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ABSTRACT 

A distribution network design of fast-moving consumer goods ensures distribution of products 

in an effective manner by giving maximum customers’ satisfaction and minimum distribution 

cost. The study evaluates the distribution through direct shipment and the use of intermediate 

shipment for distribution of products from plant to depots. A real-life case study in Southwestern 

Nigeria was defined and solved as a linear programming model to minimise total cost of 

distribution from plant to the depots with consideration of four routing options. The results show 

that distribution through intermediaries gives a better solution than routing option with direct 

shipment. The best routing option with intermediate points when compared with the routing 

option with direct shipment gives a savings of 1,819,490.00 Naira which translates to 13.46% 

cost savings.  The study shows that the location of intermediaries is a key decision in distribution 

network design and that the intermediaries add value to the distribution networks in supply 

chain.  
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1. INTRODUCTION  

Supply chain design has been the concern of all 

organisations in achieving their set goals and also to 

remain competitive in the market. Its impact on the 

entire supply chain is huge because it provides a 

framework for operational and tactical supply chain 

[1].  Supply chain network design is important in the 

operations of fast-moving consumer goods 

companies. It ensures global competition, improved 

customer service as well as reduction of cost and 

waste [2]. 

 A typical supply chain comprises customers, 

distribution centres, manufacturing plants and 

suppliers. These echelons of supply chain are 

confronted with challenges of location, allocation and 

distribution which involves making strategic, tactical 

and operational decisions. These are all challenges of 

supply chain network design.  Effectiveness and 

efficiency of supply chain management are premised 

on the design of supply chain network. 

Lemmens et. al. [3] argues that one of the factors 

that increase the complexity of supply chain network 

design is the integration of decision levels such as 

operational, tactical and strategic decision levels. This 

view is buttressed by [4] who asserts that the 

interaction and integration of these three decision 

levels is prerequisite for the design of competitive 

global supply chain. Supply chain network design 

models are classified into location-allocation, 

inventory-location and production-distribution 

models.  

 Production and distribution are two core areas of 

supply chain and their optimization is essential for 

improved performances. Production planning has to 

do with decision on labour requirement for 

production, types of production and production 

capacity. Distribution has to do with decision to 

determine the facilities that will cater for all 

requirements of its market. [5-6] identify distribution 

network design as one of the most important 
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problems in supply chain management. Distribution 

is the key driver in the overall profitability of an 

organisation because of its effect on customers’ 

satisfaction and supply chain cost. It involves location 

of manufacturing plant, distribution centres and helps 

in getting the best strategy from distribution of 

products. 

Distribution refers to the movement and storage of 

products between different stages and every pair of 

supply chain stage has a distribution network. Raw 

materials are shipped to manufacturers from the 

suppliers while finished goods are shipped from the 

manufacturer to the distribution centres and then to 

the customers [7]. Distribution network design in 

supply chain helps in determining the least cost in the 

distribution of products (which could be raw 

materials, semi-finished goods or finished goods) 

between echelon of supply chain such that demand 

at warehouses and capacity at the plants are 

satisfied. Chopra in [8] gives two key decisions of 

distribution network design as shipment of product 

directly to customers and flow of product through the 

intermediate location. Based on these key decisions, 

the author gave six classifications for distribution 

network design. 

The study compares the two decisions of distribution 

network design to evaluate the shipment of fast-

moving consumer goods from the manufacturing 

plant to the depots. This study evaluates direct 

shipment of products to the distribution centres and 

use of the intermediate shipment for distribution of 

products from plant to depots and to determine the 

best alternative based on its performance in terms of 

the cost. Also, literature establishes that the 

transportation cost of direct shipment and shipment 

with intermediate nodes is high [7-8]. This study will 

help in establishing which of the design alternative is 

better in terms of transportation cost. This paper is 

structured as follows: Review of literature is outlined 

in Section 2. Section 3 states the methodology 

deployed in the case investigation, its problem 

formulation and solution procedure. Section 4 gives 

the results of study and discusses it. The conclusion 

of the study is outlined in section 5. 

