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INTRODUCTION

Recently one of management’s primary concerns has bz:n to devalop
better production systems, capable of providing swift customer servicz at
low cost. Production-distribution involves a complex szt of activitizs,
including production, transportation, inventory, warzhousz op=rations, order
processing, and material handling,all of which are regard=d as components
of single performance system. The structure of the system is determined
by the number, size, and location of warzhouse faciliti=s that serve as
nodal points in the integration of the above componsnts. Therz have been
difficulties in finding the optimum number, size and location of field
warzhouses all together at a time bzcausz most of the models developed
have been of a discrete location warchousing network, rather than a total
system.

The gensral motivation of this study was to accomplish the full
intzgration of spatial and temporal relationships in a multi-echelon multi-
channel production-distribution systam design and incorporation of
sufficient realism into the simulation model to evaluate the impact of
operational dynamics upon the short-and long-run design. A simulation
model was developed in connaction with two analytical models for this

purposz.

* This is an extended excerption of the Ph.D. dissertation, “Planning A Maulti
-echelon Production-Distribution System in the Petroleum Industry with A
Simulation Maodel,” Washington University, August, 1975.

** Associate Professor of Management, Yonsei University, Seoul, Korea.
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THE STATEMENT OF PROBLEMS

The specific problems dealt with in this study may be stated as:

1. Given szveral sources of production with fixed locations, the capacities
of these sources are known, which sources should supply warchousss or
customeys?

2. Given th2 geographical location of cach customer for which the
demand requirzments are known and forzcastad, how many distribution
warzhouszs should be usad, whers should they be placed, how largs should
the capacity of =ach be?

3. Given a s2t of operating costs for different modes of transportation,
what mode(s) should bz employed for the shipments associatad with the
production sourcs-warehouss-customer configurations?

4. How can the entire distribution function be best organized so that
the entire markst area can be served at a minimum cost of transportation
and at a maximum customer service performance level?

The models devzloped in the study have been empirically implemented
to analyze the characteristics of the existing production-distribution system
of a petroleum refiner and distributor in Korea, the Korea Oil Corporation,
and improve thz design and operation of that system, and -.changes that
would recognize the dynamic interrelationships of a total distribution

system.

THE DISTRIBUTION MODEL CONSTRUCTION

The major considerations in the design of thz distribution system were
1) the definition of the interconnected sectors within the total system,
between which tha product and information flows as systzm variablas are
taken into consideration, 2) the identifications of the end customer or
demand analysis unit with which the production activity is to link and 3)
the relationship of the system with the other systems which in this study
was taken as ths practice of the product exchangz with the compzting

system.
The Echelons of the Distribution System

The production-distribution system was divided into thrze inte rconnected
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echelons. The first echelon comprises sources (refineries)with its adjacent
storage tanks; the second echelon is composed of the fizld bulk terminals
(warehcusz or mixing points), cach of which may stock ¢ variety of
inventory assortments; the third echelon is composed of two differant
typss of customers; (a) big customers, mostly industrial firts, some
of which are supplied dircctly from refineriss either the company’s or
the competitors and ths rcst of  which are suppliad  indirectly through
th: terminals and (b) agent dzalers who are shipping products from their

own swrages to subdealin

and  gos stations. All of ths biz  customers

[eR

the agents aro

Il

-

izwod s end users in this study, Th2 components
of each of thz thres echszlons become inventory points sichin the

distribution system.

Demand Analysis Areas as Customer

The georeference system adopted for this study is based on the
identification of “demand areas” that serve as proxies for the final
customers. These areas are chosen on the assumption that they ars the
major citizs of the nation, the demographic and cultural characteristics of
which ars representative of the areas to which each is assigned. They are
assumes to be used as billing points and basing points for the postad prices

of the products.

Product and Information Flow

Linkage between and within three echelons can be defined in terms of
product and Information Flows. The system structure of the model allows
simulation of product and information flow to occur in multichanneled
pattern. Intarrelationships among the three echelons with respects to product
and information flow, and inventory as level variable are diagrammed in
Figure 1.

Product Exchanges with Competitors

Product exchanges arz assumed to occur in order for ons company to
supply products at a cheaper distribution cost,

Shipme=nts of products to arsas where these now is no nsarby terminzl
ownzd by company A could be mads by drawing the products from an

adjacent competitors’ terminals. Company A -would pay back its compztitors
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Figure 1. Organization of A Production-Distribution System with Three
Echelons
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by effecting like transfers, giving them as many barrals as company A
owed at some other geographical location.

