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Abstract — Distillation columns are one of the main equipment used for the separation of chemical components in
petrochemical process design. However, in spite of the efficient operation in wide range, and the advantage of data
collection for equipment verification, the distillation columns are inherently known for high energy consumption and
capital cost. Hence, the trade-off analysis needs to be done between investment cost and operation cost to develop the
most economical distillation columns. This study was conducted using Aspen Plus, a popular process simulation
program, in the pursuit of broad application by as many process engineers as possible. In this paper, design variables for
optimization of distillation columns were defined to improve emphatically the design quality with reducing erratic
practice of many engineers. In addition, by eliminating unnecessary reviewing step and establishing systematic and
efficient procedures, the amount of time for design and human resources were minimized. Aspen Process Economic
Analyzers (APEA) program was introduced in order to calculate the investment cost reliably, and the efficient systematic
procedure for utilization of APEA was established.
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3. APEA(Aspen Process Economic Analyzers) SZ
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Cost : Cost of Plants

Cap : Capacities of Plants
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Assume Product Specification

Set Operating Pressure & Temperature

l

Run Shortcut Method(DSTWU)
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- Check Operating Boundary

Calculate Minimum Number of Tray

|

Calculate Minimum Reflux Ratio

l

Run Rigorous Method(RadFrac)

Calculate Reflux Ratio
depending on Number of Tray
- Initial Setting Number of Tray
Minimum Number of Tray x 2
or Minimum Reflux Ratio x 1.2
Applied Higher Value of Above Values

- Feed Stage
- Product Specification
- Column Number of Stages

Optimize Feed Stage

- Set Feed Stage / Column Number of Stage Ratio

Optimize Product Specification

Set Column Design Variables
(Feed Stage, Product Specification,
Column Number of Stages)
Execute Detail Engineering

Fig. 1. Typical optimal design procedure of distillation column.
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4-3. MHE ER 3™ e

4-3-1. Deethanizer

Deehtnaizer® +Y =& 2718 FF S F(Feed Streams)
Demethanizer®] M A/ & (Bottom Products)©] ThE 374 &5
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& Liquid)?} Mo 2 717t f-9] et v ] &t 719
Dechanizer - A43E(Overhead Product)©] Acetylene Converter

31 =20

PR A Sy

A=o] gl Fg4d ol A3 =hw A7) 7Fssict. 2l C2 Green Oil AbsorberS A3 A E A== thA] Deethanizer
Naphtha/LPG Acid Gas H2, CH4
Feed <
Gasodline T T
Fractionator . .
< / Charge Gas Comp. Chilling Train
Quench Tower > and Acid Gas N Hydrogen
Removal Separation
Demethanizer
Pyrolysis Fuel Oil
R R — i- _____ E ’(FyTérTe_ T Propylene 1 > MixedC4 |
Acetylenei
Converter! Ethylene
i Fractionator

Deethanizer

Ethane

1
1
1
1
1
1
1
1
1
1
Debutanizer i
1
1
1
1
1
1
1
1
1
1

. Propylene
Depropanizer Fractionator
Propane C5+

Fig. 2. NCC(Naphtha Cracking Center) process overall scheme and selected distillation column.
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5. Zdu} 3 nE
5-1. Shortcut Method HAF A} HE

ARkl S5 #H A3} Aol A+= Shortcut MethodE 53]
2~ = (Minimum Number of Trays), 4~ -7H]5 A4k & 35}

i)

712] *|& #7350 Rigorous Method Al4FS] 271X & AFE-dh=
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AREA Q1 23 (General Guide) 2] (1), ()8} 22, 2711¢] 43
A F =8 T s ARt
A = F 4 W x 2 ey
BHRH] = F4 3] < 1.2 2)

Deethanizer®] Shortcut MethodS &3+ & 4
1] 0.6980] At ST} 01714, H 4 Eu]el]
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(Conceptual Case Study)s F3sto] 2 )04 S/ GTE
F7I2 FRlslofof Sttt

Shortcut Method(DSTWU)RIIA 2] AlAk A 72| A2)dS A5

—#—RadFrac —e—DSTWU

\MH_;. o

0.75 g —o

0.7

0.65

Reflux Ratio

0.6

0.55

0.5
0 200 400 600 800 1,000 1,200

Top Product C3's ppm
(a) Overhead Product Spec’ vs Reflux Ratio

Fig. 3. Comparison : shortcut vs rigorous method.
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4
FANE A L R O A58 24 A 35 95 A
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S
& 'SrH]E (Feed Ratio) = — = E) ] ®
ST H ZT

