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Abstract

This study examined models transportation problems and distribution cost of sachet water in a water producing
company in Edo State. The specific objectives were to: investigate the shortest route that minimizes the cost of
distribution from the factory to their respective distribution channels and to develop the shortest optimal
possible route for sachet water distribution in Ekpoma. Six (6) distribution outlets namely: Ujemen,
Ihummudumu, Emaudo, Opoji, Eguare and Ehuakhuala regions of Ekpoma, Edo State were selected in the
study. These distribution regions are daily supplied bags and packs of table water. The result of the model shows
a minimum cost of N425,750 (approximately 2838bags at N150). This explains that by using the least cost
method, a producer can minimize cost (production/ transportation) problems to N425,750 and still be able to
deliver maximum supply to all its buyers in the selected regions of D1, D2, D3, D4, D5 and D6 which
represents, Ujemen, lhummudumu, Emaudo, Opoji, Eguare and Ehuakhuala regions of Ekpoma, Edo State
respectively. Also, to minimize the cost of distribution from the factory to their respective distribution channels
in Ekpoma is to ensure total supply to point D1 by S1, total supply must be transported by point S2 to point D3
for sale, supply of 105, 1600 and 245 bags must be supplied by S3 only to D1, D2 and D3. Also, S4 and S5
must transport 1600 and 1750bags to point D4 and D6. Lastly, to ensure a balance from the initial supply
shortage of 2665, production capacity must be increased to cater for the initial supply shortage. Also, the
produced bags must be transport to point D4, D5 and D6 for equitable distribution after production. The study
recommended that production engineers should ensure they provide advisory services to their drivers and the
management of their company on distribution schedules using linear cost method to determine the route and
quantity that minimizes distribution cost and maximizes profit for their organization.
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INTRODUCTION After sachet water has been produced in a factory,
Transportation of goods and personnel is an integral distribution just like any other product; is often incurs
part of a modern day society, designed to provide a cost. This cost is independent of the added value in
efficient and economical movement between the terms of size, quantity or quality to the product but
component parts of a country and offer maximum simply geared towards maximizing the sale of the
possible mobility to all citizens [1]. Transport is so product for profit. More often than not, the cost of
central to all economic activity — in moving raw distribution results in increase in the cost of
materials to factories, labor to worksites, inputs and production or the price of the commodity. This
outputs along supply chains, consumers to services, increase may not be favorable when the competitor
and products to consumers [2]. Without transport, sells for a lower price. Hence, it is necessary to incur
product distribution could constitute a major the least possible distribution cost no matter the
challenge and hindrance to manufacturing firms and means of distribution because an improvement in the
factories involved in production.The availability of efficiency of product distribution could translate into
products for purchase by consumers is critical to the an attractive profit increment. This could be because
survival of any manufacturing or production factory product distribution cost is largely incurred on a day
such as a water factory. Even when water is produced to day basis (in water factories) and this may
at the highest production quality and hygiene, the significantly erode profit generated in the course of a
product (which is often sold out in bottles or sachet) trading period [3]. This situation raises the issue of
needs to be readily available for the consumer at the transportation modeling.

point of demand before the product can be said to

have brought profitable returns to the water factory or Transportation modelling concerns itself with
company. Hence, distribution of products remains the optimization and resolution of transport problems
hallmark of any production. through product planning and scheduling. As a tool, it
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borrows its design from linear programming (LP).
Thus, the transportation problem is a specialized form
of the linear programming problem. This problem can
be visualized as a business has M number of factories
with fixed production capacity. It has N destinations
or distribution channels; each spatially separated
from the factory [4]. Therefore, transportation model
uses a distinctive approach in evaluating various
distribution routes in attempt to improve on the
transportation flow of the organization at a
minimized cost.

Due to the competitive nature of sachet water
production which is largely demanded and consumed
by many in households in Edo State, many water
factories ought to evolve transportation model as a
strategy and examine the determinants of their
distribution cost to reduce the cost of sachet water
distribution. This is because cost involved in sachet

water distribution could increase without a
commensurate increase in the selling price of a sachet
water; which is MN10 per sachet. Therefore,

transportation model is a special class of linear
programming problems which has an objective of
helping production managers distribute their product
from their production factory or plants to their
respective distribution channels at minimum costs.
Hence, transport modelling is an indispensable tool
that looks for the best route in attempt to improve
transportation flow of any organization.