METHODOLOGY-THREE MODEL APROACH

A simulation model and two analytical models w:r: devzlopzd to evaluate
the existing distribution systzm and to tast thz effects of hypothetical
alternative systems in comparison with the existing on2. Thz main simulation
mode! was employed as thz basis for ths final solutison using as part of its
input the pilot solutions obtainzd by the preliminary experimeants based
on the two analytical modals the Terminal Location Molzl and Invantory
Replenishment Model.

As for the preliminary exparimzantal solutions th2 Terminal Location
Modeal daterminss the number and locatisn of thz tzrminal n2twork theraby
enerating assignment of customer (arzas) to tarminals. Basad on the

;

customer-Terminal assignments obtainzd by th2 Terminal Locatisn Lizdal.

fix2s reordaraoint, order quantiry,

The Inventory Replenishment Moz
maximum requiremeznt for thz fixad r2plenishment and orlzr view cvele
and the paramsters of product demands at the preliminary locations.

The main Production-Distribution Simulation Modzl (PDSIM) in turn
operates to svaluate and tast tha hypothsztical syst2ms usinz th: t2rminal
control paramztars obtainsd by thz Invaentory Replenishment Modzl and
he genzrated daily demand by arza.

The PDSIM reviszs the customear-terminal assiznmsznt obtainad by the
analytical preliminary models through its simulation operations baszsd on
the heuristic terminal sesarch processes of the customsr arzas, therehy
redatermining the size of each tzrminals and invantory control paramzters

necessary for the terminal oparations. Thz genzral organization of th

[$]

three model approache is shown in Fizure 2.
Terminal Location Model

Given K customer areas, from which the quantity of demand for each
type of product is known (i.e., can be forecastzd), and thz location of R,
refining facilities for which the production capacity is known and which
exceeds the total demands of customers, the problem is to locate the sites

for terminals that will minimize the combined costs of transferring,



Figure 2. A Brief Organization of Three Model Approach
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storing, and distributing th2 total quantity of patroleum products demandad
in the cusiomear arzas. Thz numbeas of terminals, consaquent'y, will also
be d=t:rmined in this process

An iterative procedure was applied to an initital s:lection of a s2¢ of j
field terminals to find the lowest cost combination from tha s2t of
possible terminals, even thoigh the combination identified may not bz
optimzi with raspect to all criteria.’’ Ths possible numbar of tarminals
was redurzd cne by one in successive trials until a minimum cost
combination was reached. The results of these analyses idsntifiad the best
assignment of customar demand to the terminal locztions s2lectad based
on minimim total transportation cost. Thase results of j differant
possibilitizz, along with the demand by areas, wers usad z: input intc an
invantory systzm model, as the second step of the procass, to determine
ths storagz copacity requirad at each t

The function of the terminzl location modal is to minimize total
transportstion and storage cost. This can bz statad machematically as

follows:

Minimz: TDC=TSCIJ+TIC]J  for J=1,2, -, L (1)
and

TTCII=Min. (X')CKIL, (2

TSC}J:tg. s Xj (3)

X;z0, ZLX;;=X;
Ji

whare TDC=total (annual) transportation and storagz costs,
T71C|J=total transportation cost minimized with respect to tarminal
location for each value of J=1, ---L.
(Xy') =a (1Xk) vector whose entries, X, represent the quantities
of product demanded at each of the K demanding areas.
Civ!Lj=a vector whose entriss, Cj;, represent minimized transpor-
tation cost between each demanding area K and a2
specified szt of locations, L;, for J terminals.
Cjr=unit cost of shipping products from area K to tarminal

j- These are defined as Cjy=a;;+bj, where a;; is the

1) Since these solutions serve only as pilot solutions for testing in the final
simulation model, the analysis in the pilot stage considered only transport
and storage cost, neglecting other factors.
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minimum transportation cost from refinzry i to terminal
while b;, stands for the transport cost between terminal
i and customer &.
TSC|J=total (annual) storages costs for a set of J terminals

S;x=unit storage cost for the size of terminal j, j* for each
value of J.

Xj=quantity of products passing through terminal j, measured
in barrels per year.

L,=one s:: of J terminals, given L possible lacations.

Inventory Replenishment Model

This experimental model is requirsd to fix the size of each tzrminal
based on an inventory replenishment rule incorporating the main decision
variables, such as quantity to order, reorder point and safety stock level.
The major input data this model nzeds are the pilot location solutions and
the assignment of consuming areas to thosz tzrminals, obtainzd from the
procedurs described above.

In this study the fixed order interval system(FOI) is employed to
determine the decision variables(P. Niland, 1970). In the FOI system,
the order quantity is allowed to vary from cycle to cycle (swhich is fixed
in duration) in the amount necessary to absorb random variations in
demand. At each ordering date, this order quantity is set equal to an
amount necessary to bring stocks up to a level, called “MAX”. In this
study MAX is set equal to the maximum demand expected over thz combined
duration of one crder review interval and the transportation lead time.
The ordering amount is determined by subtracting from MAX the balance
on hand and any stock on order, and adding any quantity backordered.
Algebraically,

Qmax=MAX—-I-0O+B (4)
where Qmaz=actual order quantity, in barrels,
MAX =maximum number of units required during the replenishment
reorder cycle, in barrels.
I=stock level on hand, in barrels.
O=quantity due in from orders placed earlier.
B=quantity due out for backorders.

