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CO; Geological Storage: International Technology and Policy Trends,
and Research and Development Challenges in Japan
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Abstract

The IPCC published a special report on Carbon dioxide Capture and Storage (CCS) in
2005, stating that CCS is one of the promising options for mitigating carbon dioxide emissions
into the atmosphere. Among several CO; storage options, storing CO; in saline aquifers is the
most promising because of the large storage potential, estimated at from about 2,000 Gt CO; to
more than 10,000 Gt CO;. In this article, we first describe current global trends of CCS
technology development and national policies. Some CCS technologies are already in practical
use in several countries and are economically viable. Close attention has been paid recently to
deep saline aquifer storage, which is expected to have a large storage potential of about 2,000 Gt
COq; throughout the world. We then focus on the mechanisms of deep saline aquifer CO; storage.
In deep saline aquifer storage, chemical reactions in the water-rock-CO; system play important
roles for trapping COz in the aquifer formation, as well as physical trapping by overburden
impermeable cap rocks and residual gas trapping mechanisms. We also stress the importance of
the long-term monitoring of the storage aquifer because COs would be trapped stably in the
formation for a long time. It is thus important to develop effective monitoring techniques for the
behavior of CO; in the aquifer. Physical as well as chemical monitoring techniques should be
used for storage aquifer monitoring. We conclude this article with discussions about storage
potential in Japan and some important issues related to deep saline aquifers. Deep saline
formations are distributed widely in Japan, and have the potential for the geological storage of
146 Gt of COs. It is therefore economically feasible to use deep saline formations near large
emission sources such as coal-fired power plants and integrated steel works. To realize CCS in
Japan, it is important to make further advances in studies on the basic physical and chemical
trapping mechanisms of water-rock-CO; system, and in studies on the geological characteristics
of aquifer formations.

Key words : global trends, national policy, saline aquifer storage, CO; storage potential, trap-
ping mechanisms
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L 30U ®IC

T #E (COy), #*% ¥ (CHy) BIU—
Ffbak (N,0) 13, BEHERRAICH LA
BEBHLZ NS, MEBRF A X (Greenhouse
Gas : GHG) &N TWBE, TD X RiRE
RRA AT KRB L, HEREROT-YY
HARER 15CIT 2T wa, Larl, 18 i
UG E o 72 RESE AT DARE, K& @ CO, EEE DS
A2EICHMLTHY, MEROLMEICERBILHES
(M ERIEBEAL) 2B Twa (IPCC, 2007). Hi
FRIRBZALIC P > THUIERBIB CAGAT B L, ki
DRI X 2K O 1A R R R OB
BEINTVD, [MEEENICHT 2 BUFB S AV
(IPCC) D 4 KMk & (AR4) TiL, 100
EBRICFRRMAIRET64CH LR THEEELT
W5 (K1), 2008 4F 7 H OEERMH I v M2
72 A3 I 0MEHMEDH-> T, HREHNTD

WERRBRALISH T 20N ETICREE -
Twh,

HERIRIEAL O SR A R A O X 9 bk
BORKBEHEICL > THR SN D BEMNRET A,
EIZCO DHMIZEA2bDEEZLNT WD,
1997 ‘E O EH AL B Fe# 524 (UNFCCC) %4
3 [l E &% (COP3) C, MEREN 2O
WMERBE R & A7 Y 2 — V& D7 b
B (BRIEA, 2008) PMRIRS N7z, FHBEE T
X, 2008 425 2012 4FE O IR ERI R T A O
PEH % 2 o [ 4R T 1990 4E 1 5.2% KR 5
2 &, 72720 THARIZFEL 6% DOHIIRATE
BTN TWD, LaL, BIFREERZED
BHIZL b 5T, 2005 EDHARDRERHE
A ORI AR H O IR T 8.1% b
BimL<eh, Zors, A VF—EHFED CO,
PEHE1X 13.9% DY & % - 72, CO, # K®AZ
P52 o1, KOFEENT, #E5r, AV ML
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Fig.1 Temperature changes in the Northern Hemisphere over the period from 700 to 2000 and predicted global
temperature change over the period from 2000 to 2100 (JCCA, 2008). Thick and thin lines indicate
instrumental record and twelve reconstructed data sets, respectively.
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UBBIMLE T el Thib, TDLH %
[ RBUEIS LR ] 20 & BT L 72 CO, & HuH i
Iy ¥ 9 % (CCS: Carbon Dioxide Capture and
Storage) HHMi7s, K& DIRERY R A AW D
WMmzEmAT 2 AR LRE LTHfEShTw
%o IPCC 13 2005 fEICF L D72 HEOH T,
2030 4F F TO R EMIIIERE R R A A PEH AR
& LT CCS m&Ejfi & K EIHESE L T % (IPCC,
2005)

