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Abstract:The study is aimedat procuring optimalsolutions to challenges faced in the physical distribution 

system of consumer goods in Nigeria context also the need to minimize cost especially in Physical distribution is 

inevitable as increased cost of transport and poor transport infrastructure imposes strain on the physical 

distribution system. The researcher applied network optimization models to develop optimal solutions to real 

life problems in physical distribution system. Using questionnaires the researcher was able to explain how 

various service variables influence the service level.The researcher identified trends in warehousing operations, 

the nature of the relationship between physical flow and distribution cost and how various service variables 

influenced the service level. Afterwards, he recommended ways to benefit from these opportunitiesand steps to 

take to cub the impact of its challenges of the physical distribution system. 
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I. Introduction 
 Production is the creation of goods and services, these goods and services can be produced in factories 

or industries and stored in warehouses.  However, production cannot to be said to be complete until the 

products/services get to end user or consumer.  This can be obtained through the distribution process and that 

complete the production cycle.  The distribution activity is equally referred to as physical distribution 

management (PDM), marketing logistics or physical flow. Physical distribution is the collective term for series 

of inter-related functions (primarily transportation, stockholding, storage, goods handling and order processing) 
involved in the physical transfer of finished goods form producer to consumer, directly or through 

intermediaries.  

 Physical distribution explains the problem of getting the right quantity of the right product to the right 

place at the right time and at the least cost possible, this problem has confronted companies with challenges like 

meeting delivery due dates and operating an efficient distribution network. Companies like consumer goods 

companies, with their great diversity of customers spread over vast geographical areas must integrate the 

systems components of distribution to achieve an acceptable customer service level and avoid reduction of 

market share(Bowersox, 1978). Geographical imposed gap between firms and their potential consumers is 

bridged by distribution, as physical distribution uses its transportation function to provide time and space utility 

between these two parties (Bowersox and Closs, 1996). The continuous increase in the cost of transportation due 

to poor nature of our roads, high cost of vehicles and spare parts and currently increase in cost of petroleum 

products poses a serious problem to an effective coverage of territories in the distribution both in rural and urban 
areas in the country.  

 Distribution is becoming a more imperative issue in company accounts as the cost of transport, 

warehousing and stockholding were growing relative to the costs of other industrial inputs. Marketing efforts, 

such as the extension of product lines and penetration of new marketing channels into new markets, were 

imposing increasing strain on distribution systems, making them more complex to manage and more expensive 

to operate(McKinnon, 1999). Contemporary firms has reorganised their distribution systems to take advantage 

of the major improvements that was made in the transport and storage infrastructure. The introduction of 

information management system (IMS) has greatly eased order processing, resource allocation and analysis of 

distribution cost which has promoted the application of operations research techniques in distribution planning. 

In the emergence of these marginal problems and the fact that there are so many brands of consumer goods in 

the market from which the consumer has to choose with little or no attention to difference among them in terms 
of quality and other characteristics. The consumer goods market which is characterizedby low brand loyalty, has 

made the market as highly volatile which is driven by availability and price rather than marketing efforts and 

quality(Cooper and Johnstone, 1990). It then discloses that there is a need for the consumer goods companies to 

manage the physical distribution system and engage in proper manipulation of other functional trade-offs in the 

system in order to breakeven in the present day competitive consumer goods market in Nigeria. 
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1.2 Statement Of Research Problem 

 Distribution firms have always researched for methods to minimise the cost and maximise flow of 

shipping each unit of commodity to and fro across the supply and demand nodes. Though, warehousing has 

smoothen out the fluctuations in demand and supply at market place yet major constraints are been faced in 

assigning supply  and properly matching orders placed during redistribution to final retailers outlets. In recent 

times logistics firms are faced with greater problems of optimizing the whole system so as to develop strategies 

that minimizes cost and maximizes flow. This is because optimization helps to minimize shadow costs incurred 
which cannot be objectively determined by conventional accounting methods such as cost of losing a customer 

form a delayed delivery. The above scenario results in an operations research problem called maximum flow and 

minimum cost network problem. Firms tend to find solutions to the following: 

i. Efficiently utilize space, resources and capacity of warehouses that will be optimal to avoid diseconomies 

of scale from under-utilization of warehouses. 