The value of MAX can be determined for each terminal by using the

following formula:
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MAX=X(tg+£,)+Zoy (5)
where X=mean daily demand,

tr=order review internval,

£, =average shipping lead time,

Z =desired confidence level for not being out of stock,
expressed as a multiple of the standard deviation of
demand,

ay==standard deviation of demand during a time period equal
to the sum of ¢z and ¢, (Fetter and Dalleck, 1961).

Algebraically the required size of a terminal may be stated follows:
SIZE = Qmes+2Z0y (6)
where Qums i5 average order size and the safety stock term, 2, is
provided to recognize the responsibility of a buildup of stock which may

be caused by a large negative deviation from the demand.

Pilot Solution of Number and locations of erminals

Total storage costs of the terminals (TSC) now can be calculated, based
on their capacities as determined by the preceeding procedure. Once the
total storage costs for several values of J (the permissible number of
terminals) have been calculated, the total annual transportation and storage
costs (TDC) can be obtained by simply summing these costs and the
transportation costs TL1C|J, determined earlier by using formula (2). The
total costs were determined for different numbers of potential terminal
sites and these results were used in selecting the particular terminal
networks that appeared to be the most attractive for testing more rigorously
with the simulation model.

THE PRODUCTION-DISTRIBUTION SIMULATION MODEL

The main simulation model was used to evaluate both the existing
distribution system and hypothetical alternative systems using the pilot
solutions developed by employing the two simplified analytical models.
The results from the simulation runs for the hypothetical alternative
systems were evaluated with respect to two criteria: (1) total distribution
costs, and (2) customer service level. Total distribution costs refer to the
sum of inbound and outbound transportation cost; all terminaling costs,
either fixed or variable, and including inventory carrying cost; depletion
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costs, representing backordering and lost salss costs; and nst location
differential costs incurred in effzcting product exchangss with other
refining companiss,

The customer service level is measurad in terms of th= total number of
product stockouts; the number of orders transferrsd from the normal
source to other sources for delivery; total quantity of product backordersd;
the average duration of the customer order cyele time (which is assumad
to be the sum of order communication time); and the total quantity of

product which is not supplied by the nzarest terminal for customers.
Mathematical Formulation of the Simulation Mode!

The problem can be mathematically formulatzd for thz simulation model
as on2 of minimizing total distribution cests, which is onz of two systzm
decision critzria. The customer service parformancs, howsver, can not be
includad in this mathzmatical formulation. An objsctive functivn can be
stated as:

Minimize Z=TTC+TSC+TBC+TFC+TLC )

TTC':‘Z? [Z:;'Tp;jxmr}-?Zk:Tpkapm+§§TpukXpm

LI
+ S%Tpik};ﬁikf"" -E]}_:TPMJ'XPM'I + %}:*Tﬁij*xpi,‘*l] (8)
1 7

TSC=%% ZSN(ZXM*: + XX+ EX;W)
t j j* k f

+ ZSM(ZXPUI + D Xpinet EXP:‘M)
i i k f

4—%:3”* (%ijk)“’:‘;kpitJ:';kl‘jl] (9)
t pk
TFC—":ZJZFNYN-FZZFNYM (11)
4 A

TLC=XZ EELpiu<EX.0ukt+ZXp.jg>+E‘eru<2Xﬁukl+EXpu,',
| T ¥ ; " ' i

+ E.:Xpik:)— p2 E_:Lpii(%XM'f!) - —?—7 “’{u‘(?z‘ﬁiﬂ)

i
‘ —?W,;(?Xpin)] (12)

where:
TTC=total transportation costs for the entire simulation period
and
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Xpije=amount of product p(p=1,---p) shipped from refinery i
(i—1,---I) to terminal j(j=1,--, J) in time period ¢
(t=1,--, T),

X,ire=amount of product p shipped from terminal j to customer
k(k=1, -, k) in time t.

