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i+ >+ Nakoso 250 MW 7 IGCC 1 #?EE”;L » e = 5000
| P e A MBI 0 7 200 311 4 B R @M A %

AR 2 BE R RG> HER T T KB4
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FEATEE 0 BB UFET S L 0 EE AL

3

Australian ZeroGen 530 MW Air-Blown IGCC with CCS #
Bao MHI & 22 ¥ FHFE > d 3 MHI #3332 & 0RF
ot e LR R 0 2 B Gt E 0 MHL P

THEEEFHZE Y NP EFELPEoTE o R MHI

250MW 0 IGCC 7 # T & 7 24 @b £ W > i 7]

RIFECPE EHERFE > FIL P D A REFER
w2 Ay P o

MHI #7r3 & 0 Air-Blown IGCC 3 T Hjiv » B2 R »2f f 3
A TR Shvg o 1R H 2 = & 5 5 3000~3500 USD/KW 1 3% &

AL TR S e e 2250 USD/KW » B w0 (9 3% £ 550t 2 3 7] o

PR FIREE s § ekE AL Toshiba R 47 CCS
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Fuel Capacity (ton/day)

250MW / 1,700t/d
Demo. Plant CCP
10,000 7 500MW or More
Commercial Plant
5,000
1,000 | &
500 | N
200t/
100 F Successful operation
50 F - National Project in Japan -
Ensures Quality & Performance
I
10} Pilot Test Plant_
| 2t/d PDU [ (MHI Nagasaki)
5T (CRIEPI)
1 . . J

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

PDU : Process Development Unit
CRIEPI : Central Research Institute of Electric Power !n{:lustrgm"l MITSUBISHI HEAVY INDUSTRIES, LTD. Al rights )

B 3-1MHI § i $ies B f 42 B [2]

Through the 2-stage, 2-chamber
entrained bed method, a high combustion
temperature and effective gas quenching
are simultaneously attained.

Syngas + Char Cyclone T00°C
T e
b

$Combustor)

g .
&l % . Quenching by gasification
Char . .
{ Reductor) : endotharmic reaction

.
* Gasification of char Red .
*Cooling of syngas and Batichar :
melting ash particles .
* Thermal cracking of coal Coal i .
o [ ]
]
.
[ ]
L]
L]

*Combustion of coal and char
*Discharge of melting ash

Mitrogen
Air/Oxygen

| ] 1 |
Melting ash o000 1400 1800
(Slag) Gas temperature inside gasifier (°C)

Bl 3-2MHI = &5 F i %7 & B[3]
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FY(’EEE) 99 |00 |01 |02 |03 (04 (05 |06 |07 |08 |09 |10 |11 [12

Preparatory
Verification
Study D

FARRIFAR

Design of CC}; gsrablrr:sge i

[ A=

Demo Plant : AV I

SEUEHL S

Environmental

Assessment

b Y A h (]

Construction Present stage

of Demo Plant | B
STAEHLE B A\

Operation test

# 3-3 MHI Nakoso 250 MW IGCC 7 # @ i ® % P4z 4 [4]

Coal {5 RS A E
i Wet Gas Gypsum
Gasifier Eeandln recovery
g Porous Combustor
ity HRpERS Air F5,
. Steam Turbine
Gas Turb ]
iy HFHRAL
(G)
i
RS
(= Stack
Q—(@ Gasifier s
Air boost-upCompressor
25 48
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HRSG
pesiEicsny e ALY

GT, ST & Generator y .. - A s ;15 Clea-up

MAEHL, TR oy -

Thermal efficiency
ReEHE

RREN

# 3-5 MHI Nakoso 250 MW IGCC 7 # % i & FcI[4]

_ . Gross efficiency

Auxiliary KB E

Power

5 W R _ _ . Net efficiency
32 B B R

Oxygen-blown IGCC Air-blown IGCC
W4 1GCC WS 16CC

B 3-6 k% 3 2% § 3¢ IGCC R B rxd vt i Rl[4]
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[design coal)
—iGross output MW — GT ouput MW — 57 cuput MW —— Syngas MUm3IMNLHY)
#1 Chinese Shenhua coal

