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Optimal Design of Batch-Storage Network

o] & ¥, o] 9 %
(Gyeongbeom Yi and Euy-Soo Lee)

Abstract : The purpose of this study is to find the analytic solution of determining the optimal capacity of
processes and storages to meet the product demand. Recent trend to reduce product delivery time and to provide
high quality product to customer requires the increasing capacity of storage facilities. However, the cost of
constructing and operating storage facilities is becoming substantial because of increasing land value,
environmental and safety concern. Therefore, reasonable decision making about the capacity of processes and
storages is important subject for industries. The industrial solution for this subject is to use the classical
economic lot sizing method, EOQ(Economic Order Quantity) model, trimmed with practical experience but the
unrealistic assumption of EOQ model is not suitable for the chemical plant design with highly interlinked
processes and storages. This study, a first systematic attempt for this subject, clearly overcomes the limitation of
classical lot sizing method. The superstructure of the plant consists of the network of serially and/or parallelly
interlinked processes and storages. A novel production and inventory analysis method, PSW(Periodic Square
Wave) model, is applied. The objective function of optimization is minimizing the total cost composed of setup
and inventory holding cost. The advantage of PSW model comes from the fact that the model provide a set of
simple analytic solution in spite of realistic description of material flow between process and storage. The
resulting simple analytic solution can greatly enhance the proper and quick investment decision for the preliminary
plant design confronting diverse economic situation.
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Fig. 1. Batch-Storage Network Structure.
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Fig. 2. Periodic Square Wave Model.
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Fig. 3. Optimal Batch Size.
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ALY

A ordering cost of feedstocks, dollar per order

Ayn ° ordering cost of noncontinuous units, dollar
per order )

BV : raw material order size, units per lot

By,  noncontinuous unit size, units per lot

BX*D: final product delivery size, units per lot

Dﬁl) . average material flow of feedstocks/products,
units per year

Dy, : average material flow through noncontinuous
units, units per year

£ ¢ feedstock recipe of unit ()

i(n+1)
An)

¢ product yield of unit #(n)
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F(H  material flow rate

H'™ : annual inventory holding costs, dollars per
unit of item per year

|£(1)] : number of raw materials

/(m)l : number of intermediate products

|&(N+1)| : number of customers for product AN+1)

V&® : upper bound of inventory hold-up, units of
item

ViE® : lower bound of inventory hold-up, units of
item

VA inventory hold~up, units of item

V*?(0) : initial inventory hold-up, units of item

VA" storage size, units of item

V@ . time averaged inventory hold-up, units of
item

xY : transportation time fraction of purchasing

raw materials

x{® : transportation time fraction of feeding to
noncontinuous unit #(#)

%Y ¢ transportation time fraction of discharging
from noncontinuous unit #(»)

2 N+D - fransportation  time  fraction of customer
demand

£V initial delay time of customer demand

£ ¢ initial delay time of feedstock feeding to
noncontinuous unit ()

o #

1961 19 394, 19830l A&
Sto A sletE-sta &AL 19850l
KAISTO A 8l8tgata) MA1st &
wokon] 1992 Purdue W3 8%
Fotatoll A WALER S STk 1985~
1988 AEA KA FAHINAE,
1992-19963 TEAF ZIEdTAoNA d7FHeR, 19%
Wiy 2Adstn 383y a2 s Fa8 @
A Boke g8t AAE 2 EF HHs, Anws,
FAA & HAH3 5.

K - RiSgt - ANABESH =2X

a4l H635 1998 12

tD ¢ initial delay time of product discharging

from noncontinuous unit #(#)
£ . initial delay time of raw material purchasing

azlo|lA 2Kt

5P Lagrange multipliers

A Lagrange multipliers

WiV 1 cycle time of customer demand, year

wi? : cycle time of raw material purchasing, year
wyy  cycle time of noncontinuous units, year

LU'{(”) . defined by (44)

HE A

o]

#(n) : noncontinuous unit index of n-th stage
k ! raw material vendors or final product customers

A X}
/(1) ' raw material index
#(m) : intermediate product index of n-th stage
#(N+1) : final product index
n . stage index based on inventory point

.1 ¢ truncation function to make integer
1 © positive residual function to be truncated
u(.) : unit step function

ol o £

19551 39 3094, 19780 &)
Stulo| A 8eEEta AL, 1980w el
KAISTolA 88gsta AL E
drorony 1988 Purdue thdl 3}t
FEtael ) v E SHATE 1980
19949 (FE2FH FYATF2ANA
AFAFOZE, 194ERH FHHstn 38testa zw
F2 YL Fo B Fole IHEAFTF HA 2 4,
33 2AEY 4 HH3, 3HAFE 5.