Xyinn=amount of product p shipped from refinery ¢ to customer #
in time ¢,

Xy =amount of product p shipped from KOCO’s f{friend
company’s terminal u(u=1, ---u) to customer % in time f,

X,.ir=amount of product p shipped from terminal « to termina’
J in time ¢,

X,;ixs=amount of product p shipped from terminal j to terminal
J*¥(JF£y*) in time ¢,

T,:j=unit transportation cost per barrel of shipping product g
from refinery ¢ to terminal j,

T,z =unit transportation cost per barrel of shipping product p
from terminal 7 to customer &, ‘

Tpix=tnit transportation cost per barrel of shipping product p
from refinery ¢ to customer 2,

Tp.s=unit transportation cost per barrel of shipping product ¢
from terminal « to customer &,

T)p.;=unit transportation cost per barrel of shipping product ¢

from terminal « to tzrminal j,

Ts; ;% =unit transportation cost per barrel of shipping product p
from terminal j to tzrminal j*,
TSC : Total storage, handling and carrving costs for the entire
simulation period and
S,;=variable unit storaze and handling cost per barrel of
product p at terminz
end handling cost per barrel of

S, =variablz unit

product p at refineryv siorage facility 4,

S*, =1otal unit storage and handling cost per barrel of proluct
p at the l2ased terminal j,

K, =total inventory carrying cost of product p at refinary
storage facility an< in tramsit stocks from refinsry i to
tarminals and customers in time ¢,

K,;,=total inventorv carryin3 cost of product p at terminal
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and stock en route to customers from terminal j in time
P>
TBC : Total backordering and penalty costs for the entire
simulation period and
B,,,=total backordering and penalty costs for the amount of
product p for customer % in time 2.
TFC : Total fixed storage and handling costs for the simulation
period and
F,j=fixed cost of operating terminal j for product p over
simulation period,
F,;=fixed cost of operating refinery i for produét p over
simulation period,
Y,;=1 if terminal j of prodnct p is utilized, 0, otherwise,
Ysi=1 if refinery storage facility for product p is utilized, 0,
otherwise.
TLC : Total net location differential costs due to the product
exchange, and
L,;,=unit transportation cost per barrel of shipping product p
from refinery i to terminal u, for location differential,
L,;;=unit transportation cost per barrel of shipping product p
from refinery i to terminal j for location differential,
Wy.=unit total storage and handling cost per barrel of product
p exchanged at terminal x,
/pi=unit total storage and handlng cost per barrel of product
p exchanged at terminal j,
Wy =unit total storage and handling cost per barrel of product
p exchanged at refinery i,
Xirs=armount of product p shipped from terminal j to friend
company f(f=1, -, F) in time ¢,
Xsire=amount of product p shipped from refinery ¢ to friend
company f in time .
Subject to constraints of the form:

PRD,;;<CAP;; over all p and ¢ (13)
(Production can not exceed plant capacity).
IW,;;<CW,; over all p and J (14)

2) For the detailed description, see “Inventory Holding Cost” Under “Cost
Functions” in this paper.
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(terminal inventory capacity can not bs exczedzd).
IR,:y<<CR,; over all p and { (15)
(refinery inventory capacity can not bz exczedzd).
Customer %’s demand for product p at time ¢ can be defined as:
Qor= ‘ZXp.'n'*‘ ?«Xpm'*’ .EXpum (16)

The ending inventory levels for refinery storage tank and terminals at
time ¢ can be defined as follows:

IR,jy=IRpiy-y4+PRDy;— jZXPiir— %Xpm— ;X)ift a7

IW’M’/ =[vai1—1 + EXpiit+ .EXﬁuiz"' %Xﬁikr

L

—ZXpirt ZXoinis— Z Xpijuns (18)
S i% j*

The amount of product to be exchanged in time ¢ will be defined by
the following equations:

PEB,;,=PEBps-1 +PEC,s— (? Xpiiet Eijm
+ hESpMH- kEXpukz> (19)
PEFP/:=PEFM:—1+PECp/z—<§Xpu':+ ?ijn) (20)

with all product flows defined as being zero or positive.
Where:
PRD,;,==production of product p at refinery in time period ¢,
CAP,;=production canacity for product p at refinery i,
IW,; =inventory level of product p at terminal j at time ¢,
CW,;=storage capacity for product p at terminal j,
IR,;;=inventory level of product p at storage tank of refinery i,
CR,; =storage capacity for product p at storage tank of refinery
i
@, =demand of customer % for product p in time ¢,
PEB,;,=amount of product p in balancs to be drawn from
company f’s stock at time ¢,
PEC,;,=contracted amount of product » to be exchanged between
KOCO and company f in time ¢,
PEF,;,=amount of product » in balance to be drawn from KOCO’s
terminals or refinery to ths company f in time ¢
whera every subscript ¢ mzans “in time period £.” The simulation model

7s designad to run with the length of the time period being one day.
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Programming and Running the PDSIM Model

The main PDSIM model was programmed in PL/I and run through IBM
360/65 PL/I (F) compiler. The compiling of the program (no- data)
required 1.2% CPU minutes. Storage capacity requirement for the program
and its input data for 20 terminal system, was 230k. A summary flowchart
of the Simulation Mpdel’s system flow is provided in Figure 3.The basic
operations for the system may be described as follows: Having specified
the basic system variables the simulation model starts to run by reading
the input data from the data files. Daily orders by customer by product
are generated by Monte Carlo simulator for each day of ths simulation
period designated for the runs.

