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N2 0.5-4
Air 0.2-1
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Combined Power Generation
(Combination of Brayton & Rankine Cycles)
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Unit specification Unit specification
Type Air blown Type Open, simple
two-stage cycle, single shaft,
. entrained flow 1,200°C class
2 system —
% 5
O | Gas Output 302,300m>N/h Rated Output | 129.7MW
Fuel Coal Fuel Coal gas
Manufacturer MHI Manufacturer | MHI
Type Reheat, Type Tandem
multi-pressure, compound,
natural two-Flow exhaust,
G) circulation condensing,
(%) = )
< n mixed-pressure,
reheat.
Evaporation 357t/h Rated Output | 120.3MW
Manufacturer MHI Manufacturer | MHI
Type Rotating  field, Type 3 phase,
synchronous, forced-oil-cooled,
hydrogen-coole forced-air-cooled,
d integrated unit
auxiliary
= transformer
[ (]
2 =
g Rated Output 277.8MVA § Rated Output | 245MVA
c (%]
O C
O | Terminal Voltage | 16.5kV ,r_f Primary 16.1kV
Voltage
Speed 3,000rpm Secondary 287.5-281.25-275.
Voltage okV
Manufacturer Mitsubishi Manufacturer | Mitsubishi electric
electric

-10 -




1is taken from

— . = s
|| Panora w of IGCC plant

e —
i CE— O

1 .l';!mu

—— ——
= O Flow of Steam (light blue arrow above} I O Flow of Coal gas(orange arrow above) i
O Flow of Electncllty' (yellow.arrow above) Steam produced in gasifier by the heat of 4 Coal synthetic gas generated in gusifier is
Gene'mted °'°°'f'°fty (maximum output gasification reaction is fed to the steam 1 treated in gas clean—up system, which i
250MW) is elevated in its voltage by turbine. Steam produced in HRSG by the heat | ' removes sulfur compound and nitrogen 1
tmnSformer (16000V—275000V). and ' recovered from the high temperature exhaust ' compound from the gas using the water and
transmitted through the underground cable, | 2as is also fed to the steam turbine to * | chemical solutions, then fed to the gas *
then transmitted to the network. Benerata slactHeity: ki
- o o - - — - — v -
Gasifier
=y o
=
m g~ = a e
] Clean-up.
a2 / - P : = =

oy oS T ———

B2 » X% 7T B IGCC# & > F B
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1,700t/d (250MW)
5000} Demonstration Plant
’ (Clean Coal Power R&D Co. Ltd.,)
+" [osign & Conivcton]
3 1,000}
c 3
5 500
-
Qo
£
2 100}
5 50
o o
©
8 Scale up
10k : 100 times
24t/d Verification Plant
L 2t/d PDU* (MHI Nagasaki)
1 (CRIEPI Yokosuka)
| *PDU ErocfssQevelopfmty{m | |

Operation started as Joban JPC.
Nakoso #10 IGCC Commercial Plant

500MW-Class
' Commercial Plant
2 times

*1 Decision of IGCC Development by Japanese Government (METI)
*2 Approval of commencement for the 200t/d Pilot Plant Project
*3 Approval of commencement for the 250MW Demonstration Project

1986 87 - 96

97 98 99 2000 01 02 03 04

1
1980 1985 1990 1995 2000 2005

05

06

2010 2015 2020

07 08 03 10 11

2 13(E®E

VAC du B & 51 ]

=3
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BRI E

SREERER

B3 7 &% T Ak IGCC # e E frfz
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# 5 250MW-IGCC ~ 540MW-IGCC % 800MW AZA T/t & ## % fe B +*

$ 4
Item Nakoso 250MW IGCC 540MW IGCC 800MW USC
| = " / S
£
ks a £
Plot Plan i | y "
T sl s
& 160m it —— 100m
H"’.:":_'""ISSm =
Plant Area x1 20,000m?2 30,200m?2 47,600m? 2
Plant Area
2/IMW B 2 0 2 0
(per MW) 80m?/MW [Base] 56m2/MW [70%] 63m2/MW [79%]
%1 : Excluding Utility equipment
32 : Power Block : 35,500m? FGD Aeration(not indicated) : 12,100m?
oy B AR IGCC 5 =g B
FEN S RF TR IGCC ez FH g P ABLS LR G

