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Flue Gas CO: Recovery and Its Application
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MHI and The Kansai Electric Power Co., Inc. have been developing flue gas CO. recovery technology since 1990 as a
measure aganist Global Warming. As a result of the research and development efforts which have now been carried out for
seven years, the new energy-efficient solvents KS-1 and KS-2 which are less corrosive and cause less degradation than
those used previously, have been developed. In addition, research has produced a new packing, KP-1, that can reduce the
size of CO; absorbers and the horsepower requirements of flue gas blowers. The pilot plant, which is located in Nanko
Power Plant of The Kansai Electric Power Co., Inc. has been used for the pilot tests of The Central Electric Power Council
targeted for all utility companies in Japan and MHI since the fiscal year of 1995. The newest developments are presented
in this paper, as well as a description of the subterranean sequestration of CO. to help stop Global Warming. Ways to use
CO: for industry and related economic matters are also discussed. We hope our new tehcnology will contribute not only help
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prevent Global Warming, but also prove beneficial to various industries.

1.3 A » &

1926 A7 79NN FT x4 nlcBWTHEINE
HIERRSHEIC B W ThEEIL, TR 2000 £33 Tz, CO. Nk
HEZ 1990 F£L -~ KFELT 2 2 L BEI Nz, 85I 1997
4 12 Bic i3 EESE S COP3 12 3 W THEE 2000 4 LIEECO,
DEIBUIZ D THOBEE R T B I L TFEEN T B,

ZDL) EEREZT COBHBIRN 1 FBE LT, S,
1990 4 & BITEE ST (Bk) & #kE L TRk AIRBERT RS ZHH 255
7 CO, 2L BT & » CTHBEEIR § 2 PR 2D T &
7z,

CO HlEinFE:e LT, Bz AnX—1, BExE(l, CO.HEH
NPT I ANX— (LNG %) ~niglk, EFHIRENHE H
RIANX—DFFENHEF T LN T L LND, B NL¥
— P ITR VB2 EiIc BT, BEREL2 A2 20— FT
CO BEHZHIRT 2 NDIZRB TR L Vi L bl TW 5,

—HENTIE, I—o v GEERKEN L ICBERAI» LR
R AKN~DERPEDG ETFHEENTWE 0N, BERRY
ARZEIZFEALTWwIF T2 2R, ORI - RIKRT ZEED
EMNFEL W VT2 —Tid, CO DEML, M5BT % iEmHaY
ICHEREL T B,

Zn k5 HRIMT T, COP3 R4 ERER CO, BB+ 2
AL L) BETAATER L EXH 20D, CO, B - s
B ZHELL, WOTLMIBTEL LI EBLTB I LRIEE
Th 5.,

—FHieBWT, BRICHY I NLHEM% b - CTEEBIEEUS
b, CO:N=—XH BALFETER, —RA%E, F2RimobEE

B\l (EOR : Enhanced Oil Recovery) 7 &z & % i FH &
I3E<, BRICLA Ty, —#&a CO. Al&ic 150 t/d DIz E R, T
HEH 2 50 CO, BINEBE AL T 3,

2. YFAROPEBLIR B & FERBH

2.1 ¢ 3k B W

KA ZHe AH 69 CO: BINEAMIE, &< b o RBEKE SN
CO EEICRAVLNTERL., R HI{bETEIIEWTR, V-5
IRAEERSCREREERIC CO 28T 2N AL N TW
3,

INLEDRA FHT A L0 CO BIRICIX, /25 /)—N1T
1 ¥ (MEA) #HwbhTw3, YHiEdFcor/ 22/ —n
T I VEDOBMONT, ZDWEFILDHMRNFE { > %
AW BliiZFEiET 5700, BEEH G OmBXNEENIC <
Aoy V77 2EEL, CO, DRINMRES T 2B %K
HalL7:. R, £/x% /0T EAWENL, CO, M
WDLHICEBT DHIRINX—DKEL, L2/ 28 /—
WT 2 DHEREBRERI S W L BRI N,

