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ABSTRACT 
Optimal allocation of products to downstream locations is a major requirement 
for minimizing the distribution costs associated with supp!y chain systems. 
Unfortunately many supply chain managers rely on, their intui!ion and feelings 
to make these.allmfion decisions. In this study a rnathernatical mode! was 
developed for minimizing the distribution cost in a muhi-product 2-echleon 
supply chain system. The distribution system of a leacling bottling plant in 
Nigeria was studied to understand the undedying s ~ y l y  chain system. 
Attempt was made to identi system parameters, vaiables, limitations. 
criteria so as to be able to deMe the distribution probkr .. The interactions 
and Row of products in the system were identified and characterized as a 2 
echelon supply chain system. Mathematical model gf the system was 
developed. The problem m a ! ,  a linear program formulation with three major 
constraints; demand, availability and company policy requirements was 
parametedged based on demand data,, product availability data,. company 
poficies and unit transp~rtation costs to various downstream locations. The 
model was solved for a 12 product 8 destination case. It was obsenred that 
the model applicabon produces 6% reduction in the distribution cost 
compared to the existing practice of the company. It  is concluded that the 
model is effective to reduce or minimize distribution expenses for any multi- 
product multiple destination system and fulfilling demand at various 
destinations. 
Keywords: Supply chain, Distribution. Optimisation. Bottling Company 

A majw challenge facing the manufacturing 
industries in today's business is how to consistently 
meet with customers' requirements and demands at 
the lowest possible cost in an increasingly 
mpetttive market. These require the optirnisation 
of production process and the associated distribution 
operations. The uptimisation of distribution 
operatons however assumes greater importance in 
m e  industries such as the soft drink. industrj 
where disbibution costs cm take mom than 70% of 
the wlue added costs of goods (Golden and Wasil, 
1987). 

Supply chain is the integration of key business 
processes across the suppIy chain for Me purpose ~t 
adding value to customers and stakeholders 
(Lambee 2008, Vidal and Goetschakkx, 1997). It is 
the combination of art and &en- that goes into the 
method of networking and supplier of input materials. 
retailers and customers, in the manner that will 

ensure effective and coordinated flow of materials 
and information tllroughout the entire network (Slack, 
1998. Beamon.1998). Supply chain exists in both 
service and rnacbfacturing organization, although, the 
complexity of the chain varies from industry to 
industry. .me .design of a supply chain requires 
managers to determine .. the number, location. 
capacity, and type of manufacturing plants and 
warehouses to use; the set of suppliers ta selw the 
transpodation channels to use and quantities to ship 
among suppliers (Bilgen and Ozkarahan, 2004; 
Abdinnour-He!rn. 1999). A great number of 
manufacturing companies or factories (single wurce 
multiple product factories) respond to diverse chain of 
product demand from customers or retd~lers thereby 
creating an intricate chain with far reaching effect on 
operation costs. 

The gamut sf decisions invokred in the supply 
chain problem 7ut across the three levels of the 
planning function: the strategic, tactical, and 
operational level {Tony and Roy, 1989). Hence Ule 
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supply chain problem decision process cannot be 
effectively carried out based on the managers' 
intuition artd experiences; the use of quantitative w 
decisions support tools has bedame imperative. 

Many authors have addressed different faces of 
this problem. Chan and Chung (2005) developed an 
optimization argorithrn b solve the problem of 
distribution in a given supply network, taking into 
account variables like d e k n d  allocation and 
production schedufing. They used a linear total cost 
function that has to be minimized; defining a genetic 
algorithm that drst determines the demand allocation 
and transportation poky  and secondly determines 
the production schedubng. Ambrosino and ScutelM 
(2004) studied the complex distribution network 
design problem that involves not ody b t i n g  
prduchon plants and distribution warehouses, but 
also searching the best distribution strategy from 
plant tc warehouses and from warehouses to 
customers minimizing the global costs given by the 
sum of six factors. These modes do not address the 
variations and limitations on production capacities. 