DT T, (1) CCS B XU CO, i8I
T MREE O Y A % BUFOBOE & ik 7 1
Vs MRFEAAGIE L L HDbETHAL,
(2) CCS OHMiiFE L LT COy d 558l N H Al
& COy M ity & BH I o 13- A 7 o 3 ot |
#fi (EOR: Enhanced Oil Recovery) B L U'Z D
EDORE R L%, (8) CCSELT
Lo b U RERIFRART V¥ v V& L O KREIE
HMOWHEA N ALIES DT, (4) B
WD CO, ZBEIDE=% 1) ¥ 7 Tk e B4 et
A, B XY (5) HARENTO CCS FH¥iLo
W e R T 5o

IL. CCS (Ix39 2B FE DM B H

1) FRMEEE

FURRE S ORI TR I LIRS R A
i E LTV AR T, COp M i IC
bLEENERTH S, WMEE (EU) TlERk
MZEEAHT2007 4 1 HIZ EU O 3 )V ¥ —431F
2B 5 UM R BUK “Energy Policy for Eu-
rope” EHEL7c. TOFEK Ny r—TiF, K
D), EHEEE, RERFTA - Al A oLy
P& v 3 ODFMICHE L, 20204 F TIZ
1990 4EH 20 % DOIERN R A AHE L RO & v
) HEEOZER A FIRICKESINZZLDOTH %,
CCSIZ2W T 2030 £ F TIZ, L WEZ L D&
JI & EAICO ML - Br &R 72, =7 - €1
LIy ¥ MLAaBEFEET s SEI RIS Z
EHRRETHDL] L, [EUDOEHEREIICE
W, 20154 F TIXRS T 12 O ke gE = 1L
AR AT I B3 2 KHUBLFZRE 75 o~ M 7
PFAUTDH] ELTWADE, E5I220084E 1 HI

X, BRIMEH S TCCS 4R #3K£L, K
IS B L UOHBEZIIBIF L FERIPHEIB SN,
KIS ZIL, CCS DFENI A7 HHIH O B
MERTTHDOTHY, EEBIUHERICE
BRI E R 728, —IENIC EU B ENL
WEHE 2 BT a2 b, ZhiZXY, EU
2B 5 CCS DR OMEIE S b,

CCS (2B L 72 WM = ZE o B[ 2 v <
DPRNT B (Bl 2L, REEHESEE, 2007), JEIE
TUE, HUMREEE H OBl B 1990 41k 12.5%
DOHIIKTH b0 2003 SEICHE I Nz F IV F—
H#EICB VT, 2050 4% HiglZ CO. HFH =% Bl
LK 60 %HIKT A LEZHIEL, ZNITHE
9 FEMWEAE 2020 4 F TILLEKT S L %48
FC\wb, 2006 4E 7 HIZHEEEI Nz ANV F— -
L Y2 —"Tl, CCSIIxtd 2 HiilkakEz Beilk L
T/ = —%08— b F—FE & OEERTI %58
ft356&LTwb, —J, 2005649 HD EU -
PEYEMEZETEL SNMmE - Mg S — - —
Yy SO E, hEE CO, EEAL - M H A
DHEHEEE L, 20oTudz7 FOHW
1, HENZ BT CCS Bl 2 1 5 F e K1 5676
OBk RETLEZLTH S,

T 7 & T, AR E O KM HEIE 1990
HEH6BDHIRTH D, D9 b HIEDF5 % [
W E T, B0 P02 P E 5] (Emission
Trading), 7 V — Y B% 2 # = X 2 (CDM:
Clean Development Mechanism), 3% [/ 52 (JI:
Joint Implementation) 7% & ®D KA A /7 = X A
EPIE B HIE ARG BL 0 72 0 DRV B T
BT AHIEELTWA, 2008 4 IZIdgEEL L 2
O BB 23 200 4E 5 D ISR S Nz, Ak
12X B &, T 100 m LA TO CO, B 11348
FEOFWALEL 2D, CCS HHEOFTHIL,
TR B X OEY) 7 AR B 257 T 2 0 3 S IR I &

RILZ LB oTwd, 2B, FI57I121
INBURE 70 i 8 7 A 5% S AFAES % 728, CCS
DEF VY VEFEFIZREVEVWDR TV,

KA T, FHHEEICB T 2B H D
1990 4E 1 21% D HI & 72 > T %, 2006 4F 10
HICBBEANCCS ZHHFETAHLEVIBUEAR Y ~
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ARSI L7z CO EAIL L BRIRAT ADI
MY (EGR: Enhanced Gas Recovery) THEH
19 53 0 DS D 2 A8 A A D IR O T DY
BREEE 2> TV, AR RDOLARIBEN
WHEMEDSE VL, BN KO TH 5,

