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Abstract — To design a reliable CO, marine geological storage system, it is necessary to perform numerical pro-
cess simulation using thermodynamic equation of state. CO, capture process from the major point sources such
as power plants, transport process from the capture sites to storage sites and storage process to inject CO; into
the deep marine geological structure can be simulate with numerical modeling. The purpose of this paper is to
compare and analyse the relevant equations of state including ideal, BWRS, PR, PRBM and SRK equation of
state. We also studied the effect of thermodynamic equation of state in designing the compression and transport
process. As a results of comparison of numerical calculations, all relevant equation of state excluding ideal
equation of state showed similar compression behavior in pure CO.. On the other hand, calculation results of
BWRS, PR and PRBM showed totally different behavior in compression and transport process of captured CO,
mixture from the oxy-fuel combustion coal-fired plants. It is recommended to use PR or PRBM in designing
of compression and transport process of CO, mixture containing NO, Ar and O,.
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Fig. 1. Sleipner injection system showing deviated wellbore trajectory to
the storage reservoir (IPCC[2005]).
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Fig. 2. Process flow diagram of Sleipner compression system (3] 2 %[2008a]).
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Fig. 3. Pipeline transport of CO, in Weyburn project(http://www.iea-
green.org.uk/).
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Fig. 4. Pipeline layout in Snohvit subsea field(Maldal and Tappel

[2004]).
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Fig. 5. Process flow diagram of Snohvit compression system(3]4 5
[2008a]).
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=, Sleipner $E3 0N o &&7] oM 2744 €O,
£ 7102 #X3R= whde), Snohvit EF A oA E= &7 o)A
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T AFFo] AjFog R R JE w29jo] T} vz}
A2 HEEATE WIOR 3 sURFo] U AGFH=
olthd/d 4=t 314 [2008)). wehA *-eluete] 3¢ ¥3€ Co2
AYE A% IEAFAE A2lE AN Fig. 60 TAIG nie}
o] CO,2l AR (CO; source in Fig. 6)FE C0,2 #1841(CO,
sink in Fig. 6)7FX] CO, 55| AHle|| 2Jslo] ko olfxo]
of 3t} o]9} 2 FEAIANRLE {4 A9 Jo| L], Ak
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COE Fo|Zell Hi= Aukd o] 831 <)43)] Haixes 24
@ 714 (Vapor phase)?] COE &5 % WZsle] 294 4dl
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ol 7VdeE ti] COE ol AsiME wi$- & §49
FEANEE o7 = hdo), YA AH) == AAbelxE=
R SR Q18] Y A o] A Aoz e g3
TFEALRCE FhsE|A)7] uigolt), o]F oIkl fRAA
e dE 59 Y AF olF Al 7132 A9 294Xl B
&l &7 (Pipeline diameter)] =% Ao} 3}, &, 7)Ao x= 4
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Fig. 6. Hypothetical scenario for CO, compression and transport
from the source to sink.
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Fig. 7. Compression system consisted of compressor stage, cooler
and separator.
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Table 1. Composition of CO, mixture at oxy-fuel coal fired plants

o Volume %

Composition Case 1(IPCC[2003]) Case 2
Co, 95.79 99.19
SO, 0.5 0.5
NO 0.001 0.001
Na 12 0.1
Ar 12 0.1
0, 13 0.1

zﬂ [2005]011 AAE oAk A A gk hedx] ¥4 Co,

F5-0] 22 (Compositionyd ©]8-319 Case 15 ARXEBIGITH

‘”?‘TJG%L] AFAZFE Table 200 2AIEIICH, Fig. 79 45
Ao} ZF S A0S 8, 3, 718e) B-&(Vapor fraction)
2831 AFHEF(Mass flow rate)S LFERAIT) PRBM 2o Zt
of| A 2} %JE_’ ot e AAB| &3] vislol BWRS A& kA
HlolA el % 25°C, 49 1 bardlld 017 CO, ERE
& oBArO g o EBIGIT) ool €O, EEEC] 15k F Yol vt
stelo} 257} Abssla ol Q8] e v, S A
A ent AshEoR tha Ao Ahds) st Wz lelAM
9 o] CO, BT 7]-9 FE)7]elA dFe] F(Flash)
*JEE vl 25k AE7IE FYEE AoR A
o] 3EkA] WHEET} 31 7] -8 R
%‘Bﬁ_ ] I Feokil sh-e] HAk wlETR
TR CO,EFES] 7]- PA
y)‘% wy3) HESNof g5 2u]
734 NO, Ar 2813 0 H&fd
i ACHHYSYS[2006]). 5=

23.85 "CQ]' 29.85 "C"ﬂ’ﬂ T CO7t
sk AF

,J,fi 3‘7‘ COzJ WAl
fﬂ 29.85°C, 07741%‘% %ﬂo 60~80 bar Ato]2] FefiA]
Z A8 A=ekx) Falal Hrll 100%2] 2ol BolchEd )
JZ [2008]) AE7] AlElol A el EalE 457) A of
}57] A9 7] WO 31%1% FEAl| R A7) 22100 of