ii. Allocation of the flow of products and balancing of routes from each salesman to retailers‟ outlets. 

iii. Setting geographical coverage area for each warehouse to avoid conflicting customer coverage.  

iv. To determine the optimal distribution cost that efficient sustains the distribution system given the firm‟s 

delivery policies and plans. 

With the problem already mentioned above , This study is to reduce cost of physical flow of products and 

optimize the physical distribution system from distribution centres to wholesalers and retail outlets.  
Other objectives include: 

1. Determine the shortest sales path that minimizes the total travel time and supports an effective sales 

coverage. 

2. Determine the optimal workload of each route, which justifies the cost of distribution. 

 

II          Review of Related Literature. 
2.1dimensions of physical Distribution 

 The distribution process begins when a supplier receives an order from a customer. The customer is not 

too concerned with the design of the supplier‟s distributive system, nor in any supply problems. In practical 
terms, the customer is only concerned with the efficiency of the supplier‟s distribution. That is, the likelihood of 

receiving goods at the time requested. Lead-time is the period of time that elapses between the placing of an 

order and receipt of the goods. This can vary according to the type of product and the type of market and 

industry being considered. Lead-time in the shipbuilding industry can be measured in fractions or multiples of 

years, whilst in the retail sector, days and hours are common measures. Customers make production plans based 

on the lead-time agreed when the order was placed. Customers now expect that the quotation will be adhered to 

and a late delivery is no longer acceptable in most purchasing situations. 

PDM is concerned with ensuring that the individual components efforts that go to make up the distributive 

function are optimised so that a common objective is realised. This is called the „systems approach’ to 

distribution management and a major feature of PDM is that these functions be integrated. These functions 

include;  

 Order processing 

 Stock levels or inventory 

 Warehousing 

 Transportation 

In explaining the systems approach to distribution management there are two central themes that should be 

taken into account: 

1. The success of an efficient distribution system relies on integration of individual component effort. An 

overall service objective can be achieved, even though it may appear that some individual components of 

the system are not performing at maximum efficiency. 

2. It is never possible to provide maximum service at a minimum cost. The higher the level of service required 

by the customer, the higher the cost. Having decided on the necessary level of service, a company must then 

consider ways of minimising costs, which should never be at the expense of a reduction of the 
predetermined service level. 

 

2.1.1. Order processing 

 The efficiency of order processing has a direct effect on lead times. Orders are received from the sales 

team through the sales department. Many companies establish regular supply routes that remain relatively stable 

over a period of time providing that the supplier performs satisfactorily. Order-processing systems should 

function quickly and accurately. Other departments in the company need to know as quickly as possible that an 

order has been placed and the customer must have rapid confirmation of the order‟s receipt and the precise 

delivery time. Even before products are manufactured and sold the level of office efficiency is a major 
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contributor to a company‟s image. Incorrect documentation and slow response by the sales team are often an 

unrecognised source of ill-will between buyers and sellers. When buyers evaluate their suppliers, efficiency of 

order processing is an important factor in their evaluation.Anefficient computer system for order processing 

allows stock levels and delivery schedules to be automatically updated so management can quickly obtain an 

accurate view of the sales position. Accuracy is an important objective of order processing as are procedures 

that are designed to shorten the order processing cycle. 

 

2.1.2. Inventory 

 Inventory management is a critical area of PDM because stock levels have a direct effect on levels of 

service and customer satisfaction. The optimum stock level is a function of the type of market in which the firm 

operates. Few companies can say that they never run out of stock, but if stock-outs happen regularly then market 

share will be lost to more efficient competitors. The key lies in determining the re-order point. Carrying stock at 

levels below the re-order point might ultimately mean a stock-out, whereas too high stock levels are unnecessary 

and expensive to maintain. The stock/cost dilemma is clearly illustrated by the systems approach to PDM. 

