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Survey on the Carbon Capture and Storage process:
Comparison of the chemical absorption process with the physical absorption process
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{EAREHRE I DIRR AL DT DT, FBATHEA A5 CO, % /7 BEEIL LT NSz T E 5
HHERD D, SRV & WERIEIC DWW Tt 2 &2 MEt L, CO, DABEEIN = 2 |
ZEiMl L7z, MEt U7=#ubii, BimiLEiig Co, Db £ T& L, BFfliEEA = 2 MIEA T
7200,

CO, ZrHfEENY = 2 MX, b5 (7 2 2) WINE Tl 4.1%kg, WELRINE TIX 3.9%kg 720 |
PIBRAIEODIE D DA T2, B IET X D CO, & fET 2 I = R L F — = 2 b
25 0.8%kg L m <, BEILEEDTDDORMEM & ZEOWIKZID 5> TdDE )2 A B )
2.5¥%/kg L EV,

FEATE IR T2 D CO, Bl E% 0.7kg/hkWh &35 & A RIOMRFOFIFH CHRAEBNEHTZ VK
28¥kWh D= A FNEa A2 MZ EfEA SN D,

BUR TR O HAFTRE XL X —FE & OBFTEL LU,

Lt BTSN TR OMRE & BoBEE e EOF M2 27 9,

Summary

We analyzed the chemical (i.e., amine) and the physical absorption processes in the method of capturing
CO, from the fossil fuel power plant exhaust gas. In this report, analysis is limited up to liquefaction process of
captured CO, after the desulfurization process, so that the costs of storage, transportation and injection in the
Carbon Capture and Storage (CCS) are excluded.

The present analysis shows that CO, capture cost becomes 3.9¥/kg in the physical absorption process and
4.1¥/kg in the amine absorption process, respectively. The physical absorption process is cheaper than the
amine absorption process. However, the CO, capture cost is about 4¥/kg in the both cases and it is almost the
same. When the amount of the captured CO, per unit electric power generation is assumed to be 0.7kg/kWh,
the cost of about 2.8¥/kWh is piled on the power generation cost within the range of the present analysis. This
result suggests that the future competition with the cost of other renewable energy is severe under the present
situation.

The storage, transportation and injection cost in the CCS will be evaluated in the next step, together with the
comparison with the membrane separation case.
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1. BH

(BB BRERRE ) DIRRFE D T= DT, FEIHET A 025 CO, Z /BRI L CHHF NENIZ AT 3
HHENS D,

CO, DAEEEI L L LT, BB E R A 7 —CRABEL . BREE - BARALEE L7-1212. CO, & ol
[E] 9~ % Post-Combustion 770 & . #REF 247 1,300°C, 5~6MPa D& iEm/E FTO, VT Ak L,
Pedge « AKMEA A7 ME (CO + HO — H, + CO,) « BiidLEE L7=#12 CO, ZBE L, %
Dtk H, ZRE%EED L IR L TS & 975 Pre-Combustion 523 &% 5, Post-Combustion
FRUITIE, R CHBERI CE 57 2 N2 L DU TE, Pre-Combustion 7 221X m T
TArBfERIIL T X % Selexol #% (dimethyle ether of polyethylene glycol) 72 £'\Z X 2 BRI UL B3 &

o
Al AR & BIRIEIC OV T Pt A &2 #HE L. CO, DABEEIN = 2 k23 L7-,
Rt U7 P, BB CO, DR ETE L, AFElSEA 2 X MEIE A TR,

2. REHER

1) EL 585N

R ZBREFE U R BRI 1,000MW OFA 12OV TG L 72, CO, DFFFEINER 11 90% TH D |
HERITR 7000h TH D, 7 v AEMIZ OV TIXIEAReport[1] (201445 H) #5#&I2 LT,

ME L7 mt 20T, 7 2 o WILEET Shell/Cansolv process (Wit MDEA+DEDA") . ##i0%
%13 UOP/Selexol process T 5.,

L IARZWIE, X 2 (2B kO 7T e R L £ 5564577,

11MPa  30°C
Ha~  43C —
g o &1k O,

l - CcO '1'/7
h 21\%
-

CO, BRI 5 (25)