AE 9 Helo] 97T}

1’“‘%7\“’\ "1 —346‘ ] A5t Table 1] case 29F 320l
----- EE et ;r“'m1~~ steo] ARg: 8sISIch &, Case 29041
He&71A9) 23S 2 0.1%2 W53 COY AL 95.79%

9.19%Z wmlﬁ v/t &Pl miRE ddke
Aglalo] Aate 88818l e Table 200 TA1¥ vl 27¢] BWRS
JZ*EﬂOI A QERAL 5 25°C, 4 1 barefA] HAEH
39 €O, EFES 71O E3Sinh. 1¥y 3¢ A=
24.5 bar®] CO, EFE-& HZ71E AR F Ao = Aso] case
13 FARSHA 4t 71-9) Fg)7jella] o] Tk bR Lah
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o
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Table 2. Stream analysis of CO, mixture compression using compositions of Table 1 and BWRS/PRBM equation of state

Proper- Stream
ties Feed ' 1 lstligendin 20 o 20d g, 3rd g 3 MM stmligsthin D s
out out liq out lig out out
T 25 126 30 29 132 30 28 132 30 29
CASEl P 1 3 29 28 84 83 82 246 24.5 244
BWRS) vg 0 1 0 11 0 1 1 0 0
m 416604166041660 416604166041660 41660416604166041660
T 25 127 30 29 133 3 29 134 30 29 136 30 29 109 30
CASEl P 1 3 29 28 84 83 82 24.6 245 2.4 732 731 73 219 2189
(PRBM) VF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
m 416604166041660 416604166041660 416604166041660 416604166041660 416604166041660
T 25 125 30 29 131 30 29 131 30 29 131 40 39
CASE2 P 1 3 29 28 84 83 82 246 24.5 244 732 731 T3
(BWRS) VF 1 1 1 1 1 1 1 1 0 1 1 0 0
m 416604166041660 416604166041660 416604166041660 41660416604166041660
T 25 126 30 29 132 30 29 133 30 29 135 40 39 128 40
CASE2 P 1 3 29 28 84 83 82 246 245 244 732 73.1 73 219 218.9
(PRBM) VF 1 1 1 111 111 11 1 111
m 416604166041660 416604166041660 416604166041660 416604166041660 416604166041660

Note. T £5(°C), P¥= ¢+ (bar), mS

2 gt Adelg A o] A&t v

S AP 2] el Ry A Bzl
o] 4% vl 7¥<F(Binary parameter) o) #240] 3| ojo} i}, &
THE COS} AL, A, of2F 59 v 8E7EA 83 R 5
7re] Az Aol ot nlwAVtT} AFe] L3l o)l g 4
B ae] A, AP vlm Br7E 283 o]3e] o, 3%
2527 Zele] AR FHol vRE A8 Hrie 25 HRe] =

T Foto] waE Zlojnt

%

e

3.2 =53 A "ot

OtE. CO, TRl 5A|A5e] AdA
o] FHFAel vXE J3e Frisl] HAskd
€09 AN3H 27& upyo] b st AXts
At 2732 Table 3¢l A el oM, slo] el
S} epole] AR FA) 5, 4 (Adiabatic) 225 7SS

Fig. 102.25E] 25°C, 100 bar®] BWRS AXFAI7}F &&7ds

5 7V 7 %71k, 25°C, 100 bar?] PRBM AFE 7} 94

Table 3. Parameters for calculation of pipeline transport process

Ak kghr) 2183t

Design parameters Condition
Inlet temperature (°C) 25~35
Inlet pressure (bar) 100
Mass flow rate (kg/hr) 208300
Pipeline diameter (m) 0.3
Pipeline length (km) 100
Ext. heat transfer adiabatic

VF(Vapor Fraction):= 71749 &8 vepdth

120
—m—25°C (BWRS)
~@-30 °C (BWRS)
—A—35°C (BWRS)
-0 25°C (PRBM)
~0- 30°C (PRBM)
& 35°C (PRBM)

110+

100 4

90 -4

Pressure (bar)

80 -

70

e e N AS S s S Sy Sy A SRR ML
6 1o 20 30 40 50 60

Length (km)

Fig. 10. Pressure variation along the flow direction in the 100 km
pipeline transport.
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sjo]zEjel oAl ARleA 7132 F-&(Flow velocity)©] /2]
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FEANAEA CO,ETEY] 257t AR W G ellx




oPkltr: silAlEA AlE St 34 A 1L 9o

- b e -
é \x /’j \
e \ /
< i /
g \ / L]
> | / ./
} /
1 ®  —m—25°C@BWRS) ®*® A——a
-8— 30°C (BWRS)
—A—35°C (BWRS)
T v T v i N i M 1 N H M 1 v i M H N i M H
0 10 20 30 40 50 60 70 80 90 100
Length (km)

Fig. 11. Vapor fraction variation (of BWRS calculation) along the
flow direction in the 100 km pipeline transport.
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Fig. 12. Vapor fraction variation (of PRBM calculation) along the
flow direction in the 100 km pipeline transport.
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Co. HPAFAY Ae) 39S TIH oY 4F, 7F U F
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