
 
 

 

 
Abstract:—In contemporary era, there have been very 
significant deliberations on the infrastructural growth 
and management of the resources worldwide, focusing 
largely on reducing the consumption pace. These debates 
hinged predominantly on the quantity of energy, water, 
wastewater and indeed the overall resources utilized 
within any infrastructural systems towards sustainable 
building practices. On the increase, the lifespan of the 
building is essential in reducing materials use hence 
minimizing waste production to the environment. 
Particularly, the concern of energy is exceedingly crucial 
due to the energy involvement in the extraction of 
(building) materials during construction and operation 
phases of such infrastructure. Water also plays 
significant role from the inception through operation 
stages in any building project. Therefore, the duo- 
(energy and water) sources and their indirect impacts 
must be evaluated in view of sustainability attainment. 
Issues of this kind have made resources application 
become very challenging requiring proper attention. The 
purpose of this paper is to appraise “best practice” of 
infrastructure policy and reliability framework within 
the Aluminum Smelting Plant in Nigeria. However, the 
study principally overviews the sustainable development 
goals, against which existing settings can be compared 
and areas identified where improvement may be made. 
Findings revealed that there is a strong degree of 
agreement between the respondents in implementing 
novel development concept towards managing the 
building infrastructural systems.  

 
Index Terms— Infrastructure, management practices, 
reliability index, resources, sustainable development 
  

INTRODUCTION 

  The increasing experience in different cities around the 
globe owing to population explosion has imposed a greater 
burden on infrastructure thereby, demanding the need for 
speedy development. In fact, researches have made it clear 
that this upsurge can only be properly handled with the 
mindset of sustainability thinking. Sustainability concept and 
its applications have been a major focus in the building 
construction industry and engineering infrastructure 
management. As a result, numerous investigation efforts in 
contemporary society have been inclined towards this notion  
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based on the rate of consumption of available resources in the 
environment. Development efforts which seek to address the 
social requirements while minimizing potential negative 
environmental make up the sustainable development.  

In essence, [1] puts forward that sustainability significance 
in engineering infrastructure (building) is aimed to move the 
industry towards achieving sustainable development, taking 
into account the environmental, socio-economic and cultural 
issues. Consequently, the building infrastructure and the 
environment are inextricably linked. In this case, energy, 
materials, water and land are all consumed in the construction 
and operation phases of the buildings infrastructure for 
improved services delivery. These built structures are also 
part of the living environment, affecting the entire living 
conditions, social well-being and health. Thus, it is important 
to explore environmentally and economically sound design 
and development techniques to ensure that building 
infrastructure are sustainable, affordable and healthy for 
habitation [2]. 

Notwithstanding, [3] indicates the design, construction 
and operation stages of the built infrastructure systems must 
be taken into full account of the whole life cycle of 
infrastructure management systems as a holistic system. 
These efforts cannot be accomplished without the concept of 
sustainability regarding building construction and 
sustainable infrastructure management systems. The entire 
notion of sustainability theory in this context addresses the 
whole process from the stages of pre-design and design, 
procurement, construction towards the final product and then 
the different phases over the building’s lifetime. 
Accordingly, the concept of sustainability and innovation 
application in the corporate community is by developing the 
principle of triple bottom line (TBL) for sustainable 
development. The TBL within this perspective refers to the 
three themes of social, environmental and economic 
(financial) performances and values which are directly tied to 
the concept and goal of sustainable development. These 
values are highly interrelated and are of equal importance. 
This expression is increasingly acceptable worldwide within 
the corporate community and as a framework for commercial 
reporting practices in pursuit of sustainable development [4, 
5]. 