IV —"TlE, FHABGRAE I BT 5 Bl B
1990 EH 1% OHIME 2> TV b, LA
FoigOREE TR ) T & R EH D
HIEEZERT 5 BT ANV T —BORO KO}
BMERoTHBY, BANRBIANF—-LHbET
CCS OHEHESE 2 [ H 7 = 2V F —BUR O HE N
HHELTWD, BTHLLBRS XIS,
1996 4E 7> 5 Sleipner (2B W TR 100 7 ~ D
CO; ZIFH LT, F72, 20084E4 AH» 51
Snghvit TH KT A 00 5 408 L 72 CO, 27K
IR LTEBY, ZoRBIZERK 7075 ¥
EoTWh, N6 7ay 7 oINS,
%L Tld Mongstad 1238\ T COy MY - Hy 4R %
iz Llzayorb—va vikExko 7o
Vs MOEmEN TV,

S OIZHINTIZFEE ML A & COs % MY - B
B ARBRTOY 27 PRFEEDFHEH ST
Wb, B ZI1E, A A Y v — @ Shell 1X 7V
7 = — @ Statoil ft & [T, HHEKBEO
COx-EOR 7u¥ =7 b %5 L TWw5b, Sleip-
ner X Snghvit (2817 5 Hirp I E 2B 3 % Sta-
toil ¥ D F i & EOR IZB9 % Shell O #E5k % i
AEbEbDT, HERABEOKIIFEETR O
CO, Z X - W3 A KRBTy =7 M THh b,

2) XE&LUHFH

KENZ, S HFICHEL VBT KT 5
—7J, THIEDLLHERKE LT 2002 £ 5
2012 4E @ 10 4E[ T GDP H 72 ) DIRERHH 2
PEHEZ 18%HEIRT 5 2 & & HAEL L § 5 &K 5L
A =774 TERHEEL TS, CCS X 2005
FE9HICT ANV F—EIFEE L 2R L B Hir
WZBH 2T T OBEEEO—DIZFEIT 5TV
%o EEACHBAEPE R OB IEZ 1T > TV 2 HE
WA A VT AFH A 2002 SEICFEE L7287 A
77 4 — A1, 2007 {EIZ CO, M IF R ICB b 5
M - BT A 70 A%3R L. Tl

BICHH T 21T A= ZADOFTAMHER KN - Bl
ETNVOMEZ T LDHHDT, MHLXVITBW
T CCS O 2 W L, IR, EEkS
X CHEBEIC AR L2 MNEOMTICES T 5 2
ELERHMELTwA,

F 72, KIENZ 2003 4F 2 HICHEREE(LBOE S
LT ANF—ZERBEBORICBIT 2 K& kL
LAk E LT, R woteIy e
¥R B K IS8R OBESEBH S8 10 4ER T 10
& F V2K U % [FutureGen # ' (FutureGen
Project) ] 24T H M L7z MG TEESFES
NTWLREAREAREETF ~ b (IGCC: In-
tegrated Coal Gasification Combined Cycle) T
W&, AR ACEAMN E TR R HREZTY
WL, ZoKkERRIESEDL T LT, 41275
MW OB Z=MEWIZHKBET A EHNTE S,
FFREIC, B LR TR S5 CO, 2 iy
W95 & TR 595 2 & 5
BEIC 7 B, 72721, 2008 4E 1 HICZ AV F—4
ey PoRBELEHAZ%EL, CCSD
P AL & s & & 5 720 2R A IGCC-CCS 74 &
AR OFE RSB EMRE T L &
LTwa,

157U, RS O FE H AR 1990 4
6% DHIIRTH %, COx FEHRIL, Fiil - KR
HA - AREEIIBVTH F ¥ ERoPHFRO
20% % O THY, (LHBREERE & BRBEO T )5
PO E NG, TS DFRERDEHEIZIE, E
o CO, M@l % HE & 3 2 L RIRE oA I =
WAE D% L FEAEL, CCS OFEMEIZE 4 7
FMENHE S T Do [1TENENE 2000 TlE, 17
150 5+ 2D CO WrADWHRETH S & LT
bo F72, HEE DR T, CCCDP (CBM Tech-
nology/CO; Sequestration Project) % it ® T
%o 2000 fEIIFEB O X 912, Weyburn JHiH 2
BWTEM 1005 ~ ¥ » CO, ZEAT 5 EOR
MRS T 5,