L, REHENKRA ZH5 20 5 BHEIICL DT RN
—HELIDHLL, CO, 2ENT 2728, FTrRAT—iIBITERE
W & DEMA & iR 72,

(1) BREHBEE TR NX —DKIBHIR

(2) Bk R 7 0 7B OKIEHIE

(3) REFBENAELEEEN > /%7 b

(4) 7 3> uxnXKiEHIE

(5) HEH 2 BT X 5 135K

6) BE77>t LHEBRKR 77> P OBRBAF—LA4 YTV

*1E75 > P iy 5 —H
*2 EBWRAIETS > P IR RS T

*3 LEMRATTME TEWREXE
4 RRRETWE THFRE

ZZHEETH# Vol 34 No. 3 (1997-5)




— g AT A

2. 2 FBIFZLFX—FRIGEDEIRE
ERRINEEIC BT B |RANT — <, TORELHELANLY
—RERT AL TH DL, REROFEMTH S MEA 2 AVTHRA
FH7 2 5 COz % BT 2BED, RIENBFETANLX—IT
4@y b 7T b RERIC BT 900 keal/kg CO; Th BT L *
HBR L 72, ZOfElE, BT ALX—ZIT BT 2R, T
2B BB R L X —D# 20 BIHET 5.

LHIZ, FBEIAAX—DHIEERS 20, T3 r0ukiE
DEAFBIEPBEIRANX AN L HHUREIFENI L
ICEBL, LI UATTY)OFRCHEENH BT I DHT
AFTHeZ 80 FEEIC DWW CEBAREZEKRL, TP THFLELT
IOV TIR, NUFRBE L ANBERBREEIC L) £
- MR WS OMBEROFEL AR L 2%, Moy }T7
v MBIl R 2 T% - 72,

ZORER, BLENTWL 2BEOFIRIE E L TKS-1 &£ KS
-2 ZBASEL 72, WTNLRERDIE TH 5 MEA 2 H~# 20 %
BEIANX—DOHRI T TH L Z L HBAL T3,

H1i, 4wy 772 MBI ABRIUEREN2HDER
BB OV THIRIGE KS-1, KS-2 ¥ MEA  #MiEL7zb
Th5b.

—%, REOBEIC OV, ERABRICBWT, HRIUE
ThH b KS-1 RUFKS-2 BT b BaEEIIFEREICL% <, BREY
FIMELWEORBREEVE LN, R1IE, MEA & KS-,
KS-2 t DEEEML VBEICHEL W HEAETICB TR ARR Y EH
LIzkRTh B, 8RO MEA ZZNREBER> LD B LI 1T,
RN e 2RV EREMCIEI LW E2T0 5.

100

# Z & :555meN/h 2
CO, MK : 10.3% e
L/IG Bl -

90

X g0}
% 4
§ /MEA30%
~ 70 /
S
(&)
60}
X 1 L L L L L 1
50 150 200

Rt E (ke

®1 /840y 752 MoBIT3ETERE L CO EUR
ROBFR

Relationslip between steam consumption and CO:
recovery in pilot plant

Rl BRERER

Corrosion test results
(B4 : mils per year)

TAF-1 FAR-2
MEA 93.0 76.4
MEA+A{>tkE? 9.5 8.3
KS-1 3.1 3.6
KS-2 2.0 2.2

- HBREM 130T, O HET

195

40’-
i@ 30 MEA (30)
0
# 20F
*g; 01 KS-
3 1of ®:KS-1
T Q
0 200 400 600 800

&R (h

2 MEA, KS-1, KS-2 D {bEmInERES
Deteriorated product of MEA, KS-1 and KS-2

A ay b 77y FRBICBWTE, CO: BNz RN
X—n&%bT, RIBENHILESZBIEEEIHMEZ LY
WET S L LI, BRIGENHRELRIEL 2. K203, FRIX
W KS-1,KS-2 ¥ MEA O#EEMIENERESTH 5.