 

2. LITERATURE REVIEW 

Fast-moving consumer goods (FMCGs) are products 

that are consumed within a short period and are 

quickly replaced. It has a large market because it is 

highly consumed on daily basis. FMCGs require an 

efficient supply chain to drive its distribution 

operations thus ensuring minimised cost of 

distribution operations as well as maximised 

customers’ satisfaction [9]. 

The effect of distribution process on supply chain cost 

and customer satisfaction is huge. This makes the 

distribution process a crucial decision for supply chain 

management. Therefore, optimum distribution 

network design helps organisations in minimisation of 

delivery cost and maximisation of customers 

satisfaction [10]. Distribution network design helps in 

determining simultaneously the best location for 

plant and distribution centre as well as the best 

distribution strategy to be employed [11-12]. 

Chopra in [8] provides a framework for evaluation of 

distribution network design in supply chain which 

considers factors that affect and  influence choices of 

distribution, advantages and limitation of several 

choices of distribution. Distribution network design 

problem in supply chain is a strategic decision 

problem and several studies have addressed the 

problem. 

Simulation of the physical and data flows in supply 

chain were modelled to maximise the efficiency of 

supply chain network.  Software architecture was 

developed to model and simulate the flow of 

materials, data and decisions and the 

interconnections between them [13]. Complex 

network problem was studied as case studies by 

Ambrosino and Grazia-Scutellà [14] and 

mathematical programming was formulated for the 

identified problems.  

Distribution network problem was formulated as 

mixed-integer programming and solved by heuristics 

based on Lagrangean relaxation [11]. The authors in 

[15] integrated inventory, transportation and facility 

location decision into distribution network design to 

minimise the expected total cost which includes the 

cost of inventory, transportation and facility set-up. 

Distribution networks behaviour was simulated by 

formulating a two-stage bi-level programming which 

was solved by hybrid metaheuristics [16]. 

Golmohammadi, et. al. [6] provide a unified model 

for distribution network design which defines the 

numbers, location and capacities of plant and 

distribution as decision variable and it simultaneously 

optimises the distribution of products from plants to 

distribution centres and from distribution centres to 

customers. The problem was formulated as mixed-

integer programming and was solved as a two-phase 

heuristic. 
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A mixed-integer linear programming model was used 

to optimise the production and distribution network 

with consideration of financial and operational 

constraints [17]. Supply chain production and 

distribution models were reviewed by Mula, et.al.[18] 

who grouped the literature into supply chain 

structure, decision level, modelling approach, 

purpose, shared information, limitations, novelty and 

application. 

The distribution network design of Agric-food supply 

chain and a case study of the distribution of chicken 

in one city in Algeria was considered by Boudahri, et. 

al. [19]. The study finds the centroid of set of retailers 

and the location and allocation of slaughterhouses 

such that the total cost of logistics is minimised while 

the transportation and slaughterhouses capacities 

constraints are satisfied. The problem was formulated 

as capacitated centred clustering and location-

allocation problems. 

Two-stage location-routing-inventory problem with 

time windows was proposed for food distribution 

network. The food distribution network problem is 

formulated as a mixed-integer programming model 

and hybrid heuristics is proposed as a solution 

approach[20].  

Relief distribution problem was formulated as multi-

objective mixed integer nonlinear programming for 

maximising the lowest perceived satisfaction of 

victims and minimising the largest deviation of 

perceived satisfaction of victims which alleviates the 

suffering of the victims. Genetic algorithm was used 

to solve the relief distribution problem[21]. 

Multi product distribution network was modelled as 

mixed-integer programming. It  was defined and 

solved as pharmaceutical distribution network 

problem [12]. Multi-product, multi-echelon problem 

which considers of operation of cross-docking  was 

formulated as a mixed-integer programming model 

and simulated annealing, a practical and robust 

method was used to solve it [22]. 