The system runs based on each product until it exhaustss thz product
loop. Inside the product loop, time loop, and customer loop arz nssted in
order. Before processing each customer the backorders arz fillad and
backordering costs are computed.

Terminal searches are heuristically made for each customzr location
regarding with the availability of stock on hand and product exchange
. balance based on which order shifts or/and backorders would bz built up.
The variable storage and transportation costs for customsr-tarminal
transactions are computed on the basis of transportion modes available
for the deliveries and order cycle time is simulated.

The reorder replenishment cycles are triggered for ths terminal concerned
by comparing MAX with the inventory on hand, orders dues-in and
backorders outstanding. The transportation cost for the shipmzn: of product
from the refinery to the terminal and the variable refinsry storagz cost is
computed when a refinery shipment takes place.

After collecting all variable costs for all tha customars for a cartain day
the program adjusts inventory laval and product exchangz balancs. The
grand variable costs and total fixed costs are collected after all timz periods
hava been processad.

Finally, the program prints out the cost data, sesrvice performance
information and othsr performancs data by terminal, and for thz total
systam.
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Figure 3. A Brief Flow Diagram of the Simulation Model Operations
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AN EMPIRICAL IMPLEMENTATION OF THE MODEL

The Objective of the Study

The primary objective of the study described here was to improve ths
design of thz production-distribution systzm of th: Korza Oil Corporation,
capable of providing spezdy customer szrvicz at the low:st aiscribution
cost, basad on a total multi-product, multi-echzlon systm approach.
Specifically, the study was to determine (1) the optimum locations,
number, and size of distribution facilitizs for long-run systam planning
purposes, (2, an appropriatz inventory control systzam, (3) the valuz of
extending the present arrangements for making product exchanges with
KOCO’s competitors’ facilities, (4) the best mix of transportation modes
required by product shipments for short-run planning purposes and (5)
the necessary paramezters for the systam to support likely activities {five
vears in the future, based upon a forecast of demand at that time. The
general motivation for this study was to discover improvements over the
present systam. The hypothetical modifications developed and compared
with the existing system include: .

1. Distribution systems with both fewer and more terminals, optimizing,
each time the number in the set was changed, the location of tsrminals
with respect to distance from demand areas served and the demand density
in those arzas. It was hypothesized that the cost proximity of transportation
is still relavant to the spatial proximity in a total system approach.

2. A total system approach to inventory control, based upon the
muiti-echelon oproduction-distribution system that exists. It was hypothesized
that such an inventory control system would result in lower total terminaling
costs and higher (i.e., betzer) customer service levels than the present
single stage oriented inventory system, which neglects interdependent cost
effects on the other inventory stages in KOCO’s multi-echelonzd distribution
system.

3. A svstern that provides more possioilities for utilizing product
exchanges with other sources ownsd by KOCO’s competitors. It was
hypothesized that liberalizing exchanges at the refinzry level and extending
them to include four terminals ownzd by competitors, would lower

distribution costs.
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4, Making available improved transportation facilities, by: (1)substituting
‘tank lorries (10 kiloliters or less capacity), (2) selectively extending the
present pipeline system both (a) to serve the northeastern part of the
nation, and (b) to ship the Seoul area’s fuel oil requirements from the
* port of Inchon, and (3) providing an unlimited supply of all (feasible)
transportation modes to the entire system. It was hypothesized ' that these
improvements would result in lower total distribution costs and better
service. _

5. Forecasting the future market situation five years or so from now
and analyzing the impact of changes upon the distribution system design.
It was hypothesized that the capacity of the simulation model to predict
the state of the system at some specific future time such as five years
hence would provide a better basis for planning changes in the distribution
svstem than the present method of reacting after markst changes have

_taken place.

he Background of the Company Operation

The production-distribution system of the KOCO is comprised of 8
company owned and 20 major leased tsrminals, totaling 11 million barrel
storage capacities. Producing and suppling 29 different refined petroleum
products at the rate of 175,000 barrels per day for 250 major inductrial
customers and over 700 gas stations, and thousands of households through
38 agent wholesalers and 2000 subdealers. It owns a few small coastal tank
ships, nearly 700 rail tank cars, 175 tank trucks and a 260 mile pipeline
system. The company controls about 65% of the national refined product
market, the rest of the market is shared by its two main competitors,
Honam Oil Co. and Kyung-In Energy Co. The geographical arrangement
of these facilities is shown in Figure 4. KOCO refinery is located in
Ulsan, Honam’s in Yosu, and Kyung-In’s in Inchon.

