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before the earthquake < : »  ofter the earthquake
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~ Year Five-year
It ) 1990 2008 2009 2010 2011 2012 average
em T {2008-2012)
Electric power
consumption 659 889 859 906 8§60 8§52 —
(billion kWh)
CO; emissions - 332 301 317 409 415 .
(million t-C'O,) [39517 | [3531™ | [374]17 | [439]7 | [486]™
o,
emissions intensity gf 0417 0.373 0.351 0.350 0476 | 0487 0.406
user-end eleciricity * | [0.444]7 | [0.412] ® | [0.413] ™ |[0.510] 7 |[0.571] | [0.469] *
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*1 CO, emissions and the CO; emissions intensity of user-end electricity reflect the Kyoto mechanism credits
(“credits™) in accordance with the method stipulated in the “Act on Promotion of Global Warming
Countermeasures”. The figures for 2012 and the five-year average may improve slighfly when the
additional credits currently outstanding due to the delay in reviewing by the UN have been incorporated.

*2 Figures in brackets [ ] are the CO; emissions and user-end CO; emission intensity not reflecting carbon

credits.
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Japan’s Primary Energy Supply
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Breakdown of renewable energy, etc.:

Solar (0.1%), wind (0.2%), geothermal (0.1%),
biomass, etc. (3.3%)
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Electricity Generation by Energy Source Renewable etc.
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Source: Compiled by METI based on “Outline of Electric Power Development in FY 7010 cic, Aug
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(TWh [Estimates for the world’s power generation]
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Countries from which Japan

Coal import in the world |
imports coal (2012)

(2011), incl. lignite

China Chhers
US 3 milliont 2 milliont

Gmilliont 2% 1%
Canada 3%
10 millian t

5%

China
191 myjllion t

Russia
12 million
7%

Coal import

1,102.41 million t

) (estimate in 2011)

Spain

16 million t
2%

Russia
25 million 1

2%
UK
33 million t Germany
41 million t
4 %

Coal import
185.15 million t
(2012)

Australia
115 million t
62%

36 million t
20%

Bld 218 FFGRETEZ P AYRET RRFRG



(Yen/1000kcal) Change of fuel price (CIF)
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Ref: The Institute of Energy Economics, Japan
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Net thermal efficiency

(Roadmap for efficiency improvement of coal fired power generation)
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=z 45 | Fired Thermal | Glign Advanced Ultra Super
Power (USC) Critical Pressure Coal-Fired Thermal
600C-class Power (A-USC)
GT
42% | 2 i i i

40
1980 2000 2010 2020 2030 2040 2050

Source: Created based on the “Action Plan for Achieving a Low-carbon
Society” and “Cool Earth-Innovative Energy Technology Program”
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CO2 emissions per kWh from in generating fuel

(g-CO2/kWh)
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CO2 emissions from coal fired €02 emissions from coal fired
power generation overseas power generation domestic

< Source: Based on the development targets of various research businesses by the Central
Research Institute of Electric Power Industry (2009) , CO2 Emissions from Fuel Combustion 2012
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Changes in the efficiency of coal fired pawer Maintenance and improvement of Efficiency for

eneration by count -
%, HHV g Y v existing thermal power plants
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Actual CO2 Emissions from Coal-fired Power Generation (2009) and Case of Maximum Efficiency in Japan
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Source: "IEA World Energy Outlock 2011", "Ecofys Intemational Comparison of Fossil Power Efficiency and CO2 Intensity 2012"
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CO, Emissions (grams / kWh)
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o I—bcc;‘z >

Post Combustion Capture (PCC)

1EE
LEMCER LT ERNESE
LEERTREREER
IEECIERESE - @ERAES
4.CO2T LI SEE

HHES
LigEEms ERE

2. TEEIR LA AT - SRS EER

EP === FGD === CO;Capture meip H,0
— e —
Ly co,

Air
a—

Oxy-Fuel (Firing)
Hz0 502 H,

. DeNOXIFGD . _L Shift = €O, Capture | . CO; Capture ey Tf':;u |
Reactor b
co,

Pre Combustion Capture

A T H AT R R
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FE BT 0 AE B R e RO
4, = F RIFERF RO T REERE -
12 BOOMW b o 4 F g sk CO 4 X # (% p CO2 4
EE 99,500 %)% b BRI G 2 A X CO2 3 B & v i %
WHERE 18 0 3%z CO27 B 86% » & )4 T8 2706(14%
LR CCS*tE %4 »13% 5% CCSH & * F)r 2k ™% 27% »
CCS* g T+ k2™ T 71%(14% 5 CO4 & » 41% 5 CO;
R 16% 5 2% %% CCS* 2) > 3 %M 15

