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Abstract 
Investment in long-term assets is important to wealth accumulation and 
capita] formation, The only way that these assets can be kept in a state of peak 
performance is by an effective maintenance management. The Nigerian 
society as the case with most developing countries has not internalized the 
importance of maintenance. This paper, therefore, reviews the operations of 
maintenance management in the private sector of a developing country 
[Nigeria] using the case study of a multinational Guinness Nigeria Plc, 
Benin City production plant to evaluate it as a benchmark for the economy. 
Applying regression analysis on the only complete data [1999], it is concluded 
that there is a significant relationship between the volume of malt bottled and 
plant availability, and between production efficiency and plant availability but 
that there is no significant relationship between the volume of Malt bottled per 
month and the monthly maintenance expenditure (because 'of long-term spread 
of maintenance benefits). Having confirmed the importance of plant 
availability to production volume and efficiency, the effectiveness of the 
system is corroborated using questionnaires. Thus it is concluded that the 
system operated by the case studied provides a good benchmark for similar 
firms in the economy. 

Introduction 
Investment in long-term assets is important to individual wealth accumulation and national 

capital formation. The expectation of an individual who purchases a fixed asset such as a building, 
plant, equipment or machinery is that it will be continuously functional throughout its services life but 
experience has shown otherwise. A newly acquired asset will provide satisfactory performance at the 
onset, but after a given length of time, the equipment usually begins to deteriorate in performance, 
deviating from output specifications. The only way that assets can be kept in a state of peak 
performance and continuous state of operational readiness is through a well-developed and 
implemented maintenance management system. 

Maintenance, therefore, may be simply explained as a method of keeping equipment in a 
functional state. Maintenance management is a process of planning, controlling and co-ordination of a 
system of predetermined checks, inspections, monitoring, servicing and repairs of fixed asset so that it 
can operate at the designed performance level throughout its service life and at minimum cost. 
Production system consists of a configuration of machines, plants, equipment, machinery and other 
devices which must operate on a continuous basis to meet the organization's pre-determined 
production target; this can only be sustained by maintenance. The essence of maintenance 
management is that it ensures availability of plants and equipment to achieve production targets. It 
enables production plants to operate as close to output specification or optimal level as possible. It 
prolongs the service life of the plant while reducing the running cost of the plant; it enables 
maintenance cost to be controlled, reduces the probability of avoidable and costly plant break-down 
situation, provides the assurance of a safe working environment for the staff and the confidence of 
ascertainable return on-investment for the owners of the assets. Thus from the moment of financial 
planning for equipment purchase, provision must be made for maintenance and an appropriate service life. 

The urban Nigerian society as the case with most developing countries has not internalized the 
importance of maintenance, hence it is often considered as an unnecessary additional cost to equipment 
purchases. This perception is more serious with governments and government agencies which often 
purchase equipment for use without giving a thought to the need for maintenance; with such equipment 
eventually operated until it breaks down and is abandoned. World studies have shown that about 70% of 
equipment failures are self-induced and that organizations typically operate very expensive reactive 
mode and not the optimal proactive mode (Maintenance World, 2004). They argue that ignorance is a 
very expensive problem plaguing businesses, as they close their factories, receive numerous lawsuit 
penalties due to product defect, lose market shares due to lack of maintenance. 

Objectives: This paper reviews the operations of maintenance management in the private 
sector of a developing country [Nigeria] using the case study of a multinational Guinness Nigeria Pic, 
Benin City production plant. It attempts to determine the effectiveness of the maintenance system 
from primary data after relating plant availability to volume produced and production efficiency as 



well as to find out the effect of maintenance cost over a period of time in relation to the volume 
produced. Guinness Nigeria Plc is selected because the multinationals are at the top end of 
performance indicators in Nigeria; thus, the study evaluates the operated system as a benchmark for 
adoption in the economy, 

The Case: The Guinness Nigeria Plc, Benin City was commissioned in 1974 and has 
breweries operating together within the same factory location, Harp Brewery, Stout Brewery, Malta 
Brewery and Gordon Spark. The production department handles the operation of the various plants, 
while the engineering department carries out the maintenance of the plants. The type of maintenance 
policy adopted in the factory is that of planned maintenance, which consists of preventive 
maintenance and corrective maintenance. 