The distribution of sachet water after successful
production; is one major problem allegedly
confronting water manufacturers and distributors. It
has been observed by the researcher that this problem
is exacerbated by the bad road and traffic delays
which imposes huge cost on distribution and delays
in meeting with deliveries. Very recently, when the
road along Igieduma and Ehor was damaged on the
Benin-Auchi road; the delivery vans of most table
water producing companies such as Notre Dame
Industry; resorted to using alternative route like the
Agbor road. This alternative route imposes delays in
water delivery and higher distribution cost on the
company.

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 [5];[6]. The continuous increase in the cost of
distribution due to poor nature of our roads, high cost
of vehicles maintenance and spare parts recurrently
replaced constitute a major change to table water
companies in Edo State. It is against this backdrop
that this study models transportation problems and
distribution cost of sachet water in a water producing
factory using Notre Dame Industrial Company,
Benin, Edo State. The aim of this study is to model
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transportation problems and distribution cost of
sachet water in a water producing company in Edo
State. The specific objectives are to:

a) investigate the initial feasible solution that
minimizes the cost of distribution from the
factory to their respective distribution
channels using the least cost method (LCM)
of transportation problem modeling.
develop the shortest optimal possible route
for sachet water distribution in Ekpoma.
make  recommendations and  policy
implications for industrial and production
engineering based on the findings of this
research work.

b)

c)

LITERATURE REVIEW

Distribution system model (DSM) means the
sequential flow of procedure, systems and activities
which are designed and linked to facilitate and
monitor the movement of goods and services from
the source to the consumer. Distribution system
activities include order processing, warehousing,
materials handling, transportation and inventory
control. This process impacts how marketers
physically get products where they need to be, when
they need to be there, and at the lowest possible cost
[7]. 1t is a process of making the movement of the
product to consumers. It encompasses all the
activities involved in the physical flow of product
from producers to consumers. It makes the product
available at the right place and at the right time,
thereby maximizing the company’s chance to sell the
product and strengthen its competitive position.

The products have to be carried to places of
consumption; they have to be stored; and they have to
be distributed. The product has to be marketed over
an extensive marketing territory. It has to be
transported through long distances, stored for a
considerable length of time before being consumed
[8]. Physical distribution largely determines the
customer  service level. Inefficient physical
distribution leads to loss of customers and markets.
There are some products which are subject to the
seasonal factor, either production is continuous but
demand seasonal or demand is continuous but
production is seasonal.

As a result of global innovations in business
environment that is becoming strategically essential
for economic growth of organizations to address the
management of the distribution function in general
and in particular to device a channel strategy which
gains them access, coverage, representation in the
market place [3]. Distribution system was used as a
term to describe the physical movement of products
from their origin point to the ultimate consumer but
when an organization organizes a channel of
intermediaries, it takes responsibility for the
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management of goods as they move from the
producer to the consumer. Each channel member
must be carefully selected and the organization must
decide what type of relationship it seeks with each of
its intermediate partners [8]. Having established such
a network, the organization must consider how these
products could be efficiently transferred from
manufacturing area to the consumption point.

Studies on transportation problems and distribution
cost optimization problems in firms in Nigeria and
other nations. [9] evaluated the procuring optimal
solutions 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. [8] examined
transportation problem with volume discount on
quantity of goods transported which is a non-linear
transportation problem. This study applied Karush-
Kuhn-Tucker (KKT) optimality technique to solve
the company’s problem. Using optimality algorithm,
with data from a Nigerian company, it was observed
that the optimal solution that gave minimum
achievable cost of supply was achieved for the two
numerical examples.