Performance study for 500MW class coal fired thermal power plant with CO2 capture
* Full capture = Approx. 9500 CO2-ton/ day Capture
* Excluding CO2 transport and storage

Net Output Net Efficiency
100 _ 1oo -
] E
1 [}
g 80 - E 80 - . 4
5 60 i 6o |
= =
® 40 Z 40 -
3
g 20 : -13% :E 20 -
g 0 - T g 0 - T T T
Without CCS 3% Capture 30% Capture Full capture Without CCS 3% Capture  30% Capture  Full capture
€02 Emission Intensity Auxiliary Power for Full Capture
100 .
k 80 -
2 g/ W Power plant
£ m CO2 Capture
2 a0 - .
g W CO2 Cpmpression
71% - .
20 - W Utility facilities for CCS

i | Need to improve COZ2 capture process to reduce energy demand and auxiliary power I |

B 15 2% 4% = (500MW ‘&) e st 4 JE Hoibrz 8% e 2icic % 1 )

g Toshiba %77 > — & fed 4 2 #4175 K % 1 500MW
BER LA TR Wz AP N iES57% COF B F K
it 29% > CO2 mk@]frlpq FR A 0 14% 0 it ] g F] E
FRVFHFEDAI D G TR > G 5RE16 -
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Construction cost

m Power Plant
1 CO2 Capture

m CO2 Transfer & Storage

* Full capture = Approx. 9500 CO2-ton/ day Capture
* These percentage can vary according to project conditions.
* CO2 Transfer & Storage cost excludes assessment cost related to local conditions.

#1116 S00MW 2% i e e s 4 JE Hhiim2. & &0t i
(= )MHI 2 7
k= S MHIBS 1 BB § A5 ¢ 0)d & p a0E B f2 MHI
SR ER AT g BT MHI B 1999 #4233 44 10 A&
PR COz2 et f T RS A R A R R

CO» HHFEE LT ©

1999 2005 2006 2006 2009 2009
200 t/d Malaysia 330 t/d Japan 450 t/d India 450 t/d India 450 t/d India 400 t/d UAE

CONSTRUCTION,

S

\,l_‘.) I
2009 2010 2011 2012 2014
450 t/d Bahrain 240 t/d Vietnam 340 t/d Pakistan 450 t/d India 500 t/d Qatar

Bl 17 MHI g3 E Bz 77 3 % B friz
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R TR ELSHE CO2 B> 6 > p 1991 # A=
Nanko Osaka & = £ F R (k34 j&ae # 2tpd) @ 7 426 20 &
Fgisk T MHI R §FEHFY w5 H3H ik 4 1 tpd a8k
i -

Fla R BRI F TR LF E 22 B > FI R TR

% & CO2¥f JE2 38 (T F v B AJL » 4 5 L4 SOx e %

% R Southern Company ~ MHI 4= EPRI 7= Alabama Power,
James M. Barry Electric Generating Plant #% = 1 38 & & %%
RO I ER 5 amtd o 3%t h p 2011 & 7 7 3 p AP 4akchs
Weggts CO4f - # P JESE 5 5007 2012 £ 8 # 20 p B 4>
# COz2 i » 12 2 (192 2 2)*heniE a3y > CO2 4 BB 2
1,500PSIG /& it 15 11 4 o Bl 4w ?ﬁg?lg v~ %) 2,865 o R JET
KA T AT o R CO2 A %rt Z £ 90% 0 & 42013 & 8 * I ik
1 CO2 4, % 1 170,500 =¥ » #2750 COz 1% 75,600 2w o

- ~

2

T~ - N
ALEN =

Regenerator
co2
Compressor

Co,
Absorber

—

Inlet Gas
from FGD
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B 19 MHI g3 5 $ s 4135 7 2 B