3) F—XLZUT

F =AU T, 2007 EOBMELRMIC L -
T, ke B2 AL, 913 (2008
£~ 20124E) ICOWTIRHEZERIISNT S L
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LTWwb, A=A FF 7Tk, TAVF—DO%
TR & BRIEREICY ¥ 7 L BEBE D
TEY, COx HrPllFHAMLAHBRE 2 S OIREL)
B AP AR D 720 DB By & U ChiiE
D HNTW D, 2005 412 CCS # {2 HE 3 % 72
BHICCS 2RI 2 MBI 7 A FEH 25 S 7z,
Zhid, BHERTHEF—A LS YTIZBNWT
H - M B ZBR T —VEME LT, B
FMM, FRRRV, PrAME, Wk, £E=5V V7, R’
£, BIXOWMBEOLENHME ED-bDTH
%o 20084, F—A LT TIXCCSHENT
OOT 7 AMEL LA HEZ RO LD D
L L, OPA # (Offshore Petroleum Act) @ gZ
EFHREZIT-> T, MAETESNS CCS
IZOWTIZ I OIE OPA MM S b A3, B
WTHEBENS CCSIZoWTIRESHBERT—E
Hodh2b CCSHIEZRTLUEDND L, K
H ok HIFEHIN TS DL Western Australia
M D Gorgon M3k 12 BT A& H A MBI TH
bo RIRHW AN O HES NI COy 1E, HT DY
KECHFH SN, TOHBIZER 33007 b &
Hertsh s, —F, HPEFEE2ERL % VEiHT
O b F PR, ER 810 47 kv L kR
SN, H40%DHIRE b F—AMFTYTH)
@ CO, Hb fi7 W F GF A Bt (Otway Project) 13,
Victoria MO R VEIRIC D 5 ke A M TITbh T
Who ST TRERET AN 5EES N CO, %
JEALTHED, 200844 AR5 1~ 24EMMT
TEF10 5 F D COx JEADSEH ST W 5,
4) 7 T#EE

TR T XY A B P THRIR KD CO, HE
HEE 72 2 ETlX, GreenGen 77U Y =7 MY
FHINTWE, Zo7ayry FTlE, ARY
Z4t, KFEEB X CO I ¥ A 7 & DI
AT, BT DR BRNE & R I8N S &
b, COxE=7 -¥uxzIv s
VEERTAZLEHBLTYS, TORIHEAIE
A D 1E, 2020 4E F TICFE BRI A 55 ~
60%I23ET % 400 MW O KINEFET 5~ b 2S5
BT AHIEIlhoTwWh, T/, 2008 4E5 IS
X, BEAR ETHERILL 72 CO, & KB

(WP - BEETE) ICEAT L HE~OBA R
AHHHEBFETEE SN, ZoFHEI,
HA 5 130 313 A HhERBREE 2E SE RN 7 At %
WMREANA R A VFE -y —, HiE, 34
HENHEZ: EPFR—ERTEMNT 5 I LT - T
Wb HEDSIEPEMRRA AER (R
FxAF) REVFBINT D, A, WEBUETE M
BRI TR EDO ROV TH#EE il T
Wb,

4 v T}, TRETEDLNZIIEFIILKET
VTAHY, TRENT v TOWERBOE S 13K
AFmA»5HTmEFTLIEICHI->TVE, 20
F 7 v T OTIIEE IR (100 m ~ 4,000 m)
233% Ao CSLF (Carbon Sequestration Leader-
ship Forum) ORE72 I =7 P& LTA VN
O [ 7 R A WE5ERT (National Geophysical
Research Institute: NGRI) ZKED/XT 7 4 >
7o« ) =AY A ENSERE KR L, TR
TR BIT S COx [\« A - Ho v e B S GE 7
OYxs NEEBLTWS, A7 Y7 MY,
AV FOZERERE (Fhy - bTvT7)IZOnT,
CO, lFH O BE: L o4l X ORI #itk % 5
fliTaZerzHMEL, TRABOTICH 2 HEFE
FICBVWTCO, ZIEEIZIEAL, COEEDE
=) VT RAT) 2D e iR B L OYE
FEEATH) & Thbo AFEBRTIE, FF v TOK
/NFETE AT 600 m T2 O F R ICHERR A A3 5 Xk
HT) T OEE, £ 2,000 F D CO, DIEA,
ZOBDE=ZFY) Y IBIVETFTIMEEITH) 2 &
MWFESNTWD,