200 [ WJW$'W=WMMW 6.0 E
Z 200 f----- - _____::._ _____________ _i__'_ _____ _Grmw.lll:pur_zsﬂuﬂ _______ 4.0 §
= b ——— T ——— =
100 o= = ==== e e e I e S5 —== »p £
[ i i =
o | | | 0.0
30-Jan-D2 31-Jan08 1-Fzb-02 2-Feb-D2 A-Feb-0B
#2 Morth American PRB coa
300 . ,Irmaxlmlzlnqtanat &0 -
i
g
2
5
o ] | ] 40 =
11-Feb-10 12-Feb-10 13-Feb-10 14-Feb-10 15-Feb-10
#3 Indonesian coal (A)
300 T ! T 605
200 :'__::-:t-:‘__._rf___' ____________ .-:. _Tb____a & ¥ o L I_'rd_____ 410 -
E r {_- [t L n_JF\:_.t" . E
100 p---————cz=z=2=- S —— mmmo——sooo oo T 20 g
0 : : : 0o =
14-War-02 15-War-02 16-har-02 17-Mar-08 18-Mar-02
#4 indonesian coal (B)
300 . r . E-E
: I I =
E e *-.i;‘.:m:":_m‘#ﬂﬂﬁﬁ;;‘; T T3 i it N
100 L L p—— e Groag st SINGY _ __ _ =
. ! ! ! 42
17-Sep-10 18-Sep-10 18-Zep-10 20-Sep-10 21-Sep-10

B 3-7+x% 3 2% § 3¢ IGCC R B rxd vt i Rl[4]

Prospected IGCC ap&lied for 1700 deg C GT

1700 B A SE LI ARRRIGCE
In the near future IGCC by 1600 deg C GT =

1600 SR AATIERKRIGCC -

50 Target is equal to or over 50% =

H #3450 % LIL_E

IGCC(48~50%) by 1500 deg € GT = |
7 FIHL 15008 S 5001 _a
435 < |GCC(45~46%) by 1300 deg C GT
1300 RS
< IGCC Demo Plant(42%) by 1200 deg C GT
40 IGCC SCiFHL(42%) 12005&%@1

USC PC Units &8Il 7008 3= K ) R L (41~43%)
Conventional PC Units [EZ 08 5% K 11 % H(40~41%)

Net Plant Efficiency ZEEEME (%LHV)

Bl 3-8 MHI IGCC . fg#ure i 2 L A5 RI[4]
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o IGFC
Ultra High temp. GT
65|
(1,700°C) N *"""
Hot gas

Clean-up

| {NaTuGr:I-: gas] \—1 700°C GQ S
Jtype GT b ™
| 1GCC |
ﬂ‘\‘\

o)
ot

5]
=]

",

Gross Thermal Efficiency (LHV%)
@
o

USC(coal)

'S
o

40 L 1 1L 1 1 1 L
1990 1995 2000 2005 2010 2015 2020 2025

Bl 3-9 MHI IGCC & Fe#»aF &2 7 o el 4 3 T Hpimt Bl [4]

|CCL'-1 11~15 MPa|

t
CO+H:0-COz+H:2 Sulfur COs
recovery ,
\Steam unit compression Harich eynges
! t t
Coal —» . _
| Air-blownl] CO shiftl | oo i rization kel ©©2
. __,|gasifier reactor capture o
Nitrogen Combustor
______rk,r“" -
Gasification air — GT
compressor fl _[_q_____
~ Compressor
Gasification air ||_||
HRSG —s |
SR

B13-10 *k % & & IGCC "3k = § i A4F s s M FI[3]
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H, CONTENTS IN FUEL GAS (vol %)

Air-Blown still has better plant efficiency
than Oxygen-Blown even with CCS.