;g;i%ﬂ;,,ﬂ MHI =@ &2 ia = 4 = kK% 5 KM-CDR

Process » £ & MHI B4 1 fueh 335 fudp b o B f i
AN

(3 % SOx % 2. 57)x % 3 40~50°C {4 i& » B i » 1135 2
P gk flsojo @] KS-1 ks f ¢ 6 COz 0 218 i § W%
JUE T A F 5§ F COz 2 ST Al M e B D
120~130°C » #-k & iE 99.9%:h CO; 538 § i # i1 » 3% 3
Bh o SRS SR T IR D g > W Aedeo®) 20
Wiz s p ool de 5 M2 F A v sk B4 > 3V M
A A o
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Flue Gas

Process Flow Outet CO, Purity 99.9 % &

KM CDR Process® # '

_ABSORBER

STRIPPER
(Regenerator)

i &

Cooling Tower

Deep FGD
------------------------------ o oM.
: Flue Gas -
| Pre-treated Flue gas | » = = |
E E t‘iteam
; ; 1 |

Reboiler

Bl 20 MHI &4 E W42 7 & B

MHI #7i& * i1 CO2 & & E_rd vesg & A#H ope > > MHI fE2
5 KS-1(A_ MHI &R e T4 2B s i) &2ilknd
MEA(Mono-ethanoI Amine, ¢ fig ¥=)s q @ 4p i 0 KS-1 e CO2 %
i 4R~ FAILIE A F AR A BT S %12 CO2 B
AL A 5 L S L S

MHI =iz 1,070MW A2 7@ 7% 22%% T Badoe £ CCS Kk i #4F 4
22%:0g o dek e BAFACA R AR Sl CCSRA g 4
% ~ CO2 @Aﬁﬁg‘msé%ii T4 iEr> CCS Ko ¥ T o 4ok
CCS iR RMEA It enfF s » RV ERCCS L1 R
P e 20% 0 5B 21 -

—
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CO2 Recovery Plant Power Output Penalty Assessment and Heat Integration Options;
1) Base Case +

2) Recovery of Compression Heat

3) Recovery of Flue Gas Heat

Power Output (MW)

12 dasganincbitddadog 1200 |

Power output penalty of CO2 capture and Net output improvement with heat

X i 5 ; ! § Power Output
compression without heat integration integration

Penalty
Deep FGD

\ de%g;\ned o
1.000 | / €02 Compressor ! Pow:; mc?;ally 1000 - -
Co2 Power Loss by LP (Base Case)
Recovery Steam E " 22% of Gross Output
Auxilary R
800 - Equipment =i gl
:
o e et Qukes g o st
Plant Auxiliary g e
Equipment n:‘;‘ﬁ,‘.‘:ﬁ;_,.w
400 - . con}:mfﬁon 400 Equipment Power
200 |--------- - 200 - B o
Compression Plant
0 - 0
1,070MW (Gross) Supercritical Pulverized Without CCCP~ With MHI With MHI
Coal Power Plant; Bituminus Coal Case ROLP (a8 (LOEE T
Case) Heat
B 21 s e gmept iR Az LA TR
MHI chfs %1t 2 CO AR e SSEXI R EE T B %<
FRA E TR R
1. #3 CO2k & iF 99.9% -
2. & p COx24f JEiw * o
3. ST A AE o
4 FFRTE
JIHI 2 7

| 2 P Aifst 1853 & » *tir = ga Mp e g g (i
AR AR T P )ERERRC ST @R
Bienh T2 2 BB £ - RpF g F402
TR RSB EE BN AL 2007 & 455V €A IHI -

‘2—“;3

1907 EE % T Bdp BN g4k 2 2 > fdpd 3 B 12X
#E'—l f1’1995 —Eﬁif%ﬂﬁ'\ﬁ]}]\&—"ﬁq{fLJ#)\J%Jj‘é
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http://zh.wikipedia.org/wiki/1853%E5%B9%B4
http://zh.wikipedia.org/wiki/%E6%B1%9F%E6%88%B6
http://zh.wikipedia.org/wiki/%E6%B1%9F%E6%88%B6
http://zh.wikipedia.org/wiki/%E6%9D%B1%E4%BA%AC%E9%83%BD
http://zh.wikipedia.org/wiki/%E6%9D%B1%E4%BA%AC%E9%83%BD
http://zh.wikipedia.org/wiki/%E7%9B%B8%E7%94%9F%E5%B8%82

