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) AHEE 1 Qe 54 2E ASddl o3 TAHHARES vlm d7F B3l AA A A
L %34 25 Z4 A2 (Sequential Module Based Approach)® ¢]% 2l A2 (Two-Tier
Approach)®] ¥ 7}2] FR& ol £ 4 gk £3H4 2E FA AL e HHsAkelA 3
wods 2oz oz il de] Astdo] BAsRal 2o whE A4lge] Fot FAAoE HF
i}, 4w A== (Rigoroys Model) W #4kxd (Simplified Model) ¢} F 7}x] 2elg FAJol H
Bhe o]F mwl F2We A IAAS Al AR S ARSRE, weld AlAbERe Fof A A
FalA s Aol BAE R ekerh, oleh o] AutAE slAlE 7 Ak, F sk Ae EFslA
FapA o2 AHgshe Weke g AAdselA gict

2 oA 5 AMeke] EAL 7 sAE 44 Jacobian #3 (Modified Jacobian Matrix)-& T-
Hato 2 5 wpgke| AMS FAlo zatehe A b AYsiich, Y 3PS A
2A 8}y ol| FHsb AZTAo] HLA)7) A} B} AL Aalgko g A do] 4= AHE o
2oy chE FAHA A via] AP o 43 AH5E RS BAsisiet

Abetract—By structural comparison of process optimization strategies based on Simultaneous Modular Ap-
proach, they can be classified into two groups: the Sequential Module Based Approach and the Two-Tier Approach. The
Sequential Module Based Approach needs rigorous models and a set of accurate solutions are guranteed. However it re-
quires a large amount of computation time. In the Two-Tier Approach composed of rigorous and simplified models, opti-
mization calculation uses simplified models, therefore comparatively smaller amount of computation time is required
but the obtained solutions may not be accurate. These optimization problems were somewhat improved by the alter-
nate application of the two strategies. In this study improved optimization strategy is suggested, in which Jacobian
Matrix is modified to accomodate the strong points of above-mentioned strategies. The results of case study show that
this approach is superior to the other strategies.
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oj Ul = vu] A ¥ A Y (Nonlinear Programming
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o diajx+ Y= (Rigorous ModeD) S, A4k
EgHE Slsled Ae4 (State Variables)ol =3t
of 4 v (Simplified Model or Reduced Mo-
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Simultaneous Modular Approach
l I 1
Sequential Two-Tier Approach Hybrid Approach
Module Based Approach
l | l
Feasible Infeasible Hybrid Path Approach Restart R/S Revised Jacobinan
Path Path [ Partial J Method Method Strategy
Approach Approach Convergence Proposed in This
Thesis

Fig. 1. Classification of strategies based of simultaneous modular approach.

Table 1. Comparison between sequential module based approach and two-tier approach

Sequential Module Based App.

Two-Tier Approach
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(state variable)
y
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Fig. 2. Strategy of process optimization.
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Fig. 3. Three types of Jacobian matrix.
(a) Jacobian matrix by rigorous model
(b) Jacobian matrix by simplified model
(c) Modified Jacobian matrix
where s: simplified, r: rigorous
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Definition of Decision Variables
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Rigorous Simulation
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Nonlinear Simplied Model
Parameter Calculation L
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Optimization
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no next point
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Fig. 4. Algorithm structure of proposed
strategy.
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overhead
feed
100 F
150 psia | recycle
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Coump ()
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Components Average Flow Rate
(1b mol/hr)
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1-Butene 15
N-Butene 20
T-2-Butene 20
C-2-Butene 20
Pentane 10
x| l_.}' aSh

8

7
[ Pump }—— Split
e

Optimizer

Fig. 5. A simple flash problem.
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Table 2. The results of three cases
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Table 2. Continued

Strategy

Iteration

Pressure

(psia)