(COOLGEN) ~ A %7 (Hirono) % 4§ § (Fukushima)4% 7 #7 IGCC % T et %
S F YRR A8 Sl > R # { B GT i TR A (1,50000) % 2

A if 50%0 F ($7I1GCC =% B 2 & ki P £ 354cB 4~F) 5) -

. // Prospected IGCC applied for 1,700 °C G'\I’
In the near future IGCC by 1,600 °C GT ~, ‘\

Target is equal to or over 50%
IGCC(48-50%) by 1,500 °C GT - - -

(S
o

TEPCO Fukushima IGCC Project
(2020 -)
Nakoso site, Hirono site

~
(@)1

\ IGCC(45-46%) by 1,300 °C GT

Net Plant Efficiency (%LHV)

40 \ IGCC Demo Plant(42%) by 1,200 °C GT
USC PC Units(41-43%)
Osaki CoolGen Corp. Jban Joint Power Co Conventional PC Units(40—4 1 %)
Osaki CoolGen Project Nakoso #10
(Demo. 2017 -) (Demo. 2007 -, Commercial 2013 -)
® J— - 2,
Bl 4 P »~IGCC% 7 By ¥ M B 5 IGCCiﬂa;ﬁﬁ%ﬁ‘ivia}B%%
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(- ) B %% (Hirono) % 4§ & (Fukushima)#73k IGCC #% 23+ 4

L& %4 2 7 (TEPCO)Z 3= MHPS A &[>t B B8 T 2 » k3

TRLE b 2 540MW IGCC 2 (AT R 4-B] 6) > ¥ ¥ £33

F B k3 T RCIGCC 250MW 5% A5 2 o A73 IGCC {8 &0
Bdr 2 { 22 GT(M701F4){8 2 > ¥ 9 B 78" 5 10% » Y

AT IGCC 8 e p 2 R 2 4c W 7) -

#77k IGCC 1 %.(540MW)a 5

Bl 6 » k3 T 3373 540MW IGCC % % = ¥ ]

-14 -



Net Efficiency (LHV %)

Gas Turbine : DA = F4 MW # F il
o 540MWx2(gross)
50 540 MW 600 Output
4 500 480MWx2(net)
48 .
o, 400
48 Gasifier ]
250MW 7 300 o Air-blown Dry Feed
46  — Oxidizer
=1 200
44 Gas Clean-up MDEA
2k ] Gas-Turbine M701F4(1 on 1)
42 %‘
a0 b l Plant efficiency | 48%(LHV, net)
‘ Commercial
38 o 2020(planned)
Demo. Plant Commercial Plant Operation time
701DA 701F4

Bl 7 #73% IGCC540MW »c B 2 Hf: %

(= ) Osaki COOLGEN *+3%

T R o @ (Electric Power Development Co. i #- J-Power)£?
PRE A ST EEIRE BRS L‘%’:%"?f&«‘b’i?}ﬁ*@ 166MW IGCC £
%?&?%’??%% F AR 5 RN &%
(O2-blown)= ;Vi& 4 > F 4 * Hitachi 22 GT & 3u(XK # Rte4c% 6) >
FEH 2017 £ T BT IEE 0 B L P AF 2 B IGCCH T A

B EMEFHET AN

AR L L3 BIFE R - PR A S %E IGCC FjFis

—\

$oPPEM-CCS 2 IGCC B & Al & F £ 1t 4 515 4e % CCS # 55
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IS

I

A

Y

ER2 COy» FZFFERIR-E 2§ ¢ 2 Hyff 50 1%

Il R0 S
AR 2

#L K VR (Integrated Coal Gasification Fuel Cell Combined Cycle,

IGFC) > Z % E P £4rE 8-
Ry LR
P FF
Output 166MW
Gasifier 0O2-blown, single-chamber two

stage spiral-flow entrained type

Gas Clean-up

MDEA

Gas-Turbine

H-type(1300°C Class)

Demonstration Operation

Start(scheduled) March 2017

- : |
| Osaki CoolGen Project |
First step: Oxygen-blown lGCCl
Steam
L
Coal Heat recovery
Petatiol N CO.Hz steam generator
I Oxygen Bz
Air Syngas
> Gasifier ~ cooler
Air
Soparation Air
unit -5 . Steam Generator
Compressor Gas turbine turbine
......................... A i
Fuel cell
¥ co:
... :
Second step: IGCC with COz-capture  ghift reactor CO: caplure : Third step: IGFC with COz-capture
P>
“Z,

