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Abstract  

This examined the determinants of distribution cost of sachet water in water producing factory in Edo State 

(Benin City), Nigeria. Data were obtained from distribution Department of Notre Dame Industrial Company. 

Data on the distribution cost are extracted from the distribution file of the Company. The distribution cost 

covers the summation of: fuel cost per truckload, maintenance cost per truckload, loading/off-loading cost per 

truckload, and personnel cost per truckload. The data collected were analyzed using the Ordinary Least Squares 

(OLS) regression analysis. The result of the model estimate showed that average years of experience of the 

driver in years (AYE) has inverse relationship with distribution cost (DC). This implies that increase in years of 

experience of drivers reduces the distribution cost of water across the various distribution outlets. On the other 

hand, the traffic delays (TD), average orders at distribution outlets (AOD), average length of route/road network 

plied per time (ALR), number of distribution outlets covered per location (NDO) and quantity of bags 

transported per distribution trip (QTP) brought about increase in the distribution cost of sachet or table water. 

The study recommended that the management of water factories should ensure that parameters such as average 

orders at distribution outlets, average length of route/road network plied per time, number of distribution outlets 

covered per location and quantity of bags transported per distribution trip should be put into consideration to 

minimize distribution cost. 
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INTRODUCTION 

After production has taken place, the distribution of 

the product(s) often incurs a cost. This cost is 

independent of the added value in terms of size, 

quantity or quality to the product but simply geared 

towards maximizing the sale of the product for profit. 

More often than not, the cost of distribution results in 

increase in the cost of production or the price of the 

commodity. This increase may not be favorable when 

the competitor sells for a lower price. Hence, it is 

necessary to incur the least possible distribution cost 

no matter the means of distribution because an 

improvement in the efficiency of product distribution 

could translate into an attractive profit increment. 

This could be because product distribution cost is 

largely incurred on a day to day basis (in water 

factories) and this may significantly erode profit 

generated in the course of a trading period [1]. This 

situation raises the issue of transportation modeling. 

 

The transportation cost incurred varies with the mode 

of transportation chosen and the particular mode 

chosen depends on the characteristics of the mode 

and the company’s need. In Nigeria, roads are the 

dominant mode of transportation as it accounts for 

about 90% of the internal movement of passengers, 

products and freight [2]. Manufacturers such as 

producers of sachet water constantly make efforts to 

reduce this transportation/distribution cost either to 

increase their profit or to lower the price of their 

goods and services compared to that of their 

competitors. 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 
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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 N10 per sachet.  

 

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 [3,[4]. 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 examine the determinants 

of distribution cost of sachet water in a water 

producing factory in Benin City, Edo State. The 

objectives of this study are to: 

a) examine the determinants of distribution 

cost of sachet water in a water producing 

factory  

b) make recommendations and policy 

implications for industrial and production 

engineering based on the findings of this 

research work.  

 

REVIEW OF LITERATURE 

Distribution system is managed with a system 

approach and considers key interrelated functions to 

provide efficient movement of products [5]. The 

functions are interrelated because any time a decision 

is made in one it has effect on the others. For 

example, a business that is providing sachet water – 

Notre Dame would consider conveying finished 

products with trucks (double deck) versus pick-up or 

van, in order to distribute more quantity or bags of 

water. The importance of this decision would offset 

the cost of inventory control which could be much 

more costly managing physical distribution from a 

system approach can provide benefit in controlling 

costs and meeting customer service demands.  

 

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 [6]. One popular distribution management 

system is known as Physical Distribution 

Management (PDM). 

 

Physical Distribution Management (PDM) is 

concerned with ensuring that the individual 

components efforts that go to make up the 

distributive function are optimized so that a common 

objective is realized. This is called the “systems 

approach” to distribution management and a major 

feature of PDM is that these functions be integrated. 

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 minimizing costs, which 

should never be at the expense of a reduction of the 

predetermined service level [7]. 