5.5 (Multi-Feed Stream)

L
H
W (Feed Stage) 2490t W &sla, 353 3

7 s RadFrac; Reboiler Duty {MMKCAL/HR)
6 —8— DSTWU, Reboiler Duty (MMKCAL/HR)
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4
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0 200 400 600 800 1,000 1,200

(b) Overhead Product Spec’ vs Condenser/Reboiler Heat Duty
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Table 1. Simultaneous optimization results of multi-feed stages (Deethanizer)

Product Spec' Column St Nod Result of each feeds optimization®  Result of simultaneous feeds optimization” .
(ppm) Number ream o Stages Ratio Stages Ratio Stage Deviation
@) 28 0.233 19 0.158 -9
120 ® 57 0.475 47 0.392 -10
® 8 0.067 1 0.008 -7
@) 26 0.260 19 0.190 -7
100 ® 66 0.660 47 0.470 -19
100 ® 10 0.100 1 0.010 -9
@) 21 0.263 18 0.225 -3
80 @ 66 0.825 42 0.525 24
® 10 0.125 1 0.013 -9
D 18 0.300 18 0.300 0
60 @ 34 0.567 29 0.483 -5
® 4 0.067 4 0.067 0
D 28 0.233 26 0.217 2
120 ® 57 0.475 54 0.450 -3
® 8 0.067 10 0.083 2
D 26 0.260 26 0.260 0
10 100 ® 66 0.660 53 0.530 -13
©) 10 0.100 10 0.100
@) 21 0.263 26 0.325 5
80 ® 66 0.825 44 0.550 22
©) 10 0.125 10 0.125 0
D 36 0.300 32 0.267 -4
120 ® 57 0.475 60 0.500 3
©) 17 0.142 17 0.142
D 36 0.360 32 0.320 -4
1 100 ® 57 0.570 58 0.580 1
©) 17 0.170 17 0.170 0
@) 31 0.388 28 0.350 3
80 ® 47 0.588 48 0.600 1
©) 16 0.200 16 0.200 0
7} 0 TS sAlel iR AR WH e 499 Al b AE o dvlu = A, AlEe] gt el o8] & Wt
ko 3] AFE Hohul A Ak Fhw A e A nREnE, B4 Aae] Al s, kA oz A
& ol o5 £01, Deethanizer®] 39, 3719 3 55, 5 st AdE T RS A AlE 2 3 Z oAl o8 A%
FH W 58t (Net, 55 71/2) A= T4 A 9])ellA] 58 x 58 x =31, WA =S 75 AR ell <)) qize] A=)
58 = 195,000 7FA1 2] Z-¢-2] =7} A w A Ak whebA, WE ¥ o] Ao AEH Deethanizer®] -, 45 A= 1 H Al
W A Tl Vs A 5, AR WSl Aol o E FrAe] g7 whEell 4 w83} Al SAY H)go] HaskE=
Algtstofof st} A # 2 5} Axt AK(Table 1) 35 35 1A A& 3] S8l WgEA A s A ES Coselleel
7o) Yo R lal Td 25}t A} vn] 024 =] HAE B gill) 24 71 Al sH Adu] ol ] vl7] % (Vent) S7FE <18l €3
o|aL Jlo, thF &= E59] §A HAsh= wh=A] A stk At 784-2] EAlo] Mhgs R H Akl C2's 1 ppm O A H T
o HelE WA A-2] 8 Elste] 9 I35 A5 AelA Aspen Plus Y4-2] Optimization” 7]5& &8 7%, oJu] 7t
3F8H(Low Limity -2, “d¥H(High Limity> +2 2 A74shd g4 ol g2 9 A ZH(Logic)yS FEFTFoZH V)& NPT
o o= geEct (Sensitivity) 415 913 2} ®i A4 8l HA WA= 4
(Product Specification) =415 913+ 55 AlAk(Excel 24) 1=
5-2-2. E 1A #HA 5} #2231 & 5 Qlek 537, 8]-8-gh(Tolerance)e 12 (Tight)atAl A
7873%& 7t 7 (Product Specification) ¥ 2} S}= -/ 832 gate] =Eake] AEA A, WIR S (Sensitivity) 4] X130 Al RE

