2 &
ZR*RERTFITHERD T 48R AR F 4 BEET B
2L 148 4 iz (non-cryogenic) » T v § §5 5k ;% (Chemical looping)
BV A MER UG R A 0 D HFR T AR AR RS T
(Post-combustion) Ht i » = 5 FraE %% L 4 F F e 3 B HF I
B e 3T G T Rute sk CCS #n 4 » B] 2 Post-combustion 3
- R % o

2. 24

LI EN

D

Pre-combustion £ Post-combustion (2% L& ¥ 2 7 K
FobFa Bofs F 4o X CCS % %5 0 & Oxyfuel HiR] Z &2 CCS % %
SEAERY R E-d LA SHAEZ FHEITEZEET
AR > MIFER 3 CCS Hjbray #72 tle — A v o

“

Oxyfuel Hojhr p w0 3 207 fe2 v TR B § %7 )% 2015
# {5 16 B Janschwalde ¥ fi % & 250MW Oxyfuel %% 2. § - %
SEONMFREFHMRET S AFTRIT A1

REHRE S RG22 TR ZEF e L7 38§ KT g
40 & 11 1 2 CO,» 2 CO, 4 #A 4L 1T 11 i i 4 & « 4 {5 12 CCS
LR LR NPT RS EGR I T B RE
2L g M ECO L *F A~ f v Ry <EOR/EGR# i 72 7 7
o

A Y m_,-;—_ifv’gg/)é“‘&/z’%j\”\: gbl}ﬁ‘@;—;ﬂ BT ;g‘?
+] » £ # §_Carbon Capture Ready 2. 4L %_> & 2> 7 £ 35 L 4 3 ¢
L E RO L RSN RR % (IEA) #T4h2 Capture ready T fy

Z IR XA f%'rixzﬁ;j% AT RUE TS e S

p & g i Capture ready ik #* # i &5 oA T ARG R 0 18CO
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