2. 3 BERFETAH

KA FHA 2 50 CO: B 7 8 £ RI2BWT, BINENFEE
IRNXF—IZRNTEZRANX—HENORELZEBIZ, a7
TOENTH B, KA SHPT R, FORBIFEEICKEL, b
THRENERNMETI, KELX7ToTE8HN0BIRE2 L7267,

Z D7z BIIZ, T RDEROIEEIT/NE VIR TAMDE
RICBAMA T, FATHRBRED S ) bIT, RNBERAREME &
L CRERHBRIGEVWHTCAM KP-1 2B%L, 42y b
7T+ CO BIGRIC|A L TEDOMRE R HERR L 72,

B33, CO.RINEIC BT 2ENEREZRERIFTTAM & Il
L7zbnT, F—He7 ATET CERED 1/15 I2ERT 5 & &5
RAND & FEERC CO RIERED KIBM LAFERR I Nz, Z iz
HEEH 2 PR o iz RIPUED 3> o7 FMESTHREE B B &
E iz, FRCIERER{EHERL .

2.4 REBFSCPLDERASRATFLDA VT L—ay

ORI KS-1, KS-2 nBASEIc & ) BN FEL A )L¥—i3
KIBICERTEZ L ND, MRELTRELZZRLX -2 ST
T35, L Lads, BIENELER 110~ 120 CRRENERCIERE

1000 -
800 |
L
600
r TRUFETAH
400}
T
<<
E 200}
E'S
®
= FRTAM (KP-1)
100}
m 100T
8o}
60}
a0t &)
i L uy 't L i L J
04 06 08 1 2 3 4 5

HEH ZME (mN/s)
R3 CO. RUVERIEEEL

CO. absorber absorption part pressure loss

ZFEETH#® Vol 34 No. 3 (1997-5)




196

THHEL 1280, BEESK (2~ 3 kg/cm’G) THA TR TS 5.
RE7I7 MIBWUEREEAZHMAT 2 & & bic, SeEERE
BENOPHBEZRET 7 FRRBWCERIICHAT A ERRENA > T
TVv—2a v Y AT LARBEELL, 2D AT LIRBWTLNG 72
ERNEB7T 7> FicsiT 2 CO: RN HNHHNMET % 5HE
THEHSRBTLEZHZ EHHEBL T3,

2. 5 FERITTEBABHBFTE OLEH

ey b7 FPRBRICL 5 TRLNLERRUERNA >~
T7Vv—a Yy AT AORTHERED L, (EREMEBARL K
M DB ER 2 ITRT.

CORPL LGP D LI, KA FHHT A 59 CO, UL £
WE—DERE & LI, 2—T 4 1) T 4 REME O KB L AKRKH
WREE %o 72,

|2 LR & BRI Hel

Comparison of conventional technology and newly devel-
oped technology

H H PERBAT | BAFEHAN i %

A ) g |KS1#T@KS2ZBRMS
R

—— ) e |KST1# 2R KS2BE
b 7]
KS-2# E T 3 > o xHl

i

X HE IR K 1 1/20 SR

N B&RA > b |BFEA >k |KS-1 & 72 3 KS-2 BINH

= EIANE | € IHTE | B

RIS & 0 ) 15 | KSL#7i KS2RRMD

T ETORHE prid:)