(1,050MW) > p % & 4 Z sppfrdl & B4 5% e LNG
o BT A EENF AP 1 R 1 A #kH 400 4 0 G Y
166.8 =g o

IHI &% 2 & enE 45 % g 0 15 K22 %2 B Foster Wheeler #
WE T2 A 1 R o IH 2 p A= *ﬁ%ﬁ"@l%ﬁi— (p &

ik 3 % - /& % 5 Mitsubishi, Hitachi) » IHI # 4 p A R p
PR s R eI A EEA Y LY WER RRE S
T o VR EAZE 100 § KW enE 4 20 % < 3~ B &
FEH LA B F T 27 (IPP)* ¢ Al S &
%W#ﬁ‘%ﬁﬁﬁgiﬂaﬁ?ﬂﬁ%@@#ﬁﬁﬂﬂ&i%

BRAL T - 25 0 FRAEL METR IR o Bt AT
H AR 4 3t CO #3a  ehl i o

3

¥ -

3

IHI 35 5% 158 4 CO i Be 2. (52 40

1~ &8 TROTE DIHI UARARTRR R MR R ERp A A BEF

PR RROFEREYCEDE R EFE S ARBEFEFI e AT
Fg 4 oHI % >4 3 B chE e 424l 700°C 4 #

A 7 RS ¥ i 46%(net HHV) ¥ i — 4 %% i CO 23§ o

—~

]

5 < Advanced Ultra Super-critical Plant
Tachibanawan #1 Isogo New #2 ;A (A-USC Target)

Hekinani#3 s i o
< { 700/700¢)
STEAM TEMP. 8 o 4
> -
£ B B
o7 -
x y
= F -
550 28 5 ¢ v
o L 3]
S = 5 -630(630C
5 |2 g Ultra Super-critical Plant :
Esod & 1 £ 4 |(Current USC ] 610610C
@ E i (%‘ / 600/00C
(% 515. 2, 593/p93C
2 |g| 2 \
I 2 4
450 Bqg o2
144 g '
i Sub-
| , : £y
5| critical IHI’s Boiler E : Base: 538!555C
400 . . . t 0 / er-Critical Plant)
55 ‘60 ‘65 ‘70 90 ‘95 2000 24.1 24.5 29.4 343
Year of Commercial Operation Main steam pressure (MPa)
History Record of Boiler Steam Condition in Japan Improvement of Plant Efficiency by Higher Steam Condition

W22 3T 4 Pemi R4 2k 0 H
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2~ R TR IR TG B A0 5 B - AU T
BB BFT RS o o Rlp N PHE o REER A BB kA
oo ABEER R Y P H bR R AT R kR VR E o
Miﬁ%%i?%%ﬁ%%m%$¥%%¥%P@’@ﬁ”%%

o REBLEATRRE S 0 SR BRE A U s F L4

%ﬁﬁﬁﬁﬁgﬁﬂa%@%ﬁi%ﬁ?%%@#%#’%%&

TN B o g REER AR R o PR P AT RREH

TG 3% A& TERE A BIAALE 5% 5 F G

Biomasg (pellet is preferable)
bunker -
Pulverized
coal fired

boiler

AN

el

/

Merit:
- No impact on coal
pulverizing

Demerit:

- Special milling and
combustion system is
needed

- Chip is not suitable
because of large
energy consumption
for crushing

Separate
injection

Crusher

)

Biomass

M_ burner—

Pulverizer

Merit :
- Minimum additional
equipment

Coal conveyer

Coal i . ,
bunker, szggfed Pulverized Demerit:

coal fired | t I
N\ / bume boiler - Impact on coa
Coal pulverizing (limited
feeder .
amount of biomass co-

firing)

Biomas:
bunker

Co-
pulverizing

with Coal

Additional equipment
Pulverizer

Bl 23 2 FEER T LR

3 CO4f EHMIIHI & g B en CO 4 JEHAMTT & §F YHEZ WS
FE 24 5§ %% 2 Callide A TRt 30MWe i o3
o OWERHIE LA L 1 R 20t-COd ek R o