Review of Literature on Important Concepts 
Maintenance is defined by the British Standard BS 5405(1976) as "A combination of any 

action carried out to retain an item in, or restore it to an acceptable condition". Maintenance, 
according to Carter (1986:187), consists of scheduled maintenance (sometimes referred to as 
preventive maintenance) and unscheduled maintenance. IDCON (2005) defines maintenance as 
consisting of corrective maintenance., preventive maintenance, and continuous improvement; and 
maintenance management is the collective term for developing the management process of leadership 
and organizational planning and scheduling, preventive maintenance, correction, monitoring, 
execution of maintenance repairs, recording, cause failure analysis, spare parts management, and 
management of technical data supporting the processes. Maintenance prevention consists of ail 
actions performed to prevent failures while continuous improvement refers to continuous upgrade of 
existing practices resulting in improved performance. Corrective maintenance refers to all 
maintenance performed to correct a breakdown. 

Ayorinde (1986:6) opines that "...all real life physical system must be maintained in order to 
continue to render acceptance services for the specified period anticipated by their design". Today, 
computerized maintenance management system (CMMS) which uses computer programme or 
interfacing programmes to initiate the maintenance function in a plant is becoming popular. Effective 
maintenance works on both sides of the Return on Asset equation; it increases revenues by increasing 
equipment performance and by reducing the need for expensive capital upgrades (Dunn, 2004). Every 
organization must have a maintenance policy which will act as a guide and framework within which 
maintenance activities are undertaken. It consists of all the regulations, directives, procedures and 
resources necessary to service and maintain a system or equipment. Given a well thought 
maintenance policy and a set of maintenance objectives, there is a need to install in place an 
appropriate maintenance programme as well as maintenance planning which embraces all activities 
necessary to plan and record all that needs to be done in connection with keeping an installation to the 
acceptable standards. These include preventive maintenance and corrective maintenance, planned 
overhaul, planned replacement, spares provisioning, workshop function, repairs and renewals, plant 
history compilation, plant modification to facilitate maintenance, spare parts manufacture, and 
preventive maintenance. 

The Methodology 

All staff of the Benin City plant of Guinness Nigeria Plc constitute the population. The secondary 
data sources consist of various weekly and monthly production figures which are usually produced 
for produced planning and controls especially plant availability, production efficiency and volume 
produced. Although the study covered the whole brewery it was found necessary to concentrate 
on the bottling section where more data are easily available and where maintenance downtime and 
machine breakdown are critical bottlenecks in the production process. The type of  maintenance 
policy adopted  in the factory is that of planned  maintenance,  which  consists of preventive 
maintenance and corrective maintenance. 

Every preventive maintenance and breakdown maintenance carried out daily is recorded in 
logbooks. Weekly and monthly breakdown reports are also prepared. Thus a body of information is 
always available for determining the state of the plants. The effectiveness of maintenance is 
monitored by the production department through their various calculations of efficiencies, production 
cost and other parameters. 

The effectiveness of the maintenance of the plant will be determined by measuring plant 
availability - plant availability is a term used to indicate operational readiness of equipment. 
According to Schroeder (1975), "Availability defines the continuity of services to the customer. A 
product is available if it is in an operational state and not down for repairs or maintenance". The 



availability of the productive asset due to maintenance means continuous output of the asset. Thus, the 
null hypotheses are: there is no significant relationship between the volume of beer bottled (output) and 
the plant availability (the bottling Sine); There is no significant relationship between production 
efficiency and the plant availability; and that there is no significant relationship between the volume of 
beer bottled per month and the monthly maintenance expenditure. 

The source of primary data consists of all managers and staff who provided answers to the 
questionnaires. The questionnaire consists of 18 questions consisting of four bio-data types, and 
fourteen questions which directly seek to determine the important variable and the effectiveness of the 
present maintenance management system. 

The regression tests are to determine the significance of the relationships between the 
variables of plant availability and production volume and efficiency. This is important because plant 
availability is a very valuable measure of maintenance effectiveness. Plant availability is here defined as: 

= Production Hours - Machine downtime x 100 
Production Hours 

Production efficiency, another important parameter that proxies the effectiveness of 
maintenance management is defined as: 

Output Volume x 100 
Input Volume 

The study also attempted to find out the effectiveness of maintenance cost over a period of 
time in relation to the volume produced. The hypotheses were tested post regression using the 
MICROFIT4.1 package. 

Data Analysis and Results 
The secondary source data and production parameters for the period 1999 for bottling lines 

numbers 1 to 4 are shown in Tables 1 and 2 in the appendix. This was used for the regression analysis as 
they constitute the only set of complete data made available for this study. The data on the 
relationship between the monthly maintenance expenditure and the total volume of malt bottled 
during the year 2000 are in the appendix in Table 3. 

For the null hypothesis that there is no significant relationship between the volume of malt 
bottled and the plant availability on the bottling line, the results shown in Table 4 for all the bottling lines 
studied, indicate that it be rejected at 5% level of significance. Thus the alternate hypothesis that there is 
a significant relationship between both is accepted. 