HETI, REEBREC R U EE DB
X OH BSOS HEE L TB Y, CCS b
BRSO EE 2T T a v O—DEDT S
NTW %, COy 1L 0> F AT B 56 A3 R AR AY L2 Hff AHE
ENTBY, 2O A% 2020 FEI2PEHT 5 H
ErzBFTnd, £/, IFERT V¥ v VOl
EMEFICERL, YA FPORRERRT A
EAERELE LT3 (Yi, 2007)

5 BHEAERNOE)Z

HARENCIIFRB LR cmk R, b
AR C R T B O FEERER DS T h I . KR
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T OFEFERAE TIE T 1,100m 45 K& I
10,400 b > ® CO, EA SN, JFAICH Sz
BENHZ Vv, EARBZT TR EATIZL %
FOBEAITHI, CO,DIEBYHRE=F —&
N7ze T TIEHMTOWMELEIIFMNDS CO, 1
BIFEFRIREBIC R > TWH EEZONL 2D, IFH
JBDEA D B \IISF e & T AR o
B CO, DFEF % TR ENEERD M Tbh
2o BEO70Y 27 MZCOFEARE LTI
INHBECH 2, £ HMICh 72 BE LB
=7 PR ESN TR == BT
uyzs MThDH (B - AR, 2008),

—77, REEETTY 27 b TIEEER 900 m
WZIRAE 3 % KRR 0 & oK ik Jg 12 900 T+ > @
CO; ZIEAL, REPLDRXY VI A %ML
720

2008 FEICHARTHANHFMTF I v b TO
GEEZZT, ENTHRKHER CCSHEHET T ~
POBREIIIT B ENMELODOH S, HARE
T CCS %3 %G D BE A RLREIC O W
TRBETHLIMND, F72, RIFEOFOWL
DA Dt T b IR KR B % A
ZEAHAMENT V5,

III. CO, 7 BEEYR & HihETEE

1) PEEEYRELHT

KIIFEETT, BT, kX v b THB X 0L
7T IR SOPET A D CO. EEITE % 5 &
B10%TH 5o HEH A H HAERED CO, % 558
Y 2 Heff & LT, AL, W ERRI: B
LFOWMAEGTEHESTCICEMRMLER T3
(IPCC, 2005) o LA V& 5 5k 7 W DU VA
WEJ TR E D CO, & b2 S T S8 5
FHETH L, ZOTFTEETIE COu W5 % O WIGH
EMEAT A LICLY, BERED CO, & MY
LI UNTED, THIHL, BHETTRIIGELIR
WA TR O COp, AN S &, ZOHMET
% Z EIZE 5T COs % 5 HE M3 % 25 B
BEETHD, —J, ¥FI4 b EOBEREAE
DOMIFLIZ COy % MBI I SR 7214, WET
52 EIZE 5T COs &5 HEIN T % O AW 57

HEECTH B, T D X HIT COy 43BN T,
ME - BERMBAD 7Ot 2% 0L 720, TRV
F—DOENZEIERIA TIPS, BIRT
13X COx 73 HEIIX > a2 2 T A3 v iy 7 K D 4
0% 205 LXAEINTVE, 20D, H
A O 3 & b IR Y R AT O B 58 78
WETH 5,

2) Hixx& EOR

KBUBEHEI IR A & 73 BRI & 72 COp & 78 A
7T A YT A EAMIE T TS ST
%o 7 A1 71 Tld Texas, New Mexico, Colora-
do %= EBEDOM%E 72 < CO it /84 75 4
YHERF I TWS, KIKCO, F—A & LT
< HI BN Twvr % McElmo X Sheep Mountain 2*
LA T 54 v HFAHL T, Texas M D Perm-
ian Basin T CO, Z izt L, EREMEAMKT L7
MWHANEAL, AMOMEHERIL (CO-EOR) 2%
AN ATD LT W5, CO-EOR TIEEANIZ CO;
BRI ELZEI2E T, FHMOREMMET L
FIXLRT L % b ZOMBETIE—EHD CO, 2°
MBIZEEZ 220, FMBINE M EE &L
I COHIIZDH DM B, & F ¥ VB Sas-
katchewan I |2 & % Weyburn 7l H T %, 2000
EX Y REBEZ CO-EOR 70 ¥ = 7 F 25D &
nNTwb, 2O7uP =z ik IEA Weyburn
CO; Monitoring and Storage Project @ 3 H1JZ7iE
ABEE LCHEH SN TWA, Weyburn il H Tl
1964 4E % HKRBE: (FEARIC X Z L) 2 X3
EOR 237hNT& 7225 2000 L) 7 2 A D
S = AT ATMIH 2 ART AT T ¥ FTHEE
B 7z CO. & 320 km IC L B84 75 4
THi% L, CO:-EOR DS D L 91772,
WA, T A A BUFIZE IR EE o [ k& [F R
12, COy H?@IJ%; ) i@ﬁf X 55?)]" L v CO;-EOR *i
#i (Integrating CO»-EOR and CO; Storage) ®
FAFEICH D LA TV B,