Stocks represent opportunity costs that occur because of constant competition for the company‟s limited 

resources. If the company‟s marketing strategy requires that high stock levels be maintained, this should be 

justified by a profit contribution that will exceed the extra stock carrying costs. Sometimes a company may be 

obliged to support high stock levels because the lead-times prevalent in a given market are particularly short. In 
such a case, the company must seek to reduce costs in other areas of the PDM „mix‟. 

 

2.1.3. Warehousing 

 American marketing texts tend to pay more attention to warehousing than British texts do. This is 

mainly because of the relatively longer distances involved in distributing in the USA, where it can sometimes 

take days to reach customers by the most efficient road or rail routes. Currently, many companies function 

adequately with their own on-site warehouses from where goods are dispatched direct to customers. When a 

firm markets goods that are ordered regularly, but in small quantities, (such as consumer goods companies) it 

becomes more advisable to locate warehouses strategically around the location. Transportation can be carried 

out in bulk from the place of manufacture to respective warehouses where stocks wait ready for further 

distribution to the customers. This system is used by large retail chains, except that the warehouses and 

transportation are owned and operated for them by third parties. Levels of service will of course increase when 
numbers of warehouse locations increase, but cost will increase accordingly. So, an optimum policy must be 

established that reflects the desired level of service. 

 

 
Figure 1.0.The above chart shows a typical warehouse operation 

Source: Gong, Y. (2009). Stochastic Modelling and Analysis of Warehouse Operations. (E. R. Management, 

Ed.) Rotterdam, Netherland. 

 

III           Methodology 
3. METHODOLOGY. 

 In sourcing for relevant information for this research, the primary data and secondary data were 

sourced from respondents by the administration of questionnaires to the respondents, personal observations of 

various geographical locations. The questions were structured for easy understandings by the respondents to 

enable them give the appropriate responses. The secondary data source of information in this study was the 

review of internal databases so as to get the required information on SKU history, sales out and stock received. 

The time span of all the data generated from the internal databases was six months. The major problem 
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encountered, were the data descriptions in the database that did not use conventional descriptions for security 

reasons; the researcher had to reorganize the data descriptions for better understanding.   

 

3.1 SAMPLING 

 The sampling frame of the research consists of a very large population which consists of all warehouse 

and Unilever retailers in South-east, Nigeria.  A total of 107 questionnaires were dispatched to the retailers in 

the two locations selected. A total of 101 questionnaires were returned 50 from Onitsha location and 51 form 
Owerri location.The samples in this research were based on non-probability samples, but this has little 

connection to the use of purposive sampling. Instead, this reliance on the use non-probability samples is due to 

the difficulty of locating data sources that meet eligibility criteria and counting the total size of the population 

from which that sample is drawn. In addition, the need to collect detailed, in-depth data typically leads to small 

sample sizes where there would be no point to doing statistical analysisOnitsha and Owerri locations were the 

samples chosen from the South-east [21] population. The reason was to reduce the cost of research yet achieving a 

reasonable research data accuracy and reliability of research results. 

 

3.2 Analytical Tool Utilised. 

In this study the network optimization model  analysis was utilized to determine the shortest sales path that 

minimizes the total travel time and supports an effective sales coverage and to determine the optimal workload 
of each route, which justifies the cost of distribution. 

  

3.2.1  Network Optimization Models 

 A scenario of a network flow problem that arises in physical distribution concerns the distribution of 

heterogeneous products from warehouses (origins) to retailer‟s outlets (destinations). The total number of 

shipments  supplied to each warehouse and the total number of shipments required at each market are assumed 

to be known.The product need not be sent directly from source to destination, but may be routed through 

intermediarypoints reflecting other demand points. Further, there may be capacity restrictions that limit flow in 

the shipping links. The objective is to maximise flow and minimize the variable cost of shipping theproducts to 

meet the consumer demand (Hillier and Lieberman, 2001). 