In the first practical example solved, the nonlinear
transportation problem was optimal at iteration two
by using Least Cost Method (LCM) to obtain the
initial basic feasible solution, while it was optimal at
iteration three by using Vogel Approximation
Method (VAM) and North West Corner Method
(NWCM) to obtain the initial basic feasible solution.
In the second example, the nonlinear transportation
problem was optimal at iterations six, four and three
by using NWCM, VAM and LCM respectively to
obtain the initial basic feasible solution. The LCM in
this study has proven more efficient (close to
optimality) than the other two techniques. [3]
investigated Genetic Algorithm (GA) in solving the
transportation problem of a beverage producing
company in Nigeria with a view to minimizing the
total transportation cost and obtaining an optimal
schedule or schedules using transportation cost data
from the peak periods (January to April and August
to December) in the 2014/2015 production year
which witnessed a fifty per cent (50%) rise in the cost
of diesel (a major contributor to the transportation
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cost)y and a corresponding increase in its
transportation cost as a result of government’s
removal of subsidy on petroleum products. The
obtained data were analyzed and formulated into a
transportation matrix with three routes and ten depots
which were coded into strings after which the GA
was applied to generate optimal schedules for six to
nine depots that optimize the total transportation cost,
revealing marked savings when compared with the
company’s current evaluation method. [10] examined
the application of transportation algorithm with
volume discount on distribution cost using Nigerian
Bottling Company Plc Owerri Plant.

The study was intended to determine the quantity of
Fanta (in crates), Coke (in crates) and Sprite (also in
crates) that the Company should distribute in a month
in order to minimize transportation cost and
maximize profit. A problem of this nature was
identified as a Nonlinear Transportation Problem
(NTP), formulated in mathematical terms and solved
by the Karush-Kuhn-Tucker (KKT) optimality
condition for the NTP. A statistical software package
was used to obtain the initial basic feasible solution
using the Least Cost Method. Thus, analysis revealed
that the optimal solution that gave minimum
achievable cost of supply was the supply of 5000
crates of Fanta and 6000 crates of the same product to
Umuahia market zone and Afikpo respectively. [11]
examined the relationship between the investment in
road networks and economic development in Nigeria.
The theoretical framework comprised Solow’s
economic growth theory and Frischmann’s
transportation infrastructure theory.

Data were collected through personal interviews with
a purposeful sample of 20 Nigerians including
previous and current public and private sector
transportation-linked individuals directly involved in
investment, management and policy administration.
Interview data were compiled and organized using
qualitative software for content analysis. Findings
revealed corruption in awarding roads contracts, lack
of contracts monitoring, and inefficient governance
hindering economic development in Nigeria. This
study supports positive social change by informing
decision-makers that by investing in network of
roads, that time to project completion and financial
savings may promote economic development, thus
improving the standard of living of Nigerians. [12]
examined high cost of production that rocks all drink
producing firms prompted this study to formulate a
linear programming (LP) model and arrive at the
optimal production plan for Maidabino Investment
Nigeria Limited, katsina State, Nigeria. Exploratory
research design was adopted for the study and linear
programming technique was applied to primary data
collected through interview schedule. The production
problem of the firm was formulated as a linear
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programming model. The result showed that
Maidabino Investment Nigeria (MIN)limited should
produce 750units of 330ml yoghurts and 1,080 units
of 750ml of bottle water in order to obtain optimal
production cost of one hundred and sixty-five
thousand six hundred naira (¥165,600) given the
level of available resources and the content of each
product per unit of the raw materials.

