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Optimal Design Of Multisite Batch-Storage Network under Scenario
Based Demand Uncertainty
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(Gyeongbeom Yi, Euy Soo Lee, and In Beom Lee)

Abstract : An effective methodology is reported for determining the optimal lot size of batch processing and storage networks which
include uncertain demand forecasting. We assume that any given storage unit can store one material type which can be purchased
from suppliers, internally produced, internally consumed, transported to or from other sites and/or sold to customers. We further
assume that a storage unit is connected to all processing and transportation stages that consume/produce or move the material to
which that storage unit is dedicated. Each processing stage transforms a set of feedstock materials or intermediates into a set of
products with constant conversion factors. A batch transportation process can transfer one material or multiple materials at once
between sites. The objective for optimization is to minimize the probability averaged total cost composed of raw material
procurement, processing setup, transportation setup and inventory holding costs as well as the capital costs of processing stages and
storage units. A novel production and inventory analysis formulation, the PSW(Periodic Square Wave) model, provides useful
expressions for the upper/lower bounds and average level of the storage inventory. The expressions for the Kuhn-Tucker conditions
of the optimization problem can be reduced to two sub-problems. The first yields analytical solutions for determining lot sizes while
the szcond is a separable concave minimization network flow subproblem whose solution yields the average material flow rates
through the networks for the given demand forecast scenario. The result of this study will contribute to the optimal design and

operation of the global supply chain.

Keywords : optimal design, supply chain, multisite, transportation, analytical
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Fig. 1. Feedstock composition and product yield of a production
process.
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Fig. 2. Incoming and outgoing material flows of a storage unit.
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Table 1. Feedstock composition and product yield for example

production processes.
Site Process Storage Feedstock Product
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Fig. 3. Optimal inventory profiles of a selected storage for
different demand scenarios.

4 STHU AN LAY G 2 G
A5 FAL] o AN A FEE A7 BADARE
27 olRAZ e 5 otk WA Resbs on Has)
& PAT FeldEyes EolN FH5E 7¥ o
FRAN 718 UG A U A
-\,EL%Z‘:P_ 7]3’:4 /\-]6:] 7;]]32]1:“_,,], e ]j-_‘% H]—tﬂgi
| 5otk B AFld e geas e 9
A s BT T ol A
el e AP A

442 T Slske] Adele 7]

2ok dlo of

“'>:' v e lO{'

i fivi)
ol X

5
Tl
a ¥ 2
‘1)‘_0‘—““-‘
fo

2
_IlN'DQ‘.’.
lo
m{tcon

_1

o
— 0
P

o > /)y %
o
EL_HL

2
e ﬂ

o = ojd ZEAEe] HAAAS $4
Soll 716l Holek, 44 FAAAE Ae:
Nt CA I LR
2 Quel QAL AR 27 JHE A A
= 7P S Fo sk,

LJ

rr

RN )

r
r_{

R

Off

l‘;; ¢

-

g 1%

)
O

()
::‘4

1 oX
23
m{o

2
e
4y

|

{11 J. D. Camm, T. E. Chorman, F. A. Dill, J. R. Evans, D. J.
Sweeney and G. W. Wegryn, Blending OR/MS, Judgement,
and GIS: Restructuring P&G’s Supply Chain, INTERFACES,
vol. 27, pp. 128, 1997.

[2] J. Gjerdrum, N. Shah and L. G. Papageorgiou, “Transfer prices
for multienterprise supply chain optimization,” Ind. Eng. Chem.
Res., vol. 40, pp. 1650, 2001.

[3] A. Gupta, C. D. Maranas and C. M. McDonald, Mid-term
Supply Chain Planning under Demand Uncertainty: Customer
Demand Satisfaction and Inventory Management, Computers
and Chemical Engineering, vol. 24, pp. 2613, 2000.

[41 C.M.McDonald and I. A. Karimi, Planning and Scheduling of
Parallel Semicontinuous Processes. 1. Production Planning, Ind.
Eng. Chem. Res., vol. 36, pp. 2691, 1997.