Contextually, this will accounts for the generic polices 
hitherto formulated to address sustainability and its values 
within the building infrastructure at large for sustainable 
development. Therefore, the World Commission on 
Environment and Development (WCED, 1987) observes 
that, the issue of sustainability has become an important 
criterion in infrastructural development due to the resources 
depletion. Sustainable development according to the 
Bruntland Commission report on environment titled “Our 
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Common Future” explains the enhancement in quality of life 
thus, enhancing people to live in a healthy environment and 
improve economic, social and environmental condition for 
the present and future generations [6]. Building 
infrastructural development commonly have very significant 
impact on sustainability, then promoting environmentally 
sustainable and eco-efficient infrastructure is an important 
objective for the economic growth of any nation. Generally, 
infrastructure system is normally regarded as the physical 
assets that are defined as “basic facilities and systems” 
serving a country, city, or a geographical area. These systems 
are transportation, communication systems, industrial 
buildings, schools and lots more [5, 6]. In this situation, it 
could be described as the components of infrastructure 
systems which include facilities for water supplies, 
wastewater, energy, ventilation and maintenance 
management practices of the entire system. It is considered as 
the complex part of the overall infrastructure network [1, 7]. 
Alternatively, the non-physical aspects of infrastructure 
including management likewise play important role in 
achieving sustainability.  

A sustainable infrastructure explained an “infrastructure in 
harmony with the continuation of social, economic and 
environmental sustainability”. As a consequence of this trio 
sustainability stance, a more pragmatic effort is desired in the 
building construction industry and other corporate firms. 
More interestingly, a holistic approach is found to be of 
necessity in infrastructural growth and management of any 
system. Therefore, this requires the consideration of 
production and consumption of physical and non-physical 
aspects at the various stages of infrastructure expansion. 
Currently, careful management of the resources within any 
infrastructure system has become more challenging for the 
sustainability accomplishment [1, 6, 7]. In spite of this 
development, the current crisis associated with the resources 
management demands for careful evaluation. This is 
basically within homes, offices and other building 
infrastructural systems necessitating for an urgent need to 
implement strategic changes for improved services delivery.  

Indeed, [1] further enlightens that a typical measure is to 
adopt the green-growth practice as innovative technology 
concept. This perception is inclined towards achieving the 
economic growth necessary for enhancing quality of life, 
while simultaneously minimizing pressure on the resources.  
Complementary efforts in this direction birthed out a new 
paradigm shift of reduce, reuse and recycle (3R). This of 
course is an innovative-technology model driven towards 
sustainability success in view of managing the building 
infrastructure systems for improved services delivery. 
Accordingly, this concept is a catchphrase in the recent 
corporate board-room, design meetings and infrastructure 
construction industry. These measures will foster improved 
eco-efficiency of infrastructure development, thereby 
creating more value with fewer resources and less impact. 
Hence, the sustainable engineering and innovation 
technology stand point in managing infrastructural systems 
should promote a rigorous interaction for a balance amongst 
the three themes of sustainability [5, 6, 8].  

However, in responding to the prevalent circumstances 
surrounding proper utilization of resources within the 
infrastructure systems, then relevant indices and values of 
sustainability must be defined and modelled as a set of 
integrated systems parameters. This could be achieved 

through the implementation of modern innovative models 
such as the grey and white water concepts, installation of dual 
toilet flushing accessories in managing water, wastewater 
and wireless urinals. Additionally, the use of sensor-based 
energy (electricity) bulbs in some parts of the apartment and 
efficient energy saving fixtures within the building 
infrastructure enhance cost saving [9].  

In the previous assessment conducted by [9], it is evident 
that the general life span of any infrastructure network 
towards sustainability goals anchored mainly on pragmatic 
policy framework. Other prominent aspects are the 
employment of technical/ skilful expertise and just-in-time 
maintenance culture in handling infrastructure upkeep. 
Obviously, it has become imperative to reckon that the 
overall success of sustainability implementation role rests on 
these indices. Also, improper interpretations of the 
operational procedures during installation and fixtures of 
appliances either conserve or promote wastage of the 
resources [10]. Although, factors such as nature of the 
building and installation of safety equipment are less 
significant in managing building infrastructure systems for 
improved services delivery. Generally, from the sustainable 
infrastructure perspective; the design infrastructure concept 
from the cradle to grave should be the watchword towards 
sustainable development in the 21st century. 

 

METHODOLOGY OF STUDY 

The research adopted a two stage methodologies, literature 
review and survey. The analysis was conducted in 
Aluminium Smelting Plant in Nigeria. The literature review 
was aimed at identifying the lapses in the management 
practices and the survey provided feedback from the 
participants within the company. Those who participated in 
the study were the design engineers, architects, operation/ 
maintenance managers and supervisors. This was aimed at 
reviewing the resources (energy, water and the management 
procedures) within the organization.  