Axsater (2002) dealt with approximate optimimtion 
of reorder points for continuous review installation 
stock policies in a m e l o n  distribution inventory 
system with stochastic demand, considering holding 
costs and shortage costs. The mde l  does not 
consider the transport and handling (or 
replenishment) costs dnd assumes the delivery lead 
time as a constant 

Andersson end Marklund (1999) considered a 
system model that approximated holding costs and 
backtog cosa with a stochastic lead time, and 
decomposing the problem with PI retailers into an n + 

1 single-level problems. Also. Amiri (2004) defined an 
important strategic element as fithe best sites for 
inbrmediake stocking points, or warehouses 
introducing an MIP model that rninim'nes total oosts 
on three different levels: costs to s a w  customers' 
demands from the warehouse, shJpmenl costs from 
the plants to the warehouse, and costs associated 
with opening and operating both warehouses and the 
@ant. 

PROBLEM OESCRIPTION AND MODEL 
DEVELOPMENT 

The product distribution networks are diverse and 

multi-lon supply chain network! (Bilgerr. ahd-; 
Ozkarahan2003). However most real Life situations in 
the 'tiiemtun are special cases of the .general 
distribution 'problem; the rnuwple ucts from a 
single sourcen to multiple destinab 3: the single 
product being shipped from multTple sources to 
multiple destinations, the probtem of muItip1e products 
shipped from multiple sources to multiple destinations. 
and the problem of multiple products shipped from 
multiple sources to single destination are some 
examples Based on number of soufces, products and 
destinations, the general products distribution problem 
can be classified into 8 categories as summarised in 
Table 1. This study is focusing on number category no 
7 which is further illustrated in Fig. 1. 

14 4 I Multiple I Sipgle 1 Single 1 

Table 3: Cases of Source-Prcduct-Destination (SPD) 
OSrUwk -- . 

5 Multiple Multiple Single 
6 Multiple Single Multiple 
7 Single Multiple Multiple 
8 _ MuItiple _ Multiple Multiple 

dn 
I 
2 
3 

thus require different 'approaches of optirnisation 
(Chan and Chung,2005; Axsater. 2002; Ambrosino Fig. 1: Shipping Multiple Products from a Single Source to 

and ScutelB, 2004). The general products distribution Multiple Destinations 
problem involves multiple products emanating from 
multiple sources going to multiple destinations wer a 

Sources 
Single 
Single 
Single 

Products 
Single 
Single 
Multiple 

Destination 
Single 
Multiple 
Singk 
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NoSations ahd Terms DeRnition 
m Total numb1 of pioducts to be distributed. 
n Numbefof desiinafions to tie served 
I Index'ideatlfying producis: I = 3 T2.. . m - 
I index id&ntiQing destinations: j = 1,2,3: . . n 
Ai Qtiantity of prodet i available for 

dis€rifiiltion 
D": Demand of product i at destination j 
b 1 : Frslction of demand Di that must 

Unit cost of shipping product i to destination 
i 

X,: The quantity of product i'shipped to 
desh"nahon j 

C Total distribbtion mst 

Problem Constraints 

The pmbl&n mnstraints and equations describinpT 
them were identified as f~llovys; 

In this mM.d, ope of ?he's*tems of WflsQaint$ is 
related to prod~@+avai!abiji~~,~is pub, a 1im1t on the 
total quantiIy Pf>*-prod,~ct, i,@ can ,be ;sent to all 
n destinations. ;if ,for each - product t, .the. available 
quantity is1& fh'en the av%kib~ty consmint on i (for 
all i= 1.2 ... h) is &awn in system of equation 1 + 

U EX,, <d, . f i ) r~ i / / i= t .2 .+ .m ... ( I )  
,=I 

The obiective functibii 

The objective is tb minimize the total distribution 
cost 

The Model , 

Aggregafing 'all these set of equations reslilt in the 
genetkl-; Linear Prograrirme dptimizatioi;' . . . .  mode! . 
be* 

till i= l ,2 , . .m ...( 1). . - 

Demand Constraint: 