3) HiBMmAXHEB LU ARBADEE

CO, i llr A o34 & LT, fhigiAa AH
(depleted oil and gas fields), #i FEEEED A1 )E
(unminable coal seam) B K U3 7K 1 4F K J&@
(saline aquifer) 23ZFIFH5NLTwW5 (H2), b
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HRMBER T E oM - Bl

2 CO. M PEFREEE, WARBE Y B X O RIEZE DO &K (RITE, 2008).

Fig. 2 A schematic diagram showing CO; injection into middle and deep ocean, deep saline aquifer and deep

unminable coal seam (RITE, 2008).

Wrs vyt s s —nKI2-BHAHTIE, KK
H AN S 5 HE L 72 COp % BRIETE O A Ay 44 g W
WIEATAZEDRRKRALNT WS, 2005 4E L D
RERM 72 CO [EADTONTHBY, R A H=
A LNOBRZTRD B & L BT, AHE 7 COy
FEA BB R 2 DTV 5, AREN
D COz IEA (RFEEE) 1225w TiE, K—F ¥
FTfiH N7z RECOPOL 7u ¥ =7 MV L HAR
DX LBkl 7ay oz bk {ms
NTWb, COA5RXF VIR TH RIS S
N2 T WEEZAN LT, CO G & IS 2
FUVRPRATE LI ENS, FERF—ZA T
TTHRBEETOY 27 MDD LN TV,
4) HKBEANDEH

2005 EIZHAT S N7z R PR WS B S B BRI R
#3 (IPCC Special Report) Ti&, MK A
J& (saline aquifer) ~® COy M1 Ji7 58 (LLEE,
WK EIER) % [ RGP OIE LR A A
R EELERDODTELRFD—> | L
BT TW5, TOELHDO—D2IL, HKEH
BoOLORT Vv, HREKRTH 2 KB
VY LHRBEERTWSE I ETH B (IPCC,
2005), WAKBERIZ, ZhE oM KKT
A O B5E R A e AN C AR S N7 Bl 28I

HTE 20T, MDD 5 BRI SEEM & L
THIfF s N Twb,

KRR oMRER L LT, LD Sleipner
Talrr PRI LMENTW S, JLifED Sleip-
ner ¥ AH T, RIRFT A0S 58S N7 CO,y
% 7 AW EEE oYKV KIE (Utsira &) 121
AL Tw3%, Utsira JBIL{EE T 800 m ~ 1,000 m
WAL B RFEROBE T, 2o LBEECEE
JEAE N, R 40 km, FEALR 200 km DL Eo
R B0 RT vy VIR TH
%o 1996 4 10 H X W #3E2BHIA L, M 100
TErYyDCO#EALTBY, ®EMITIEH
2,000 5+ YD CO, K- SN B TH %,
T/, 7TV )T TIE, 2004 455D In
Salah 7" AHIZB VT, KKK A5 58 L7
CO, (W AERD5~10%) %, KEAMEHET
WCH T oA AN (AR KE) ~OEA%E
FToTwb,