S®: from Demethanizer bottom product (244}, -24°C), @: from Demethanizer bottom product (2 phase, 3.6°C), ®): from GreenOi Absorber
6’Adjusting one feed stream whie fixing other feed streams

" Adjusting simuitaneously multi-feed streams to minimize energy consumption

Yz LAl H20| OfEt L ZEE0 XS S5 M2 B WA

90ptimization 222 MNLP(Mixed-integer NorLinear Programming)S X|I5HX| %47| 20| &8
=7+ssich
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Table 2. Energy unit price (Deethanizer)

Description Value

Steam Unit Price (KRW/MMkcal)'? 85,115
Refrigerant Unit Price (KRW/MMkcal)'" 44,907
Propylene Product Unit Price (KRW/MT)!? 994,000
Propylene Heat Duty Unit Price (KRW/MT)!? 745,045

3.52085.E+07

3.52080.E+07

3.52075.E+07 L

3.52070.E+07

3.52065.E+07

3.52060.E+07

80.0 100.0 120.0 140.0 160.0 180.0 200.0

Fig. 4. Propylene Fraction vs Objective Function (Deethanizer).

B AR 5 il Fows AFH Fok kA W A 4. ]l
HE HA43) 8 S sloR A

54 s A @R WEA @ e UeRly, o] & Fuiskehs
Aol WA= A2 HZAgko] ©T}. Optimization?] A W4+
F AE U €352 = (mole fraction)]T}.

TOPC3*745+BTMC3*994-(QREB*85115.1-QCOND*44907.5)

o HH AAE e A

A3 N AA) 2 2E-3) 557

QREB : 211U # 4 Q Y= (MMkcal/hr)

QCOND : -$57] A2 “%(MMkcal/hr)

745 . 2239 Ax 7 ke)

994 : X2 AF A7 FH/kg)

85115.1 : 28 T7H/MMkcal)

44907.5 : 3wl Dh}(&l /MMkcal)

oA 7t 71 £ Table 28} 201, AX} Aol(Fig. 4) A 4
A5 TS 140 ppmo] Al 1

5-2:3. 3R O A4

27] HA QAL gA Aot A R EO R B
walol 0k B 51 aima 2 A R F
A Bl Haskes o Fig
w3l §7H 2 Ui 1%3 S S0 o) ol T
o e B4R Aol ol ) A, AEE s B3

dA|Uele] F9el Sl sosk o) ojuf ek Wees Aetal]
b el u@ Faoluh £AIE A1 i gk o) o
#)2} Hhele 22 14 glo] ¥Alo] 218E 1] W] Ay

A W
TAlolw, AAe] F4
T &S| Rkt

T }hel

g QALlo]o] A 2olut Fel A e

5-3. BEXH| M Y SRE s HA 7IE EE

£ Atolli= APEA(Aspen Process Economic Analyzers)ys -8
Sl Model Based Estimations %] -8-3}¢] Factor Based Estimation
the] Fxp8] 2] A#AdS £0] 31, APEA B4 A5 & A 3l
FA] FA e A9 E= Q19E Faslstaiaf st

Table 3. Cases on how to use APEA

4
@ Case Description
where, Casel Only APEA Case Study
TOPC3 : " A E & 284 {3 (kg/hr) Case2 Aspen Plus & APEA Auto Linked Case Study
BTMC3 : s} A E & T2 - (kg/hr) Case3 Aspen Plus & APEA Manual Linked Case Study
40 £
—&— Reboiler Heat Duty —@— Condenser Heat Duty (MMkcal/hr) | —@— Reflux Ratio (Auxiliary axis)
< (MMkcal/hr)
35 35
L
30 ¢ i3
25 L 25
20 2
15 + 1.5
10 ® 1 — b1
5 —e 4 -0 - 05
0 0
30 35 40 45 50 55 60 65 70 75

Fig. 5. Column number of stage vs reflux ratio, energy (Deethanizer).

19 Applying 80% efficiency of B-C ol unit price in 2018
11

2)Average product unit price from 2017 to 2019, Exchange rate 1,000 KRW/$
13,

)
)2nd shaft work factor of Propylene refrigerant compressor 490 kW/MVkcal, Power unit price 91.6 2I/kW
)
)

Propylene LHV (Low Heating Value) 10.9 MMkcal/MT, Applying heat duty unit price of B-C oi (average in 2018)
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Economics Active Off >

!