Kumar, et. al. [23] quantifies the trade-off in 

inventory cost minimisation and customer satisfaction 

maximisation and assessment of supply chain 

performance metrics. The authors provided dynamic 

decision support which enables the effectiveness of 

supply design and 3-stage analytical approach was 

used for multi-echelon distribution networks. The 

authors in [24] assess the feasibility of integrating 

operations of three echelon of supply chain using 

decision tree and simulation approach. 

Distribution network of multi-commodity incorporates 

customers' demands that are price sensitive. This 

problem was modelled as mixed-integer nonlinear 

programming and solved by Lagrangian relaxation 

algorithm [25]. The design of two-echelon 

distribution network with uncertainty in customers’ 

demand was considered by [26] and the authors 

presented a detailed method to solve the stochastic 

multi-period two-echelon distribution network design 

problem. 

A multichannel distribution supply chain network 

model was proposed for omnichannel distribution 

environment which on comparison with traditional 

supply chain network achieves savings in cost, 

provides better customer services and it is 

sustainable [27]. 

The study develops supply chain distribution network 

design model which incorporate decision-makers’ 

imprecise goal aspiration levels and uncertainty in 

demand through a fuzzy goal programming 

approach.[28]. Other studies also use fuzzy 

programming approach for distribution network in 

supply chain[29–34]. 

It can be seen that mixed-integer programming was 

used in most of these studies while others differ in 

the formulation approach by using fuzzy 

programming in addressing the imprecise nature of 

demand. One of the key challenges of supply network 

design, as identified by [1], is the decision on using 

direct distribution, an intermediate distribution or a 

hybrid of the two. This study formulates the 

distribution network design as a linear programming 

model for evaluation of intermediaries and direct 

shipment alternatives 

 

3. METHODOLOGY 

This section presents the case investigated, the 

theoretical framework for the formulation of case 

study and solution procedure. 

 

3.1 Case study and Data collection 

A fast-moving consumer goods (FMCGs) company in 

South-Western Nigeria was visited and interview of 

stakeholders of the operations of the FMCG products 

from plant to the distribution centres called depots 

were carried out.  The FMCGs company is into 

production and distribution of beverages. It has 5 

products in polyethylene terephthalate (PET) and 

glass bottles available in 35cl, 50cl and 1 litre. The 

plant has been in operation for close to four decades. 

The plant distributes its products to nine depots 
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across some areas in Southwestern Nigeria. The 

company distributes the products directly to various 

depots without transshipment points. The products 

are manufactured in the plant based on demand 

from the depots. The products are shipped by vehicle 

to meet the requirement at the depots. This study 

evaluates the alternative of shipping through 

intermediaries and compares it with direct shipment 

to all depots.  

Data were collected through historical records and 

interview of staff, the average monthly demand for 

each depot was obtained, the total cost of 

transporting products to each depot was determined 

based on the actual distance of each depot to the 

plant and the cost of fuel per litre for covering the 

respective distances to each depot per truck. Table 1 

gives the location and distance in kilometres (km) of 

respective depots from the plant. The locations are 

represented with alphabets. The cost of diesel per 

litre is 225 Naira. Other data are summarized in 

Tables 2 and 3. 

 

3.2 Case study problem formulation 

Introduction of intermediaries defines the distribution 

network design as a transshipment problem which is 

a generalization of transportation problem that allows 

distribution of goods moves through the intermediate 

nodes before reaching the final destination and also, 

transshipment is a special case of minimum cost flow 

problem. The problem formulation is based on the 

assumption of traditional transportation problem and 

formulated as linear programming and the notation 

used in defining the mathematical model is stated as 

follows: 

I: set of plants i ϵ I for i = 1, 2,…,r 

J: set of intermediate points j ϵ J for j =1, 2,…,s 

K: set of depots k ϵ K for k =1, 2,…, t 

Ai: quantity of product available for shipment in plant 

i 

Bk: quantity demanded at depot k 

Dj: capacity of intermediate point j 

cij: cost of shipping unit of product from plant i to 

intermediate point j 

cjk: cost of shipping unit of product from intermediate 

point j to depot k 

 The decision variables are: 

xij: amount of product shipped from plant i to 

intermediate point j 

xjk: amount of product from shipped from 

intermediate point j to depot k 

The Objective function is defined as follows: 