— . 065 | KST 2 i KS2BR#A
A

WRIRISTE 1% 1 1/7 | KP-1%TAMOEA

) KS-1 % 7212 KS5-2 A D

gﬂ%gwﬁﬁ 1 Ve |mA, KP-1R USRS 2

7 LB

3. CO,mishins

HBRIBRR LR L L Cid CO; UL & & b iz CO. M5 F ik L AT
RTHY, BRI RSTESHLENLWIRY, CO, B, M
LD AT AT e\,

Lz, A - RAY R 0LERMOBFERZIC LR, LD
2TEBY, ZOFBIIBOYTL, FRARMTICEAT S &p5t
REHT—HANITLN TN S,

3.1 HADBTEADH

B - RRATRERE, FEOTEHICBW T AN TEALKR
DEIEETIThA T 5,

(1) WHDESH A4 > TF 2nkbor ZEA

(2) #RI>TFre—FEWRD2HDH AN KA 7 VEA
(3) AR (EOR) iR A 2 % 7212 CO. EA
(4) RRZTZOM TR

(5) HaS 4 2 m i FIE A5

EENS B, 2), B)2EH, FRarFrr—tEEDN:
DIATLNBZBAMTHY, 4), GYRIFTANMTEBZ B LT
5, Iz, (1), (2), ()MHE, FRarFre—FHICH
ZAEEATZHY, (4), G)RMBASTZHUM Xy 7oy
ZNLo5N) LEHAKEENRE LTEZITPATED, Zh
LA ADMTIEAITAM - 7 REENSE TIE I — 7 Bl
Tho.

INLDHIHLTCO, 2EBICHTICEAL TW3 0k EOR B

&, H.S i D OBEREEI CO bEAZINTWBE 204 —
ANH B,

3.2 CO,¥kBLs

TN WIERIZEITEDdH 24 (Porous) %G rBELREHI
BItHELZ-TEN, ZORTHEBICHRN A2 F - 720h
WH - AZRETHD, M- FRAOLHELBIIFE KB E L TR
EICKDASTED, HOBRNEWERNITEA LK DEKE
Thd, Zolh, HKBIHRPELFCH), LB LD
W8 (CapRock) L -»N) L kBRiEL#KE L2 RO
CO: 47i%, CO, & ZDBICHHAL /21T THRETH 5.

N7 2—l2BWTIE, COXMEE L THFARINDI>— %
NTaPz 7 LT, AVA 7B IAHORRKY AHH b
SHER 1172 CO, DEAHT1996 4 10 A A H4ER 100 77 t DBET
Btgane, MAaR3In7el= 204733777y b7
—LONBETH B,

B4 RVATF—BA72a7T5y b T3—4A
Sleipner west offshore platform

—F, A FRx 7BV, +VF A RBNERICHENR
KT ZAPIzEEND CO: (11 %EL) 2H8EL 72 ADEHDH
KBITEEAL, RBZ7 23 LNGic L THET 270y = 7 b it
HEENTBY, A70y27 b rLENICEETIEEM1ELIC
B3 CO D THARBIZEAZINDE Z LI > T 5,

ErEIcBWTH, #O9 D CO; 3D izrNBEMMOTZE &
CO: EABMEZ LY V=T ) ¥ ZiREH S % OIS HRET L T 5,

3. 3 CO,; Enhanced Oil Recovery (EOR)

CO; #HW7/2 EOR I3, 2RI AN gy 7ikE el
= NTuYs 7 FORBEN, BAEREICBWT16 HoS—
VIL/d DFMOBEICEFEL T2,

CO. IFKENHA, FICO TR LA T T4 vzt T
BRI, WMEICEAZN TS,

KRELSNTIE, HFF, ~OHF)—, FPAIETEHIN, U
iz ) —izmitiz CO, BERRIEBRASZMEEMAL T 3,

CO: EOR %h &, CO. i HEAMEVES (14~21 MPa) i<
BWTHREHBE I v O7TAREBZEL, Z0LHRBOMBERDTR
EEE L CAERY, RSN X [N 2 REAICED 3
ZEWTERLZILIIH S,

CO,EOR D7 v Pz 7} 2HBEMICKIE 8520113, WH
i2$1F 35 CO, EOR %7 3 —= > Az & (%W CO, T
ZL DFWMAEINTE 3) & CO p e KBl TELZ LD
BABMETHS, CO,EORDae—rxN7uP 7 bid—ik
BIC KD FHEIC A S,

® CO; EOR /¥ 7 3y —<> R --+ 3 ~12 MSCF®

CO. /BBL Rik

ZEETHB| Vol. 34 No. 3 (1997-5)




5 HHERR EOR BLEH

Concept of flue gas CO: recovery for EOR
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Flue gas CO: recovery plant delivered by MHI
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