IHI e ts 3 Wl Ar Y A% v iv 5 CO2 o > fevk
JoEE N Bt CO2 1 AR V8 P 4e #4428 41 COp o
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To stack é

N
flue gas C0O,<2% CO,
removed CO,

Solvent

Captured CO,
(CO,: >99.9%)

X7

Flue gas =
including CO,(15%) @ @
from power plant Low pressure steam
for solvent regeneration
[ Absorber ] [ Stripper ] _
40°C

120°C b
Bl 24 |HI 218 s 3 i W A2 8]

> a7

L7 P L WUE(S i JE CCS ok

FOoH E=Z B> e ¥+
1. B4 & ea)e jod) o IHI

poEAE R 2R g R e ol o

BraMEA RS > TR R B9 5 75% o
2. WAk it BEFERAEFEE XL FFAAF R

A o

3. T E L1k ki(packing system) t ez LB TIE R RGP

bt B MRS AR > BRI F B S R GURT B 4
» #& 8 COxm o £ I -

- High efficiency heat recovery

- High CO, loading of rich amine
Advanced

Process

Pilot Plant
—Demonstration/.
Commercial Plants

Advanced = : P::E di
Solvent 9

- High CO, cyclic capacity
- Low reaction heat

- High absorption performance
- High desorption performance - Low gas pressure drop

Bl 25  IHI %8 15 s 3 JE $o s B )
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A= FAer 420 IHI hdp 4 (AIONI e o IHI fudp 2 1 g
¥ 7 1 A& 20ton-CO2/d s H > K 2012 & 7 7 B 4038 7 P38
Hzd o Flh CO2 8 BT e M (T * F Prfih o #TISR EE e R
B 40 o7 > kiR Ry rdR il F R o

Absorber

Stripper Source Gas Flue Gas of Coal-Fired Boiler
or PG Boiler
Captured CO, 20 ton-CO»/d
Pre-Treatment CO; Capture Ratio 90 %
Tower Flue Gas Flow Rate MAX 4000 m’y/h-wet
CO, Concentration (Inlet) 14-15 %-dry
Solvent Flow Rate MAX 24 m*/h
Steam Flow Rate MAX 2500 kg/h

@ 26 IHI A4 1 S R R

F & 40 CCSHLHIHI P i s o g e i f.4 > 12 200
ton-CO2/d % 1 ¥ i+ > & 1 H =47 % & # .9 10mX10m > iz #7 F h
COrif BBl N MAGY » FEEIEp COf
% # 10,000 % » % CCS & 4 5 2% o

CO2 Absorber

Module

B 27 IHIHCe a3 7 2 B
- 27 -



Pulverised Coal

Y- H g B CCSHEMEy 3 v RIZI Mg &
HRES B2 g ¢ CO2k B #AZE 90% 0 dopt F

Hgehs ;4% 4z CO2 » IHI %22 Callide Oxyfuel Project » %3+ %
1989 & B 4ok A2 P52 4~ 7 (T 7 > 2008 £ B 4t (7
7T AR L AR reaE YR eh Callide A T R R R 435 30MW
Wil > BHPET L 1965-69 £ > A F 1 AR F 51 4
Bigmh ~ T2 2 & 330 PE/R LA AR B RERR T ¥
HEEST0 P[RR it COxwgsb s 1+ B E i CO2 1 i F
Hht#-H2 o~ 2 TR o

Steam

Flow 37.7kg/s or 136 t/h
Pressure 4.1MPa,
Temperature 460°C Boiler

Exit Flue

Gases Chimney Stack
350°C

44 9kgls Flow: 13.2kg/s

’ Height: 76m
ﬂ’
Ash: 21%ar Feed Gas to CO, Plant

Moisture: 14% ar ¥,
Sulfur: 0.3% daf Flue Gas Processed Flow: 1.7kg/s Road
% Temp ~ 150°C
Anglo Callide Coal mine
3 Transport
Recirculated Flue B Double - 30t
Gases Single Tanker — 20t