It was also shown that for each extra 370 and ¥120
spent on treated water and citric acid for production
of 750ml of bottle water and 330ml of yoghurt,
overall production cost would fall by ¥1.33 and N25
respectively. This is because the resources are
binding constraints, fully utilized and have non-zero
shadow prices. In addition, any attempt to produce a
unit of 1000ml of juice or/and 250ml of ice-cream
would raise production cost by N260 and ¥250
respectively. For these reasons, it is concluded that
production of 330ml yoghurts and 750ml of bottle
give MIN limited a great advantages to survive and
grow vigorously in the industry. [13]examined
Nigerian Bottling Company is into production and
selling of such products as Orijin Bitter Large bottle,
Orijin Bitter Sachet, Harp, Dubic Malt, Small Stout,
Medium Stout, and Mac-dowels Large Spirit.
Production has to do with transforming raw materials
into products in order to maximize a Company’s
revenue. Data collected on these known products
were analysed using simplex algorithm of linear
programming with the help of Tora Software and the
result showed that 1,732 crates of Dubic Malt with
the objective coefficient (490), 144 cartons of Orijin
bitter sachets with the objective coefficient (370) and
8,227 crates of Mac-dowel Spirit with the objective
coefficient (1000) sold in a day yielded a profit of
N9,129,117.24. Also, sensitivity analysis was carried
out to know the maximum and minimum unit profits
(i.e, the objective function cost coefficients) of the
concerned products and the resource quantities within
which the maximum profit of the Company should be
maintained. The result of the sensitivity analysis also
revealed the shadow price (dual price) which is the
cost of acquiring an additional resource in case the
Company has any of such needs.

From the foregoing, it is evident that most of the
studies modelled transportation and logistics problem
in beverage firms, bottling companies and the
delivery of agricultural and agro-allied products.
Hence, water production, transportation and
distribution  cost issues were not covered.
Furthermore, many of the studies carried out their
study in companies involved in supply chain
management and warehousing in public firms in
Lagos State, Jos, Zaria and other northern states.
Therefore, small and medium scale firms were
ignored in most of the studies. Hence, the researcher
seeks to model transportation problems and
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distribution cost of sachet water in Notre Dame
Industrial Company — a water producing company in
Edo State.

MATERIAL AND METHOD

The materials needed for estimating the transport
model using linear programming is restricted to only
secondary data. Data for this study was collected
mainly from secondary and primary sources. Data
were collected on the unit cost (per sachet water bag)
of transporting a sachet water bag from major Notre
Dame Supply outlets in Ekpoma.

The five major Notre Dame supply outlets/points (S)
covered in this study are located at Ujemen (S1),
Ihummudumu (S2), Emaudo (S3), Opoji (S4) and
Eqguare (S5) area of Ekpoma, Edo State. On the other
hand, there are six demand centres or regions
covered. These demand centresinclude: Ujemen (D1),
lhummudumu (D2), Emaudo (D3), Opoji (D4),
Eguare (D5) and Ehuakhuala (D6) area of Ekpoma,
Edo State. To determine theinitial feasible solution
that minimizes the cost of distribution from the water
factory to their respective distribution channels, the
Least Cost Method (LCM) of transportation problem
modeling was used. The data on the average total
supply, average total demand and average cost of
distribution of water to various routes or sources were
collected from the Distribution Department of Notre
Dame Industrial Company.

The data collected were analyzed using the
transportation linear programming model (Least cost
method approach). The optimization (minimization)
of the distribution cost of distributing water products
from the company to the various distribution/ sales
outlets was done with the transportation linear
programming model using least-cost method (LCM).
Transportation models are primarily concerned with
the optimal way in which a product produced at
different plants can be transported to a number of
depots or warehouses. The objective in a
transportation model is to fully satisfy the destination
requirements within the operating environment, given
some at capacity constraints at minimum possible
cost. Whenever there is a physical movement of
goods from the point of manufacture to the final
consumers through a variety of channels of
distribution (Wholesalers, retailers, distributor etc),
there is need to minimize the cost of transportation so
as to increase the profit on sales.

Identification of transportation problems helps in
providing assistance to top management in
ascertaining how many units of a particular product
should be transported from the plant to each depot so
that the total prevailing demand for the company’s
product is satisfied, while at the same time
minimizing the total transportation costs are
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minimized. Transportation model generally deal with
obtaining the minimum cost plan to transport a
product from a source (Plant) (m), to number of
destination (Depot) [14]. [15] submitted that
transportation problem is a special type of linear
programming problems that involves the following
steps:

1. Finding an initial feasible solution.

2. Testing the solution for optimality.

3. Improves the solution when it is not optimal.

4. Repeating steps (2) and (3) until the optimal
solution is obtained

The assumptions in the transportation model are
summarized as follows:

1. Total quantity of the item available at different
sources is equal to the total requirement at different
destinations.