 

Studies on distribution cost optimization problems in 

firms in Nigeria and other nations. [4] investigated 

effectiveness of the Nigeria’s National Transport 

Policy (NTP) in enhancing social sustainability in 

Nigeria and offer guidance to Policy makers on the 

effective ways to make progress towards a 

sustainable Transportation in Nigeria. Survey 

research method was adopted for the Study and 

questionnaires were used as data collection 

Instrument. A random of 127 or 68.28% Transport 

companies were selected for the study out of the 

population of 186 registered Luxury Buses and 
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shipping companies in Nigeria in 2009. For 

completeness, a sample of 400 non-transport workers 

was included in the study. Therefore , a total of 1670 

questionnaires were administered to the respondents, 

out of which 1452 questionnaire s were completed 

given a response rate of 86.95%. It was concluded 

that the extent to which the transport policy enhances 

Social Sustainability in Nigeria was below the 

average. This implies that the policy had little or no 

influence in reducing the negative social impact 

emanating from Nigeria’s Transport system.  

 

Edokpia and Amiolemhen (1) 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 cost) 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 Genetic Algorithm 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. 

 

Barnabas (8) examined the effect of transportation in 

the marketing of agricultural products in selected 

markets in Jos North Local Government Area of 

Plateau State. Survey research method was employed. 

Respondents were drawn from GadaBiu, FarinGada, 

and Statellite Markets. Tables and percentages were 

used for data presentation. Findings show that 

transportation plays an important role in the 

distribution of agricultural products, helps in creating 

market for agricultural product and reduces spoilage 

and wastage of farm products (13). It also shows that 

improvement in transportation can encourage farmers 

to work hard and reduce distribution cost.  

 

Ehinomen and Adeleke (9) examined the various 

issues regarding the distribution of products and 

recommends that the downstream activities of the 

industry be completely deregulated to allow private 

sector and entrepreneurs’ full participation in the 

distribution of the products. It is hypothesized that 

the participation of entrepreneurs will drive 

effectiveness in the sector. Effectiveness will bring 

down cost of operations with the consequence 

reduction of price of products for the benefit of all the 

stakeholders in the industry 

Ezra, Oladugba, Ohanuba, Igwe and Okonta(10) 

examined Nigerian Bottling Company in its 

production and distribution of such products as Orijin 

Bitter Large bottle, Orijin Bitter Sachet, Harp, Dubic 

Malt, Small Stout, Medium Stout, and Mac-dowels 

Large Spirit. 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 

₦9,129,117.24. 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 examine the determinants of distribution cost 

of sachet water in Notre Dame Industrial Company – 

a water producing company in Benin City, Edo State. 

 

METHOD 

The design of made use of explanatory design.This 

design is considered relevant for this study has it can 

be used to explain the rate of change in the dependent 

variable subject to changes in the independent 

variable[11] (Imahe&Uddin, 2000).The study area is 

Benin City which is the capital city in Edo State, 

Nigeria. The state (Edo) is made up of eighteen local 

government areas and divided into three senatorial 

districts of Edo North, Edo Central and Edo South 

Senatorial Districts. This area is located within 

latitude 5030I and 702INorth of the equator and 

longitudes 5000I and 6050I East of the Greenwich 

Meridian. Economic activities  in the study area are 

both primary and secondary activities as someof the 

activities cover transportation, sawmill, furniture, 

electrical and electronic, bicycle repair and bakery. 

The people of the area are also involved in petty 

trading, transporting, and other commercial activities 

like banking and sachet water production. 
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Secondary data were obtained from distribution 

Department of Notre Dame Industrial Company. Data 

on the distribution cost are extracted from the 

distribution file of the Company. The data on the 

traffic delays, average orders at distribution outlets 

(bags), average length of route/road network plied per 

time (kilometres), number of distribution outlets 

covered per location, quantity of product transported 

per distribution trip (bags) and average years of 

experience of the driver (years)were collected from 

the Distribution Department of Notre Dame Industrial 

Company. The time period covered was four months 

(1st of November, December, January 2019 to 29th of 

February 2020). From the data collected, a daily 

distribution of sachet table water was observed. The 

distribution across various routes and outlets was a 

six day schedule per week (From Mondays to 

Friday). With exception of four to five Sundays per 

month and February with has only 29 days. The total 

data collected from the distribution schedule totalled 

104 days from 1st of November to 29th of February. 

The Ordinary Least Squares (OLS) regression 

analysis was used to estimate the coefficients of 

distribution cost determinants.  

