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Abstract 
Purpose: An element of poor service delivery concerns the quality of man-
agement on the maintenance of services like water, electricity, roads, schools 
and clinics. This is a relevant and topical issue for research because of the 
current situation regarding these provisions in South Africa. This research took 
place in a Municipality situated in Limpopo Province, South Africa. It is the 
responsibility of municipalities to ensure that they fulfil their constitutional ob-
ligations in the delivery of maintainable, operative and well-organised munici-
pal services through the maintenance of infrastructure. As this country has 
been subjected to a large number of service delivery complaints, this has led 
to the motivation of this study. The purpose of this study is to analyse main-
tenance on municipal infrastructure and service delivery in a local municipal-
ity, in particular focusing on the water supply. This research study is aimed at 
analysing how local municipality conducts its maintenance of municipal in-
frastructure, seeking to understand the challenge of maintenance on service 
provided to the communities. Design/Methodology/Approach: To achieve 
the success of this research, both qualitative and quantitative methods were 
adopted. A survey questionnaire and structured interview questions were 
conducted with communities and employees in a municipality in Limpopo 
Province. Findings: The results of the study revealed that residents are facing 
water difficulties due to a lack of maintenance and absence of water supply. 
People are fetching water from the rivers in the nearby community, water 
which unfortunately is not purified. Furthermore, people have experienced 
this poor maintenance and service delivery for years, negatively impacting on 
the community’s standard of living. Originality/Value: The original contri-
bution of this work was to analyse the types of maintenance being used in lo-
cal municipalities and how it will benefit the communities. To the best of the 
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authors’ understanding, there are no studies that have been conducted in 
South Africa regarding the impact of maintenance on municipal infrastruc-
ture, and this paper aims to fill this gap. 
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1. Introduction 

The South African Constitution stipulates that municipalities have the mandate 
to ensure an uninterrupted supply of basic services such as water, electricity, 
roads, schools and clinics to all its communities. The Municipality has been de-
fined as the institution of government that is tasked with the improvement and 
provision of services to its people. Even though the municipalities have been 
constitutionally instructed to provide sustainable and effective services, this is 
not necessarily an easy task. Literature suggests that improved maintenance on 
municipal infrastructure will increase service delivery through the reduction of 
the breakdown of equipment and better maintenance strategies. It is important 
to not only focus on the services delivered, but also to consider the various diffi-
culties faced by the municipalities in their efforts to attain these objectives. 
Therefore, a significant study of service provision and maintenance by the mu-
nicipalities to the communities was conducted. The idea behind the study was to 
analyse the methods used by a particular municipality for the maintenance of 
municipal infrastructure, the service provided to the community, and further-
more, based on the findings, to propose improvement strategies. The problem of 
service delivery has affected countless people in South Africa. Regardless of the 
country’s transition into democracy, many places continue to be destitute, de-
prived, and inequality persists in too many areas of South African. The vast ma-
jority of the residents in Limpopo Province are complaining of polluted and un-
usable water from nearby rivers shared with farm animals, because of consistent 
shortages in unreliable water supply and poor management systems. The few 
households who can afford, depend on water provided by private suppliers who 
operate under unhygienic conditions, or pay a ridiculous amount of money to 
boring/drilling companies to obtain drinkable water. This is difficult for the 
poor majority of people who are pensioners and unemployed who solely depend 
on insufficient government pension funds for their basic living needs. 

1.1. Study Area 

Limpopo is well known for scarcity of rain and it is predominately a dry area 
hence it suffers water shortages. The study took place in a municipality in Lim-
popo province. Figure 1 represents the location map of the study area and Table 
1 represents the growth of the studied Municipality population. Similar to rural 
municipalities in the Republic of South Africa, some of the municipalities  

https://doi.org/10.4236/ajor.2021.116019


M. M. Emily, G. Muyengwa 
 

 

DOI: 10.4236/ajor.2021.116019 311 American Journal of Operations Research 
 

Table 1. Population growth. 