To transportation/storage

-16 -



FY 2012 2013 2014 2015 2016 2017 2018
Detailed design and wn:tngdhlgri}igfe:xygen-blown IGCC units
g .....................................
= Design & Design & Design & Design & Equipment & Verification of basic performance
a8 manufacturing | manufacturing | manufacturing | manufacturing | electrical work Plant performance
4 Civil & Civil & Civil & Civil & Gasification Environmental performance
s architecture work | architecture work | architecture work | architecture work | operation Verification of
% Equipment & Equipment & Completion of coal variety compatibility
o electrical work | electrical work | equipment work | verification of plant reliability
g Hydraulic tests Prolonged endurance test
% Power reception Verification of controllability &
o operability
Load change rate
Starting/stopping times
Economy evaluation
ltem Targets
Plant performance
Basic Efficiency: 40.5% (net HHV) (42.7% net LHV)
performance Environmental performance:

S0x 8 ppm, NOx 5 ppm, particulate 3 mg/m3N (Q= equivalent 16%)

Coal variety
compatibility

Determination of compatible coal property range
(to be expanded from low ash melt-point coals, which are poorly compatible with
pulverized coal thermal power generation, to coals that are compatible with such generation)

Plant reliability

Commercial-level annual plant availability of 70% or higher in 1,000- and
5,000-hour prolonged endurance tests

Plant controllability
& operability

Operating characteristics, controllability, load change rate of 1 to 3%, and so on,
that are necessary for commercial thermal power plant

Economy

Obtain the prospect that the generating cost with commercialized plant will be
the same as or less than with pulverized coal power generation

I

PR R

3
-

» R TR

Z_ IGCC # /e >

@]’Iﬁ’% I

itde T

H

7

Bl 8 % E P R

IGCC 8 k% 3t T2 L p!

IGCC {8 e & i s T v i 7 £ 1 (8% ) B
PR RN WS INE S R S S U R
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Highly Efficient Gasifier Wet Gas Clean-up (MDEA)
Coal is converted to Tge‘i‘;'(';‘,;“‘
syngas fuel of gas turbine. -
Incinerator
Coal Feed Contaminant
in syngas is
Char cleaned up.
Removal Corverter E i H2s
& Recycl iz Wem'?"g Absorber  Regenerator
Coal
1
Char Air  Steam S
Turbine
Slag Heat
Recovery|
Turbine Steam
Generatol
Nitrogen Flare System
Oxygen Air GTCC is fueled
4—_@_ b Compressor_ (M) with syngas.
] .
Air Separation Unit (ASU) Highly Efficient Gas Turbine

B9 7 fs T Ak IGCC i 5 S lf]

IGCC # T*TFF MHAZZF2FFAM d W 3§ 7

SEF AN F AL FHZBERM FH2HRF Ry HY

~(‘
!

TEELE A BRa pE_1,930 £ KB XA B A EAvE

2 ARMEF F UG RE R 0 X S F e R fF
AFH D BEEF F % (O, Blown) #F F A ZF A MR

F OOV o FOLE S M ATE AR

_1_ SF J;.oé““ /}%&W/}%K/T\ ﬁ'{"‘i@- E ;ag%é ’é)‘ 3: %@i{“ﬁ&i,ﬁ@p}‘
HEBREZF Y KA SCO, FRE  EP 0 FREDHIE B
REET ST ERFEFAIR L RESF £ O fe Ny et gL

£ (0, :-183°C~ N, : -196°C) > i Al ARIE® B R AT F % 3L
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FFOIA LG A YD B B R (99% 1 )2 0,4 N, o

ZHAIBI0T FEEENTF A FIABN2, T ¥ BRI
EREELF G BEEERRREN F G BB
P o BRI F I ERP R YD R @ﬁ"ﬁﬁ&(air booster

compressor) » #-7 F 47 > F b Vg il {7 ¥HUE(7 L1 Air Blown) e

Air-blown £ 0,-blown ",lrt K H LT AR (Orblown 7 7 & s
o~ 2 2 s ASUYCH > B R AR 97 A oo Air-blown &2
RO 2T+ i O,-blown B 1% 3% > i F] &3 Oy-blown @427 » GT
AAEE D 15% M 4 (X 2 R 7% 4 ) ASU WE 0 T N2