The total cost of shipping from plant i to all 

intermediate points is given as:   

𝐶(𝑠, 𝑥𝑖𝑗) = ∑ 𝑐𝑖𝑗

𝑠

𝑗=1

                               (1) 

The total cost of shipping from intermediate point j 

to all depots is expressed as:    

𝐶(𝑡, 𝑥𝑗𝑘) = ∑ 𝑐𝑗𝑘

𝑡

𝑘=1

                            (2) 

The total cost of shipping from all plants to all depots 

is given as: 

𝑍 = ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗

𝑠

𝑗=1

𝑟

𝑖=1

+ ∑ ∑ 𝑐𝑗𝑘𝑥𝑗𝑘

𝑡

𝑘=1

𝑠

𝑗=1

                        (3) 

The constraints are defined as follows: 

∑ 𝑥𝑖𝑗 − ∑ 𝑥𝑗𝑘 = 0

𝑡

𝑘=1

𝑟

𝑖=1

                              (4) 

∑ 𝑥𝑖𝑗

𝑠

𝑗=1

≤ 𝐴𝑖                                              (5) 

∑ 𝑥𝑗𝑘

𝑠

𝑗=1

= 𝐵𝑘                                            (6) 

 𝑥𝑖𝑗 ≥ 0                                                 (7) 

 𝑥𝑗𝑘 ≥ 0                                                 (8) 

The mathematical model for distribution network 

design of FMCGs is: 

 

Minimise Z= ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑠
𝑗=1

𝑟
𝑖=1 + ∑ ∑ 𝑐𝑗𝑘𝑥𝑗𝑘

𝑡
𝑘=1

𝑠
𝑗=1  

Subject to: 

 ∑ 𝑥𝑖𝑗 − ∑ 𝑥𝑗𝑘 = 0𝑡
𝑘=1

𝑟
𝑖=1   

∑ 𝑥𝑖𝑗
𝑠
𝑗=1 ≤ 𝐴𝑖  

 ∑ 𝑥𝑗𝑘
𝑠
𝑗=1 = 𝐵𝑘 

   𝑥𝑖𝑗 ≥ 0 

     𝑥𝑗𝑘 ≥ 0 

 

The objective function is to minimise the total cost of 

shipping from plant to the depots. (4)  implies that 

the quantity of products delivered to each 

intermediate point is equal to the quantity of products 

shipped from that intermediate points to the depots. 

The supply and demand constraints are (5) and (6) 

respectively while (7) and (8) give the non-negativity 

constraints.   

 

 3.3 Problem solution procedures 

The distribution network design problem for FMCGs 

is solved by the procedure as adapted from the 

traditional transportation problem: 
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 Identify the supply, transshipment and demand 

points. 

 Determine the value of all problem parameters. 

 Set-up the transshipment matrix or a network 

diagram for the problem. 

 Formulate the linear programming model for the 

matrix or network diagram. 

 Solve the cost minimizing distribution network 

design problem for FMCGs as linear programming 

problem. 

 

4. RESULTS AND DISCUSSION 

The following routing options were considered for 

distribution network design problem of FMCGs. The 

first routing option ship directly from plant to all 

depots while other routing options consider a 

minimum of three intermediate points.  

 

The locations of intermediates points are based on 

the closeness to the plant as well as other demand 

points. The study does not exhaust all alternatives 

with respect to the selection criterion.  Each routing 

option has intermediate points that have enough 

capacity to store product which will be conveyed to 

the destination points. Figures 1 to 4 gives the 

network diagram of the routing options. LINGO was 

used to solve the distribution network design 

problem of FMCGs. 