IV. HKEFEDOIFEAHZX L

ZITE, oA T YUy VOREN
HRBIRIZOWT, ZORA N =X L F RN
%o KPR O IGZFICLLEWE (R
J&) 225%->THEY, HEMICHAMMEIIZEA
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ER ik R K@ (Saline Aquifer) T® %,
RO LEIZIZRE SO & 9 ZE RO
e (Fxyvy7av 7)) PE-TwW5b, Fyv 7
Oy 7 &b WEA F— ol YRS 24k
I AT E R KR L IEE R, AR KR A
DOl & F CHEME & 2o T h, HARERN
THERE S 7B M K IRE L7234, CO.
IWEERTF Yy ViER 20 v ERkEShTw
% (Tanaka et al., 1995), Z it H#lakeE H
FBEDERNZ 7% COs HIRE DK 12 4E53 124 Y
T5. —7F, F—2hidEz b v Ik
g% Hbe AT, WAKREEORT Vv y
VA 1,460 5 b Y IELTWw5 (RITE, 2008)0
WAREICBIT S CO, OFEIIIEEOE L
MEOHBTH L, EHERESZENLEN 125
MPa & 47C D4, COy; DMK 656 kg/m?
ERDPWEAKDOEE L VIT/NE WV, ZD720,
WKL OFREZITER T 5% 12X 5 TCO,
IR e EERARBET 578, BBV E v
THYy 7k 5T, CO,OBEIMEM I NG Z
Ll b, TNAWEL N T v 7 (physical trap)
IR B RBIFRRIC & o THERELRIFE A H =
AL ThHb, —7, WAKBIIIEAZNIZCO, D
—iREHEAKICHEMR L, BN v 7 (dissolu-
tion trap) 2SHERET %o F 72, COEMIC L o
THEAD pH XK T L, HEARERT 256
DEWEDOFIEIZ LD COz IR & L THEE
ENb, THIFEEWEE (mineral trap) &IE
NTBYHKREIZCO, 2 RMIIHI o TRAEI
WRATEDLANZALD—DTHb, RIETIEKR
R AT L CHOENTOBEE T AT v T
(residual gas trap) IZ{EHD#HEF > T 5, K
IR ADIRIBIZKEITEAT D &, KGO HT A
FHEKICE S THILBIT SN DS, —HBOH AL
WIHEBICEE > THr R k>TLEI, &
DX BHTARREN A LTS, CO, M iy &7
TIRABN L EKEEIITbI RV, FhIC
Lo TCO A3 D L) ITHFBOBESIZIH- T
B4 L3ELZONE, CO,DBEICEL
TR EORR M HKRMMRATIUE, KIXRF ARG
NOFTEKCTHERETADPELLDOEF LA N = AL

' CO, injection

M3 WABEBICBILIREY AT v E
YT AN = XA O &K (Juanes et al.,
2006).

Fig.3 A schematic diagram of the residual CO.
trapping mechanism in aquifer storage
(Juanes et al., 2006) .

T CO. HFR 3 2 WHEME S Ve LR AR
B w-llEEZBTiE, BATA NS v T2
ATETBY, ZOFMIIONTIIARIRE (8 -
KA, 2008) 125N TV 5D,

V. CO, EFE=4U>YJ

CO HAFlF 2 R WLLZTANTH 59
(FEEWZE) 72023 B 20 5 AR 2
RV, ZDOICIE, WKREIEAENE CO,
DEBEE=5) Y I TUEND S, CO,E
=¥ roEZAME LT, OFEASNTZCO,
WREVIENRIGIREE 5 2 L OMR, QY
JBEFNORBLICLERCA Ny F 7Y
M7= oW, G- EN» SO CO, il % 1
WL, TRMILKFLLE 7 & 0k St B 2 ) I
MR OWRME, ZENH D, CO,T=F Y ¥ 7T,
WHE=5 ) ¥ FEM EALFNE=5 ) ¥ T
Mz is (IPCC, 2005), WBLE=%" >~
FEn, OEAREOET - EARORE, @
W2 FIH U729 e > VSP, @# 5o Bl
P FH L7250 Mg - Bk NE S5
74, @OmEWNE, OBEFE AL#E %R
L7z ORI AT OWE, ©=KICHERSE
&, RETHL. BUIEZFHTE, #phTo
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Fig.4 Locations of anticlinal traps revealed from seismic surveys around the islands of Japan (RITE, 2002).
+ indicates locations of anticlinal traps.
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Fig.5 Locations of large stationary emission sources of thermal power plants (small red dots), iron works (small
purple dots) and cement factories (small green dots) in Japan (RITE, 2005). Purple circles indicate total
CO; emissions from eleven areas. The circle size is proportional to total CO; emissions in the area.

CO, ZW) O 51 2 JEIRHS T REZZAS, BRI 20
b DOH CO, DIFMEARREE 22 ) D 720, FERE
TIEBWH 2 BE T 2 TEEIIEKNES I,
Sleipner %> Weyburn Tid ) & U =R T HiEE I
A (4D seismic survey) 23FEM S, Mo
CO ZBDIR7ZFTHR L, RGNS D CO,
TRMERICO AN TH S Z Lhbh o7 (White,
2004; Arts et al., 2005) . A AHBIF TER S
N7z N R RS A A 2 B U PR AR
i, CO, =% Y VOFELBMESFZ o
—75, ALEME=% Y ¥ FHEE, QI T A
YTV ORM, QWERNELO T AR, @ b
L—H¥illR, 2ETHD, 20HH, Wikt 7
) Y 7 TIEHEARAND CO RIZ & o T, Wik
D HCOs™ A & ViREOEALR AL L3
REPRZ ST ENTE D, Weyburn TldH)EK
+ 5+ CO ROMALEPULIZDOWT, Hifb
WE=FY Y 7D E, IFRETOENIG,
HJE K~ D CO, i & IR RIRSE Y DR & v 9