MUNICIPALITY YEAR 2008 YEAR 2013 YEAR 2018 
AVERAGE ANNUAL  

GROWTH 

 268,000 279,000 294,000 0.94% 

 

 
Figure 1. The location map of the study area (Limpopo Province). 

 
in Limpopo province are categorised by an incapacitated economic base, poor 
infrastructure, major service delivery bottlenecks, distributed human settlements 
and high poverty levels. 

The research will answer these questions: 
Research question 1: What is the nature of maintenance implemented by 

municipalities? From an economic development point of view, infrastructure 
maintenance lowers the cost of production and consumption, and makes it eas-
ier for participants in the economy to enter into profitable transactions. The 
purpose of this question was to find out the efficiency of maintenance infra-
structure that helps with the progression of service delivery and the performance 
results. 

Research question 2: What maintenance management strategies can be rec-
ommended to the municipalities? There are four maintenance strategies namely: 
Preventive maintenance, Corrective maintenance, Risk-based maintenance and 
Condition-based maintenance. The researchers’ aim was to analyse which main-
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tenance strategies were the municipality practising, can be used collaboratively, 
or independently. From the results of the study the researchers would then rec-
ommend better maintenance strategies. 

Research question 3: What are the challenges to and enablers of successful 
management and implementation of maintenance? The purpose of this question 
was to find the challenges to successful management and implementation of 
maintenance. The researchers sought to establish these challenges through inter-
viewing municipality employees and the residents. 

Research question 4: What are the risks of poor maintenance on municipal-
ity infrastructure? Effectively functioning infrastructure is critical if the country 
as well as each community is to achieve any kind of economic recovery. Smooth 
running infrastructure programmes provide economic opportunities and act as a 
facilitator for generating economic growth and eventually paving the way for 
much needed job creation. Public properties are a foundation of a country’s 
economic development. Preserving infrastructure in good condition is critical as 
equipment deterioration occurs with time and continuous use. The goal of 
maintenance is to safeguard an asset. This includes minor repairs (routine 
maintenance) and improvements (capital maintenance) to eliminate the cause of 
defects and to avoid excessive repetitions. The goal of this question was to iden-
tify the risks that municipalities are facing for the poor maintenance of their in-
frastructure. 

Research question 5: How can municipalities improve maintenance man-
agement? The purpose of this question was to find ways/ process and procedures 
that can help municipalities to improve their maintenance management. Main-
tenance is usually a high labour-intensive work, and there are prospects that 
contribute to it. 

1.2. Municipalities 

The municipality is an administrative feature of the Constitution of the Republic 
of South Africa 1996, which was established by national and regional regulations 
to which the municipality is subordinate but has corporate status and powers of 
self-government or authority [1]. Municipalities are the most important gov-
ernment agencies answerable to the people for providing essential services and 
nurturing growth in the communities they administer [2]. This research will 
examine, as indicated from the above details, the degree to which the municipal-
ity meets its service delivery requirements. Good maintenance of municipal in-
frastructure can eradicate poverty and bolster economic development, with a 
well-functioning infrastructure and national assets. [3] Adequate infrastructure 
is a pillar of development, an important part of a supportive environment for 
investment and livelihoods, promoting economic growth, reducing poverty, and 
enhancing the delivery of health and other services. The country suffers a lack of 
infrastructure in rural areas where a large population of the inhabitants reside 
and work [4]. The Constitution of South Africa 1996 states that municipalities 
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have accountability to guarantee that services are offered to the residents to meet 
their basic needs. Basic services are the main building blocks for improving the 
worth of people’s lives; the suitable supply of clean water, electricity, hospitals, 
adequate roads and education are essential for life, wellbeing and human dignity 
[2]. Local government municipalities are the sphere of government closest to 
residents; members are elected by the people to serve, and are in control of the 
efficient provision of service, according to the Constitution of the Republic of 
South Africa 1996. Municipalities are the most successful level of government to 
achieve these goals and local economic development, since they are better placed 
to know what society wants, and they live within these communities [5]. The lo-
cal government’s proximity to neighbourhoods means that it is strategically 
placed to fulfil its mandate of supplying the public with basic needs as a first step 
towards community growth. Local governments are required to create alliances 
with their communities to provide services in a sustainable manner as part of 
their developmental role [6]. In reality, communities better understand their 
needs than public officials. The Constitution of the Republic of South Africa 
1996 authorises municipalities to provide services in a justifiable manner and to 
provide facilities to municipal administrations: impartially, equally, equitably 
and without prejudice [7]. 

