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Abstract — In order to solve the global warming and reduce greenhouse gas emissions, it has been developed the CO,
capture technology by oxy-fuel combustion. But there is a problem that the economic efficiency is low because the oxy-
gen production cost is high. ASU (Air Separation Unit) is known to be most suitable method for producing large capac-
ity of oxygen (>2,000 tpd). But most of them are optimized for high purity (>99.5%) oxygen production. If the ASU
process is optimized for low purity(90~97%) oxygen producing, it is possible to reduce the production cost of oxygen by
improving the process efficiency. In this study, the process analysis and comparative evaluation was conducted for
developing large capacity ASU for oxy-fuel combustion. The process efficiency was evaluated by calculating the recov-
ery rate and power consumption according to the oxygen purity using the AspenHysys. As a result, it confirmed that the
optimal purity of oxygen for oxyfuel combustion is 95%, and the power consumption can be reduced by process opti-
mization to 12~18%.
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Table 1. Oxygen production technology
Cryogenic ASU Adsorption(VSA) Polymeric Membrane Remark
Oxygen capacity 20 ~ 5,000tpd 1 ~200tpd <10
Oxygen purity 90 ~99.9% 90 ~93% <40%
Co-Product N,, Ar, Rare gases Difficult Difficult
Capital Cost Base Low Low
Power Consumption Base Low Low

Characteristic Advantage for large scale oxygen

Cost increase for large scale oxygen

Impossible large scale oxygen
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Table 2. O, ASU Process for Oxy-fuel combustion

71EEgA ] HA T A AT 649

ASU Type Equipment(Unit No.) Description Remark
TEE AR LS SIa el .
1 Double Column MAC, Column (2), Condenser (1) ASUS] 5651 24 Conventional type
oAl S o] 58S
2 Dual Condenser MAC, Column (2), Condenser (2) Condenser 171 iE] - fi:;;’ ool ae
[e 3]

= . [5]

= 1] =2 =715
3 Dual Condenser with BAC MAC, Column (2), BAC, Condenser (2) Condenser 17] -7} 1 BACE 715}

Dual pressure = Feed Air 5 =

4 Three Column MAC, Column (3), BAC, Condenser (3) & &S =0]7] 28l ¢telo] t}2 3712 Column AH&- [6]

(MAC: Main Air Compressor, BAC: Booster Air Compressor)

Double Column Process

Cold Box

o,

GN,

ms
Adsorber

AIR . @
0
MAC DCA Bodster L
Expander
MAC: Main Air Compressor
DCA: Direct Contact Aftercooler

MHE: Main Heat Exchanger
HPC: High Pressure Column

Sub
Cooler

LPC: Low Pressure Column

Dual Reboiler with BAC

XX

------ Dual c .
Condenser 17

5
&
=

DCA =

MAC: Main Air Compressor,  BAC: Booster Air Compressor
DCA: Direct Contact Aftercooler

MHE: Main Heat Exchanger HPC
HPC: High Pressure Column, LPC: Low Pressure Column
C1: Condenser 1,  C2: Condenser 2

DS TEDE]
=

[

Cold Box

Fig. 1. Double Column type O, ASU (Conventional type).

Dual Reboiler Process

Cold Box

Dual
Condenser

MAC: Main Air Compressor
DCA: Direct Contact Aftercooler

MHE: Main Heat Exchanger HPC
HPC: High Pressure Column, LPC: Low Pressure Column

C1: Condenser 1,  C2: Condenser 2

[ DX IXT oD BMXEDX] IXTIX]

Fig. 2. Dual Condenser type O, ASU.

2-3. ASU 33 A}

ASU 37 AAIE $Isto] 3 AL -8 Simulator?] AspenHysys
(versio 84)5 AFE3ISITE B71E8] 578> WE3Ado] gl HIEA 7k
2] 3407, ol8 B2 TS Y3l AspenHysysoll A FH =
Peng-Robinson A EW74 215 AMESFITH12]. 3712 8 Al
N,, 0,, Arell tish =4 3t 2 7= Ato] 8] 45 2hE- vzl
(Interaction parameter, kij)i= AspenHysysll U= 0] Q)&= 3= AF
2311 0, AL AT A-E w7l HSg= Table 30l YERASITE

T3} Peng-Robinsin AT E] W74 712 AHE| Y] B2 A EsiA
AAekE HhE g W g g o] "ol 7] wf o
AspenHysysoll A& 0] & BAE 7 QS g UE ArkE $13)

Fig. 3. Dual Condenser with BAC O, ASU.

Three Column Process
Cold Box

Dual
Condenser

MHE

MAC: Main Air BAC: Booster Air
DCA: Direct Contact Aftercooler

MHE: Main Heat Exchanger HPC
HPC: High Pressure Column, LPC: Low Pressure Column
MPC: Middle Pressure Column

C1: Condenser 1, C2: Condenser 2

Fig. 4. Three Column type O, ASU.