TOOEELR FUBHHREE S Nz COL BfFIZE o
THUE KRR E 2, KA Fa< A b
DALF BT & - THCO;~, Ca?*, Mg* 1 +
Y OWMAFERTE /2, 512, EAZINACO,
DRFED, WO b L3 F % o 7 ALK
O LMD, EAENCO, (08C &
35%) &P @O AR o HCOs~ (0%C # 6
~20%) LDOIZLDIEANSNT COp 2NBHR X
N7z (Perkins et al., 2005), Z® X 9 12Ab&FH
EB=F) ML, CO i o B %4
EFHGC S TE %, FEBEOMPIFE T % =
7 —F 2 BB R R RO 2 LI
%Y, BHICARLEZ YY) v I HN 2 EIRT
HZ LI A,

VI. ERDOEE & CCS RHEICm T 7-3RE

WA O G & 7 B KR IE H AR ORI & i
W)L 53459 A%, Sleipner % Weyburn @ X
) BB O IR £ T 556, TEAY
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WETLNOTHD, LI, JEATA D%
E DA, BEREEE L KR D EE MR
Ehbo M4 FEBMBEBERL VAL NAEA
DU R E DA L KEEEZR LT3 (RITE,
2002), ZOKTIEFITHHHOTKE, oK
2300m LE DB OGAIIRE L T b,
Jeiil, Frivlts X OB 50 5 178 T
BT, MEREDOLDOEREREDTHLN TS
D, INOOPFBHEFITEAT A PREICE T
WERERE 25 EINOREE 5 A iAo RE
IZ2oWnWTiE, 2002 4EE QPR Ya Y 2 2 b
RS E 5% Sz (RITE, 2002)

—7, X5 EENORIIFEET, —EEST,
LAY NTHO XS e KEBHEH IR O 54 % 7R L
TBY, KB OBFILAER CO, HiH & i 2 fif
T# % (RITE, 2005), ABUELHEHIR & 4 KE D
SRR E 2B &, RN R % FEBLT 5
UL, RRT VY v VR E WIEREE PR S
(FRMEEZ A LK) 2 HEICANZR
WRLETH L, 72721, WHART vy Viddh
BREDOEIZIED  THEIC X - TR & N2 CO,
R R Th b0 2 DIEAY A N EEDERE
T, RV 7RERERZFERL, IFRHWTiEE
AL TR S v,

O X ITHH IR B, T A S OHIE
JEA L7z COs DI, BRBENOLE, LEWT
M FR O, WEAERRANOLE, Bl 0%
fiti, EIROBFELR SFRTREREIZ V. L
L, HERIFREASHESR IS HER S Tw 5 K0
TCHEI R IRISENR T WBURZZ 2 5 &, Hirh
I8 COy HEMBEEIRO B 2 HM O —>TH
Bo b AZIEEREKIETOD COy IFRA A H =X L
2B S 2 BREATZE & BT O B % 1E CCS %
HoRZRSTWDEEZSRDEH 9,

E i

AR REV A OB [ WAL he IR
HAMWEZERE ] OWRZHTLICT D72 DTH b,
MBI FREDOEM D 72 o TZ, HERBEEDE LRI ZE

Bz IZ Lo, =y =7" v 7B, FEG
FHREEOL O IITH 2 wiciZwiz, £72,
AEFOZIRNZ B 72 » T, A/NFFERERH O
B Bty A Y a vy v ) EEFTIR GE
SEHAMARAWIZET) B X O EMEREZTBE SO
WICME M2 wiz2wnwi, 22 L C#Ez
£LET,
E

1) 47 v ¥ OWFFHEERT (TNO) Al 2D,
EUOREZIIT, =5 FOY LI T IHTET
bz kERE 7 v Y =27 » RECOPOL: Reduction
of CO; emission by means of CO; storage in coal
seams in the Silesian Coal Basin of Poland.

2) MREEOWEERT V¥ ¥ VIZDWT, IPCC D
FER S ETIE “likely at least about 2,000 Gt CO,
in geological formations”, “Likely” is a probability
between 66 and 90% & FE# L T\ 5%, |IZ, ZOlF
MAT Vv Vo 50%FHT& L, HREERD
CO, HEH i (265 8 & > 1 2004) DY 40 E45 127
M55, ZONBRT V¥ ¥ VISHEMA AH, &
TARBIE DA RE B X OTREBHE KM KR8 & 3 5
FHI 225, O B ORESIE AR AKRE 72T
b, WHRART Iy VIIRIKTH 1IN EBRT
5o

3) TTICBN SN SOWE - LT — % 23
WY oA EEETVEREY 32— a v
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