 

The Ordinary Least Squares (OLS) technique was 

used because of the unbiased nature of the technique 

and its simplicity when compared with some other 

econometric techniques for analyzing data [11] 

(Imahe&Uddin, 2000). The OLS method was carried 

out by using the Statistical Package for Social 

Science (SPSS version 21) package. For the statistical 

test of the model, the standard error test, (t-test) 

considered the individual significance of the 

parameter estimate. The F-test was used to test the 

joint significance of the explanatory variables. The 

co-efficient of determination (R2 and Adjusted R-2) 

shows the goodness of fit of the model in terms of the 

explanatory power of the parameter estimates of the 

model. The Durbin-Watson (D.W) statistic was used 

for the econometric test of the model, if there is 

evidence or otherwise of autocorrelation in the 

model. The functional form of the model is given 

below as: 

DC = f (TD, AOD, ALR, NDO, QPT, AYE, SC)   (1) 

The empirical form of the model is given 

below as: 

DC = β0 + β1TD + β2AOD + β3ALR + β4NDO + 

β5QPT + β4AYE + β5SC + µi                                  (2) 

Where: 

β0 - β7 > 0 

DC = Distribution cost (N) 

TD = Traffic delays (operationalized with 0 

for nonexistence of traffic delays/vehicle 

breakdown and 1 for days of traffic 

delays/vehicle breakdown) 

AOD = Average orders at distribution 

outlets (bags) 

ALR = Average length of route/road 

network plied per time (kilometres) 

NDO = Number of distribution outlets 

covered per location  

QPT = Quantity of product transported per 

distribution trip (bags) 

AYE= Average years of experience of the 

driver (years) 

SC = Seasonal changes (operationalized 

with 0 for rainy season and 1 for dry season) 

β0 = Constant 

β1 -β7 = Coefficients to be estimated  

µi = error term   

 

RESULTS 

The objective of this study is to examine the 

determinants of distribution cost of sachet water in 

the water producing factory. The result of the 

estimate is provided in Table 1:  

 

 

Table 1: Estimation of Coefficients on the Determinants of Distribution Cost of Sachet Water  

Dependent variable: DC 

Variable Coefficients Std. Error t-statistic Prob. 

C 2026.852 1285.839 1.576287 0.1182 

TD 1923.014* 190.0327 10.11938 0.0000 

AOD 20.44859** 8.158493 2.506418 0.0139 

ALR 29.36655* 9.648638 3.043596 0.0030 

NDO 842.0489* 198.0134 4.252485 0.0000 

QPT 38.35123* 9.590134 3.999029 0.0001 

AYE -1353.954* 320.1592 -4.229004 0.0001 

SC 76.10862 241.1777 0.315571 0.7530 

Note: **Coefficient is significant at 0.05 level (i.eProb<0.05) 

*Coefficient is significant at 0.01level (i.eProb<0.01) 

 

DC = Distribution cost, TD = Traffic delays, AOD = 

Average orders at distribution outlets (bags), ALR = 

Average length of route/road network plied per time 

(kilometres), NDO = Number of distribution outlets 

covered per location, QPT = Quantity of product 

transported per distribution trip (bags), AYE= 

Average years of experience of the driver (years), SC 

= Seasonal changes. 

 

From model 1, the estimated coefficient of TD 

(1923.014) had direct and significant relationship 
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with DC. This showed that a unit increase in TD will 

bring about 1923.014 increase in DC. This further 

implies that traffic delays (TD) plays a 

counterproductive role in increasing distribution of 

sachet water in water producing companies. On the 

contrary, the coefficients of AOD, ALR, NDO and 

QPT are all statistically significant because their 

respective p-values are less than 0.05 level of 

significance (prob<0.05). The coefficients shows that 

the marginal rate of change in distribution cost with 

respect to a unit increase or decrease in the variables 

(AOD, ALR, NDO and QPT). For instance, the 

estimated coefficient of 29.36 for AOD shows that a 

unit increase in the average length of route/road 

network plied in a distribution trip will bring about 

an approximate increase of N29 in the cost of 

distribution in the same day. Contrarily, the driver’s 

years of experiences (AYE) shows that a unit (a year) 

increase in their driving experience decreases daily 

cost of water distribution on the water company. The 

prediction equation is provided as follows:  

 

DC = 202685+1923.01TD +20.45AOD +29.37ALR 

+842.05NDO +38.35QPT -1353.95AYE +76.11SC 

 

Table 2: Diagnostic Statistics of the Prediction 

Equation 

Diagnostic Statistics 

R-squared 0.596825 

Adjusted R-squared 0.567427 

S.E. of regression 865.7010 

Sum squared resid 71946069 

F-statistic 20.30145 

Prob (F-statistic) 0.000000 

Durbin-Watson stat 2.384610 

Normality test 

Jarquebera = 2.7161 Prob. 0.2572 

 

The value of the R-squared (R2) is 0.5968 shows that 

the overall goodness of fit of the model is good. That 

means that the predictors of the model are able to 

explain about 59.68% variations in the dependent 

variable while the remaining 40.32% variation in the 

dependent variable is caused by other factors which 

are not captured in the model. The value of the 

adjusted coefficient of determination (R-2) is 0.5674. 