Input Data: Collections and Analyses

The Simulation runs in the experimental study were conducted for a
period of 52 working days, representing two summer months. Demand for
each of 6 major products in each customer area, other cost data and system
control parameters such as beginning inventory of refinery and terminals,

order cycle time, production capacity, product exchange quantity, are
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Figure 4. Geographical Distribution of The 40 Demand Analysis Areas,
Refineries and Terminals
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collected from the company’s actual operation for 1973.

There were 40 customer areas designated as pseudo-customers in this
study: each of the 40 areas was also a possible terminal location.

For the studies relating to long-run system design,v two different demand
levels were used: one was the 1973 actual demand level; the other, a 1978
forecast of demand level. Using both the 1973 and the 1978 data sots,
experiments were performed under two conditions with respect to possible
product exchangss with KOCO’s competitors: (1) exchanges limited to
refinery level only, and (2) exchanges expanded to include terminals in
addition to the refineries. For the short-run system design experiments,
only 1973 data s=t was used to test sclected hypothatical changzs proposel

in the distriburion system.
Derivation of Demand Functions for the Customer Areas

The distriburion functions of order size for the customer areas were
identified by conducting a series of goodness of fit tests with a number of
common probability distribution functions, including poisson, exponential,
normal and uniform distributions. The goodness of fit between the actual
distribution of order size with these functions was evaluated on the basis
of several different test statististics obtained by wusing the Kolmogorov-
Smirnov Test, the Cramer-Von Mises Test, the Moment Test, and Chi-
Square test. The tasts were conducted at the significance level of a=.05 to
identify for each customer area a theoretical order distribution function
for orders that could be considered statistically equivalent to the actual
distribution. Baszd on these distribution functions, the simulation model
generates the individual order by the customers, using the pertinent
parameters and functions that were genzratad by the test processes.

The first segmznt of the simulation model generates ordars for a customer
area until the sum of the generates orders becomes equal to the demand
requirement of the area for the simulation run period, say 52 working days
(representative of two months). The daily demands for each area were
obtained by accumulating the generated individual orders for a given date.
The dates in turn arz genzratzd by an order intarval simulator inside the

demand file of the program.



A Mylti-echelon Production-Distribution System Design for the Petroleum Industry 151

COST FUNCTIONS

Transportation cost Functions by M ode

Four alternative transportation methods ars avilable for shipping products
from thz refinzry through terminals to customzrs. Therv ars tank trurck,
coastal ship, pipzlin2, and rail tank car.

The freight rat= schadulss of unit cost-par-load-mils for rail tank car and
coasta! marine tanksr are postzd by the Ministry of Transportation.
Shipping costs by pipzalinz arz calculatzd  baszd on thz :
load as contractsd Letwzen KOCO and the US militarv 2= actual pipzlinz

affect transportation costs are:
1. The size of shipment
2. Th
3. T
4. The avilability and capacity of transportation facility by modss.

distances batwezn origins and destinations

]

e commodity classification of the product being m2ved, and

e

[

The product shipments by tank truck are mostly common for the
terminal-customer deliveries and short distance shipments for th: refinery-
terminal links. A transportation cost by tank truck can be approximated

by a linzar function devzloped in this study.

Based upon the actual historical tank lorry oparating cos: data and actual
distances between the origins and dastinations involved in the shipment,
cost-per-barrel by size of truck was comput=d wusing thz cost functions
developed as below:

TC=F (lgi»rL) L V(2M) (21)

w
~
w

wh
TC=total unit transportation cost for shipping onz barrzl of
product,
F=fixed truck and labor cost pzr barrzsl per hour,
M=distance in miles betwzzn origin ani d=s tinaticn(2 stands
for round trip),
L=average loading—unloading tims,
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S=average speed of the truck per an hour,

V=truck variable costs per barrel mile
Terminal Operating Cost Functions

Terminaling costs includes two major components: Storage and handling

cost and Inventory holding cost.
Storage and Handling Costs

These costs are broken down into fixed costs and variable costs. The
most important items of fixed costs are depreciation and such organizational
costs as labor and administration costs. Cost items such as container
handling, receiving and loading, power, communication, and insurance are
classified as variable cost.

Since the company both operates its own terminals and also employs
leased terminals, two sets of terminaling costs are taken into consideration.
As for the leased terminals the terminaling costs are directly proportional
to the volume put through the terminal. The contracted rental charges per
barrel are applied to calculate the terminaling costs for the leased
terminals.