[8] Bathopele is a principle laid down in the Bathopele Republic of South Af-
rica to improve citizen involvement for enhanced service delivery in South Af-
rica in the emerging local governments: DPSA 2003. These principles are con-
sistent with the constitutional values of nurturing and upholding high standards 
of professional ethics effectively and proficiently for utilising resources, re-
sponding to people’s needs and holding public administration accountable [9]. 
In addition, the Municipal System Act 2000 requires municipalities to comply 
with the requirements of the Constitution by meeting the basic needs of the 
population, by encouraging resident development, and by guaranteeing that all 
local residents have at least access to the minimum level of basic municipal ser-
vices [10]. 

1.3. Service Delivery of Water 

Several nations face situations of water supplies inadequate to meet even the ba-
sic needs of people [11]. Even so, water is vital to human life, like air. All that we 
do in this world needs water, because without water there is no proper life. The 
Water Resources Act of 1997 (Act 108 of 1997) states that everyone is entitled to 
access a basic clean water sources. Water scarcity is a substantial development 
problem in Limpopo Province, limiting both economic and social activities in 
the area [12]. Moreover, the manifestation of climate variability is another prob-
lematic issue [2]. In addition, other issues including inadequate and variable 
rainfall, unequal water supply management and the absence of drinking water, 
bulk water and irrigation facilities, are further factors rendering it impossible for 
rural villages to distribute water as expected [13]. Ensuring rural water security 
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has become a major challenge for sustainable development due to a growing 
population, deteriorating water conditions and climate change impacts [14]. 
This calls for new, imaginative approaches that are ecologically sustainable and 
cost-effective [15], and also the need to make sure that the municipal water in-
frastructure is well maintained [8]. 

The public-sector infrastructure report of the 2019 budget review details that 
from 1998/99 and 2017/18, the public sector spent R3 trillion on infrastructure 
[16]. Spending grew in 1998/99 from R48.8 billion to R236.2 billion in 2017/18 
[16]. In actual terms, capital investment has risen by a yearly average of 4.3%. 
State-owned companies have invested R1.3 trillion in infrastructure over the 
course of this time [16]. For the 2019 budget review, municipalities and provin-
cial departments spent R612.8 billion and R705.2 billion on the construction of 
schools, hospitals, clinics and other community-related facilities, respectively 
(refer to Figure 2, the National Treasury Source from 1998/9 to 2017/18) [16]. 
Public-sector capital investment averaged 5.9% as a share of the gross domestic 
product (GDP). Both government agencies and public enterprises have signifi-
cantly expanded their spending in economic infrastructure over the past years, 
although social infrastructure costs, including schools, hospitals and sanitation, 
has risen at a slower pace. Slower growth in social infrastructure spending is the 
outcome of financial capital pressure, including the increase in the government’s 
wage bill and new policy commitments from the 2019 budget reform review 
[16]. [17] despite the importance of water to livelihoods, over 783 million of the 
world’s population has no access to clean water. Challenges encountered con-
cerning the delivery of water to the public include but not limited to miscom-
munication between different water agencies, limited resources, leakages in offi-
cial spending and lack of monitoring progress of different water projects, [14]. A 
government body’s delivery of a service can be considered as a process of pro-
ducing value for a number of different stakeholders, [12] furthermore, the stake-
holders will participate at different points in the value-network and therefore  

 

 
Figure 2. The source national treasury, public-sector infrastructure spending. 
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will interact with different government systems [12]. 