I GT » U i {7 De-NOx » % 8 P 4r[§) 11 -

R D 2 o Air-blown f ASU i T~ F 38 {12 s F PR
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O,-blown i »

= A
~ A FE

Z2_ Op-blown 5 #77% f >

g Fes e

LT ERRE

s f it

E*bbij;&]

MiF ;\ ’

B E

IGCC 7 6 . i&

R LT REET

*Both Air-blown and O2-Blown have almost same gross plant efficiency in nature

*O2-blown IGCC requires larger auxiliary power consumption for Oz generation
(The difference corresponds to 15% of GT output or 7% of plant gross output.)

Air-blown IGCC

Coal

O2-blown IGCC

Coal

Gasifier

Gas

Clean-up

N2) Air

GT Output
100%

(3%1)1,200kcal/m*N

Air Booster Compressor

|
|

(=) F

Fol b enp st R A 2

R

J

4B 12) o

By
)

7
-~

IF
~

S

i

ES
=L

Plant Efficiency

To HRSG

ASU

—

Gas

@ Gasifier | |cjean-up

[ N2

2,500kcal/m*N

(02)

GTO

100%

MHPS

Air-Blown 1GCC

i h %

%‘T

Oz-Blown

IGCC

(Drv feed)

0Oz-Blown
IGCC
(Slurrv feed)

4L

B 11 Air-blown £ O,-blown , it

USC Boiler

(->'<1)1 200kcal/m*N

@IE

To HRSG

s 2% TMHI = PRE &7

2k 3+ (air-brown two-stage entrained flow system >

LJ‘E » . F

A\

I

7

L{jﬁﬂﬁ)\ ’t)/;l

L;;LJ# émiﬁ‘};‘lﬁ ﬁﬁ,{ﬂ}%’%\' ﬁfﬁ = ’ NE’Z#”? J}f* %; » R 'fr' ASU

P B ~




B2 F e MR E R wYTR R A AR BT RE S &
A BEFME IR 2R F o DS 2R e
2R AAFIVE R AR FIRE S F (syngas)is o L~ B E
CpA RN SGCH LI F A 4rf P RALDFEEFF(REE

Fow Jo g (HRSG)E (7 w ] % )1s » 4a5] » & % § % 4 5 o

d 3t SGCAUFH BRI PAIF I MAAR 2L F
RGN R 0 BB R G R Pl o P AR R T E
Tlg pPh &FR% S XE4F - R VRIS P AERT D
99.9%1 + s B R AMUERE R BE o B ABEBRF Y

NEEFCF R g% S RBRG A 0 DH N ARk g

=

i (Slag hopper)-ki# H it 5 Jpif(Slag) > B = — S ¥ V4 B
R X 40%(4r@) 13) 0 VR AR S TA BRAE 0 TV TR

B 5 B E KRR R (he ) 14) ¢
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@ No quench steam / gas
is injected for cooling syngas because of the
endothermic reaction in the Reductor.
Waterwall - wall composed of water tubes -
also works for cooling.

® Monolithic SGC Structure
works as a heat exchanger
where heat from syngas is
absorbed by water and steam.

v

@ 2-Chamber/2-Stage 7 Syngas
Configuration
Waterwall
Reductor (2" Stage) :j}
Function: S A
* Gasification utilizing sensible heat E @ g;:\:'e:segﬁ:gs?glls !r:;ﬁ:t‘ of
Eohemicredion) | i| cnarimuureofasnand
unburnt carbon) and recycles
C+C0O,—2C0O / C+H,0—CO+H, . it into the Combustor so as to
E minimize the unburnt carbon.
Combustor (15t Stage) Coal |
Function: R oI Char
« Combustion of coal and char s

(Exothermic reaction)
C+Oz—.002
« Stable discharge of molten slag
down into the water bath

Eh LI ik
TR R ¥ (IGCC)

Bl 13 &4 2 AR R

Bl 14 Faf fl* 142
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() &=g it kit