Change Scenario Name

I

Adjust Column Number of Stages

!

Aspen Plus Run
— Auto Calculate Utility Consumption etc.

|

Economics Active On
— Verify investment Cost & Save Excel File

|

Aspen Plus Save
— Save APEA New Scenario

1

g

(7
N

L
NNV

(a) Save APEA individual scenario

Fig. 6. Aspen Plus & APEA manual linkage calculation method.

5.5 60
—e—|.D —e—Length (Auxiliary axis)
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50
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45

4
40

35
- 35

3
30
25 25
2 20

30 35 40 45 50 55 60 65 70 75

(@) Column diameter / length (m)

45

—@— Energy (106 USD/Year)
40 —&—Total Annual Cost (10°6 USD/Year)

—@— Annual Capital Cost (1076 USD/Year)

\

30 35 40 45 50 55 60 65 70 75

(c) Annual cost (10% USD/year)

Fig. 7. number of stages vs APEA calculation result (Deethanizer).

APEAZ 33 ] 415 W 3714 29 (Table ) 743
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as Excel File
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(b) Save extracted excel file

10,000,000 —8—Condenser ~—@—Reflux Drum —®—Reboiler ~—®—Reflux Pump —@—Column
9,000,000
8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
L
2,000,000 \ e - o0
-—3 >4 b Gl
1,000,000
® - ° 5 - ) o
30 35 40 a5 50 55 60 65 70 75
(b) Investment cost of individual equipment (USD)
18%
~&—Reflux Ratio | —@—Reboiler —@— Condenser
16%
14%
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4%
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0% | | ] | | 1 E =
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(d) Reflux ratio, heat duty relative tolerance (%)

A A Qo] HA] ¢h=th. Case37F 7HE S84 AatE o A,
APEA°] 9J3|| Alxte Avks A4 ate sk el wet 2714 %
H(Fig. )22 &7 4= 3t
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APEA g Hxps 33}, 2971 9] v wkE 2Qfo| x| uh, S5
e E FA) AR 22 B AR A75(Case Study)7t S
= Aol 4R 918 1 Q1% @ F(Human Error)ol] -2 98
=Tt

Deethanizerel| 4] Column T~ Z-7}¢l & APEA A4t A 3}=
A3 A3 (Fig. 7), HA S5l SRE S SR,
A 7k = A7 T2 (Annual Capital Costy= T2]0] Za
she AEE Hol1 gtk ol& TFE 49 SR SRe
717 AAX AR, BFH) o Tar 87] AF 9 SF57]/ERY
A WAL ] wito|vh. &, SR8 4ol 57 YR,
S5 217 (Diameter) ¥ A 3] A WA (Surface Area) 74~
QF@Fol o AA Fgate] FAE a7 Aotk A E
AZE ]G0 ket 5 o qx] H]-8-3} FAksh Az TR &
23 70|, o] X Fo] H2 SRE wErt dnt
A (Loadys 1T B /Y o 243} dAvct
T2 FAo] ErketE R, A FA e thgk A1 4AE W)
A7) Al SR dF 57 ¢ 7
21 9] 31-8-¢k(Tolerance)y # 213} A7l W= A 2la3it.

Hr o
1z

R —Ry)
. n+o
Reflux Ratio Tolerance = %)
Ry xa
where,
0.61 - 0.90%
—&— Reflux ratio|(Mass) —&— Tolerance (%, Auxiliary axis)
0.605 r080%
- 0.70%
0.6
- 0.60%
0.595 L 0.50%
050 - 0.40%
- 0.30%
0.585
- 0.20%
0.58 L 010%
0.575 0.00%
58 60 62 64 66 68 70 72

Fig. 8. NQ Curve calculation result (Deethanizer).
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—8—C.S Investment Cost (USD)

—8—S.S Investment Cost (USD)
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(@) Investment costs in C.S/S.S (USD)
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Riyiq) © 0o o4 2] 2]
R, : n Tolx e 7]

o eTE 9 SR (35)

Deehanizer®] # 2% w0l 2] 371 3] 8Zk(Reflux Ratio
Tolerance)< 0.2% ©]™, Ethylene Fractionator®} Debutanizer®l|*]
F7FAS5E Agste] A4 TR dr AE fE e HAE
FRIsk3TY.