 The sources, destinations, and intermediate points are collectively called nodes of the network, and 

thetransportation links connecting nodes are termed arcs. The nodes are represented by numbered circles and 
the arcs by arrows. Figure shows a typical distribution network for a warehouse. Node 1 is the warehouse while 

nodes 2 to nodes 10 are the retailer‟s outlet that the salesman has to visit on specified iterations a least for a one 

day trip. 

 
Figure 1.0.The above network shows a typical physical distribution network of a warehouse. 

 
 The researcher is then be concerned with the capacityof the network and tries to solve the problem of 

“how much units can be sent from a supply node to the demand node?” the model explains defines the problem 

using the maximum flow problem. 

𝑥𝑖𝑗 = 𝑓𝑙𝑜𝑤 𝑡𝑟𝑜𝑢𝑔 𝑎𝑟𝑐 𝑖 → 𝑗 

𝑐𝑖𝑗 = 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑓𝑙𝑜𝑤 𝑡𝑟𝑜𝑢𝑔 𝑎𝑟𝑐 𝑖 → 𝑗 

𝑏𝑖 = 𝑛𝑒𝑡 𝑓𝑙𝑜𝑤 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑎𝑡 𝑛𝑜𝑑𝑒 𝑖 
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𝑢𝑖𝑗 = 𝑎𝑟𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑎𝑟𝑐 𝑖 → 𝑗 

The value of 𝑏𝑖 depends on the nature of node 𝑖, where, 

𝑏𝑖 > 0,𝑛𝑜𝑑𝑒 𝑖𝑠 𝑎 𝑠𝑢𝑝𝑝𝑙𝑦 𝑛𝑜𝑑𝑒 

𝑏𝑖 < 0,𝑛𝑜𝑑𝑒 𝑖𝑠 𝑎 𝑑𝑒𝑚𝑎𝑛𝑑 𝑛𝑜𝑑𝑒 

𝑏𝑖 = 0, 𝑛𝑜𝑑𝑒 𝑖𝑠 𝑎 𝑡𝑟𝑎𝑛𝑠𝑖𝑝𝑝𝑚𝑒𝑛𝑡 𝑛𝑜𝑑𝑒 
Since, the optimal objective is to minimize the total cost and maximise flow of the available supply through 

thenetwork to satisfy the given demand at the retail outlets.By using the convention that summations are taken 

only over existing arcs, the linearprogramming formulation of this problem is; 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒  𝑍 =  .𝑖  c𝑖𝑗𝑗 𝑥𝑖𝑗         3.1 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜,          
 𝑥𝑖𝑗
𝑛
𝑖=1 −  𝑥𝑗𝑖

𝑛
𝑗=1 = 𝑏𝑖 ,𝑓𝑜𝑟 𝑒𝑎𝑐 𝑛𝑜𝑑𝑒 𝑖      3.2 

𝑎𝑛𝑑, 

𝑜 ≤  𝑥𝑖𝑗 ≤  𝑢𝑖𝑗 ,           𝑓𝑜𝑟 𝑒𝑎𝑐 𝑎𝑟𝑐 𝑖 → 𝑗 

To obtain a feasible solution, the condition   𝑏𝑖
𝑛
𝑖=0 = 0  is a necessary condition to attain feasible solutions a 

minimum cost flow problem. 

The researcher solved the network optimization problem by using the Network Solver Microsoft Excel add-in of 

the JensenORMM (Operations Research Models & Methods) add-ins by Paul A. Jensen of Operations Research 

Group, University of Texas, USA. The add-ins were used due to its ability to solve a large array of operations 

research problems in a single sheet and made the inferences of the results. 

 

IV          Data Analysis 
For the purpose of this study an assumed distribution network was developed that can be used to simulate real 

life nature of a typical distribution network of a regular Unilever warehouse. 