Net Plant Efficiency [%]

Condi tions

Bituminous Coal

COZ Physical Absorption
CO? Compression B154atg
1500°C Class GI

A Ir BI own 02-Blown date extracted from
US DOE/NETL report

| fos i, j 3% (abs)

0 20

40 60 80 100
I T YT O Y R —

] 3-11 IGCC "3k = § b df ik sz T foed vt fFl[5]

Actual Combustion Test for National Project

100
MHI EXPERIENCE
A Plant 176,100hrs
90 Mark | Kind of Gas | NOx Control | @
. Syngas N, Dilution Bgant 166,900hrs
80 CoG None
" . Refinery Steam Nos. of Unit 12
Gas Injection gﬁ::"“g >1,670,000

6 CPlant  145,100hrs

A 51,400hrs Stand—DbYPIan @—151.200hrs Tupical Air-blown (GCC
50 ° E Plant @ 105.300hrs {wi captured)

F Plant T — *
“ 187,500hrs G Plant 51.700hrs
181,300hrs
H Plant @& Plnt @
30 At 123 300hrs
" J Plant $1 77.000hrs
K Plant®™65 300hrs
i I
10 6,000hrs
1 1 1 1 1 1 1 1 1
0 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
2010 MITSUBISHI HEAVY INDUSTRIES, LTD. All rights reserved.
R N A DN =
B 3-12MHI 25 & % %482 GT #p b =5%[5]
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Coal
Handling

| - | |

Slag Evap
Handling Pond

Raw
Water

Switch
Yard

|

|

|

|

e e e e o |
Sulfur . L
Handling Secumnaton Nzt:;al I Mitsubishi

B 3-13 MHI IGCC *#3k CCS & & T 7 Hiigs 1 77

- Partner
[ ] Owner

2010 MITSUBISHI HEAVY INDUSTRIES, LTD. Al rights reserved.

o WetGas |—, Gypsum [swee.. A
i recovery | ; Out of
Coal Clean-Up Yy | bountiary
Porous SO || [es
Gasifier Filter = e R port
— | CO2separation M )
i_and capture facility i | storage
Combustor § . H
. 17 - SR ——
N - Gas Turbine Steam Turbine
— Unburned
./ coal
M1
I
Ai
j :. HRSG
Air is utilized h
for burning coal Gasif ] Stack
asitier
N, 0 Bdost-up —
x ASU |ASU of Air-blown IGCC Compressor
\ is relatively small.

Mainly N2 is utilized

for coal and char transport

] 3-14 Nakoso IGCC 7 # & Fu i3k CCS 7 & HI[4]
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. GASIFIER

GAS CLEAN UP

Principal Specification
Coal Australian Hard Cal
Output 530 MW gross
Gasifier Air Blown Dry Feed

Gas Turbine M701G2 GT (1on1)

Dual Pressure
Reheat Cycle

Gas Clean-up Selexol
Carbon Capture | 65-80%
CO2 Storage 2-3 Mil.ton/yr

Bottoming Cycle

Bl 3-15 ;£ ZeroGen % 7+ 3 B[6]

B 3-16 p » 311 »+ & > /v =% Nakoso pFegp 7 [4]



CO2

DeNOx = EP - FGD
—

Advantages

- Proven technology

- Applies widely to thermal PP
(New, Retro, CC, Industrial)

Challenges

-Energy Required for capture

-Cost of CGapture Equipment

H2Q

Se arauon > Nz

Post Combustion Capture )

Advantages

- Size of capture equipment is
small (No N,)

- Boiler size smaller

Challenges

-Energy Required for ASU

-Cost for ASU

Se arauon _> H.0

Oxy-Fuel Combustion

Coz Advantages

-Size of capture equipment is

e Gas ' smail [Hfgh pressure fuel g‘as)
L EP-FGD —b‘ : Challenges
3 m Se arauon Turbine “Energy Required for ASU
@ -Operational Flexibility
Coal | 5 m AT 0, -Cost of overall equipment
— Pre Combustion Capture
Bl 3-17 = 3 g df 7]
- - . - _—
Technologies required for reduction of the world’s CO2 emissions
g Toshiba Group's contribution
sty Pt oty st
TR Achi
» CCS5 findustry) the Environmental Wsion 2050
s | 62 billion CCs through the symergistic effects
1-Clefyanr {powar ganes bor of innovations
m L
os
L o [Carbem dsids caphurs and storage)
el WNuclear powsr generalion

- 2? billion

t-Cle'year

- comtilioning sypslems

WSCIE™ yrechargeable batteries)

@High-etficiency light sources
{mew lighting)

PHigh-eiBiciency molors

BE|evators

@Hame appliances, AV equipment

14 billion

oo

20

s

ma  mm mw

Eouroa IEA "Erangy Technalogy Porspectives 2004° | e E, 008)