Aspen Plus Y52 NQ Curve'¥= =24 g
(Tolerance)> AR, 1 gtoll Ax38}k el

ato] E521Q1 A4S ThsahAl & Alo® et

NQ Curve AXF A¥= Fig. 894 2}, 1] 383k 0.2% diel
ke Column TrE 7157/ R 2o = TiftE
(Sensitivity) -4 Ao} 15+2] HA= gl oLy, 58 2k 1 o]
yle]tt,

]
ofk
X

5-3-1. FA] Wisle] gt SRS H4 W JFHE
T2 vl Fo] S7HE S gl Uist JEs AESH] S8,
4] A A (Material)S C.S(Carbon Steel)*l| 4] S.S(Stainless Steel)

60

—@— Energy (106 USD/Year)
—@— Total Annual Cost (106 USD/Year)

—@— Annual Capital Cost (106 USD/Year)

50
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20

o Py * °
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Fig. 10. Annual cost at operating cost 120% (Deethanizer).

50
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45 —&— Total Annual Cost (106 USD/Year)

—@— Annual Capital Cost (10°6 USD/Year)

5 ‘\’\‘_.\‘ T
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(b) Annual cost in S.S (10° USD/year)

Fig. 9. Number of stages vs impact on changes in investment costs (Deethanizer).
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—8&—Reflux Ratio —@— Reflux Ratio Tolerance (%, Auxiliary axis)

Fig. 11. Number of stages vs reflux ratio/tolerance (Deethanizer).

Table 4. Number of stages vs annual operation cost (Deethanizer)

Heat Duty Operation Cost™®
Column Number - —
of Stages Rebiler Condenser 100 Million
(MMkcal/hr)  (MMkcal/hr) KRW/Year
50 (Actual 48) 9.689 5.964
70 (Actual 68) 8.392 4.667
Difference -1.297 -1.297 -14.5

O WA FARES FA] 24 A3k Fig 99F 2. C.S thH]
S.S g HA o7 ouf) =0 Fx| S} dAlsh s
H] 3845 0.2%% C.S¥ T3}

5-3-2. &-78] Walol| 3 Column 4 v A AR

28] Wslel] gjgh S HESE] {3, oluiA Wke d 71E
o] 120% 248351508 -9-ol ot F2h] 24 A= Fig. 109}
2t} A7F F8]8(Total Annual Cost)ol|A] oA R| 7} 2K R= Bl 52>
88%°14 90%= d55kt, B8] 318382 0.2%= W3F7| gl

5-3-3. FA] 240 F oA

THY Ao Gprt TrtshEA @R8lE 323 as
., 505t ool 1 AT o] FA3] FoJErt. SHANL, FA)
Aol o3 hn] A7 2] Vo] §le A, URbA o Z FxjH)
£ HAassl] fld gRn7F A S0l Aol SHE
s AASHE o] QU ol @es] SR 343 &
EA™E AY SR d57F SR dA FA2m7F Sk A
TR Edee] gt

S
rr
e
=
2
0,
o rﬁ
juir}
=2
N
o
ol
FIF
M
o
o
ofN
J

Table 5. Optimum ratio of the actual number of stages to the minimum

(Deethanizer)
Description Value
Minimum number of stages 27
Exclude condenser and reboiler 25
Minimum Reflux Ratio 0.7
Applied number of stages 70
Exclude condenser and reboiler 68
Applied reflux ratio 0.577
Applied number of stages factor 272
Applied reflux ratio factor 0.824

WEY o 58S 1HY AP X t= xlols 2580|Ck
'®) Applying utiity cost same as optimizing product specification
17)Apply'ng utiity cost same as optimizing product specification
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- A

Deethanizer®] 73-¢-, o] 2= 715 505+ 705H&E A v) A4
213t $-4 B]§ 2o|i= Table 4014 2 = 3150] A7F 149 o]A}o]
B D) whebA] | o wkE A)AE A mic)h Fxh) A ol
o] Qlon}, 28]9] ukE Akt A3 T A P YAE 1F0)
9 oxF Heo] EoloA FHd HA 1 s

A7 B0 9 71Ee S B ede ot

N

(D)

