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Abstract — This study proposed a new optimization-based decision model for an enterprise resource planning and
production scheduling of a pharmaceutical intermediates manufacturing plant. To do this work, we first define the inflow
and outflow information as well as the model structure, and develop an optimization model to minimize the production
time (i.e., makespan) using a mixed integer linear programing (MILP). The unique feature of the proposed model is that
the optimal process scheduling is established based on real-time resource logistics information using a radio frequency
identification (RFID) technology, thereby theoretically requiring no material inventories. essential information for process
operation, such as the required amount of raw materials and estimated arrival timing to manufacturing plant, is used as
logistics constraints in the optimization model to yield the optimal manufacturing scheduling to satisfy final production
demands. We illustrated the capability of the proposed decision model by applying the optimization model to two scheduling
problems in a real pharmaceutical intermediates manufacturing process. As a result, the optimal production schedule and
raw materials order timing were identified to minimize the makespan while satisfying all the product demands.
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(a) Existing process scheduling
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Conditions The optimal sequence
Operating time  Urgent order
Process P3| | P4
[p1] [P2] Product property [Pa}—{®2—{rs —{Fi]
Boundary of manufacturing plant
(b) Existing supply chain network -----_:::::: . /,_»_’:: ________________
Raw material supply |--» Inventory [--M Manufacturing ---»  Distribution [--» Demand
(c) Integrated scheduling and supply chain B ol
Required amount & deadline
l Order
1 B2 [F3l [
Raw materialsupply == =-=-=-=-=-=--= > — - — = » Distribution =% Demand
[P4] P1

?

Arrival time through RFID

— — — —» Material flow

——— Information flow

Fig. 1. Scheme of (a) existing process scheduling, (b) supply chain network, and (c) integrated scheduling and supply chain system.
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Table 1. Product demand and material information

Product Required reactants ~ Demand (kg) Due date (hr)

A-1 XY

A-2 XY, Z 1,000 3,000
A X,Y.ZM
B LM 1,300 2,100

C-1 XN

C-2 Y,Z 524 1,800
C X.Y,.ZN

D-1 YM

D-2 X,L

D3 XYLM 900 3,500
D X, Y,L.NM

Table 2. Transport time from domestic/outside site [4]

Transport time from  Transport time from both domestic/

Reactants domestic resource site (hr) outside resource sites (hr)
X 37 144
Y 35 48
Z 38 36
L 34 72
M 36 216
N 39 168
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Table 3. Equipment information about pharmaceutical intermediate industry [4]

Filter data Dryer data
Reactor (R) Type Max. volume (kg) Shared condenser -
Filter (F) Type Dryer (D) Type

R1 GL 7,800 R5 F1 F/P D1 F/D
R2 GL 7,500 R3 F2 F/P D2 F/D
R3 GL 4,400 R2 F3 H/F D3 F/D
R4 SS 3,700 F4 H/F D4 F/D
R5 GL 7,800 R1 F5 H/F

R6 SS 3,100 F6 H/F

R7 SS 5,300 F7 H/F

R8 GL 4,300 R9

R9 GL 3,000 R8
R10 GL 4,200
R11 SS 5,200

« GL2 =2t~ 2ko| Y (glass lining) 242 % WES7]o
= 2H|Q1E] A7 (stainless stee) 2. & A ZHE W75 5231} GL
W71 4 2ol BAIglo] AR < Jlent SS
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e HFS7) 9] S 3100-7800 kg 2 TRUYBITH4]

o QbA A sgl o] W7 Bk ¥ ES
4= 9tk Table 104 Hol= nhel 7o) R1 ¥H3-7]

jul o=

W21E FRE) Gl B4l 24 4 gk,

o 71342 o 37| (Filter press; F/P) & LA ZH-E BAE &
7] Q8 AF2EH, &3k ZE] (heap filter; H/F) = 7% =

el g ARg-Si

Fig. 2= AJ4H= A,B,C,Dell thgt A4k

CERE

Product A

Product B

Activities

(® Transport of material X~ (E) Transport of materialM (1) Synthesis of X,Y,ZM (M) Synthesis of X,Y,N,Z
Transport of material Y (F) Transport of materialN (1) Synthesis of L,M

(© Transport of material Z (© Synthesis of X,Y
(© Transport of material L () Synthesis of X,Y,Z

Fig. 2. Production routes and theoretical minimum time for products.
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® Synthesis of X,N
(© Synthesis of Y,Z

@ Synthesis of Y,M

@ Synthesis of X,L
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Table 4. Summary of quantity and type of ordered product and processes [4]

Product Required process Sequence of equipment Bottleneck time (hr) Processing time (hr) Batch production (kg) Required amount (kg)
R e GL (3500) — SS (4000) SS (3500)
A-1 F . H/F 48 95 500 1,563
D F/D
A2 R e GL(6000) — SS(4000) SS(3000) 50 164 488 1,544
A R . SS(3500) — SS(2500) 36 390 140 1,000
. GL(3000) — GL(3500
R R GL((2000)) - SS((l 000)) 60 90 400 1,300
Cl R . SS(3000) — SS(2000) 36 60 380 600
D F/D
C-2 R . GL(5500) — SS(2300) 40 52 270 640
C R . GL(3600) — GL(3200) 60 135 200 524
D1 R . GL(5000) — SS(4000) 35 58 256 401
D F/D
R . GL(3000) — GL(5500)
D-2 : S8§(3000) — SS(2000) 60 75 312 500
F H/F
D-3 R . SS(4000) — SS(3000) 47 143 500 800
D R GL(4000) 45 150 450 900
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(a) Raw materials 1st synthesis 2nd synthesis 3rd synthesis
transport (from materials) (b/w intermediates) (b/w intermediates)
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(b) Raw materials 1st synthesis 2nd synthesis 3rd synthesis
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Fig. 3. The optimal supply networks by scenarios: (a) Scl (b) Sc2.
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Fig. 4. The optimal Gantt chart for products by technologies: (a) Scl (b) Sc2.
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Nomenclature

Indices

i : order (product)

j : unit equipment
/ : equipment group
n : time slot for equipment
r : reactor number
k : overhead condenser
Parameters
x : large number
@y :the available number of equipment for order i in equipment
group /
B : the required number of batch for order i
Yo : process time of order 7
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K &S

D Q9

S

<

<
~

£ &£
]

>
=

S

: cleanup time of order 7

: cycle time of order i

: production amount of order i

: demand of order i

: delay time of order i

: order time of raw materials

: transport time of raw materials to manufacturing plant

: maximum capacity of reactor » used for order i

: maximum capacity of unit equipment j

: unit equipment j equipped with overhead condenser &

:the number of reactor » in order i/ that uses overhead
condenser k

Continuous variables

TFT,; :finish time for order i

TST; : start time for order i

EFT}, : finish time for order i assigned to unit  at time slot n
EST,., : start time for order 7 assigned to unit ;j at time slot n

ijn *

Binary variables

Wijn

Yik

irj

. Kim, J,,

. Kim, J., Kim, J., Lee, T., Lee, 1. and Moon, I.,

: 1 if order 7 is assigned to unit equipment ;j at time slot n, 0
otherwise.
1 if order i related to overhead condenser £ is happened, 0
otherwise.

: 1 if unit equipment j that corresponds to reactor 7 is used for

order i, 0 otherwise.
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