Flow: 30kg/s
CO2: ~67%
Oxygen (GOX) L
Purity: 98 vol% Oxygen

Pressure : 180kPa(a)

n i
5.5 kgls
20 tph

Quality
HHV: 19 MJ/kg ar

Flow: 7.6kg/s . 2 3
Size: 2 x nominal 230 TPD CO, Purification and Compression
Air Liquide Sigma cryogenic ASUs CO, Product: 75t/day

CO, Purity: 99.9% mol
CO, Temperature: -20°C
CO. Pressuce: L600KPa . . . .__*'_ _L

B 28 IHI Callide Oxyfuel Project -+ %. @
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CO, Processing Unit (CPU)

Boiler (After modification)

Bl 29 IHI Callide Oxyfuel Project

ek i T S F RS G F 2010 & 3 sk
% 1xml 22012 & 30 AR * G § SEERE 2012 & 9
PRI F 31~ CO 2Ry 0 1 2013 & 7 7 = @Az 3000 /)
B o
IHI $20 CO2 iR £ ¥ W 535 25 ~ - § MARHF LS 3HF
2 REd FRe p R4 2015 £ 7 £ 4 700C 2 *iedlkkwh
%q‘g ~CO24f 5k 50% -~ £ * 4 Tyl > 2020 & > ¥4
A AHEALTRR #hp ~ CO P & 5 i 90% ~ 2 Frobptie * £i&
50% > # & A kit IR Y fru g o 2 H 30 -
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o #%
Absorption
-.!—_
@ Improvement
of Efficiency lectricity
& Storage

_Carbon Neutral

CO; Reduction
@ Improvement of Efficiency

......
..........

@ CO; Capture & Storage

@ Co-firing with Biomass

.'.
coal-fired power plant is around
five million tons per year.

-340g/xwh

CO; emission per unit power generation

Now 2015~ 2020~

B30 IH 3 F R s B Rk ic R

(w)& sk BB A ¥ H 4 1 8 1 (Research Institute of Innovation
Technology for the Earth - RITE)

RITE .t 1990 # G7 % % ¢ i5d p Agcfps = > P ehpd
R A RP LR R CO2 M 2 IR e 10 TR XA S e
Tk Arid S el fgrs o

RITE en1 %73 &8 B B ok 3 2k eg i angijir > 40 CCS fr'*

O R SR I R N S [ R 2 NI SRl 5 3
a‘;agﬁ%@,}ﬁo Pava @ Afky 166 4 - H¥ 3 57 4 54155
AL REE AL o HY Research Laboratory 3 5w 3R > H
¢ Chemical Research Bfjeh1 (T8 £77 7 % B CO24f &4
e G 37 + - CO2 Storage research Bfjiha vy 477
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BB - F M4t T 36 4 o System analysis B ffcha
e s TR rek 0 G 15 4 o
1~ CO4f g B
RITE enild|® > & F 04 R Eis & CO2 #r * o
e kS A d PR SRRTRFRCS F PR E
+ & 4,200 p F1(42 % =) & 2015 & 3 2,000 p F1(20 ¥ =)o
RITE #% & 9 CCS HjiF
(1) 224t 3 & et B e vigi2 »fe MHI 2 Toshiba & = 7 & %o
(2) s HE © 322 1 F e fgiE o J-Power 2 JGC(p
NFVENP LT p oA B AL Y
(3)% § %% 4 J-POWER-IHI % 2 & &24 & iF Callide A
B
BRVELSHIES 6 0 RITE B8 % 20 v 4 JE CO2 vt
Ao BALRIREN AL ERGEF A% Aofe MHI & et E P
W ¥ W3 500td sk Hgdk * &5 KS-1 s jo#) 22 Toshiba
£ v Ohmuta(ig b &~ £ 9 )3 100d sk > foiTp i
Kimitsu(-+ £ 5% 27 )7 30t/d efsk ik > 3% B 31 -

-31-



*MHI KS-1:10t/d (Matsushima)—500t/d (USA)
*Toshiba: 10t/d (Ohmuta)