[S1 L. G. Papageorgiou, G. E. Rotstein and N. Shah, Strategic
Supply Chain Optimization for the Pharmaceutical Industries,
Ind. Eng. Chem. Res., vol. 40, pp. 275, 2001.

[6] E. Perea-Lopez, I. E. Grossmann and B. E. Ydstie, Dynamic
Modeling and Decentralized Control of Supply Chains, /nd.
Eng. Chem. Res., vol. 40, pp. 2269, 2001.

{71 J. P. Shectman and N. V. Sahinidis, A Finite Algorithm for
Global Minimization of Separable Concave Programs, Journal
of Global Optimization, vol. 12, pp. 1, 1998.

[8] P Tsiakis, N. Shah and C. C. Pantelides, Design of Multi-
echelon Supply Chain Networks under Demand Uncertainty,
Ind. Eng. Chem. Res., vol. 40, pp. 3585, 2001.

[91 G. Yiand G. V. Reklaitis, Optimal Design of Multiple Batch
Units with Feedstock/Product Storages, Chem. Eng. Comm.,
vol. 181, pp. 79, 2000.

[10] G. Yi and G. V. Reklaitis, Optimal Design of Batch-Storage
Network by Using Periodic Square Model, 4/ChE J., vol. 48,
pp. 1737,2002.

[11] G. Yi and G. V. Reklaitis, Optimal Design of Batch-Storage
Network with Recycle Streams, 4/IChE J, vol. 49, pp. 3084,
2003.

[12] T. K. Zierer, W. A. Mitchell and T. R. White, Practical
Applications of Linear programming to Shell’s Distribution
Problems, INTERFACES, vol. 6, pp. 13, 1976.

[13] ol3¥, “EHulot AanE a2 2y s 343
T Az HHEAR, Ao] - AEsE - ALEEE
=4, A3E, A4, pp. 398-405, 8, 1997.

[14] 13, “UE L A AYEE Tsh= BY vAS
s HAAA, Ao - Aest - AEEE =2
A3, A5Z, pp. 532-541, 10, 1997.

[15) o1, olel4 “sl¥ FA-ARE 12Y F2o 2
AP, Ao] - s} - Al=EEE wA, A4, Ale

3, pp- 802-810, 12, 1998.

[16] o173, olol% “ulat %Y BAAYE WiE A
A, Ao} - APgsh - AZETI =RA, Ao, As

3, pp. 407412, 5,2002.



544

olzdy

19614 19 3Y4Y, 1983de)] A2 theha
ofl A sjgrx st} AL 19854 d0] KAIST
oA FpahEah A E Wgkon
199213 PURDUE g+ &}slgskalol| A
HpALskel & 313ir) 1985-1988y 48-A
oA FRZIALE, 1992-1996 THA
 71edTrolA ATdoe R 1996 d5E B &3t
Feh B Fo BA Bole e AAAE 9 &
7 AZs}, Az, FAA 2 X3 &

of o &
19553 8¥2544Y, 1977d0l] SAAdetn
olM s}ahgstat kAL, 1979%d 0l KAIST
ol sstEstat AAeelE wigter
19873 PURDUE th¥} 3}e}3-8tfellA]
A E B3Itk 1979-1982'd KAIST
AT A7, 19883 R TIF
At sty urR Jlen. § dae
AeAEst ATAE e} @8ATE % 949
T8 WA Eoke see g AA R B4, A 28R

AR, e, 187 24 A Stk

wa

OH

MO - X8 - AIARZE =2X M103 M63 2004.6

ol of %

19553 3 3094, 197830 A-2-chs}

wellA g AL 198010

KAISTAIA shehgrstat qatstels &
o 1988'd PURDUE the} 3}eh-gst

ol WA SISITE 1980-19943

PE=TA FIATLNN AT

0= 199435 H Fooighn st ety ab gl

FQ A Roke IRATAH A 2 A, 3 2AEH

2 AH3}, 3455 Foltt