Table 1.0.The above table describes a typical sales plan for a salesman 

 

 
Source: Unilever Statistical report 2012. 

 

 Table1.0 shows the demand 𝑏𝑖 at each node and the supply the warehouse has allocated to these set of 

retailers. All arcs in the network have been assigned a numbers which starts at arc 1 and ends at arc 17. Table 

shows the arc characteristics of each arc. Each arc has an assigned flow 𝑥𝑖𝑗 , which is the define routing of in the 

salesman journey plan. 𝑢𝑖𝑗 is the capacity at each arc which is defined by in range of a lower and upper limit. In 

this case a capacity on each node can be defined by the vehicle or carriage unit assigned to that node. The 

corresponding distribution cost 𝑐𝑖𝑗  for each arc, is cost required to shipped flows between nodes in the network, 

it is dependent on the distance and carriage unit assigned to that arc. Assuming we use the estimated average 

billing value to be the demand at each the demand nodes. 

S/N NAME OF RETAIL OUTLET ADDRESS

EST.ABV 

(00) -N-

1 IKEMELO  STORE SAM MBAKWE AVE. BY AKAJIAKU EST. 35

2 MAMA UCHE  STORE I LANE NWANKWO STR. BY CONTROL 30

3 HOME CARE SUPERMARKET I LANE NWANKWO STR. BY CONTROL 35

4 RICH CAN  STORE 1 PORT HARCOURT RD BY A.P FILLING STATION 40

5 UB SUPER STORES 5 PORT HARCOURT RD 30

6 JOY ABBAS 25 PORT HARCOURT RD 30

7 HEARTLAND SUPER STORES 26 PORT HARCOURT RD 45

8 DIRECTBUY SUPERMARKET 27 PORT HARCOURT RD 35

9 OKECHUKWU  STORE 27 PORT HARCOURT RD 20

EST. ABV -- estimated Average Bill Value = demand at retail points evaluated in average purchasing power
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Figure2.0 The distribution network showing the demand at each node and number of arcs. 

 

Table 2.0 The characteristics of the nodes in the network 

 
 

 

4.1.1. Developing the Shortest path 

 The researcher has to develop the shortest path in order to determine the shortest and most efficient 

route to the retailer‟s outlet. Using the Jensen ORMM add-in the results are as flows. 

 

 
Figure 3.0.The Jensen ORMM results for the shortest path for the network. 

 

The above Figure 3.0 shows an optimal result of the short path. The below figure gives a pictorial perception of 

the short paths developed. 

Lower limit Upper limit

Arc1 150 0 150 750

Arc2 150 0 150 750

Arc3 115 0 120 600

Arc4 0 0 120 600

Arc5 125 0 120 600

Arc6 0 0 120 600

Arc7 0 0 100 500

Arc8 80 0 100 500

Arc9 0 0 45 225

Arc10 50 0 45 225

Arc11 35 0 45 225

Arc12 45 0 45 225

Arc13 0 0 50 250

Arc14 0 0 20 100

Arc15 20 0 20 100

Arc16 0 0 20 100

Arc17 0 0 20 100

Capacity  (uij)

Flow (xij)

Name of 

Arc

Cost/uni

t (cij)
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Figure 4.0 the short paths developed in the network. 

 

4.1.3 Developing the minimum cost for the iterations 

 The Jensen ORMM add-in developed four separate iterations for the network which are as follows: 

Iteration 1 = 1 → 4 

Iteration 2 = 2 → 6 → 9 

Iteration 3 = 2 → 6 → 10 → 15 

Iteration 4 = 2 → 6 → 12 

 

 
Figure 5.0 .Minimum cost solution for iteration 1 

 From the optimal solution in figure 5.0  above, shows that Iteration 1 will incure a minimum cost of 

₦73,500. The Jensen ORMM add-in goes on the find optimal solutions for the various iterations which as 

follows 

 
Though iteration 1 is the cheapest iteration does not mean it is most effective for and optimal coverage because 

it does not incorporated all nodes in the network. The supplier may not achieve his ultimate goal of servicing all 

his customers. The solution to this problem is to develop a minimum spanning tree problem. The minimum 

spanning tree will be summary of all the iterations into a single iteration which illustrated in Figure 6.0 .below. 