Table 4: Regression Equations Results of Volume Produced(Vprod) and Plant Availability (Pav) 
VPRQD is the Dependent Variable 
1999 Con Pav T R1 
Bottling Line No. 1 700.68 27.24 1.5719 0.0409 
Bottling Line No. 2 -5353.70 91.29 3.4870 0.19562 
Bottling Line No.3 168489.5 1714.5 1.5117 0.04691 
Bottling Line No.4 1371.6 20.3880 1.8694 0.0748 

 

This result is not surprising because, for a 112  production hour week (16 hour x 7 days), the 
actual volume of malt bottled will depend on the number of hours for which the plants are functional; the 
higher the functional time available, the higher the volume of malt bottled ceteris paribus. 

For the null hypothesis that there is no significant relationship between production efficiency 
and plant availability of the bottling line, the results shown in Table 5 for all the bottling lines studied, 
indicate that it be rejected at 5% level of significance. Thus the alternate hypothesis that there is a 
significant relationship between both is accepted. Production efficiency is a very important variable and 
it is a measure of how efficient a given volume is produced from a given input volume; and it is also a 
measure of how effectively the plant availability is translated into volume produced. A study of the 
production process indicates that production efficiency is a function of plant availability, machine 
efficiency, and labour productivity, availability of sufficient volume of malt and the availability of 
production inputs. The implication of the low R-bar is that the other factors explain more of the 
systematic variations in production of efficiency than plant availability. 

 



Table  5:   Regression  Equations  Results  of Production   Efficiency  (PRODEFF)  
and   Plant Availability (PAY) 
PRODEFF is the Dependent Variable 

 

1999 Con Pav X- 
g 

Bottling Line No. 1 -0.45146 0.88831 6,3660 0.4477 
Bottling Line No.2 9.3766 0.6554 1.6292 0.0504 
Bottling Line No.3 2.4919 0.7937 5.6120 03865 
Bottling Line No.4 23.4621 0.3084 1.7281 0.0564 

For the null hypothesis that there is no significant relationship between the volume of Malt 
bottled per Month (VOLBOT) and the monthly maintenance expenditure (MAINT), the t-statistic 
shown in parentheses below indicates that it be accepted. However, the parameter is correctly signed. 
This finding agrees with a priori position. Maintenance expenditure is an investment [long-term]. If 
preventive maintenance is carried out on a plant and a component is found to be badly damaged and 
replaced, the benefits accruing from such maintenance activity will cover a long period of the 
production system beyond the current period (this is similar to the underpinnings of accelerator 
principle in Economics). When a maintenance project is undertaken and not completed, the 
expenditure on such project will be immediately charged to the maintenance cost centre. The above 
confirms why there is no correlation between monthly maintenance expenditure and the volume of 
malt bottled per month. 

VOLBOT = 52583.8 
(8.3025) 

- 0.0039778MAINT 
(-0.3834) 

The next step after confirming the relationship between plant availability, 
production volume, production efficiency and maintenance expenditure is to answer the question 
whether the system explained by these relationships and the effectiveness may be corroborated by 
primary data. To generate primary support data, questionnaires were administered to ninety-eight 
operations' staff of Guinness Nig. Plc Benin City, but ninety-two were returned valid. For how 
effective has the maintenance management system been, 10% responded that it was "very effective" 
while 60% were of the view that it has been "effective", and 30% were not sure. On the effectiveness 
of the "maintenance support system" 8% of the respondents believed that it has been "very effective", 
over 61% were of the view that it has been "effective" while 11% indicated that they "do not know" 
while 20% indicated that the system has not been effective. The maintenance support refers to the 
Engineering Stores, the Spares procurement procedures, the maintenance and the training centre. The 
Engineering Stores in Guinness Nigeria Plc, Benin has been very effective in providing the necessary 
spares for maintenance. The workshop has also been quite useful in turning out component parts for 
use on the plants. The presence of a well-stocked engineering store has also contributed to the 
effectiveness of the maintenance system. The internalization of training programmes has enabled the 
company to retain engineers, technicians and tradesmen. 
 

 

In a recent international survey, none of the respondents rated maintainability of plant and 
equipment as excellent, only 15% rated it as very good and 55% indicated good (Plant Maintenance 
Resource Center, 2002). Thus a 70% effective response in our reported survey is comparable to 
international standard. 

On the assessment of "the technical skills and management know-how of the maintenance 
team", 70% rated it as "good" while 30% rated it "very good" (all positive). 