Table 3. Binary interaction parameter kij for Peng-Robinson

Component i Component j kij
N, 0, -0.012
N, Ar 0.0000
0, Ar 0.0104

Costald®]= A B&te] RAgsh 4= QI w5 3ha Qluk & A9 &
AR = AAE A] 1] 9 o] =k
25 AR A 0.5% oo AR o 53}
Costald 2] [13]8 2 4-3}91.2.H, Costald 2222 o2 2] (1)
~(3)7 2t
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Table 4. Simulation condition for O, ASU
Simulation condition Remark
Composition N, 78.11%, O, 20.96%, Ar 0.93%
. Pressure Atmos. Pressure
Feed Air
Temperature 30°C
Flowrate depend on the recovery ratio
Capacity 60,000N m*/h (=2,000 tpd)
Product Oxygen Purity range 90~99.5%
Pressure 0.12 MPa
H.P Column 25
Number of Tray.
L,P. Column 50
Thermodynamic method Peng-Robinson
Compressor efficiency 80%
Expansion Turbine efficiency 75%
Cold box Heat leak 0.7 kcal/Nm? Cold box inlet Air
VIV = VOl - 05V, ) (1) 2 gie EEe) ARmsh sk ek £ w82 90% ol 4ol
Vr(O): 1+ zAk(l _ Tr)k/3’ 025 < Tr <095 (2) %—11}’2}' ﬂ%‘ 6]' :1 HEAg 0]'7] T’LH"'_Oﬂ %L;g %% % 7];‘5_]“—‘ ﬂ XﬂE’d
0 RS ARESHE ol 7R E ARl iholk 3 BAF A
V0= [inT,k] / (T,- 1.00001), 0.25 < T, < 1.0 3) o] w3t vlwE Sl Fdt A5y7] 24, Al Ak g
0 &7 Z71(Compressor % Expander &§, Cold box @YU 5
S s B e s B HoH 7] A ARRE AR 7R A-go3inh 45719 a8 2hE Asuel A8o] 7he Lg‘%71
A A4 489 3 WK A0 FRE e - AnkAel & AJAFSH= MAN TurboAFS] Turbo 9457 (R 2™ : RIKT140)<]

MW 40 S 20 A2 B 4 S 2,000 td (=

RN

60,000 Nm3/h) TF5.2] ASU 3

374 RALE sk 4744 ASU
2 7} 3o SAZXA, AL 3

o 1 T laAl,
& 9 AHAR S ARSI AL g7 e A= Ak A

Table 5. Comparison of simulation results for O, ASU process

FE AKE 80%S 2123615101, Expander?] -9 A1Al Hoj
TR A2 Expander A§2Fo] 7153 CryostarA 2] Compressor
loaded Turbo Expander®] &£ U] 7kl 75%% 4-8-33ith.
T RALe] 28 2718 Table 401 LFERAITE

3. SHRAL Aup ¥ 0F
3-1. =AM QAR ASU 34 H|w

Ak A48 ASU 3 B E S8l F 95% Ak AL 3]
ArkE gt o, 71 A¥= o Table 5

U:

Unit 1. Double Column 2. Dual Condenser 3. Dual Con. with BAC 4. Three Column Remark
GO, Product Nm’/h 60,000 (=2,000tpd)
GO, Purity % 95.0
Feed Air Flow Nm’/h 272,100 274,100 280,200 281,400
MAC Pressure MPa 0.543 0.464 0.395 0.337
BAC Pressure MPa - - 0.454 0.444
Pressure MPa 0.505 0.426 0.359 0.428
H. P. Column
Tray. No. 25 25 25 25 Structured
Pressure MPa 0.131 0.131 0.131 0.131 Packing
L. P. Column
Tray. No. 50 50 50 50
Cold box Heat leak kcal/hr 190,470 191,870 196,140 196,980
Expansion Turbine rate Nm/h 28,200 31,200 32,400 34,800
MHE LMTD °C 4.08 4.03 4.08 4.07
O, recovery ratio % 99.5 98.8 97.0 96.6
Power Consumption kW 20,460 18,240 17,340 17,040
kW/Nm’ 0.341 0.304 0.289 0.284
Power cost 238.9 2239 202.5 198.5
kW/O, ton
(100%) (89.1%) (84.7%) (83.2%)

(MHE: Main Heat Exchanger)
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Fig. 7. Pressure of MAC according to oxygen purity.
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Fig. 11. Relationship of Turbine flowrate and LMTD of MHE.
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Table 6. The results of process optimization for ASU
. Process Optimization
Unit 1. Double Column - Remark
2. Dual Condenser 3. Dual Con. with BAC 4. Three Column
GO, Product Nm’/h 60,000 (=2,000 tpd)
GO, Purity % 95.0
Feed Air Flow Nm*/h 272,100 272,400 274,800 276,000
MAC Pressure MPa 0.543 0.464 0.395 0.337
BAC Pressure MPa - - 0.454 0.445
Pressure MPa 0.505 0.426 0.359 0.428
H.P. Column
Tray. No. 25 54 54 54 Structured
Pressure MPa 0.131 0.131 0.131 0.131 Packing
L.P. Column
Tray. No. 50 54 54 54
Cold box Heat leak keal/hr 190,470 190,680 192,360 193,200
Expansion Turbine rate Nm’/h 28,200 15,600 24,000 27,000
MHE LMTD °C 4.08 2.02 2.03 2.01
O, recovery ratio % 99.5 99.8 98.9 98.1
Power Consumption kW 20,460 18,066 17,041 16,752
kW/Nm’® 0.341 0.301 0.284 0.279
Power cost 238.9 210.7 198.8 1954
kW/O, ton
‘ (100%) (88.1%) (83.2%) (81.7%)
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