1.4. Maintenance 

[18] defines maintenance as the actions intended for preserving something in or 
returning it to the physical state deemed appropriate to fulfil production objec-
tive, while the maintenance concept is a set of different types of maintenance 
policies and actions and the overall planned and supported decision structure. 
[19] Maintenance is a mixture of all technical, administrative and managerial ac-
tivities during the life cycle of an entity, intended to maintain or restore it to a 
state in which it can accomplish the required purpose [20]. Maintenance, in its 
constricted sense, encompasses all actions relating to the maintenance of the 
system and its components to a certain degree of availability and reliability and 
its ability to achieve a standard level of quality [3]. In other words, to optimise 
the specified equipment capacity, engineering decisions and related activities are 
required, where the ability to perform a specified function is the ability to im-
plement a specified function within a range of performance levels that can relate 
to strength, speed, efficiency, safety and responsiveness [3]. The aim of mainte-
nance activities is to plan necessary inspections, repairs and replacements and to 
provide management with information on the causes of defects and damage in 
the manufacturing sector [18]. 

[21] there are two types of maintenance: preventive maintenance and correc-
tive maintenance. 
• Preventive maintenance, planned to minimise the risk of an item’s operating 

failure or deterioration, is done at a fixed period or according to a specified 
condition [19]. Another reason for preventive maintenance is that it strives 
to avoid significant breakdown and ensures that it continues by routine in-
spection and repair at peak performance [22]. Preventive maintenance is 
scheduled based on cyclic maintenance actions such as washing, local repair 
and local replacement to avoid degradation in advance, [23]. 

• Corrective maintenance comes after a breakdown when an apparent fault has 
been identified; then corrective maintenance, similar to repair work, is car-
ried out [19]. As a part of corrective maintenance, because of the failure of 
preventive maintenance or normal wear and tear, repair and replacement 
components are often referred to as reactive maintenance [22]. 

1.5. Maintenance Concepts 

Reliability centred maintenance (RCM) focuses on developing a systematic, in-
clusive maintenance strategy that takes advantage of the respective strengths of 
preventive, predictive and corrective maintenance strategies to optimise the re-
liability of equipment, reduce costs, enhance plant safety and increase produc-
tivity [24]. 

Total productive maintenance (TPM) is defined as a strategy projected to 
bring both functions (production and maintenance) together by grouping good 
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working practices, teamwork and continuous improvement [25]. TPM is an in-
novative approach to maintenance that improves equipment effectiveness, 
eliminates breakdowns and promotes autonomous maintenance by operators 
through daily activities including the total workforce [26]. 

2. Research Methodology 

The study adopted a mixed method approach to answer the research questions. 
Qualitative methods were the predominant source of information to respond to 
the research questions, the researchers interviewed relevant people from the 
municipality. A quantitative component in the form of a survey was used to 
elicit community member perceptions on quality-of-service delivery, and possi-
bly some information about how they experience implementation of mainte-
nance. The qualitative technique offered contributors the chance to assert their 
opinions, visions and clarifications on the condition of their municipal water in-
frastructure. As the researchers were interested in knowing the details of main-
taining water infrastructure and provision of services, making use of qualitative 
method assisted the researchers with responses to the study’s research questions. 
The qualitative method was utilised to understand the familiarity of the con-
tributors about the state or problem being studied and explore the reasons for 
their kind of answer to the condition. The researchers’ needs to go into detail 
about peoples’ lived experiences, to elicit their explanations and analysis of their 
specific experiences. Hence, the researcher used structured interview question to 
get responses from participants. The quantitative method helped the researcher 
to analyse the correlation among variables. This technique permits the re-
searcher to request all the participants’ similar questions with predetermined 
responses, which allow objective data to be collected throughout the study. The 
quantitative method allows the researcher to explore and measure the situation 
based on statistical data such as how many people supported or didn’t support 
certain questions or statements, and then evaluate the outcomes. The researchers 
make use of a questionnaire to collect data. To achieve the purpose of the study 
researchers conducted a survey this ensured that important variables were not 
overlooked. 