The standard of technical skills in Guinness Nigeria Plc, Benin compared to international 
standard is good. There exists training centres for skill upgrading in the brewery. 

On "maintenance planning and control", over 16% rated the system as "very effective" while 
over 56% rate it as "effective". The remaining 28% of the respondents indicated "do not know". On 
whether the checklists fulfilled the condition of preciseness, conciseness and ease of understanding, 
73% rated "very well" and "well" while the remaining indicated that they "do not know"; and these 
may be people that have not worked with the "maintenance checklist". To further check this position, 
the question was asked on "how well" the checklist instructions are carried out. A total of 19% 
indicated "very well", 69% indicated "well" while 12% said they "do not know". It is instructive to 



note that the last category consists of Administration and Accounts staffs that are not in daily contract 
with maintenance activities. Planning and control constitute the nerve centre of the maintenance 
system. The maintenance checklist card instruction is easy to understand; while checklist instruction is 
strictly followed by the tradesmen. 

These points are of utmost importance, because of the level of education of the tradesmen; the 
checklist instructions must be simple. The international survey indicated that 35% regularly adhere to 
formal, documented internal company standards for design for maintainability, while 30% indicated 
occasionally. This compares well with our reported 88% positive response in our case study. 

On whether comments and observations are taken seriously, 83% of the respondents indicated 
that the planning and maintenance engineers take them 'seriously' while 11% indicated "very 
seriously" and 6% said they "do not know". On the attitude of top management, 61% of the 
respondents believe top management take decisions and recommendations from planned preventive 
maintenance "seriously" but 39% indicated they "do not know" probably because of 
management-staff communication gap. Top management has a critical role to play in maintenance 
management. Top management role covers design, installation, operation, sustenance of an effective 
maintenance management system. 

A percentage total of 81 % of the respondents agreed with the view that the managers and staff in 
the brewery have imbibed the maintenance culture, while 19% disagreed. On the main objective of 
maintenance, 69% of the respondents believed it is "to reduce machine breakdown to the barest 
minimum", while 27% believed it is "to achieve production targets". Only 4% said it is "to reduce 
production cost". Out of the total respondents, 93% of the respondents opined that the maintenance 
system adopted in Guinness Nig Plc Benin is "planned preventive maintenance" but the remaining 7% 
insisted that the system is condition-based maintenance". Sixty percent of the respondents agreed that 
their maintenance budget was adequate. This may be comparable to the 2004 international survey that 
indicated that on the average, 24% of sites' operating budgets were allocated to maintenance 
departments (Plant Maintenance Resource Center, 2004). All these primary evidences 
overwhelmingly support the position that the system is effective and that both staff and top 
management support it. Thus, it can be recommended inter alia as a benchmark for similar firms in the 
economy. The varied responses to the question of the main objective of maintenance indicate that the 
system is addressing machine breakdown prevention, targets achievement and cost reduction. 

Concluding Remarks 
Plant availability was found to be important to production volume and production efficiency. 

To ensure plant availability, an effective maintenance management system must be in place. Primary 
data supported the existence of an effective maintenance management system that is supported and 
sustained by both staff and top management. Indeed, investigation by the researcher of operational 
records found the maintenance management system to be serving the objectives for which it was 
installed as production targets were achieved and the system sustained at optimal operating level. 
Maintenance schedules are followed, the asset registers are regularly updated, and the maintenance 
checklists cards are maintained. The team is on the average highly skilled and experienced. 

 
 

The system includes planned preventive maintenance, corrective maintenance, breakdown 
maintenance and condition-based maintenance, but, planned preventive maintenance dominates. It 
uses a maintenance window defined as time slots when maintenance can be performed on equipment 
without disturbing production; this is used for minor works but major works there must be down time 
(that is why the study did not use data for 2000 as there were major overhauls). Thus, the system is a 
good benchmark for similar production systems in the Nigerian economy, and in other African 
economies. 
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Appendix 
Table 1: 1999 Production Parameters on Bottling Line Nos. 1 and 2 

Bottling line No.l                              Bottling line No.2 
 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



Table 3: Monthly Maintenance Expenditure and Volume of Malt Bottled for Yr 2000 
Month Maintenance 

Expenditure^)  
Volume of Malt 
Bottled (Hi) 

January 308,473 63,523 
February 524,321 55,311 
March 731,463 48,027 
April 400,557 51,582 

May 989,400 43,289 
June 248,397 32,814 
July 359,389 43,286 
August 396,797 53,544 
September 703,216 62,461 
October 433,964 53,796 
November 1,067,788 43,594 
December 506,384 53,246 

 

 

 

 

 

 

 