This constraint requires bthat only what can be 
paid for by the depots is en t .  This implies that not 
more than the respective depots demand 0 ,  should 
be sent. This is represented as system of equation 2 

. 5 D,, ji~rulli= 1.2..111und j=I,2..a ...... (2) 

There are a number of company policies that 
guide the dishbution of products. One of the cntical 
policies is that-there is ti minimum quantity that must 
be sent to any given depot in order to keep 
custdmers loyalty. This is represented as !he system 
of equation 3 

APP LlCATlON' AND RESULTS 

A 'majoi' bottling plant in lbadan produces 12 
different boltled 'drinks which are distributed to 8 
depots within Swth' West rwtqn. Table 2 is the 
products' hilability and demands of depots. while 
Table: 3 gives the decision oh the disfriwtion af 
these pddudtsi' 

Using the mbdel above, the o@timal solution is as 
sMwn.'in Tdbk 4 with a total cost of N4. 073.4 10 as 
against the distribution cost of Table 3 (W4.318,445) 
~ h w e  XI, =f 850 ; XIz ~ 7 . 5 0 0  ; X13 =7.512 ; X ,  = 
5.391 ... Xtl = 101; XZ2 = 526 etc 
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Tabfe 2 Demand Mafrix Of, 

Table 3: Quantity of Products, Distributed to destination . 
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CONCLUSlONS AND RECOMMEHOATIONS -ter S. (2002): 'Approximate optimitation of a 
twdewd dilsbrition inventory systemm, IntematiwraI 

T W ~  paper models h d  problem of mhimhing the Journal of Prod- Economics. Vds. 81-82. 
cost of distributin~ rnmple p d u c k  from a sirmgb Pf3.S45-553*- . . 

source ta muttid&stinalions. This 'outbound sbpply 
chain in a two echelon supply &-air! system mamon B. M- (1998): 'Supply chain design and 
has p r a e l  a p p ~ ~ ~ ~  in many pduction/imnMry analysis: models and methods', International Journal 
svwms, as ming fruit j u b  of Pmduct[on Economics, Vol. 55, pp.281-294. 
cbmpanies, foods and ?harma&tical industries, 
where demand of their multiple produds are required Biben 8. and - m a n  1. (2004): 'Strategic 
at variws distribution deports. The ewveness  of and .operational productiodiskibution'. 
-1 was demm~bted a real life problem ["fnathnal Journal of Technology Management. 
where a cost reductioli of about 6% or absolute sum of VOt. 28* Wm1 51-1 
N244, 815 in a one week planning horizon. which 
banslates to over P112. 000,WO savings per annum, Bltflen 8. and Ozkanhan 1. (MO3): 'Distribution 
was achieved. planning problem: a sunrey'. In Ahr, D. Fahrion, R.. 

Oswald. An. and Reinek .G. Itlrsa.): Omrations . - .  
~eseakh Proceedings, -Springer. B&, 2004, 

Flowever, the assumption of linearity of the shipping pp3946. 
mst is a major limitation of the model hence further 

-on Other Golden B. L. and Wasil E. A. (1987): 
should be ansawed* a m ~ ~ p l ~ u r c e  'Computerized vehicle: routing in me WR drink 
product to multiple-distribution should also be indwwm. Operatans Reearch 35 pp 
consider&. Also, while the model will be effective in 
managing Me echelon w ~ ~ h l  chain system this than F. i. S. ;:. chung S. H. ( 2 ~ 5 ) :  .MUI& 
work will require f u m r  extensions in order to drion genkk Jplimiration fw due date assigned 
effectively handk a three m e  echelon supply &mb&m n e w  pmbtemsm, Decision Support 
chain systems Systems, Vol. 39. pp.661475. 
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