0.1MPa 30°C

AR R R BEHE X
127Mmol/h Booster fan
CO, 13.4% p_p

X1 1EZRIGE (Post-Combustion A=)

Y MDEA: methyl diethylamine, DEDA: N,N-diethylene diamine.
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CO, RV T 11MPa 30°C
B REKEHEA CO, et ‘*jéz it 0,
h 20°C |

CO,IRUNIB(3EE)

5.7MPa 25°C 25°C
HARE -/

BRERERA R
43.5Mmol/h Selexoli&
CO, 42% i3 7n

I5vvaRTL

2 IERYLE (Pre-Combustion A=)

2) % (7=>) BRIE (Post-Combustion A=)

IR RS DBRBEHET A %, VeI CO, WIEE T CO, &7 I VIR CRINBRET 5,

CO, W L7227 2 U ERIIE CO, ks T 120°CITEA L T CO, Z it L. D% EH L Cik
L LEFHIC 72 5,

Tav ADERDHRA L MIKRDOLEBY TH D,

i) WG DR - WUUE DT 2 A28 D CO, DB E S D L X —0N R 5,
AENTEHTHLD Shell/Cansolv D FEEE (2.5MJ/kg-CO,) [2] ZHMH L7,

i) CO, fifEINER % 90% LA E & L, 7> Booster fan D &) /1 283 5 121X, ETERED CO, %
BEBMETH D, WIUEOHFERER Y 05 FEEE &3 25m & L, Flikt & L TR
M EBRH LT,

i) AL OT I i, BILEL TR TH D it TREND DY — 2 SOy & UG L THIbT
%, B TRROEIIEE CH L, REEPET A D U —2 SOy 1 23mg/Nm® & L=,

ROT- FEMGOMAR LAUE LMk, B, SETRLF—REELL1ITRT,

? Cansolv YEWILHE DKW EHBNRIL, AT —Z RRON RN, [FSEOWILEEE &> AMP
(2-Amino-2-methyl-1-propanol) D4R A7 — % CHRUH Lz,
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=1 {EZRULE (Post-Combustion Ax) TE#IR A MEBEBEIRILTF—E

s TEHH 2 mﬁ) E}f iz
its 13m ¢ * 30mH 2| 742
CO, RUVIE | 15m ¢ *40mH 2| 1,150 1985
(FRIEW) FIEE & 25m (4,400m°) 2| 3520 440|0.4M¥/m°, Mellapak 125 #84
CO, fghi& | 7.6m ¢ *32mH 2| 340| 538
(FEW) FIEEE 9m (410m°) 2| 328 82| 0.4M¥/m®, Mellapak 125 #82
Reflux K54 |225m® 2 84
BAHASE E-1 | 534m° CW 1,800th 2 26
AT E-2 |9,700m’ 2| 488
HAHSE E-3 |6,750m® CW 29,300th 2| 342
BZTHAZE E-4 | 1,235m® LPsteam 1,733GJ/h 2 66 BE(F2HSE LTEHE
BATHAEE E-5 |2,200m° CW 5,170th 2| 114
Boostar fan 5mH * 20,650kW 2 108
R T P-1 40mH * 200kW 2 8
Ry T P-2 75mH * 1,020kW 2 12
R T P-3 50mH * 620kW 2 13
R T P-4 20mH * 4kW 2 2 Utility 5+
CO, "> | 350mH * 410kW 2 3 EHET : 97,808kW
CO, E#EH% | 75bar/2bar * 26,000kW 2| 2,000 et 1,733GJh

it 9,346 AHIKET : 72,540th

CW ; cooling water, LP ; low pressure.