> B

B B 4RBR T MAFHGZR A ~ A f 7 HT AR 0 A S f it

TS REES IR

)
e

»F RS RES GT W X &
BFREZS O ZMZFFRP T2 YT 0% MRTH RS
Beo 2 2 AP BR(E S F FE L SAcB 15) d B F i £ (COS)
fE 3 B~ EjiF B (Scrubber) ~ ARV & SOJTEE S TR L A S At

REYE R - § PRI TR R R A Ehre s o

1. B¢ § 1 #ngd v B (COS converter) - L1t -k 2 & i (Catalytic

Hydrolysis » COS+H,0-->H,S+CO,) :

n-

FilvF ts2 £ F 9T A 5 L HS 2 COS A fi i Ao

|

E %’%Kf > ’ff: Lx l)’ ’ uﬁz I'{‘J}"!E"{;F %ﬁmg“ .% -~ _EL(< 10

ppmv) ° #-4 =& ;F i ik ;‘%;‘ﬁ%ﬁ(water scrubber) % é? it ﬁ?ﬁ%ﬁﬁ—%‘

COS & it = H,S °

2. % # #& i ®(NH3/Trace element Washing, HCN+H,0->NH;+CO)

£ 7 HCN B RPFE & = NHy (% 330-K) & = § i iF
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ZFMEA X NH; 2 CO» NHy #3204 5ok isg & 2 5 A dp o

Wet Gas Clean-up (MDEA) A
- To Gypsum|
—
Recovery
Off-Gas
Incinerator
) Contaminant
a5 in syngas is
CCOSrt Scrubber N|E-||3 race 55 Hos  Cleaned up.
onverter emen
Washing Absorber Regenerator

Bl 15 & % F % 4
(m) AFHBEET L5

d F iF %3 T ¥ (Gas Turbine, GT) » # w jc T 2 4 % (Heat

Recovery Steam Generator, HRSG) ~ i< # 1% (Steam Turbine, ST) % 4 #r

TR R RGBT S e - FRE Y FIF MR

A4 E A 0 ®F {83 (Rotor)t hiE ¥ X D rlf 4 & F (F% 4 &
o %hﬁv’%?,%}ﬁﬁ%]ﬂ!?“’ ) GT £ 5 £ 3 i HRSG » 1A < 3= 5%

SRR ORI BREF AR RB STHET ) SRS B2 FF

%P7k (Brayton Cycle) » %* & 4F #A %k & Stdr[F] 16 o
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%r‘n bustor % Al Steam S
Turbine

. Heat
Air Gas Recovery|
Turbine Steam
Generato

. | : GTCC is fueled
Compressor —@l with syngas.

Highly Efficient Gas Turbine

B 16 %4 A7 7k i st
(1) IGCC # iz CCS i 4r 3+ % fo i

WREIGCC WAzis » d £ FFE k2 £45 57 8
B2 COZ COp» 41" K#EF £ COF Jfbit 5 Hy 2 COp» £33
WA A NR-COE Hy A e BEAR - F 14 ALY 40%~60% ° B
Ak R S g (USC) 21 & 4 e CO, 0k /& (7%~15%) » F F1%F CCS
AP HC F AR R R 1850 COp Pl R R B B - T B
S F T RREIA T BT R RAEAS A R - AR T IGCC HF TR T
o USC 3 7 B8 1 CO P 475 & & o

e e CO, ¥ BB B2 B2 CO, 4135 H(3 T Hid
Bosok K oo JUr e T E Rk N E Y AR AR en g Bl B
FEng ) A ERA KT R (AR 17) 0 B o 3 R g AME S B

1§ _#- CO, * * EOR(Enhanced oil recovery)H i 1% CO, &1
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(

IGCC Power Plant with CO2 Capture |

CO+H20-CO2+H2 Pressurized CO2

Gasifier co c02
Converter Capture
Coal Air
Syngas

; I Z—

CO2 Compression

(omsowumon Trre

Liquid CO

e OR/Gas
CO, Injectio!
Mcoz Stohage.
Under—Ground || Under-Seawater
Storage || Storage

Bl 17 IGCC # iz CCS 2z 1% i /&
2) H KRBT ARIGCCH wy iEraa 2 A 430

430 IGCC 4P BB F B2 £ FF LR TR A

(P4

Bt R PRI £ b s GTZ B i

7y

B

it T’F“}é‘,j_' ’

