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Abstract — To response climate change and Kyoto protocol and to reduce greenhouse gas emissions, marine geo-
logical storage of CO- is regarded as one of the most promising option. Marine geological storage of CO, s to cap-
ture CO, from major point sources(eg. power plant), to transport to the storage sites and to store CO, into the marine
geological structure such as deep sea saline aquifer. To design a reliable CO; marine geological storage system, it
is necessary to perform numerical process simulation using thermodynamic equation of state. The purpose of this
paper is to compare and analyse the relevant equations of state including ideal, BWRS, PR, PRBM and SRK equa-
tion of state. To evaluate the predictive accuracy of the equation of the state, we compared numerical calculation
results with reference experimental data. Ideal and SRK equation of state did not predict the density behavior above
29.85°C, 60 bar. Especially, they showed maximum 100% error in supercritical state. BWRS equation of state did
not predict the density behavior between 60~80 bar and near critical temperature. On the other hand, PR and PRBM
equation of state showed good predictive capability in supercritical state. Since the thermodynamic conditions of
CO; reservoir sites correspond to supercritical state(above 31.1 °C and 73.9 bar), we conclude that it is recommended
to use PR and PRBM equation of state in designing of CO, marine geological storage process.
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27} A7 23318 dsio] AAl 22 o) AdAS
o]l gloH, 53] th7] F2l CO, s = 180-280 ppmollA] =)
S0 380 ppmE FF3] SISt JATHIPCC2005)). ©)9F 2&
A7 STER QA% AT 238 93lE) 9jsle] wEYA
A (Kyoto Protocol)oI = COZ E3H35t £ 247 &R
£ RS vt fEvEre] A9 A 24 wiEE oY
E FolRkx] ARt HZ 1097 A wiEF ST}
OECD =7} Z 191, 20034 7502 ¥lE53H(582 MtCO2) Al
A 99, elluixl &8] AA 109 (20029)0S FAeket o, 3% 9
TS =02 A4 7Fsdo] ¢ FohE@sl7]E512006)).
COZ & A2l 3l 7| 5Heet th37]&S A4 80l
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F AFAAA] olFsie A 13T £ COS Y
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Fig. 1. Schematic diagram of Carbon dioxide Capture and Storage
(CCS)(2d A 7 3 2[2008]).
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Fig. 2. Temperature-pressure phase diagram for CO, (IPCC[2005]).
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Fig. 3. Variation of CO; density as a function of temperature and
pressure (Bachu[2003]).
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Fig. 4. Variation of CO, viscosity as a function of temperature and
pressure (Bachu[2003]).
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Fig. 5. Variation of CO, isobaric heat capacity as a function of tem-
perature and pressure (calculated using NIST Reprop 7).

FEHES olgste] AR 4 itk COLF 22 fFAY B o
21 AHHEE E(Mole)FIE 29 o] I S 4
HEFE A F loH oH @), FH(V) 13 (M) A
TAE AA Frhl3HE- $12005], Smith er al [2005]). ©]& 3§

22 A ale o] R o2 T3 - glom B =

o A= ole] AkE #48ted Aspen plus ver. 20062 ©]-&313TT

7 2rerst el AP A oA |A] A EE A (1deal
gas equation of state)°]™ Raoult®] $&(Raoult's law)?} Henry
o] 2] (Henry’s law)y o|-g-ato] 713 ate] Hols md=st
CHSmith et al[2005)). ©1371A e84 A4 715 W=
oIS THE 4 Qe AGGYl IR ngtA F
Z $d8E 2 =29 A7t Co sl FAE Ay 34
o= AAx] ko), Bf A A Anbd s A4E Bl #4
Sh=d] 7|Fo] E 4 Qo] v 4 oz ARSI Rt

-

Moo o
X
rie rlo

—



184 IR

Aoz ey Al vleld el 2] (Virial equation of state)
¥} 32} AFENY7d 4] (Cubic equation of state)>.E BFE 4= gt}
& w=relxde vlEld e 4] F Benedict-Webb-Rubin-Starling
e 2 (Benedict et al. [1940]), 3212 A4S % Peng-
Robinson 3 E*37d 2] (Peng and Robinson[1976]), Peng-Robinson-
Boston-Mathias 4} E| "8 4] (Boston and Mathias[1980]), Soave-
Redlich-Kwong -l "7 2l (Redlich and Kwong[1949], Soave
[1972]) & P371A etz 2E 23381 F 5709 Alepd2)
& A8 CoAMBAFTAT FHLAE A% vl BAS 5
yatiet.