2. Items can be transported conveniently from all
sources to destinations.

3. The unit transportation cost of the item from all
sources to destinations is certainly and precisely
known.

4. The transportation cost on a given route is directly
proportional to the number of units shipped on that
route.

5. The objective is to minimize the total
transportation cost for the organization as a whole
and not for individual supply and distribution
centres[16].

Transportation problem is solved using any of the
transportation methods listed below to obtain the
initial solution according to [16]

1. Vogel’s Approximation Method (VAM).

2. North-West Corner Method (NWCM).

3. Least-Cost Method (LCM).

For the purpose of this research work, the least — cost
method or approach shall be employed. The Least
Cost Method is method used to obtain the initial
feasible solution for the transportation problem. Here,
the allocation begins with the cell which has the
minimum cost. The lower cost cells are chosen over
the higher-cost cell with the objective to have the
least cost of transportation. The Least Cost Method is
considered to produce more optimal results than the
North-west Corner method because it considers the
distribution cost while making the allocation,
whereas the North-West corner method only
considers the availability and supply requirement and
allocation begin with the extreme left corner,
irrespective of the distribution or transportation
cost[15].

RESULTS

The first objective of this study is to investigate the
initial feasible solution and formulate an optimal
solution that minimizes the cost of distribution from
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the factory to their respective distribution channels
using the least cost method (LCM) of transportation
problem modeling. Using the Least Cost Method
(LCM) of transportation problem modeling, the
initial feasible solution requires that we minimize an
objective function subject to a set of constraints. The
objective function and constraints are given as
follows:

Objective Function
Find xij (1 = 1, 2, 3, ey rn,_] =
to Minimize Z =

5 06
MinZ = ZZCU—X”

i=1j=1
Equation (3.1) states the summation of all the unit
cost of transporting a bag of sachet water (c; X }-)

1,2,3, ...,n)in order

(3.1)

from five (5) supply points i to a six (6) demand
points j. Considering that every rational producer
often seek for a means of reducing distribution cost
so as to maximise their profit. The objective is
therefore to minimize the summation of all the unit
cost of transporting sachet water bags a given sales
location. Hence, Equation (3.1) is known as the
objective function where Z is the distribution cost

that the researcher seeks to minimize using the Least
Cost Method (LCM). Within the framework of linear
programming and transport modelling using the least
cost method, every producer can only minimize the

distribution cost (£), subject to some underlain

constraints. The constraints are stated in equations
(3.2), (3.3) and (3.4)

Constraints

5

inj:ai,\ii = 1234 and5 (Supply Constraint)
A1

Equations (3.2) is the supply constraint which
explains that the sum of the unit prices of the sachet
bags (x) supplied must be equal to quantity of the

32)

sachet bags (&) supplied at point i and demanded at

point j. For this study, there are five major supply
points. Hence, this explains that the summation refers
to five independent supply outlets for sachet water
bags (Notre Dame). Conversely, there is also the
demand constraint stated in equation (3.3).

6
in}:bi, Yj= 12345 and 6 (Demand Constraint)
A1

Equations (3.3) is the demand constraint which

explains that the sum of the unit prices of the sachet
bags (%) demanded must be equal to quantity of the

63)

sachet bags (b) supplied at point i and demanded at
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point j. For this study, there are six major demand
points. Hence, this explains that the summation refers
to six independent demand point for sachet water
bags (Notre Dame). Lastly, there is an equilibrium
point that must be reached for the system to be
balance as stated in equation (3.4) and (3.5)

5

6
.:1

J=1 i
Equation (3.4) shows that total supply quantity must
be equal to total demand quantity

Zabe}-
=1 g

Equation (3.5) shows that total unit cost of supply
must be equal to total price of quantity demanded.
The two sets of constraints conditions in equations
(3.4) and (3.5) must be met for the system to be
considered balanced for estimation.

b,

;. (Total Supply = Total Demand)

(34

(33)

Although, the initial feasible solution of any
transportation problem can be solved using three
methods namely: a). Vogel’s Approximation Method
(VAM), b) North-West Corner Method (NWCM), ¢)
and Least-Cost Method (LCM).

