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Abstract - In order to solve the global warming and reduce greenhouse gas emissions, CO; cap-
ture technology was developed by applying oxy-fuel combustion. But there has been such a prob-
lem that its economic efficiency is low due to the high price of oxygen gases. ASU is known to be
most suitable method to produce large quantity of oxygen, to reduce the oxygen production cost,
the efficiency of ASU need to be improved. To improve the efficiency of ASU, exergy analysis can be
used. The exergy analysis provides the information of used energy in the process, the location and
size of exergy destruction. In this study, the exergy analysis was used for process developing and
optimization of large scale ASU. The process simulation of ASU was conducted, the results were
used to calculate the exergy. As a result, to reduce the exergy loss in the cold box of ASU, a lower op-
erating pressure process was suggested. It was confirmed the importance of heat leak and heat loss
reduction of cold box. Also, the unit process of ASU which requires thermal integration was
confirmed.
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Heat loss _ Qq : Cold box Heat loss
Q; : Exchanger Loss(AT)
X GO, Product
Feed Air —H’
—_— ms,
my, Hy >

Cold box GN,

Air(Waste Gas) My, Hy
—
my, Hp Waste Gas
———
ms, Hs

Exp. Turbine Work Q3 —7 ] EXP. Turbine

Mass Balance:

m; + My =mz +my+ms

Energy Balance: mH; + myH, + Q; + Q= m3H; + myH,y + mgHs + Q3

Fig. 1. Material and energy balance of cold box.
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Double Column Process

Cold Box

GN;

[T sup
[Cooler

Booster | MHE
Expander

MAC: Main Air Compressor
DCA: Direct Contact Aftercooler
MHE: Main Heat Exchanger

|
[IXIDX B XXX

[

HPC: High Pressure Column

LPC: Low Pressure Column

Fig. 2. double column type O2 ASU.
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DCA: Direct Contact Aftercooler L
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HPC: High Pressure Column, LPC: Low Pressure Column
C1: Condenser 1,  C2: Condenser 2

Fig. 3. dual condenser type O2 ASU.
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Table 1. Simulation condition for O, ASU

Simulation condition
Composition Nz 78.11%, O, 20.96%,
P Ar 0.93%
Feed Air Pressure Atmos. Pressure
Temperature 30C
Flowrate depend on the recovery ratio
Capacity 60,000Nm3/h (=2,000tpd)
Product .
Oxygen Purity range 95.0%
Pressure 0.12 MPa
Numbers of H.P. Column 25
Tray. L.P. Column 50
Thermodynamic method Peng-Robinson
Corr.lpressor / Expansion 80% | 75%
turbine efficiency
Cold box Heat leak 0.7 kcal / Nm®

sto] HAskTh 719 8 AdE<Q Na, Oy Arof
gt 24 90 7 A Alolo] 4B Ag ufEas
L% AspenHysyso] WAH 42 AHE31S T

T4 WA AL eAkh davt A8d shey
Aol Fiel hse el Ad Adto] Fbs

g0 WbH 0] HA el 100MW £Aks

g s AdaE FFT F 1=2,000tpd(=
60,000Nm’/h) F%2] ASU Z& HALS S=83}9]
t}. o 95% AbaE AANSH= ASU Ao djsto]
T BAE aystglen, 2 2712 Table 1.7}

(¢}

St B4 BAATI] HE BnE $isto] F
o dR 37 27, Ak BARARE, 49, &
3 £ Z83}9 k. E3F Cold box &g <4
& u]z 4= 9lE= MHE(Main Heat Exchanger)
dwgt7] o] LMTD(Logarithmic Mean Temprature
Difference), &=7|/3AEHlo] a8, Columng]
o]2Zt4 ¢ Cold box2] Heat leak:= AlA| 75
F9l o3 ASUSE AR 202 A 83tach. 24
WAL ATHs Table 2,004 el 8 & gtk
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Table 2. Comparison of simulation results for O,

Ae 7R A oA 2

Table 3. The exergy calculation conditions of O,

ASU process ASU
Unit Double Dual Temp Press. Flow
Column Condenser () (MPa.) (Nm’/h)
GO, Product Nm3/h 60,000 (= 2,000tpd) Feed Air 20 0.508 272,100
GO; Purity % 950 Double | it GO 187 0.131 60,000
Column
Feed Air Flow Nm’/h 272,100 274,200
Waste GN, 18.5 0.121 212,100
MAC Pressure MPa 0.543 0.464
Feed Air 20 0.433 274,200
Pressure MPa 0.505 0.426
H.P. Dual
ua
Column Tray. No. 25 25 Condenser Product GO, 17.5 0.131 60,000
LP Pressure MPa 0.131 0.131 Waste GN, 18.5 0.121 212,100
Column Tray. No. 50 50
Table 4. The exergy calculation results of O, ASU
Cold box Heat leak | kcal/hr 190,470 191,870
Expansion Turbine | Nm¥h 28,200 31,200 Exergy (kW) Exergy
Distribution
MHE LMTD C 4.08 4.03 Physical |Chemical| Total (%)
O, recovery ratio % 99.5 98.8
Feed Air|13496.9 | 5072.3 | 18,539.2| 100%
Power Consumption kW 20,370 18,438
kW/Nm3 0.340 0.307 GO, 470.6 3,159.5 | 3,630.1 19.6%
Double
Power cost 2376 215.0 Column | W. GN; | 11579 | 1,916.8 | 3,074.7 16.6%
KWJO; ton Exergy loss (K 11,8344 | 63.8%
(100%) 90.4%) xergy loss (kW) ,834. 8%