FORMEIE L G F 5 AT MO R A A o (AW P W

23 T P F B T R SOXx~NOx 2 R ¥k 3k 3+ & 5 10ppm ~ 18ppm »

-~

BcR) AT AE G 0 BB S 22X 3,917 ) (- £ 4 8,760 /]
PRI R ER(F EFIF Y 45%) 0 i 2 W E APER
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SR CIs

%7 » RFTRIGCCH %3

F it IGCC % =:

Fiso

& B5 3

_l;»_‘ E ﬂ—xiﬁa\' B ’Fﬁ-“‘ ﬁ’&'&L"Z\ 7)

FHEES PR

P g e

BRI B HARE T S AL A R

Item Targets Achievements Note
Output 250MW 250MW
Performance | cecioncyiNet, | >42% 42.9%
LHV)
SOx <8ppm 1ppm @HRSG
Emission NOx <5ppm 3.4ppm Outlet
Dust <4mg/m°N <0.1 mg/m°N
Coal kinds Bituminous, Chinese, Canadian, | 10 coals
Sub-bituminous | 2US(includ.  PRB), 3| used in
Indonesian Subs | total
. Colombian, 2 Russians
Operational
flexibility Start-up time <18hr 15hr
Minimum load | 50% 36%
Ramping rate 3%/min 3%/min
Long-term 2,000hr 3,917hr World
continuous (2013628~201312/10) record
Reliability | ©Operation
Long-term 5,000hr 5,013hr
Reliability run
IGCC % 7 »% E’wi—*"’f’ﬂ}' Zfﬁ'x/ﬁf%\ﬁﬁf_ﬁ Bt AT F o R

% & R IGCC 5 e 2

i3

Hp

R A ¢
PR FE

" 600°C %4'% USC 1% =

- 27 -

13% > i 4ot

» 1IGCC

%) 10%~20% ; CO; ~

2 X s S
50 S S

a2 Tk




ki F TR K 10%~60%(p v fihe @) 18) B T ATF 2 BB &

LAER b oo (IR USC 8 o

(%)
140 N 3
Coal fired conventional power plant USC ]
- 0, =
120 » || (Steam Temp. = 600°C) =100%
100
80
60 Hm“m
* Evy
20 A60%
0

Bl 18 » k% T B IGCC ¥ 27 600°C RATRA L+ #F i

2 1

PR TRIGCC tpied BB ZF F3P e F
PORFTRIGCCH o2 BPFT * AFLF £V IGCCH T RZITF

4 RTREA AR P AT EM 23] IGCCF T

=

BAR T 0 Med P w0 3720 USC 3 4c ¥ 20% 0 004 » P F I
BV S USCELEA [l 3 * MZ R ECFTRYEE
IS RIS 3 S

Mop ke A R

2010 # p A4B L E e PR B R B Sd RFBF L2 RRBERT
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(W19 P AT RBHE AP W) > iR S R T B
b o T TR B R P AR R ELA o 0 BRI
A S PR REP A2014EFEd BRI E AL RFIRS
WARF R 2 ER WS R R m g B R
FREAAFRLT FAEAMF R RB 20 p AR TG LT G
W) X FEREFT AP AR R HFERFAEYELR M > ZRH
W R 2 R PR oty > AL P A E A MR R RS R L R

B 4 B o

AR P ARRETEF D TN A G RFITHER L
ALY RRER 2 RRARS > P AF IR A OF 2 RGFE R
H O E RBH R 4o T CCS AR R 2 iR o

Trend in Domestic Power Generation Ratio

1980 1891 1992 1933 1994 1385 1596 1887 1598 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 011 2012 2003

Source: Compiled by METI based on “Outline of Electric Power Development in FY 2010” etc.