This value measures the reduced explanatory power 

of the model. It further explains that the independent 

variables are able to explain 56.74% of any 

systematic change in the independent variables while 

the unexplained residue of 43.26% is attributed to 

values in the error term or other randomized variables 

not captured in the model that have prominent impact 

on the dependent variable (distribution cost).  

 

The overall performance of the estimates in the 

model is measured by the F-statistic. The F-statistic 

of 20.3015 is jointly statistically significant at 5% 

given the fact that the F-statistic probability (0.0000) 

is less than 0.05 level of significance. Therefore, all 

the parameter estimates in the model are jointly 

significant. The Durbin Watson (D.W) statistic of the 

model is 2.3846. Since the value is approximately 2. 

This explains that there is no presence of serial auto-

correlation between or among the independent 

variables based on the rule of thumb (1.8 ≥ DW ≤ 

2.2). 

 

The coefficient of the JarqueBera test of normality 

(2.716) indicated that the residual generated from 

model estimation is normally distributed (prob>0.05) 

and is not serially correlated. Lastly, the result from 

the Cumulative Sum (CUSUM) chart and Cumulative 

Sum of square (CUSUMQ) chart in Figure 1and 2 

respectively show that the movement of the 

distribution cost oscillates around the trend and 

within the boundary line at 0.05 alpha level. This 

indicates that the model is structurally stable and 

would thereby provide reliable estimates for 

forecasting and policy simulation. 
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DISCUSSION AND IMPLICATIONS FOR 

ENGINEERING 

The result has shown in the model estimate shows 

that average years of experience of the driver in years 

(AYE) has inverse relationship with distribution cost 

(DC). This implies that increase in years of 

experience of drivers reduces the distribution cost of 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 15(2):38-44 (ISSN: 2141-7016)  

46 

 

water across the various distribution outlets. Perhaps, 

the reason for this could be emanating from increased 

drivers’ knowledge of the road terrain, distribution 

routes, and competencies of the driver in vehicle 

maintenance skills which could further reduce vehicle 

damages and accrued cost of maintaining company 

vehicles used for distribution of sachet water bags on 

a daily and weekly basis. On the other hand, traffic 

delays, average orders at distribution outlets (AOD), 

average length of route/road network plied per time 

(ALR), number of distribution outlets covered per 

location (NDO) and quantity of bags transported per 

distribution trip (QTP) brought about increase in the 

distribution cost of sachet or table water. This is quite 

expected because production is incomplete without 

distribution of final product.  

 

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 [14]. 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 [3] 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 [12] 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 [6] who found that the 

parameters in the constrained model (labour cost; 

transport cost; maintenance cost, information cost 

and others) were significant determinants of quantity 

of goods distributed   

 

CONCLUSION 

It is concluded that transportation problems are 

challenges associated with any production company 

including table water companies. Furthermore, it is 

concluded that traffic delays (TD) has direct impact 

on distribution cost (DC) while average years of 

experience of the driver in years (AYE) has adverse 

impact on distribution cost (DC). This implies that 

increase in traffic delays increases the distribution 

cost of water across the various distribution outlets 

years of experience of drivers reduces it. On the other 

hand, the average orders at distribution outlets 

(AOD), average length of route/road network plied 

per time (ALR), number of distribution outlets 

covered per location (NDO) and quantity of bags 

transported per distribution trip (QTP) brought about 

increase in the distribution cost of sachet or table 

water. 

 

RECOMMENDATIONS 

The following recommendations 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 recruitment of 

experienced drivers who have knowledge of 

the road terrain and safe driving skills to 

ensure reduced vehicle maintenance and 

distribution cost. 

b) The management of water factories should 

ensure that parameters such as average 

orders at distribution outlets, average length 

of route/road network plied per time, 

number of distribution outlets covered per 

location and quantity of bags transported per 

distribution trip should be put into 

consideration to minimize distribution cost. 
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