For the purpose of this work, the Least — Cost method
was employed. The Least Cost Method was used to
obtain the initial feasible solution for the
transportation problem. Using the LCM, the
allocation begins with the cell which has the
minimum cost. The lower cost cells is chosen over
the higher-cost cell with the objective to have the
least cost of transportation after some ideal
assumptions of linear transportation modelling are
considered. Some of these ideal assumptions are: All
routes by road are good, only one product is supplies
and demanded, there are no close or perfect substitute
to the product supplied and demanded (that is no
correlating alternatives), no traffic delays on all the
routes [16].

The Least Cost Method (LCM) was considered most
suitable for this work because it produces a more
optimal results than the North-west Corner method
when considering the least distribution cost while
making the allocation, whereas the North-West
corner method only considers the availability and
supply requirement and allocation begins with the
extreme left corner, irrespective of the distribution or
transportation cost [16]. The general table of
specification for Transport Modelling Problem is
shown in Table 4.1.

Table 4.1: Table of Specification for Transport Modelling Problem

D1 D2 D3 D4 D5 D6 Supply
St (511.3‘-’ 11) (‘712 x 12} (c13 x 13) [614.3‘-’ 14) [615.3‘-’ 15} [‘516.3‘-’ 16) %
S2 [‘521.3‘21) [‘522.3‘22) [Cza.xza) [‘524.124) [‘725.3‘25) (czs.xza) %
S3 [‘531.3‘31) [Caz.xaz) [Caa.xaa) [‘534.3‘34) [Caa.xaa) (cas.xaa) %
S4 [‘541.141) [‘542 .x42) [‘743 .3‘-’43) [‘544.144) [‘745.3‘545) (‘746.3‘-’45) 4
S5 [551.3‘ 51) [Caz X52 [Caa X 53) [554.3‘ 54) [‘755.3‘-’ 55) [cas.x 55} %
Demand b, b, b, b, b, b,

D1 and S1 is Ujemen area, D2 and S2 is lhummudumu area, D3 and S3 is Emaudo area, D4 and S4 is Opoji

area, D5 and S5 is Eguare area, D6Ehuakhuala area

Table 4. 1 shows the unit transportation cost of a bag
from S1 to D1 is (‘711.3'511) while the unit

transportation cost of a bag from S5 to D6 is

[Cae.xse)- b, to bgare total bags demanded per

week from point D1 to D6 respectively while a; toas
are total bags supplied per week.

Table 4.2: Data table showing Total Supply, Total Demand and Unit cost of Transporting among Supply and

Demand areas

D1 D2 D3 D4 D5 D6

50 50 50 80 80 100 1345

60 50 50 60 60 80 1550

50 50 50 50 60 80 1950

80 80 70 60 60 70 1600

80 100 100 70 50 50 1750
Demand (bags) 1450 1600 1800 2005 1905 2100

Source: Data collected from major sachet water (Notre Dame) supply outlets in Ekpoma
D1 and S1 is Ujemen area, D2 and S2 is Ihummudumu area
D3 and S3 is Emaudo area, D4 and S4 is Opoji area, D5 and S5 is Eguare area, D6Ehuakhuala area
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Table 4.2 shows the total supply (in bags), total
demand (in bags) and unit cost of transport from
various supply points (regions) of Ekpoma which are
denoted with S1 to S5 while the demand is denoted
with D1 to D5. Total demand is 10,860 sachet water
bags while total supply is 8195 sachet water bags.
Hence, the difference shows that there is supply
shortage of 2665 bags. Hence, the assumption of total
supply equal to total demand is not satisfied as the
model follows the pattern of the unbalanced

transportation model. To ensure that equation (3.3),
that is, total supply is equal to total demand, a
dummy allocation row was inserted with zero unit
cost of transportation and a supply input of 2665bags
(the initial supply shortage) to ensure a balance for
the transportation model to be developed using linear
programming. The dummy allocation is shown in
Table 4.3.