3) YBmkIN;%E (Pre-Combustion FX)

B 5:F T, K 1,300°C, 5.7MPa T, fajka B AL, Bg-KET A7 Mtk BifE Ok
MfEIKSR) « BUREE T AMLBR 21TV, FES L IKFR/REB 2729,

B E T TOCO, DL TH 572D, WEWINGE THIEFBETH Y . Selexol # (dimethyle ether
of polyethylene glycol) THifEd %, Selexol #&I% H,S KX TX CO, DRIFFBRENFIRETH H 7=, Rl
THS #WINEREL, Bl&EHE CO, ZRELEZDL, BEREEZB IR, WIKIEEERME T A
L0 ) YA 2 T 5, 2Tl CO, WINKITIRIE 7 T v & 2 #Ex2 3 2 720 CO,
EHEE LD, CO,WIIEIZY oA 7 T2 & Lz, i S d Selexol i@HIZIE, 77 v
va K7 A D3 (25°C.0.03MPa) OO T TW-i72 CO, 7T 5, MifEEE KX T5720,
BRI DOWRIE A 200C E T T, CO, FliEEIER 90% % L S W7z, CO, filifEIHE 95% N H i b
XL, H,S W BRE TAE COMBVILEEZ 35 Z 72 > TR OLALVHEEME T A % & £ 72 Y — 272 Selexol
Wiz, CO, MINEE DR FEICHET 2 2 L RUETH S,

TV ADTERDERA L MIKRDEEBY TH D,
i) WHERIED =80, WEWINMERE DS OIRIE & &0 SRR M DN LETH 5,
(RIS AT (L/G) - ABFWINTE  2.0kghkg, WBEWLINTE  28kg/kg)
e SITEHERE R Y 00 33m & L. SRR BRI 2 L7,

BT EINGE & LT, 7o & 203 A A IR OGS 3]0 miitkeE (bR & <, 0%
BREAENS D, il Z1E, Mellapak350 : 350m”/m’, 98%. & 5\ &, BX Gauze Packing : 450m’/m’,
86%) T, ZAl7RFEEMBEE LV,

Y CO, DEEFRLE s g~ U — 8L, 3,137kPa (25C) & L7,
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RO FEBEROMAR L AE LMk, B, SETRVF—REELXK2ITRT,

=2 YERILE (Pre-Combustion Ax) TE#IR A MEBEBEIRILF—E

WA FELH EH fiitg B8 w%
(M¥) (t)
CO, RURiE 6.6m ¢ *50mH 60k t=170mm 3| 4,140| 5,900 | 5,900t, 0.7M¥/t
(Fei84) FEiEH (33mH 1130m°) 3| 3390| 1,220 | 1,220t 1.0M¥/m°, Mellapak350 84
75w K54 D1 2.3m(0.95m ¢ *3.3m) 185k t=7.4mm 1 0.7 1t,0.7M¥/t
J5v¥aRILD2 50m® (5t 216m°) 3.4k 5 80
75v3a1R5LD3 50m® (&t 465m°) 0.34k 9 144
B3R E-1 154%10°MJh  11m? 5k stm.7th 1 2
B HEE E-2 210%10°MJ/h  153m” 5k stm. 100th 1 6
T3S E-3(23 — 20°C) | 162 % 10°MJ/h(194*10° kW) 7.5 % 10° m? 1 202
AR = 4B 11,700 A7t 45,000kw 1 57
Selexol &R 7 408m*min  30m*/m* 14 & 5t 52,200kW 14 60
CO, Ry 7 735th 80k — 110k  800kW 1 3
)L 5 JUIESE 0.624m’/s 19k — 57k 1,750kW 1 334 Utility &+
CO, [E#EHg 0.034MP — 0.35MP — 8MP  55,000kW 1| 2,000 BE&t : 22,540MJ/h
&t 10,419 BHEE : 154,750kW

k ; kglem*g (g, &¥—%).