 

 

Table 1: Location and Distances of Depots from 

Plant 

SN 
Location and Distance of Depots from Plant 

Node Location Distance(km) 
1 1 A - 
2 2 B 152 

3 3 C 151 

4 4 D 134 

5 5 E 122 
6 6 F 110 

7 7 G 85 
8 8 H 123 

9 9 I 86 

10 10 J 103 

 

Table 2: Transportation Cost and Demand of 

Depots Relative to Plant 

Nod
e 

Locatio
n 

Transportatio
n cost(N) 

Unit 
Transportatio
n cost(N) 

Deman
d 

1 A - - - 
2 B 6200 62 24430 
3 C 6200 62 42250 
4 D 5500 55 39075 
5 E 5000 50 45738 
6 F 4500 45 25973 
7 G 3500 35 65007 
8 H 5000 50 18697 
9 I 3500 35 16253 

10 J 4200 42 11093 

 

Table 3: Relative costs of transportation between intermediate locations to the destinations 

            j      

i 

1 2 3 4 5 6 7 8 9 10 

A B C D E F G H I J 

1 A  62 62 55 50 45 35 50 35 42 

7 G   105  47 50   43  

8 H   27 22       

9 I   60     35  25 

10 J  30  34       

 

 
Fig.1: Network diagram of routing option 1 

 
Fig.2: Network diagram of routing option 2 
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Fig. 3: Network diagram of routing option 3 

 

 
Fig. 4: Network diagram of routing option 4 

 
Fig. 5: Chart showing the total cost of shipping for 

defined routing option 

 

The total cost of distribution for routing options 1, 2, 

3, and 4 are N13,517,920.00, N 12,230,680.00, N 

11,698,430.00 and N 12,381.050.00 respectively. It 

was observed from the result that routing option 1 

which involves direct shipment to the depots has a 

total of 1.352 x 107 Naira. Routing option 2 has three 

intermediates points at depot G, I and J which 

distribute to depots B, C, D, E, F, and H as depicted 

in Figure 2 gives a total of 1.223 x 107 Naira. The total 

transportation cost of routing option 4 which has 

direct shipment to depot I and three intermediate 

points at depots G, H, and J shipping products to the 

rest depot as shown in Figure 4 is 1.238 x 107 Naira. 

Routing option 3 has three intermediate points G, I, 

and J which distributes products to B, C, D, E, F, and 

H as illustrated in Figure 3 gives the best solution with 

a total cost of 1.169 x 107 Naira. 

It can be seen that routing option 2, 3, and 4 which 

has intermediate points gives a lower cost compared 

to routing option 1. Distribution network design with 

the incorporation of intermediate points gives a 

better result as compared with the direct shipment 

for the routing options considered as shown in Figure 

5. Also, the best routing option when compared to 

the existing distribution network approach which is 

directly shipped products to all depots gives a 

savings of 1,819,490.00 Naira which translates to 

13.46% cost savings. Routing option 2, 3 and 4 

consider the distribution of products through 

intermediate points and the differences in their 

results suggest that location decision is of prime 

importance in supply chain distribution network 

design.  The results suggest that introduction of 

intermediate points can provide a cost saving for a 

logistic system of fast-moving consumer goods. The 

introduction of intermediate point offers several 

decision alternatives for accommodation of changes 

in the shipment of goods in conformity with the 

global and modern practices. It can also help in 

enhancing flow of goods in case of emergencies and 

peak seasons. 

 

5. CONCLUSION 

The study addresses the distribution network design 

problem of fast-moving consumer goods with one 

central manufacturing plant and multi-distribution 

centres. The study proposes evaluation of distribution 

network design with the incorporation of 

intermediaries and direct shipment distribution 

network design. The problem was modelled and 

solved as a linear programming model by minimising 

the total cost of distributing the product. LINGO was 

used in solving the distribution network design 

problem of FMCGs. The study shows that distribution 

network design with intermediaries gives a better 

result than that of direct shipment. Also, the 

location(s) of the intermediate point(s) is critical in 

that it ensures the total cost of distribution is 

minimised. These results support the assertion of 

Chopra [8] that intermediaries such as transshipment 

points add value to distribution network in supply 

chain.  
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