Bl 19 P & RS G
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Changes in trade balance and current account balance (trillion yen)

- TR
I Trade Balance
25 Trad
—Current Account Balance rade 6.6 -12.8 -19.5
20 /\ Balance
15

— \ Net Import Costs
10 - K LNG 3D 7.9 +4.4
5
0 Crude 0Oil 9.4 13.9 +4.5
5 Petroleum 25 3.1 0.7
Products

Trade deficit (2014)
15 12.8 Trillion yen Coal 2.1 2.1 -0.0

2007 2008 2009 2010 2011 2012 2013 2014

B120 p AF %55 4 T Rl

1~ MHI CO, 3 $a s &

A= BEET23 MHPS 2 7 0 e CCS $E A7 P % md MHI #7232 3 B
d 3 MHI A 1999 4 12 % = § 11 & s 4 s § A2 CCS g5

B E R EG G EHRZKAF o

MHI &7 CO, 3 $a B % &2 T 4 (KANSANE o B3 » & s &
HWEF P 22 F PR w e - A EHETED > ERAEY
B Tfs ~ 2R R FRHKRGIoBK A > “TH % T KM CDR Hf 5
FAFGIR T B A KS-1A R e F (Y p > (TP Ev L 90% 17+ 2
COp 4 %4 & o

KM CDR 4 &k jiF2_ 3 15/ A2 P 4o B] 21 - ;tj.z_f;g TRZEF
A B s 3] 45°C (113°F) & { ManE A (8 0 BE F ¥ 0 B ok
Wood T TN IR AR e PFE-KS-1 AR d 3o
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T oKS-1AAIEHE M G WY hCO e BF > HH_CO, 182 KS-1

BIREIMFIPDIMErMFBE 2T F COBR, BIE
FRE LA AR P Ty T 02 K,ért;‘%;‘fé ? 1CO, »

TALHFE A 99.9% 1 > B4 16 barA(FcA)hB B R - F It

44 N SR A > - , N
o B fe T F CO iR ) AAris EATE I ST RER * > AT H
Z_ CO, ""Fi @’f BT 1335',‘ o
: A SEoo) COz
KS-1™ solvent is distributed A The "COz-rich solution"
evenly from the top of the packing s pl..lmped into "?e upper
material, recovering COz by 90%. section of the stripper.

LLLL
Eaaal
oW Absorber X The steam strips the
The flue gas is cooled > CO:2 from the rich
to a temperature of 45°C = =] solution at the stripper,
(113°F) or lower. el yielding CO2 with a
oo Gl high purity of 99.9 vol.
\——L : % or more at 1.8 barA. | |
C.W. Stripper ‘
Vs =
From Stack -
Blower — ﬁﬂ Bar G. (43 psi) Steam

Flue Gas Cooler Reboiler

~
The flue gas Is fed into the bottom section of
the absorber and passed upward through the
packing material inside the tower.

B 21 KM CDR Hf 5 i A% 8]

MHI % 2 e KM CDR %ﬁa‘&\jﬁ:/{ﬁ:’ P 1991 #E A= 4o 3 X KD
Nanko Pilot Plant » & p 4 = A0 * »v v 1 flde (W &k ~ 7 /%)
TECO M 22014 b 3 N EFHEIF(HIFEL P L

2 % Fhom 227F 23) -
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2. Hiroshima Pilot Plant

@ Location: Hiroshima R&D Center of MHI,
Hiroshima, Japan

® Capacity: 1 metric ton/day

® Feed Gas: Coal-fired flue gas

@ Start-up: October 2002

1. Nanko Pilot Plant

® Location: Nanko Power Station,
Osaka, Japan

@ Capacity: 2 metric ton/day

® Feed Gas: Natural gas boiler

@ Start-up: April 1991

3. Matsushima Pilot Plant

® Location: J-POWER Matsushima
Power Station, Nagasaki, Japan

® Capacity: 10 metric ton/day

® Feed Gas: Coal-fired boiler flue gas

® Start-up: July 2006

This program s supp by Jap: G
through HITE ana J-PUWER's cooperation

] 22 KM CDR #f #i 3L b2 % &

00, Recoveey (COR) Plant —
IFFO0 AsilaUlsie (Il

2006
450 t/d India

1999 2006

210 t/d Malaysia

2005
330 t/d Japan

2012
450 t/d India

2011
340 t/d Pakistan

2010
240 t/d Vietnam

2010
400 vd UAE

] 23 KM CDR #f it v % 1

2009
450 t/d India

2016
4,776 d U.S.A.