95% AbA 2,000 tpdE AJAsl= 2Ojg ASU|
g B4 mAE Sus 3 B A
double column 419l ASUE AlA 3|4go0] =
Auk gzgrelo] AtjHes kol He smeol
dual condenser HW4lof v]&) oF 10% =2 AL &+
A& 5 Aok F Y SFEY e con-
denser2 o]Fo{Z double column H4] o) 4] con-
denserE #7134 ¥ dFFEHe] H.P. column?]
FYL BE 4 AT, o RS Rl o}
22EE MACO ¢8e W& 4 gQl7] ol

IV. ASUQ| AMX| EAM 3 T3

4.1. ASU2| Cold box AMX| 24

SAke e ASUS| A A] Al4ES: Aspen Hy-

Exergy Efficiency (%) 36.2

Feed Air|12,2234| 5,117.0 | 17,3405 |  100%

GO, 470.6 | 3,159.5 | 3,630.1 20.9%
Dual

Condenser| W. GN, | 1,175.9 | 1,916.8 | 3,092.7 17.8%

Exergy loss (kW) 10,617.7 61.2%

Exergy Efficiency (%) 38.8

it o8 FARA ANCY2t 4 (1) - ©)F
ol8afof wel s, Sk oA, oAl L (Ex-
ergy destructlon) 4 982 AAS sk Ak
Al 2~Ee ASU9 cold boxi 3}93 2.1, double co-

lumn W43 2709] condenserE AF&3l= dual

i
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condenser A& skl A4ksHalth cold box
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4.2. Cold box2| AAMX| &4l BHA

ASU9] cold boxo|A] Az &4 Folal o
YA &S E017] flsiAe AAR &4 gt
2] & Folsl= Aol HQasioh ASUC cold box
= T9¥AH o= MHEMain Heat Exchanger),
sub-cooler, H.P. column, L.P. column, dual con-
denser, expansion turbine % expansion valve
o] glou], ofo] gt oA %] A Atete
t}. 1 ZA3}= Table 5.04 &2l & 4= 91 o1, cold
box2] A7 ¢4 HEE Fig 40] LpER| k.

ASU cold boxo|| 4] QA =] &£Aalo] 7}&F = 9]
L 2Ae FRYOR Ahch Ao welrt dof

Table 5. Comparison between the exergy destruc-
tion of double column and dual conden-
ser ASU cold box

Exergy destruction (kW)
Double Column Dual Condenser

MHE 1,221.9 (103%)| 1,256.0 (11.8%)
Sub-Cooler 378.6 (32%) 385.7 (3.6%)
H.P. Col. 23903 (202%)| 11,3254 (12.5%)
Dual condenser - 638.5 6.0%)
L.P. Col 7,305.6 (61.7%)| 6,722.3 (63.3%)
(Heat leak) (221.3) (222.9)

Exp. turbine 92.1 (0.8%) 325 (0.3%)
Exp. Valve 4459 (3.8%) 257.3 (2.4%)
Total 11,8344 (100%) | 10,617.7 (100%)
E?feifgncy, (%) 362 3838
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MHE H.P LP. Dual Expansion  Sub-cooler Expansion
Column Column _ Condenser _turbine valve

Fig. 4. Distribution of exergy destruction for ASU
cold box.
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Fig. 5. Exergy destruction according to feed air
pressure on cold box.
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Fig. 6. Exergy loss according to LMTD of MHE
on cold box.
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Table 6. Total exergy destruction about the unit
process of the ASU

Exergy destruction (kW)
Double Column Dual Condenser
MAC (3 stages) 32637 (17.8%)| 3,0102 (18.1%)
Pre-Cooling 3,195.1 (17.4%)| 2,923.0 (17.6%)
Cold box 11,8344 (64.6%)| 10,617.7 (60.9%)
zsst;luji";;gy 182932 (100%)| 16,5509 (100%)
MAC Power (kW) | 20,370.0 18,438.0
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: temperature [ C]

: pressure [MPa]

: flowrate [Nm®/h], [kg/h]
: Liquid flowrate

: Vapor flowrate

: liquid mole fraction

: vapor mloe fraction

: Enthalpy [k]/kg]

: Heat flow [k]/kg]

: Entropy [k]/kg.C]

: Exergy [kW]

: Physical Exergy

EXcheme : Chemical Exergy

: Exergy destruction(loss)
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