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Abstract—The optimal design of batch plants considering scheduling effects gives us savings of capital
cost. Using a nonlinear programming formulation, which includes zero wait scheduling policy with cleanup
and transfer times, we propose a method to obtain the optimum size and production sequence. The effective-
ness of this method is verified by solving two problems.
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Fig. 1. Scheduling policies with cleanup and transfer times (a) Single Product Campaign (b) Mixed Product Campaign.
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Table 1. Data for Problem 1
(a) Size and Duty Factors

Table 3. NPRS; for Problem 1

k\i A B Total
Layout SC1 Bl SC2 B2 SC3 B3 SC4 A 148 148
A 1 2 1.3 3 16 4 2.1 B 149 149
B 2 4 14 6 12 3 1.5 Total 149 148
(b) Processing Times(h)
Layout SCt Bl SC2 B2 SC3 B3 SC4 “(A-B)- :149 cycle
A 1.5 8 1.5 20 14 8 12
B 13 16 13 4 12 4 11 149
—
A - B

(c) Projected Market Demand

i Qi kg
A ] 40000
B 20000

(@) Units Data

Layout SC1 B1 SC2 B2 SC3 B3 SC4
Cost coefficient 150 250 150 250 150 250 150
Cost exponent 04 06 04 06 04 06 04

(e) Clean Times

i-k\J Stage 1 Stage 2 Stage 3
A-A 0 0 0
AB 07 19 02
B-A 16 1.0 06
B-B 0 0 0
Table 2. Result of Problem 1
SPC yAYS
No. of variables 13 27
No. of constraints 20 44
CPU time, sec 0.10 0.30
Capital Cost, $ 47,829 47,029
\'A 553 537
Vs 830 806
Vs 1107 1075
R, 213 207
R. 240 233
Rs 316 307
R4 484 470
B, 277 269
Be 138 134
ny 145 149
ng 145 149

vlasi e o = gI%o] AdARel ZW ZA S 2
23le 7] AHEn7) 2Faske A7) gl Table 62
Table 59} Aol q 7% NPRS,olch. Fig 32 Table
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Fig. 2. Optimal production sequence of Problem 1.

-(D-B-A-C)- : 148 cycle
-(Cc-¢C) - : 35 cycle
-(C-E)- : 1 cycle

-(E-E)- : 68 cycle
-(E-B)- : 1 cycle

-(B-A-F)- : 45 cycle
-(F-D-A)- : 14 cycle

148 1 1 14

D-B-A-C-C-E-E-B-A-F-D-A

35 68 45
Fig. 3. Optimal production sequence of Problem 2.

Table 4. Data for Problem 2
(a) Size and Duty Factors

Layout SC1 B1 SC2 B2 SC3 B3 SC4 B4 SC5
A 1 2 15 3 15 2 17 6 16
B 21 7 21 3 09 1 12 2 12
C 09 1 12 4 12 3 13 2 13
D 20 5 20 5 14 2 14 6 12
E 12 1 12 6 14 3 13 2 13
F 15 4 15 1 17 1 14 4 17

(b) Processing Times(h)

Layout SC1 Bl SC2 B2 SC3 B3 SC4 B4 SC5
A 03 6 06 2 03 4 05 1 04
B 07 1 06 5 05 3 04 5 05
C 05 2 03 7 04 3 04 7 05
D 03 8 05 1 04 5 04 2 05
E 04 4 04 1 05 2 04 2 04
F 05 3 04 6 04 2 03 4 05
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Table 4. Continued