Obj. Function

Case Sequential
1 Modular
Approach

Modified
Jacobian
Approach

Case Sequential
2 Modular
Approach

Modified
Jacobian
Approach

Case Sequential
3 Modular
Approach

Modified
Jacobian
Approach

W 00 =0 D U kWD =IO TR WN =IO WD

[y
W00 =1 S N WN O80T W NS

-
<

=R U R W

18.00
20.69
21.69
22.21
22.29
22.28
22.28
18.00
20.67
21.56
22.24
22.39
22.36
22.36
18.00
11.68
13.83
12.65
12.44
12.46
12.49
12.48
12.46
12.44
18.00
11.66
13.84
12.66
12.43
12.46
12.47
20.00
21.93
23.62
24.62
25.01
24.95
24 99
24.97
24.95
24.95
24.95
20.00
21.93
23.38
24.61
25.14
25.01
25.13

-1.595
-0.8042
-0.7018
-0.6824
-0.6808
-0.6810
-0.6809
-1.595
-0.8705
-0.7092
-0.6820
-0.6797
-0.6799
-0.6799
15.742
19.167
19.364
19.620
19.602
19.605
19.608
19.607
19.605
12.603
15.742
19.159
19.362
19.621
19.600
19.604
12.606
-2.338
-1.878
-1.704
-1.668
-1.664
-1.664
-1.664
-1.664
-1.664
-1.664
-1.664
-2.338
-1.879
-1.719
-1.669
-1.664
-1.664
-1.664

Strategy Iteration P’i;iis;)re Obj. Function
Case 8 24.98 -1.664
3 9 25.04 -1.664
10 25.07 -1.664
11 25.01 -1.664
12 25.08 -1.664
13 25.03 -1.664
14 25.03 -1.664
15 25.05 -1.664
16 25.05 -1.664
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Fig. 6a. The comparison of convergences bet-
ween sequential module based app-
roach and modified Jacobian strategy
-- casel.
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Fig. 6b. The comparison of convergences bet-
ween sequential module based app-
roach and modified Jacobian strategy
-- case2.

VI SRy RSN SHUEr B

-1.60

-1.801
-2.00F

-2.20}1

Objective Function

-2.40F

-2.60 2 —_ I 1 | e
19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00

Pressure

Fig. 6c. The comparison of convergences bet-
ween sequential module based app-
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Fig. 7. Vaiation of objective function -- case3.
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Table 32 SMIPA (Sequential Modular Infea-
sible Path Approach)$%} MJS (Modified Jacobian
Strategy) ¢l 459 AN vlmE 24l Ze|c}, Table

= Al 19 7Sl W5led Ganesh[12] 5ol 7]&9
Azl SMIPA 9 280 o 14" R/SH,
Trevino 5o 2J& Restart¥ 59 Aol 484
CPU Time% 7|ZFe2 dlmd ZHolth(Complete
Rigorous Model & SMIPA & itjeldc}), SMIPA
5 FA 22 3 4 wlael], & Table 3% Table 4
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Table 3. Comparison between SMIPA and MJS

Optimizati Number of Number of Value of Value of

Case Sg’t"t“‘za 1on Optimization Flowsheet Decision Objective
rategy Iteration Iteration Variable (psia) Function

1 SMIPA 7 73 22.28 -0.6809
MJS 7 31 22.36 -0.6799

2 SMIPA 10 103 12.44 12.603
MJS 7 31 12.47 12.606

3 SMIPA 11 113 24.95 -1.664
MIJS 16 67 25.05 -1.664
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Table 4. The results reported Ganesh et al. [73]

Procedure CPU  Decision Objective
(sec) Variable function
Complete 232 18.96 3.66289
rigorous model
Complete 29 23.79 4.87575
simplified model
R/S algorithm 184 18.99 3.66308
Restart method 193 19.02 3.66337
6. & —
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NOMENCLATURE

g : inequality constraint

h : equality constraint

K : simplified model

N : number of initial rigorous flowsheet itera-
tion

N1 : number of rigorous flowsheet iteration for

each optimization iteration

0% B

Hede £4% 3AA A

N2

N3
N4

N5

UVt

’&-*{%Q%D'Ci

10.

11

12.

13.

14.

577

: number of tear variables (number of com-
ponents +1)

: number of decision variables

: number of rigorous flowsheet iteration for
line search

: number of total optimization iteration

. pressure

: multipliers

: calculated tear stream variable

: decision variable vector

. tear variable (state variable) vector

: values calculated by independent routine

: parameters of simplified model

: variables based on data base

. objective function
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