SR
B 3-18

35

- 3 M RUR

5 G Fepart, PLL Pty

2 e 7]
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Subjects

v Improvement of COz2 capture energy consumption including new solvent
development and integration with power plant system

v' Establishment of large CO2 capture system design
v' Planning and participation in large CCS/CCU demonstration projects
v Proposal for CCS readiness plants

v’ Integration with high efficiency A-USC technology

2000 2010 2020 2030

CCS R&D Full Scale Commercial
Deployment Demo Plant Plant Verificati

Fc':lta::t CCS Readiness
Engineering Plant Engineering
Plant Existing A-USC

Efficiency sC/usc  (600/ ?ODW

e 4 Technology Validation Validation

Bl 3-10 Toshiba % CCS # jiFeis % [8]

1400

= 1200 F _
i ™
> i “~<_  SubCritical
2 1000 'y _
@ Gher - . USC
= 800 “lency -
f -
S o
@ 600
E
“. 400
8 LNG Combineq Cycle

200 |

USC+CCS A-USC+CCS
0 [ 90% COy Calmure} . {90% CO, Calpture} , ,
30 35 40 45 50 55 60

Plant Net Efficiency (LHV)

Substantial CO, reduction is realized by Integration and Optimization of
Both High efficiency Turbine Cycles and CCS technology

®3-20 2 penk 4 TRZTAERFEIE CFTEL - 5 PR

27 L RI[7]

[
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Plant Outline:

Location: Omuta City, Fukuoka
Inside Mikawa Thermal Power Plant
(Property of SIGMA POWER Ariake Co.Ltd.)

Test Commenced: September 29, 2009

Carbon Capture Post Combustion Capture

Technology: Amine-based Chemical Absorption
Capture Capacity: 10 ton-CO; / day
Flue Gas Flow: 2100 Nm? [ hour

Main Objectives:

- Testing of system using actual flue gas of
a live thermal power plant

- Verification of performance, operabhility,
maintainability, etc., in view of scaled up
plant design.

Plant Operating Hours:

4284 hours on live flue gas
(as of Feb 15, 2011)

Bl 3-21 Mikawa % Fx PCC % st & 2 H 2k B p e g pv B[7]

Mikawa Power Plant, SIGMA POWER Ariake '

Bailer
Steam turbine generatar

e .
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Cumulative Operating Hours

Total Operating Hours : 3901 Hours (as of July 15, 2010)

4,000

1,500 Test Period-3
Continuous Operation Test / Load Change Te5ts

3,000 e

2500 |.estPerod-1 TestPenod-2 | =/

Process Evaluation Performance Tests

| = -

Absorbent Life Test
(3002h)

gt gt e @

o7 . ey . ey

@l 3-23 Mikawa # fi PCC k JLipl3# P47 % [8]

v'CO2 Regeneration Energy : 3.2~3.3GJ/t-CO2z at 90% of CO2 capture ratio

Energy consumption will be reduced by 15~20% practically by further system
improvement.

v'Purity of captured COz2 : >99%

CO2 Capture Ratio [%)]

100 — 12
-
95 = —_ af |—m
L 8 11 -
90 = n
» 3 L]
| g 104D
a5 = 10 —+
. 2
80 g u
v Zoa
75 o
70 8
28 29 30 31 32 33 34 35 36 37 38 28 29 30 34 32 33 34 35 36 AT 38
CO2 Regeneration Energy [GJR-CO2] CO2 Regeneration Energy [GJ1-CO2]

B 3-24 Mikawa 7§ PCC 4 % CO, #f #ik  pl3k 2 % [8]
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100 20
30 L—v'.—.‘.—.—.—-—ﬂ—'—.—.—qi 18 &
80 : 18 g
Ty CO:z Capture Rate S
5 70 14 ©
'EI' =
o 60 12 &
%_ Amount of Captured CO:z (&}
m 40 g o
[&] o
o 30 6 E
8 20 4 5
£
10 2 <

ﬂ 1 1 1 1 1 u

0 500 1000 1500 2000 2500 3000

Cumulative Operating Time [hr]

Result of Absorbent Life Test

Bl 3-25 Mikawa % i PCC % 5w fcia Al & Bk 2 % [8]