The researchers chose convenience sampling method. Convenience sampling 
is a type of non-random sampling with target population members that suits the 
defined specifics, such as accessibility, availability and the respondent’s interest 
to participate [27]. It is difficult to survey an entire population for a particular 
study due to limited time constraint. Convenience sampling makes use of people 
who are easily or readily available, and easily recruited, or who volunteer for 
sample inclusion. All the respondents who were willing to participate were in-
vited by the researcher to complete the self-administered questionnaire and oth-
ers were invited to an individual, structured interview. A total of one hundred 
and fifty (150) questionnaires were distributed: one hundred and thirteen (113) 
were completed but only hundred (100) were usable. The other thirteen (13) 
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questionnaires had missing information. The target of twenty (20) people was 
invited for face-to-face interview questions, but only five (5) people contributed. 
Various charts were utilised to present the results clearly and sensibly. 

3. Results and Discussion 

The application of fishbone diagrams in Figure 3 emphasises the main catego-
ries that lead to water shortages at Limpopo Province. The information collected 
from the survey data reveals a water crisis including materials, equipment, 
measurements, people, management and environment, all reasons contributing 
to the water crisis due to rain scarcity. Increasing the efficiency of infrastructure 
will help with progression, good service provision and developmental perform-
ance results. Disruptions, or worse, breakage of services have a contradictory ef-
fect, often with serious social and economic costs. Proper planning can increase 
the value of money, improve a system’s design quality, and even protect the en-
vironment, health and safety of the people. Planning is crucial in improving deci-
sion-making for the strategic development of infrastructure schemes. The survey  

 

 
Figure 3. Cause and effect diagram. 
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data analysis indicates that, indeed, water provision is a scarcity at Limpopo 
Province. Improved and proactive maintenance will be a calculated solution to 
avoid the challenges of maintenance and service delivery. 

Technical audits can also assist management to ascertain where maintenance 
challenges lie. The municipality should create a system to observe its reliability, 
and act promptly whether a problem is reported or not. The municipality should 
budget accordingly for maintenance, both planned maintenance as well as for 
breakdowns and call outs. These Maintenance management strategies can be 
used collaboratively or independently such as: preventative maintenance; main-
tenance management; overall equipment efficiency; predictive maintenance; to-
tal productive maintenance; and reliability centred maintenance. Infrastructure 
maintenance should not be up for debate. The risks for neglecting to maintain 
municipality infrastructure costs the country significantly in terms of loss of 
revenue and economic opportunity growth. There is clear evidence that failure 
of infrastructure facilities has awful costs for human progress, poverty alleviation 
and social emancipation. Effectively functioning infrastructure is critical if the 
country as well as each community is to achieve any kind of economic recovery. 
Smooth running infrastructure programmes provide economic opportunities 
and act as a facilitator for generating economic growth and eventually paving the 
way for much needed job creation. Public properties are a foundation of a coun-
try’s economic development. Preserving infrastructure in good condition is 
critical as all things wear with time and continuous use. Neglect will result in the 
deterioration of assets, with deleterious effects on the economy, in particular for 
high costs of reconstruction over time. The goal of maintenance is to safeguard 
an asset, not to upgrade it. This includes minor repairs (routine maintenance) 
and improvements (capital maintenance) to eliminate the cause of defects and to 
avoid excessive repetitions. 

Responses from the Survey Are Shown Below 

Based on a feedback from the participants 51% stated that it has been more than 
two years since the municipality performed any maintenance; 36% indicates that 
it has been between one to two years; 11% stated that it has been six months to 
12 months; and only 2% indicated that maintenance had been performed as re-
cently as one to five months. Responses from participants is evident that the 
community is not happy with the maintenance received from their municipality, 
refer to Figure 4. 