2014
500 t/d Qatar

2E
F 5

(- ) Alabama Power CCS #f #i7 § 33+ & (;54c§] 24)

MHI£? £ ®Southern Company% EPRI - Alabama Power, James

M. Barry Electric Generating Plantdi & = > &

-32-
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B 2011#7 %3 p A& {7 Y18 COf $5 (50077 /= ) » I *+2012+# 8
5 20p #-CO,%c B % 1,500PSIG;% it {& » 11 4vd gl 4 "F‘: ﬁ;szi 3 15® @ 1Y
“k enCitronelle FieldsH @ -k & T 4475 o £ 12014287 % ik » CO 4%

#E 5 230,110 > &5 £ 5 115,5009F > CO, 3 #i_F 5 90% -

-‘ ~ ‘s
.
<
- YR
’ w e . “

Rty

‘Nh
- Regenerator
= - { co2
i = = < Compressor

[¥]24 Alabama Power CCS3f #iT #= 3

(=) 4L CO¥f#8 2 EOR 3

NRG energy® p # P F it k3¢ € 4 (JX Nippon Oil & Gas
Exploration Corp.) & 3 ** % R4t V' BEFT W.A. Parish 3 % B i& {7 1.6Mt
CO, 3 $h3E % (4 5 9 90%) > 3% Bkt & BT B e
B MHIZ 5 F 3 4 2 4L(KEPCO): I 774 ¢KM CDR % 4f 45O, »

T #CO, 128 vt 4o Fﬁﬂi%]:ii 81& ¥? 171 *} eWest Ranchid v (48]
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25) > " EOR™ i1 # 4 R B & » 73420164 % 4% b il o

colorado % ;

P ERE LR A5 RE RS IGCC e EB T X
MHPS {23 38 2 7 % 23 IGCC & CCS 3L 0o » A2 4

BRI TR G e B R SR

- P ABLIARE TR p AR A B IRFELF IR Y 5 T
PHAREAELE AT SEFRRSRE 22 QAL
TOF ATECE i T b 0 2030 & PR T GE VL 3 B S 26%(2015
ERAGRY LF) AT LBE S Lk FERERRE T

TR A G T U 5 FIGCCH B A o 4 Fp AT A D
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P kE S A REE 2 3 SA0MW T £ 11 IGCCE TR0 1

= L = A& 2,000USD/KW F 5 P % (& % 2 7

2,150USD/KW) » 3% 4 *% i<

S AP RRE T RERRE LSS T I A AP RET

;Zg@ﬁgét’l}i‘#— ;J}I(Lﬁi;\ﬂggﬁ v I;]%’ a‘_:}fi’é’kl‘fyli{ﬂ—

BE T R 22 A KA e RITEEE TR

Fh U TRNDC), 2 T # § ix §3K(COP 21) , ¥ &4 7

ZEEBBELER RS R ML R HNFE CCS 2 3 B B fi

na

FRPFEF DA BRFERT O AFFEE

i
ZR@Ft
FHRETZ > B2 MRTA 2P 2 mk o RED AITELF

ERF TR LG OB RS BTN

REBANFRF T FR 2 B wd W f B F g T 44 -

Ay 2 AETER T EBRP T P IGCC L &2 F FE L
ER R S RIS SUE L TR
LS R T

kARG e H TGS T A

-~ B oav CCS g B i %2418 4 #5 (post-combustion)# § > @ 1GCC
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I

&L CCS z ' 3t i (pre-combustion)z. F % ¥ % 5 o

R
=

post-combustion 7 # i 7 CO, #f # % £ & < 5 500 ¥f/% » &
S500MW &% 3% T & p st £ %) 10,000 ¥ 5 4 £ §E et ‘b @

FAHS 5P CO 3T a2 & b~ § ardE 2 S 54 m g er

LR MFHEOREE T CCSZRER® 717G 3F 5 2L -

X}

~EiE@m g 0CCS MEAREXFFFHFAEIRLETEL R E
IR ed RFEFHEE B IR 0 MHI R A T B AR
EOR » CCS % f 'S AME Y » BH 4c 2 F Mibh '  40% & i 59 14
PIPLEE 2 14 2 gAT B (5 2 1 ¥ (utilization) » & d Ffrfi iR S8 T

AETHEFEE R At et ’L*T# CCS ;£ 4 ’%—‘?f#ﬁ TBIFHP

$eie 1 B A R B A T L o
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