Table 5. Result of Problem 2

(¢) Projected Market Demand SPC W
i Q. kg No. of variables 27 199
A 300000 No. of constraints 80 274
B 200000 CPU time, sec 0.36 310.15
C 400000 Capital cost, $ 252,270 243,180
D 300000 Vi 8388 7262
E 100000 V. 8388 8713
F 100000 V3 6291 6535
(d) Units Data Vi 1007 8715
Layout SC1 Bl SC2 B2 SC3 B3 SC4 B4 SCb gl ;;;g Zgig
Cost coefficient 150 250 150 250 150 250 150 250 150 Rz 3913 7962
Cost exponent 04 06 04 06 04 06 04 06 04 R, 9786 7974
(e) Cleanup Times Rs 7130 5810
kN Stage 1  Stage 2 Stage 3  Stage 4 Ba 1678 1453
A-A 0 0 0 0 Bs 1198 1038
A-B 03 0.2 0.3 04 Be 2097 2178
A-C 04 02 0.2 0.5 Bp 1678 1453
A-D 0.5 04 0.3 0.1 Be 1398 1453
A-E 04 0.5 0.2 0.6 Br 2097 1709
A-F 0.3 0.5 04 0.6 nyg 179 207
B-A 0.6 0.5 0.2 04 ng 167 193
B-B 0 0 0 0 ne 191 184
B-C 0.3 0.2 02 0.4 np 179 207
B-D 0.6 04 05 0.3 ng 72 69
B-E 0.2 04 05 05 ng 48 59
B-F 04 04 0.3 0.5
C-A 05 04 0.3 0.3
C-B 03 0.2 0.2 05 Table 6. NPRS;, for Problem 2
Cc-C 0 0 0 0 ki A B C D E F Total
C-D 03 0.2 0.1 0.1 A 193 14 1 207
C-E 0.2 0.2 0.2 0.2 B 193 193
C-F 0.2 0.5 0.5 0.3 C 148 1 35 184
D-A 0.4 02 0.3 0.2 D 148 59 207
D-B 0.5 0.5 04 0.5 E 1 68 69
D-C 0.6 04 03 04 F 59 59
D-D 0 0 0 0 Total | 207 193 184 207 69 59
D-E 03 0.2 0.2 0.2
D-F 0.5 04 04 0.3
EA 04 03 04 05 62 Axbol ZAZ A Y4k Aol
E-B 0.1 0.2 0.2 0.6
E-C 0.2 0.3 0.5 0.2 5. 7é %
E-D 0.6 04 05 0.3
E-E 0 0 0 0 AFAAE AEA TR A% 2AEYe 51
ot o 2 - 4q) $AZ AAHYD DAY B Foll 2AEAE
FB 03 0.2 02 03 e Aol X E7HA19] Bl whyelglr). ey B
F-C 0.2 0.1 0.1 0.2 =EollAde &4 544 ZWR Aiso e} d=
F-D 0.4 0.5 05 04 TR AA dAA AAEFAS THFoEH 27
F-E 0.3 0.5 0.3 0.2 ZEplE o 4 %l Bireware} Grossmann[1]0]
F-F 0 0 0 0 At uhgyc) o AAE 23S 323 A4
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a; :the cost coefficients of a batch unit in stage j

b, :the cost coefficients of a semicontinuous unit
k

B; :limiting batch size of product i

Ds :the duty factor of semicontinuous unit k

H :the operating time

m; :The number of parallel units in stage j

NPRS,; : the number of times the batches of products
i and k occur in pairs

t; :the processing time of product i in stage j

Q; :the production quantities of product i

R, :the processing rate of semicontinuous unit k

Ry Ry : the upper and lower bounds of semiconti-
nuous unit k

S; :the batch unit size factor of product i in stage
]

SL.; : the slack in stage j when batches i and k are

siata 2t H323 M43 19944 83

O]O bl}:; * XQLE"/T\"

produced in succession, in that order

T, :limiting cycle time of product i

V;, :the volume of batch unit in stage j

Vi Ve« the upper and lower bounds of batch unit
size in stage j

az2|0|A X

o; :the cost exponent of a batch unit in stage j

Br :the cost exponent of a semicontinuous unit k

vi :the cleanup time between product i and k in
stage

9, :the transfer time of product i in a semiconti-
nuous unit k

6,; :the emptying time of product i in stge j

0,5 :the filling time of product i in stage j

2 Xl

NLP: nonlinear programming

GRG2 : generalized reduced gradient 2
ZW :zero wait
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