The results on Figure 5 shows the amount of time the municipality takes to 
repair leaks. 67% indicated more than two months; 21% said within one month; 
6% said within two weeks; 5% said within one week; and 1% said never. The re-
sults reflect a bad reputation in terms of the municipality’s attendance to break-
downs. A large majority (88%) are not satisfied with their services. The effects of 
repairing water leaks late impact negatively on the service delivery of water. 
Moreover, the municipality loses purified water that residents would have paid  

https://doi.org/10.4236/ajor.2021.116019


M. M. Emily, G. Muyengwa 
 

 

DOI: 10.4236/ajor.2021.116019 319 American Journal of Operations Research 
 

 
Figure 4. Local government maintenance. 

 

 
Figure 5. Time to repair leaks. 

 
for, thus causing loss of revenue to the municipality. 

Figure 6 shows the results when residents had no water. 25 participants have 
faced water challenges for two to three years; 19 of them for four to five years; 23 
for six to seven years; and 33 have not experienced water challenges. Out of 100 
participants, 77, the majority, have challenges of accessing water, while only 23 
have not had water access issues for the past 6 to 7 years. It can be concluded 
that the majority of residents continue to experience challenges in regard to wa-
ter access. 

4. Conclusions 

The study emphasised important challenges on equity and sustainability of 
maintenance and service provision, and recommendations were made in re-
spect to improvements. Investigation of the responses from the communities  
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Figure 6. Challenges of water. 

 
and employees was undertaken. The study revealed that the causes of poor 
maintenance and service delivery were due to improper maintenance plans, lack 
of communication and lack of financial availability. Rural areas should prioritise 
basic services. Based on the present condition of maintenance and service deliv-
ery of water, electricity, clinics, schools and roads, the municipality must en-
deavour to improve on the current situation. The study also shows a high rate of 
youth unemployment, so this matter should also be checked; the government 
should create more skill works and internships to keep youth busy so as to pre-
pare and equip them for the future. Many youths have matriculated, but their 
employment prospects are still limited and uncertain. 

The municipality should take actions based on clear policy which is premised 
on the rights of all people to decide their own future. The government should 
guarantee all South Africans access to the basic needs at a reasonable price for 
rural families and municipality communities. Improved and effective manage-
ment methods must be adopted to alleviate the problems. An implementation of 
continuous management of infrastructure expansion will also assist in improv-
ing the current situation that they are facing. Benchmarking with other local 
municipalities will also benefit this municipality. The municipality should create 
a comprehensive maintenance strategy that is efficient, cost effective and safe. 
Strategies such as reliability centred maintenance (RCM), overall equipment ef-
fectiveness (OEE), maintenance management model, and total productive main-
tenance (TPM) can impact the municipality positively. Presenting developments 
will improve the standard and quality of maintenance and service provision. 
They should establish the correct blend of strategies that work best for their mu-
nicipality. Planning will also help ensure that those strategies are frequently 
monitored and maintained for the success of infrastructure maintenance. The 
appropriate maintenance procedure is a vital and tactical part of supervision in 
every organisation, reducing failures, reducing cost and improving service deliv-
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ery. 

5. The Limitations of the Study 

• The study did not cover all the service delivery amenities. Only one munici-
pality was studied; hence, the results cannot be generalised. 

• Only ten (10) villages were selected as the case study of this research. Other 
villages and other municipalities couldn’t be studied. 

• Not all the infrastructure was covered; only the water supply was investigated 
in this study. Other studies could consider other elements of municipal in-
frastructure. 

6. Future Research 

The study only focused on water supply, yet there were many municipality ser-
vice sectors that remain to be investigated. There is a need for further research to 
explore the maintenance of infrastructure and service delivery for other service 
sectors such as electricity, roads, clinics and schools. While the crisis of the qual-
ity of water supply and the maintenance are vital, this research doesn’t exclude 
further research from being undertaken. 
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