O7IA e EAt el AT Af3H= o] FAEE
REet o) Rl AFgdel] 285w 7)A9) 250l E (Kinetic theory)
S E2RH thee 4 (1) Zol fE)

_RT
P=7 M

1714 R BA71AVd4=(Universal gas constant)o]Th.

Benedict-Webb-Rubin-Starling 4 Ej¥7d 2] (©]3F ‘BWRS 2’0
2o oby) vl e A siueA 4 (2)9) 7o) Rl
95 (Power series) FEIE ¥ H,S, CO, T3 N, 52
3Het ¥l (Hydrocarbon) Al A8le] 28 7Fsa}ct.
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~rr{Le 2 G
P=RTl=+=+2+...
Nyt st @

o714 w7 B, € G Bleld Algoln] 59 FHrot), ¢t
go] g Sopx] Eapke] AT g8 FAJEukE 0] B9 H]
2 A= 00l 7RI BWRS )3} 22 ]2 AFeliA A
= oA e o] e vebid,

FE7 o] 71 P BES) PVT AEE Uehied |
= Hele] gl dEs FE350iof i), o] 2 fislo] Etew
(Reduced temperature), $H:F}E (Reduced pressure) 28] 1 ©}4]
AAHAcentric factor)E ©]&3lo] el wHIHASE
[2005], Smith e al.[2005]).
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T.= T (3

P

P==
-2 &)
=—1.0-10g(P™); 05 (%

471X Tz DA (Critical temperature), PA= 9 A% (Critical
pressureys YERAH, HH A} sarf= Z3MEl(Saturated state)E Lt
BRIt £ F-olof digh 33} e Al 7)Aa) alike] A5
B A e o Qe 7P 7hast W Aelohd 3k $12005]). 3
%8 32F A A2 van der Waals AEg o) 2] (6)7} 2
o] @€},

A Ed|
_RT a (6)
P b

Redlich-Kwong e 4] A9 e e 22 van der Waals
g 22 AR el o] F 4 (7)) Zo] EdHE
Soave-Redlich-Kwong “JEI'874](] 3} ‘SRK 2’02 k)
Redlich-Kwong F e 212 € Fejo]d, @A oy
2} =43 £ (Polar components)olE. 214 7F53H Aspen[2006]).

_ RT a

CV=b W(V+b) )
a=Y yxxaa) (1-k;) o
b= Zx,-bj o
o (10)

o714 w7 RS o= AAIRE, QA 781 Soave o¥tE
EEEH, 7S be JATe) AR 2 gerolt), o] R
ol 7|4 (Binary parameter) ki A= TR Ex17ke] A5k A
£ vehdth Soave ¥t A (1D~(14)9) 2] AR, 9
AYE, iEE 18l o ddRte] ol

‘T,

a,= 0,0.427478 L (11
Pci
b, = 0.08664% L (12)
Pci
oD =(1+m(1-T)) (13)
m;=0.48+1.570,~0.1760; 14

Peng-Robinson A EH7g 2] (]38} ‘PR 402 oF3)2 319014
71Ak-eirk A\ AELO] AF7) % (Phase behavior)S oll&3l=d] 2]3kst
Ro defA glovl, 7hd-d BRIE AlSystem)el 2E

£ PR 212 o 4] (15)9F 2.

_RT a(T)

T V=b V(V+b)+b(V-b) 13)

714 w7 b AARES AAIEHS kol a, uiyiESs
= ol9]oll F7EE X9} o] IRY] FE BT 9 AR
(Pure component) A2~F12] 7-9- PR 19| wf7lH4== 2] (16), (17)
I o] #¥HM 37 otz BHFACE A (187 2o oI
o} B9 SR AT

0.45724R2T?
a—.—

= 16
) (16)
b= o O-07780RT, 17)
P,
a = (1+(0.37464+1.542260-0.269920°))(1-T°°)° (18)

Peng-Robinson-Boston-Mathias 574 4] (©]3} ‘PRBM 4" 0.
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Fig. 7. Comparison of experimentally measured densities and calculated densities of pure CO,: Measured densities from Duschek et al

[1990].
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Fig. 9. Comparison of experimentally measured densities and calculated densities of pure CO,: Measured densities from Klimeck ez al. [2001].
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