Based upon the company’s actual cost data the fixed cost function was
obtained by regression analysis of the actual monthly fixed costs of
terminals according to the size of the company’s existing terminals. The
function was defined as follows:

Fy=.1135,+7115. 36 (22)

where F, stands for monthly fixed terminaling cost of terminal through put
barrel according to the company’s 1973 terminal operating cost and
throughput data.

Inventory Holding Cost

Another major component of terminaling cost-the inventory holding cost
or inventory carrying cost-is characterized by its linearity. More precisely
speaking, it is a function of average inventory on hand, in transit and the
duration of time for which inventory items are held, the amount of capital
tied up by the inventory on hand, the cost of furnishing that capital
insurance and storage losses. From a practical point of view the insurance

and storage losses were dealt with seperately as the variable storage and
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handling costs in the study.

The total monthly inventory carrying cost may consist of carrying costs
for two main components: (1) stock at terminals, (2) in-transit stocks both
for the refinery-terminal and terminal-customer shipments. A function can
be defined as:

TIC=(Q,/2)IC,+ (X, D:)IC,+ (Y,D,) IC,

or TIC=IC,((Q,/2)+(X,D,)+ (Y,D,)) (23)
where
TIC =tptal system inventory holding cost per month (or year),
I=interest rate pr capital cost rate to--apply to the capital

invested in inventory,

C,=unit cost of product p in stock,

Q,=average order quantity of product p at terminals,

X,=shipments of product p from refinery and other sources
to customers, 4

D, =transportation delay time for X,

D, =transportation delay time for Y,

Depletion Cost Functions

Two kinds of costs may be incurred when the system is out of stock:
backordering costs and lost sales costs (Hadley and Whitin, 1963).

In the case of backordering, backorder costs may be considered a
function of the number of units which are lacking to fulfill an order, and
the duration of time, ¢, for which- the backorder cost for a period of time,.
t, B(t) was computed in the form as follows:

B(t)=b+1Irt (24)
where

I=daily interest rate,

r=unit gross profit margin per barrel,

b={fixed portion of backorder cost which stands for intangible
costs, such as loss of customer’s goodwill and some
tangible administration cost involved” in handling back-
orders.

The penalty cost, or the cost of a lost sale, on the other hand, involves
not only a loss of gross margin but also extensions of the elements
included in backordering cost intangible gopdwill loss, and the other
administrative expenses relevant to the backordering. At some point in
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time, a backorder results in lost ‘sales for both the customer and the
company. It was decided to classify as lost sales those backodsrs that
remain unfilled after the customer’s estimated stock of the item has bzen
exhausted (pr, a time equal to his replenishment lead tim= plus order
precessing time). The penalty cost per barrel during timz ¢ can b=
dstermined in the form,

L(t)=(r+ar)t

=(1+ta)rt (25)

r and ¢ arz the same as dznot2d for backordsring cost and « stands for
the pznalty cosfficient applizsd to r represzating th2 lost sale cost besides
thz lost margin, r per barrel.

In thz case wkearz an order first b=cam:> a backordzr, and thzn was not
filled before the KOCO customar’s stocks of a product -war> exhausred,
the dzpletion cost was thz sum of two costs: a backordaring cost  daily
until the custome=r reached ths point of bzinz out of stock, and a lost sales
charge from that time until the shipment was ultimatsly raczived by
KOCO’s customezr. In this casz ths dzpiction cost funezirn will he
exprzssad, combining the Equations (24) and (23), as below

D=B(t)+L(t) '

or D=b+(It;+(1+a)t,)r (26)

where D stands for total depletion cost ovar the time period (¢, +¢,) :
t; is the duration from the time a backer is postad when stocksut occurs

until delivery is received.
VALIDATION OF THE MODEL

The multi-stage validation approach (T. Naylor and J. Fingar, 1367)
was employed for validating the simulation mod=l as a whole und the
input data generated for the simulation precesses. Ths first procedurs,
which requires a measure of the extent to which ths modsl as a whole is
an accurate representation of the real systzm, was done by comparing the
total outcome predicted by the model with the actual historical outcoms in
terms of major factors such as total shipments, fixed and variable
terminating and shipping costs and so forth, The comparison rat: bztwzen
the predicted outcomes and actual outcomes was. 984

The second procedure for the validation was to determine of the model-

generated data, based on the endogenous variables are used, arz identical
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with the actual data, whether they are statistically under control.

The results are appraised by using either statistical or nonparametrical
techniques, depending on the characteristics of data to bes checked; in
most cases at a 5 percent confidence level, a=.05, is used.

Figure 5 shows one of the validation results for simulatad order size.

The actual distributions for the size of order for gasolinz in Seoul very
closely agrees with the nepative exponential distribution generated by the
model. The Kolomogorov-Smirnov test statistics for a goodness of fit

tast was 06214, p—valued. 20 at tha .05 significancs level.