5-3-4. F 2> O o] AA| © A2 A

A A AL @ A XK (Factor)= 2.722 AAHE S © ™ Table 3,
Shortcut Method = XM & & wha=oll A 2.5~3 Alo] 2] 1x=
Rigorous Method®] F7| X 2 AMg-3h= A& F3 sttt Shorteut
Methodoll A AlAFE #H 4 3] ALt Aibe, #4 SHE Dol
A Rigorous Method®ll 23l Alxte ATRct =082 Axl A
A e glrks 21 thA] i GR1E = Qi

5.4, HHE M 23 -
SAk29l AH3) 1YL
A ol o FA HE, B A W WAl ol %A ¢
o] Wrge] A MA WS Astel BT F 5 UAE WE
sfo] Wk Aol BeS AFT Do) UrkFig. 12)

Design Variable Objective Function

Feed Stage [\
? Operation Cost

Product Specification (<
i Investment Cost

Column Number of Stages 'é

Fig. 12. Relationship between design variable and objective function.

Table 6. Effect of optimal feed ratio depending on number of stages

(a) Number of stages vs optimal feed ratio

Column Number of Feed Ratio
Stages ©) ® ®
58 0.259 0.448 0.017
70 0.243 0.500 0.014
(b) Operating cost comparison
Heat Duty Operation Cost'”
Description Rebiler Condenser 100 Million KRW/
(MMkcal/hr)  (MMkeal/hr) Year
Before (A) 8.404 4679
After (B) 8.379 4,654
Difference (B-A) -0.025 -0.025 -0.3




ZRE AN A 99 29 0H A L A5 561
Table 7. Effect of optimal feed ratio depending on product spec’ Table 8. Effect of optimal product spec’ depending on number of stages
(a) Product spec’ vs optimal feed ratio (a) Operating condition change
Product Specification Feed Ratio Product Spec Product Utility
(ppm) D ® ) (ppm) TOPC3 BTMC3 QREB QCOND
230 0.243 0.500 0.014 o (k§/2 hr) ;‘;ggi (Ml"ék:gl/ hr) (MMfzaglM)
10 0.300 0.486 0.057 @) ’ | o
- - 105 (B) 16 36,340 8.42 -4.69
(b) Operating cost comparison Difference (B-A)  -15.9 15.9 0.02 0.02
Heat Duty Operation cost (b) Profitabil 3
.. TOI1 1UT m 1S0n
Description Rebiler Condenser 100 Million ofitability compariso
(MMkeal/hr)  (MMkealhr)  KRW/Year Product Spec' Objective Function'®
Before (A) 9.608 5.886 (ppm) 100 Million KRW/Year
After (B) 8.652 4.930 209 (A) 3,020.56
Difference (B-A) -0.956 -0.956 -10.7 105 (B) 3,020.73
(*) Applying utility cost same as optimizing product specification Difference (B-A) 0.17

[9,10]. 8FXIRE, 2710l AW HA I
YA KA
AAFste] &%6}“& %%E H]ﬂé}

OH

;ON

el whE HA 3

5-4-2. YR E 714 THEFHE 9T HE
55 72k, A
FEHE 4 4.

Aol FdsHAl A8k

Zz]

H

T
15

B5-oh AAE SIS BE

5
7
WsPH, Table 79} 2T} Deethanizerol| A 2 35 r0]SS A
ARE A e8kS 739, dxt 11 o] F7F 2dn7) HAE = A

H=H]-E-(Feed Ratio)s 5
“or | A Fedsul s
Tal ble 62T}, Deethanizer
A4, 397k 0.3 9

= == A~
m}.; FRY s

AAE 712 C3%s 230 ppmell A Al4kE H 4
F2)ys A A4 174 C3’s 10 ppm O
21630 A

¢

700 2 RIAA | FLHAl GRS 55, 24 A= 1
AL QAR S 745 B w5 Table 89} 7T} Deethanizer
oA HA AE FAS AAAE A kg A9, dr 02 99
o] F7F A A EE AE G Qo S, SRE O
AR HA A&

il

T ﬂ@ﬂ *101] ‘I]r*— Oéfé Y A7) dake] 89S A5 A
Table 93} 2t}
TR gl Mak= v A g A W ol ulE RE
o] % Xggx|ofo} gt} wheba], TR} AAlE SRS T #H A
sh= vt A2 ZlEojof SR A-9-2] °= Case A9 B