Table 4.3; Table of Total Supply, Total Demand and Unit cost of transporting with dummy input for Balance

equation

D1 D2 D3 D4 D5 D6 ;

50 50 50 80 80 100 1345

60 50 50 60 60 80 1550

50 50 50 50 60 80 1950

80 80 70 60 60 70 1600

80 100 100 70 50 50 1750

0 0 0 0 0 0 2665

Demand (bags) 1450 1600 1800 2005 1905 2100 10860

D1 and S1 is Ujemen area, D2 and S2 is Ihummudumu area, D3 and S3 is Emaudo area, D4 and S4 is Opoji

area, D5 and S5 is Eguare area, D6Ehuakhuala area

Table 4.3 above shows that the allocation of dummy
values or zero transport unit cost and a supply input
of 2665bags (the initial supply shortage) has
transformed the model from an unbalanced
transportation model to a balanced transportation
model type where total supply (10860) is equal to

Table 4.4: Table of Initial Feasible Solution

total demand (10860) bags. Hence, the transportation
model can be resolved using linear programming
(Least cost method approach). The Microsoft Excel
Solver was used to minimize cost subject to the
demand and supply constraint. The result of the
initial feasible solution is shown in Table 4.4.

D1 D2 D3 D4 D5 D6

1345 0 0 0 0 0 1345

0 0 1550 0 0 0 1550

105 1600 245 0 0 0 1950

0 0 0 1600 0 0 1600

0 0 0 0 0 1750 1750

0 0 5 405 1905 350 2665

Demand (bags) 1450 1600 1800 2005 1905 2100 10860

Minimized cost = 425750

D1 and S1 is Ujemen area, D2 and S2 is Ihummudumu area, D3 and S3 is Emaudo area, D4 and S4 is Opoji

area, D5 and S5 is Eguare area, D6Ehuakhuala area

Table 4.4 shows the initial feasible solution at which
cost is minimized is N425,750. This sum represents
approximately 2838bags of sachet water at N150.
This explains that by using the least cost method, a
producer can minimize cost
(production/transportation) problems to N425,750
and still be able to deliver maximum supply to all
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its buyers in the selected regions of Ujemen (D1),
lhummudumu (D2), Emaudo (D3), Opoji (D4),
Eguare (D5) and Ehuakhuala (D6) regions of
Ekpoma, Edo State. Table 4.5 shows the initial
distribution cost before least cost optimization.
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Table 4.5: Table of Distribution Costs before optimization (Computed based on average distribution cost from
one point to another)

Average distribution cost =

60
56.667
70
75

68.333
66

Quantity demanded/supplied = 10860
66x10860 = 716760

Table 4.5 shows the initial distribution cost before
optimization. To obtain the cost, the average
distribution cost from various demand points (D1 -
D6) to supply locations (S1 to S5 and dummy
location) were averaged and multiplied by total

quantity of sachet water bags demand/supplied
(10860) to give N716760. Table 4.6 shows the
distribution cost after optimization using the Least
Cost Method (Simplex method).

Table 4.6: Table of Distribution Costs after optimization (Computed based on Least Cost Method)

Minimized cost = 425750

From Table 5, the minimized cost using Least Cost
approach was obtained by taking the sum of the
product of the sachet bags and their corresponding
unit distribution cost in each row to give N425,750.
The difference between the initial distribution cost
before optimization and after optimization (using
least Cost method) is N291,010.

Objective Two

The second objective of this study was to develop the
shortest optimal possible route for sachet water
distribution in Ekpoma. This was objective was
attained by examining the most suitable supply points
and demand points from the initial feasible solution
(Table 4.4). To arrive at a minimized cost with the
objective of ensuring total supply equals total
demand (that is both producers and buyers are
satisfied) within the selected regions of Ekpoma, total
supply must be carried out to point D1 by S1, total
supply must be transported by point S2 to point D3
for sale, supply of 105, 1600 and 245 bags must be
supplied by S3 only to D1, D2 and D3. Also, S4 and
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S5 must transport 1600 and 1750bags to point D4 and
Dé6.