RESULTS AND IMPLICATIONS

For the long-run systeam dasign, ths simulation experiments identified
the optimum terminal system as having 8 terminals for 1973 demand level
and one having 10 terminals for 1978 foercast demand data. Figure 6
shows the least cost terminal system in terms of total distribution costs
and the terminal locations and customer assignment for both opitmum
systems with the one for the existing system are seen in Figure 7. In
both of thess optimum systems the terminals were smaller than the
existing ones, and consist only of company owned terminals instead of
leased terminals, both changes resulting in reduction of the system’s total
costs and raising the level of customer service. The result imply that rotal
capacity requiremants for terminals can be reduced by one third of the
existing terminals requirements by utilizing unlimitad product exchangs
with the other companies’ terminals and refinerics based upon forecast of
customer demand by market area and conform to the rzquiremants to the
total system as a whole, and bztter inventory control system.

With respzct to short-run systzm dasign changess, an inventory control
system that includss a secondary and tertiary sezarch for suppliss to meet
a customar’s order than did the policy of rastricting customers to their
primary assigned terminal.

This finding implies that basing shipments solzly on the nzarest
rerminal to the market arza does not necessarily result in the lowest
distribution cost or the best customer szrvice level in a multi-staged total
system like this one. There is no correlation of cost proximity and spatial
proximity in total approach, in which interdependent cost effect on

‘inventory system is considered.
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Figure 5. Distribution of Order Size for Gasoline Demand in Seoul, 1973

/Actual

Percent

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Size of order®
“ Class range of each class is 72 barrels.

The theoretically determined value for the inventory control system
parameter, MAX, was found to perform much better than the presently
used ”Desired Inventory Level” by the company in terms of cost and
service performance, ,

This implies that inventory control should be based on an adequate
control pararmeters, which are closely relevant to the customer-terminal
relationship from the tptal system approach point of view, so that the
interdependent cost effects on the other inventory stage in multi-echelonic
distribution system are taken into consideration.

A liberalization of product exchange practices based on total company
requirements is recommended. However, the recommendation would apply
only when it could be incorporated into the optimum terminal system(s)

rather than the present 1S-terminal system.
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Figure 6. Total Distribution Costs (TDC) and Their Major Components for
Different Number of Terminals As Determined by the Simulation
Model with the 1973 Demand Data.
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Figure 7, Terminal Locations for the Existing System and the Least Cost
Systems for 1973 and 1978 Data Sets®
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Extension of the pipeline to remote northeastern areas was unprofitable,
but extending the pipeline from Inchon to Seoul for fuel oil only proved
superior to making shipments by large, efficient trucks. In pother areas,
however, using larger trucks to replace existing smaller trucks and rail
shipments promises large savings.

Pipeline as the cheapest mode, however, can not necessarily be efficient
if there is limitation on product exchanges.

In general, the transportation system is suggested to be revised first by
using larger trucks to replace the smaller and uneconomical ones, and
second by expanding the use of the cheaper modes such as truck and
pipeline to replacz the more expensive and less flexible ones in as many

customer areas as possible.

CONCLUSION

For the company concerned, a principal contribution of the study is to
provide a better planning tool for its long-and short-range system design.
Specifically the study shows value of a better information system and
more useful managerial data such as transportation cost, demand forecas:
by market area, inventory carrying cost, depletion cost and so forth, which
are not properly utilized in the existing system. A centralized . inventory
control of terminal stocks was implicated to be recommendable.

For production-distribution system design theory, generally, the most
significant feature of the study is the three model approach, which combines
two analytical and one simulation model as a methodology for improving
the optimality of a solution for the problem of determining the location
and number of terminals (warehouse).

A total system approach to inventory control, merging spatial and
temporal factors for multi-level,-product, -location system is proposed.

The study provides the management in the petroleum and other similar
industry with a capability for low-cost modeling of such a complex system.
An improved mothnd is also advanced for more accurately estimating the
size of storage facilities needad through two-step procedure togsther with
determining the number and location of facilities. Thz model also providas
better way to utilize storage and transportation facilities for the industry
as a whole on a nationwide bases.

On the other hand, as with/all mathsmatical models, the simulation
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model and its related preliminary models dzveloped in this study

suffer
from the inherent difficulties of trying

to capture the essentials of a
complex real-life system. Some limitation can be considered for the study.

Through the simulation expzriments, individual shipments of products
implicitly assumed to be made with only one product
delivery vehicle. Such a procedure would be unsconomical. In practice, a
terminal often receives a delivery of not one but different products from

the same ship, rail tank car, or truck which has been loaded at a simple
source. However since the model usad the

are
loaded on the

average unit cost for each
transportation mode, by individual shipment the effects of this

implicit
assumption on total costs probably are not significant.
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