*RITE-Nippon Steel:1t/d (Kimitsu) —30t/d (Kimitsu
S e, |

MHI Toshiba RITE-Nippon steel

USA 500t/d Ohmuta 10t/d Kimitsu 30t/d
B 31 RITE#=%% %

RITE 7 % s fo|en jo B it COz #7 3 chis €14 @ tueh MEA

B fehid b 3F 5 5 (e v ki F) RITE #r% #.e0p E(2GINCO,) -

Energy Requirement GJ/t-CO2

O MEA
5.0
C
4.0
O
Solvent1
3.0 ‘R‘A\\ t1 Solveni1 (estimated)
2.0 nt2 ‘Solvent| 2 (estimated)
Target
1.0
0.1 1 10 100 1,000 10,000
AT oAy mr

Plant Size [ton/day]
B 32 RITE sz #|2 i 427 7 B
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2~ CO2 # 4t $iv% B
RITE4 & p AFp ch= ¥ L py Fats 5 25 52~1,460 ig
MO RN R RS R e ARl e & T RERR P A AR R
BiE 42 COLRE W enBi 35 p & ek s CO28 Faf 783 zacl 2003
£7% 12005& 1% i~ % 10,400 ¥ COp» & % i3 » £ 5
20-40 ¥/~ > 2 » R A& 5 1,100 = = I3 3 IVELR|F 7 EP o
[COz2 Injection site] B [Target of the project]
' g;?ﬁ Verification of CO2 Storage
: in Complex Geology of Japan
: [Pilot test overview]

CO,injection period | Jul.2003 to Jan. 2005

CO; Storage tank

CO; Injection pump
Nagaoka

Site  pOR ), CO,injected amount | about 10,400 t-CO,

CO,injection rate 20to 40 t-CO,/day

?
: CO,source purchased commercial CO,
welllogging, crosswell seismic
Monitoring tomography, microseismicity,

formation water sampling, efc.

[Well configuration] [Simulated CO, distribution]

Observation well 4
As Injection stopped

Logging

60m

Observation well 2
40m

Injection well 1_...»

120m

Observation well 3
Logging

1| Observation

hy
&= Cmssweuse«smm - tomography

[CO, monitoring ]

L

After 1,000 years

(érosswe seismic Eﬁ
tomography)

B33 £k CO8 %

Pressure:11.3Mpa, Temperature:47°C

2012 & 42 fut 4 3 ] FoB F 487 4 RH0H CCS 7 ot
%’;E;J' 2015‘/&%;?%3'&;#1)‘@? ’ % ﬁjﬁﬁzé’ri#ﬁ3§

COz ™ ¢ i @ﬂﬁ]%c@ {61 ~ =37 K 1,000~1,200 = = %
2,400~3,000 = = en3t i3 3Fa o T EFEYP TR 3%2,@%] 34 -
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Capture Transport Injection Store
[Sowree ) s ecton )

<<NEW>> <ENEWSS 1 Injection
Refinery *| CO2 Capture 8 e 8
» 100-200t/yr
Separate/Compress b (SC-CO,)

100-200kt/yr b |_|c
(Gas COZ) ' E Qmpress

I Injection Wellls |
I {

Hokkaido Is. |

,=..__E'--'ITomakomi-

Aquifers

Reservoir : Sandstone layers of Moebetsu Fm.
1,000~1,200m under the seabed

of Takinoue Fm.
2,400~3,000m under the seabed

-
[ Reservoir : Volcaniclastic rocks of T1 Member

Courtesy from Japan CCS Co., Ltd. (JCCS)

B34 %3 7l 43 CCS 74

B j\]?]]]\ q}; }g'f@‘—,gl"ﬁ CCS ,J _Lum‘;\"%\'ﬂ\’llf‘; o RITE I ;ﬁ,}g‘i
RbliEfERE K CCSaT R HEFT A4 Y
40%3] 80% - ie

B 0T en
B BT e R REOE R L LB A
7 F o CCSeng @ g * ¢ § 50%%] 7T0% L ¥ CO figh %
foak o RI
3F

VARE] @]"eruaﬁ/‘ TE LS > F] 5 A R4 (230 p A chi¥ 5 84

e
N CCSYEPRLTE R Endn A

fp i‘%%*séiﬁiﬁﬁ%]COzi A F A g R g b

C"’

Mok 5t g @ CO TR 6 R B 23K # 4o @] 35 -
Coal gasification
/powegJ generation  Capture Transport Storage
A A A A
C Y Y N N

Geological storage

Marine transport Storage unit

Coal gasification Compressor . .

C
separaflonl
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