(1000~ 4600sec)
100% . 75% 100%
2.8 |
2.6
2.4
2.2
2.0
18
16
14 -
12 ke
1.0

—==]
Boundary E
Condition E

sl

CO02 Concentration at Absorber outlet(%6)

0 2000 4000 6000 8000 10000
Time (Sec)

Simulation Block Diagram Example of Dynamic Response Test
(Sudden Change in Steam Flow)

B 3-26 Mikawa 7 fx PCC & 4o i Skl iE 5 % [8]



Buffer Tank COz

Flue Gas
to Stack

1 Condenser

& Separator

Flue Gas e 0
from FG Rich k&) O
Solvent  Heat

Exchanger

SS400

SUS304
SUS316
SUS316L

Total Operation Hours : 390

B 3-27 PCC & siit L F 4 R332 8 % [8]

o

@)

Q

5 5

Q [ Sensible heat

E O Latent heat

'.E_ 4 O Reaction heat ||

E Energy|Reduction

2 3 2.0 GJ/t-CO2

0

&)

5 2

o

0

o 1

=

§ 0

- TS-1 TS-1 TS-X

9 Current Improved Improved
Process Process Process
Current Target

Bl 3-28PCC k%= F i pldf $ase 422 2 4245 BI[8]
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O Power Block Aux. Power O Plant Net Ouiput B CO2 Capture Energy
OC0O2 Capture Aux. Power B CO2 Compressar Power
0

a0
&0
70
60
50
40
a0
20

10

0

Percentage of Power Consumption and Output

MEA TS1 TS-1+Process TS-X

Reduction of Current Process Improvement Target

Plant Efficiency| A16.3pt A13.8pt A11.5pt A10.3pt

WA

F13-20 X4 T AE® PCC 4 st T R 2 8 (8]

Feed Gas

Blower; - 1 1 .
- }Coollng

Water Piping

Feed Gas

Cooler Absorber

Cross
Heat Exchanger

ean SOlVB:‘IE Lean Solvent p."_,mp; ' = - Condenser
Cooler Buffer Tank I 3 : Reflux

Separator



v'Carbon Capture needs to match Power Plant

Requirements in both performance and operability

. i _' @l Stack
/ b

i CO2 Compressor b
n u Liquefied
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Capacity & & 250 MW gross

Coal consumption approx. 1,700 metric t/day
B f £491,700 B/ K
Gasifier Air-blown & Dry Feed
S FESWA & TH AR
System Gas Treatment Wet (MDEA) + Gypsum Recovery
prE=N FESREI 2 = (MDEA)+#A & [B]yx
Gﬁ%‘%ﬂ"e 1200 deg C-class (50Hz)
Efficiency Gross ' Hi il 48% (LHV) 46% (HHV)
(Target Values) . )
H AR Net X s 3 42% (LHV) 40.5% (HHV)
Flue Gas SOx M 8 ppm
Properties :
(Target Values) NOx B & b4 5 ppm (16%0; basis)
HS H AR Particulate #}2> 4 mg/m°N

# 3-1 Nakoso IGCC 7 # & Fuk 3+ 1 [4]

(desigg coal Nﬁfth Indonesian Coal
Chinese American FEREIER
Shenhua PRB #3 (A) #4 (B)

EMER PR
Jan, 2009  Feb, 2010 o 2009 Sep. 2010

Gross Calorific Value #i#& @rayy kJ/kg 27,120 26,670 26,370 23,010

Total Moisture & /K& (asreceived) = Wi% 15.4 253 21.7 29.7
Total Sulphur EHi& (air dry) wi% 0.25 0.39 0.25 0.12
Proximate Analysis T Mk4r#7air dry)
Inherent Moisture [&# /K4 wi% 7.5 8.0 7.9 17.1
Fixed Carbon [EEHRE wi% 51.3 47.4 452 37.8
Volatile Matter 3% & 4> wi% 32.3 39.1 42.5 41.6
Ash x4+ wi% 8.9 5.5 4.4 3.5
Fusibility of Coal Ash IK{#ER 4
Flow Temperature izl degC 1225 1420 1260 1230

% 3-2 Nakoso IGCC 7+ & & Fg ZHk s ipled g * % 7 [4]
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