Iteration

Direction of 

iteration Cost ₦

Iteration 1 1 → 4 73,500        

Iteration 2 2 → 6 → 9 299,250      

Iteration 3 2 → 6 → 10 → 15 305,750      

Iteration 4 2 → 6 → 12 302,625      

TOTAL 981,125        
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Figure 6.0 .The minimum spanning solution to the network 

 

 Figure 6.0.Shows the resultant minimum cost of the minimum spanning solution which is ₦555,250 

compared to that of ₦981,125 of the formal optimal solution solved. The warehouse will make savings 
₦425,875. This can give the warehouse a platform to make more profit yet meet supply demands from their 

retailers. Also the warehouse will only have to use one vehicle for a high capacity (𝑢𝑖𝑗   = 300 for all arcs) to 

service of demand points. 

 
Figure 7.0 .Jensen ORMM minimum cost solution for the minimum spanning tree. 

 

V.          Summary /Conclusion 

 The study was driven by the desire to inquire into the cause of failure in the distribution system of most 

consumer goods companies. Despite the menace of bad and ever increasing price of service factors (like fuel, 

labour, vehicles) distribution companies have to make profit for it to survive. In achieving this, firms are faced 

with the challenge of making trade-offs between the price for products in response to increasing cost of service 

and their market share. 
For an optimal physical distribution system to be fully implemented the operations at the source, which is the 

warehouse has to assessed so as to find loop holes that has to be given attention. The study tried to develop a 

prototype that can be used to optimize the physical flow of product distribution. 

The empirical case study showed that many of the tools and techniques presented in the distribution design 

framework can be useful when planning and organizing redistribution operations .Reducing cycle time increases 

the responsiveness and flexibility of a distribution network but requires identifying bottlenecks in the 

warehousing and distribution processes and finding ways to streamline materials handling, order picking 

activities and delivery. This implies that management needs to carefully consider the costing structure of these 

services before they are offered to the customers. It is also worth considering whether value added activities can 

Network Model Name: Net_1 Solver: Jensen Network Enter Arc 1

TRUE Type: Net Type: Linear Origin 1

FALSE Change Goal: Min Sens.: No Terminal 4

TRUE Cost: 555250 Side: No Ratio 0

FALSE Solve Gain 1

FALSE

100 Vary

100

0 Arc Data and Flows Node Data and Balance Constraints

60 Num. Name Origin Term. Flow Upper Cost Num. Name Fixed Balance

FALSE 1 Arc1 1 2 0 300 750 1 Node1 300 -300

FALSE 2 Arc2 1 3 300 300 750 2 Node2 -35 35

FALSE 3 Arc3 2 3 0 300 600 3 Node3 -30 30

4 Arc4 3 4 35 300 600 4 Node4 -35 35

5 Arc5 3 5 0 300 600 5 Node5 -40 40

6 Arc6 4 5 270 300 600 6 Node6 -30 30

7 Arc7 5 6 70 300 500 7 Node7 -30 30

8 Arc8 5 7 0 300 500 8 Node8 -45 45

9 Arc9 5 8 0 300 225 9 Node9 -35 35

10 Arc10 5 9 0 300 225 10 Node10 -20 20

11 Arc11 7 9 0 300 225

12 Arc12 8 9 230 300 225

13 Arc13 9 10 100 300 250

14 Arc14 10 7 150 300 100

15 Arc15 7 6 20 300 100

16 Arc16 6 4 185 300 100

17 Arc17 4 2 0 300 100
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be completely removed from the order processing and redistribution functions, for example, by moving them to 

be handled by a separate entity in the warehouse or integrate the functions into one whole. 
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