Lastly, to ensure a balance from the initial supply
shortage of 2665, production capacity must be
increased to cater for the initial supply shortage.
Also, the produced bags must be transport to point
D4, D5 and D6 for equitable distribution after
production. The model shows
distribution/transportation route at which minimum
cost of N425,750 will be ensured. This explains that
by using the least cost method, a producer can
minimize cost problems to N425,750 and still be able
to deliver maximum supply to all its buyers in the
selected regions of D1, D2, D3, D4, D5 and D6
which represents, Ujemen, Thummudumu, Emaudo,
Opoji, Eguare and Ehuakhuala regions of Ekpoma,
Edo State.

Implications for Engineering

The result has shown that the distribution (supply) of
232 bags of sachet water in Ekpoma, 165 in Uromi
and 220 in Irrua. The shortest route that minimizes
the cost of distribution from the factory to their
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respective distribution channels in Ekpoma is to
ensure total supply to point D1 by S1, total supply
must be transported by point S2 to point D3 for sale,
supply of 105, 1600 and 245 bags must be supplied
by S3 only to D1, D2 and D3. Also, S4 and S5 must
transport 1600 and 1750bags to point D4 and D6.
Lastly, to ensure a balance from the initial supply
shortage of 2665, production capacity must be
increased to cater for the initial supply shortage.
Also, the produced bags must be transported to point
D4, D5 and D6 for equitable distribution after
production

Lastly, to ensure a balance from the initial supply
shortage of 2665, production capacity must be
increased to cater for the initial supply shortage.
Also, the produced bags must be transported to point
D4, D5 and D6 for equitable distribution after
production. The model shows a minimum cost of
N425,750. This explains that using least cost method,
a producer can minimize transportation cost problems
to N425,750 and still be able to deliver maximum
supply to all its buyers in the selected regions of D1,
D2, D3, D4, D5 and D6 which represents, Ujemen,
lhummudumu, Emaudo, Opoji, Eguare and
Ehuakhuala regions of Ekpoma, Edo state.

The foregoing has policy implications for Production
engineering. First, There for production Engineers
and management of Sachet water companies to
develop a distribution time schedule policy. This
policy would spell out the most satisfactory time and
route of distribution where traffic delays are minimal
or lessened in a day. For instance, the result has
shown that traffic delay increases distribution cost
through the increased cost of fueling vehicles in
traffic congestion time and vehicle maintenance cost
due to wear and tear. To reduce this cost on the
company, a distribution time schedule policy is
needful for sachet water production companies.
Furthermore, age and experience of drivers seem to
move hand in hand. Hence, production managers
need to review their recruitment policy and age
criteria for selection of drivers for driver’s vacancy.

The result agrees with that of [5] who found that
there is an inverse relationship between traffic
congestion and supply chain performance in
manufacturing firms in Lagos State, Nigeria. The
result agrees with that of [10] who found that the
optimal solution that gave minimum achievable cost
of supply in Nigerian Bottling Company PlcOwerri
Plant was the supply of 5000 crates of Fanta and
6000 crates of the same product to Umuahia market
zone and Afikpo respectively. Similarly, the result
corroborates that of [15] who found that the
parameters in the constrained model (labour cost;
transport cost; maintenance cost, information cost
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and others) were significant determinants of quantity
of goods distributed.

The study found that the least cost method was
appropriate in optimizing the transport problem. This
agrees with [8] who found that the Least Cost
Method (LCM) proved more efficient (close to
optimality) than the other two techniques- Vogel
Approximation Method (VAM) and North West
Corner Method (NWCM). Similarly, the result agrees
with that of [3] found that the Genetic Algorithm
(GA) in solving the transportation problem of a
beverage producing company in Nigeria generated
optimal schedules for six to nine depots that optimize
the total transportation cost, revealing marked
savings when compared with the company’s current
evaluation method.

RECOMMENDATIONS

The following recommendations and suggestions are
made on the study:

a) Production engineers should ensure they provide
advisory services to their drivers and the
management of their company on distribution
schedules using linear cost method to determine
the route and quantity that minimizes distribution
cost and maximizes profit for their organization.
Alternative  methods such as  Vogel’s
Approximation Method (VAM), b) North-West
Corner Method (NWCM) may be explored to
make informed decisions about minimizing
distribution cost of sachet water.

b)
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