4) CO, HREEINR R b
T b7 A L @ERE, CO, EERIIN 2 A bR EORMRHER AR 3 IR,

&3 CO, 7BtEIRI X FDEEER

L2 (73Y) RIGE WERRILE o
(Shell/Cansolv 7B+ R ) (UOP/Selexol 7O+ R )
ESLS WA BR . FERE /£ 1,000MW, CO, HEEURER /90%( L& # 700th)
AREAZ 325th 349t
CO, &= (F/M) 691t/h(5,528ktly) 725t/h(5,800kt/y)
FERRHE (gross) 958MW 1,100MW(520MW-+H, 969MW(thermal))
TRUREEA Y O A R & 0.1MPa  2,900km’h 57MPa 17km’h
#m| CO,14%,N,71%,0,3% , H,0 1% CO,42% , H, 55% , CO 1%
BRixEA
TERFE 9.3B¥ 10.4B¥
ZTOMEHFERVIEE 34.8B¥ 38.9B¥
BRE 44.1B¥ 49.3B¥ FTEHBE x 4.74(Lang 1F5)
CO, £ EEYRa R k (¥/kg-CO,)
LEBHE (¥/kg-CO,)
[REGT [REGL
Bh 0.14 kWh 1.7% 0.21kWh 2.5% Hifffi - 12¥/kWh
RAF—L 2.5MJ 0.8¥ 0.31MJ 0.1¥% B : 0.3¥/MJ
AEIK 52kg 0.2% B - 3%/t
RAN 0.0006kg 0.2% Bi{fi : 400¥/kg
(/hEt) (2.9%) (2.6¥)
EEE (¥/kg-CO,)
EHiRE 1.2% 1.3% (2% % x 0.15)/ €5 CO, HEE
HEE 0.01¥ 0.01¥ (8 &% AMM/y-4 )/ 8 CO, i E
(/NET) (1.2%) (1.3%)
£t (¥kg-CO,) 4.1¥ 3.9¢
4 ERNIAZRRS AR FRATREHE (UST)

BRI Y 2— (LCS)



BRRHEESRRICATERIED-HDIREE
BAfbAZERR | CCS (ZEMLREINNETE) DEIE L RE
EM 28438

CO, FrBEEI = 2 ME, b% (77 X)) WIETIT 4.1%kg, WERRIETIX 3.9%kg L7210 |
WERIEDIE D BNETZ, BiEIET 2 b CO, 2B 25 DICLER = r L F—a R
23 0.8%kg & i<, BEXRIEDTLODORIGEMH & ZEOWIVKEZIR 5 oD E /= A K
23 2.5¥kg L EV,

LU CO, yBfEEI = A N, BHREREELZZET DL L. WiH & LNk THYIZIERTTH
%, FEAEBHENTZ Y O CO, HERE 0.7kgkWh &35 & SRIOBEFOHPE (CO, DRFHE, i
EEHFA~DEAT A MIEET) TlE. BREBHEHT- DV 28KkWh D2 A2 MR EHa A |
IZ EEAIND,

BUR Tl O A FTRE XL X —FE & OBATEL LV,

Ltk BTSN TR ORG & o BEEr EOFMM 2B 272 9,

3. BERIAEDNT-HDIRE
CO, SYBfEENN =1 2 h OARIE D 7= D12, IROEFABIR B MIETH 5,

- AbZAINYE  (Post-Combustion 520
CO, 4y BT L —75 2.0MJI/kg LLF OWLIK DBF%E & |
ZEAM CURUERE D TR O B %

OBl kL — A3 1.5MI/kg FiFE OV 3B %E S i,
BRI = A N E 0.3%kg FREED 3 A NI EIFF T B,
BUEARE LT @ ERE S IR 2% 50% (0.2%/m’) (Z724UiE
0.24%/kg F2E D =2 2 MY BIFF T& 5,

- WP YE  (Pre-Combustion J770)
Wy ER A MERE O E W IR DBRFE & |
FEATE TR ERE D L\ N FEHE) D B %S

WIERRILPEREDS 10% FREECE SN 7o IR 3 BATE S v,
EEHANLAS 0.013kWhikg FREC# S,
SYBEEI = 2 M3 0.16¥kg FRE D = 2 TSI TE B,
BUEAE U @R T fiAG 7° 50% (0.5%m’) (2 7eduid,
02¥kg FREED =2 2 MRS T 5,

BE R

[1] IEA report, “CO, Capture at Coal Based Power and Hydrogen Plants,” Report: 2014/3 May 2014.
[2] “Shell Cansolv Deploying CCS Worldwide,”
http://'www.icaghg.org/docs/General Docs/PCCC2/Secured%20pdfs/3 PCCC2-Just-September2013.pdf
[3] E.I Izgorodina, et. al., “Physical Absorption of CO, in Protic and Aprotic Ionic Liquids: An Interaction
Perspective”, J. Phys. Chem. B, 119(35), 11748-11759 (2015).
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