r

_l

& ER1E = Qlth. &, A= 14 AAA HA FdrrEE Z =9} Case B A9, @ 35 54 NQ-CurveE %
AR Elo) Aok gt 3 &u et TRE s Al #AAst & 5 9lon, v
T Z50l4 Case A EH‘ﬂ SHE O 271 o gl 94
543, ZRE B el WE A2 AR 174 93 A% Bk 42 Qg 5 glo] A Mo A4 £49) Row B
SRS s2ueld ARk A1 AN E 7 209 ppmE FRE b
Table 9. Sequence of design variable
Sequence Case A (1/2) Case B (3/4/5) Case C
1 Feed Stage Product Spec' Feed Stage
2 Product Spec' Feed Stage Column Number of Stages
3 Column Number of Stages Column Number of Stages Product Spec'
Table 10. The result of iteration calculations for optimization
Description / Case Number 1 2 3 4 5
Optimum Sequence Case A Case A Case B Case B Case B
Initial Set of Column Number of Stages 69 50 69 63 50
Applied Factor (x Minimum number) 2.75 2 2.75 2.5 2
Required number of iteration 4 6 4 3 4
Optimal design result
Product Spec' (ppm) 113 113 106 105 10
Optimum Feed Stage
@D 20 20 20 20 20
® 36 36 35 35 35
® 5 5 5 5 5
Column Number of Stages 69 69 68 68 68

18’Applyhg objective function eq. (4.4) same as optimizing product specification
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Table 11. Utilization tool summary in Aspen Plus

o]

=

o

il

A

A 2B ES 98 A = (Flow Chary® A5 A 2] sholth
(Fig. 13, Fig. 14).
w3k 2F A W 828

sk,

(Tool)= Table 113} o] A

5-7. JWMEl SRE 2XE HA EHi HE E HS

MAaE SF5 A8 A AakE dY ¥ (Single Feed)/ —i—
2§ ~k(Side Product)S 7171 Ethylene Fractionator2} 7178 &1k2 <l
4 F, AR Al AJAH Top/Bottom Product) ©. % :y“é%
Debutanizere] &3+ 23} Fig. 15, Fig. 169+ 22T}, Ethylene
Fractionator®] WFE- 7|4t 3142 83] 2 Deethanizer 63] tlH] 57}

\__\__

Design Variable Utilization Tool Result
Feed Stage Sensitivity Study Recommend
Sensitivi High Analysis Load
Product Specification - ty s '
Optimization Recommend
Sensitivity & Calculator High Analysis Load
Column Number of Stages v & Y
NQ Curve Recommend

Define Component List

Set & Verify Property Package

Assume Product Specification

Set Operation Pressure & Temperature

Run Shortcut Method(DSTWU)

- Verify Design Boundary

- Set initial design parameters
for Rigorous Method(RadFrac)
Minimum Number of Tray x 2.75
(Range 2~3)

Number of Feed
Streams > 1

Rigorous Method(RadFrac)

Execute Iteration Loop

Optimize each feed stream
Set initial feed stage for optimizing
simultaneously multi-feed streams

(O]

Fig. 13. Flow chart for optimization of distillation columns - 1/2.
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(1)

Tolerance Optimize Product Specification
< 10% : Optimization Block
A
(YES=1,NO=0) l

Optimize Feed Stage
: Sensitivity Block

- Single Feed : Utilize NQ-Curve to optimize

Tolerance simultaneously both feed stage and column number
|
< 1 Stage of stages
B - Multi-Feed : Perform complex optimization analysis
(YES =1,NO=0) between feed streams

Range — Low : Previous Value - 2,
High : Previous Value + 2

I

Iteration No Count
:n=n+l

Analyze Investment Cost
: APEA

YES - Trade-Off Analysis

Investment Cost vs Energy Consumption
depending on column number of stages
— Set Optimum Reflux Ratio Relative

Tolerance
Optimize Column Number of Stages
: NQ-Curve Block
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Fig. 14. Flow chart for optimization of distillation columns - 2/2.
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Fig. 15. Number of stages vs annual cost & relative tolerance (Ethylene Fractionator).
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Fig. 16. Number of stages vs annual cost & relative tolerance (Debutanizer).
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