However, the study evaluates the building infrastructure 
systems to include facilities for water supplies, energy, 
wastewater, maintenance management and other ancillary 
practices. Therefore, pilot surveys were earlier administered 
to indentify the key factors responsible in this background. 
Furthermore, 12 essential factors were identified and 
grouped into four different categories; these were energy, 
water resources, maintenance management and other 
ancillary characteristics. In this survey, the participants’ 
opinions on the existing practices and improved measures for 
suitable management procedures were sought and addressed. 

These adopted approaches were to rank and evaluate the 
indicated factors according to their influence and 
significance regarding the suitable management of the 
company’s building infrastructure. Consequently, a total of 
50 copies of the questionnaires were produced and 
administered (by hand) to these categories of personnel. 
From this analysis, only 23 respondents’ copies were 
received by postage medium. The response rate for the 
responded survey was 46%. However, this response rate 
came very high above the acceptable rate of 20 – 30% for 
most posted and hand-administered survey [11]. 
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SUSTAINABILITY AND RELIABILITY INDICES 

A sustainable index (SI) and the reliability index (RI) as a 
function of system variables probabilities were developed 
from the TBL of sustainable development for this scenario. 
Thus, the indices summarize the trio   economic, social and 
environmental values (as sets of system goals) for the 
sustainability values (Suv) success. Additionally, it 
normalizes sustainability to be within ranges of 0 ≤ Suv ≤ 1 by 
applying the probability (P) and set theory into sustainability. 
This is aimed at providing accurate and reliable indices of the 
sustainability concept. For an ideal project, the Suv is 1. 
Though, this is not viable in the real engineering projects 
circumstances [10]. 

In this case, from eqn. (1) the trio sustainability values also 
comprises of the subsets yielding viability, bearability and 
equitability values. 
 
 
n(Ecv ∩ Env ∩ Sov) = n(Suv)                                                       (1) 
 
where,  
 
Env –Environmental values,  
Ecv – Economic values,  
Sov – Social values,  
 

Then, for the systems probability (P) analysis on the 
building infrastructure, eqn. (2) was applied; 
 
P(A).P(B).P(C)                                                                   (2) 
 

Practically, the contributions of this examination from the 
economic value (A) = 0.83, social value (B) = 0.83 and 
environmental value (C) = 0.6 in terms of system probability 
from this case study yielded: Suv factor of 0.41. The result is 
reasonable within the boundary conditions of 0 ≤ Suv ≤ 1 in 
any viable situation [10]. Moreover, in the reliability(R) 
investigation of this circumstance, eqn. (3) and eqn. (4) 
indicate the adopted measure of evaluation. 

Accordingly, the (social, economic and environmental) 
values of sustainability for each failure mode from the 
mathematical notion would yield a suitable model for any 
sustainable infrastructural systems (SIS). The reliability of 
any sustainable system explains the products of the TBL 
values of sustainable development. Thus; 

 
Reliability(R) (SIS) = R (Ecv) x R (Sov) x R (Env)                                     (3) 
 
Also for the systems failure situation; 
 
R (System Failing) = 1- Interference (System)                                           (4) 
 

Interference as a result is the risk involvement within the 
reviewed infrastructure system. However, the reliability 
index for serviceable facilities (resources) within the 
building infrastructure (Aluminium Company) is determined 
from the state where the services are delivered satisfactorily. 
But, when the services can no longer be achieved at the 
optimum level it posits systems failure. Therefore, from the 
engineering sustainability view point, it explains a situation 
due to over pressure on the infrastructure resources (water, 
energy) and probably absence/irregular maintenance 

practices on the building. In this context, the reliability of the 
building infrastructure failure is based on the stress and/or 
strength interference (resources) during operation eqn. (4), 
[12]. Technically, failure in terms of services delivery of 
such an infrastructural system under failure defined a 
condition when the consumption rate of the resources is 
greater than the available resources. Assessing accurately, 
the area of interference represents the probability of failure 
from the engineering perspective. In reality, there is no 
infrastructure (building) when put to use without the 
resources and facilities not being interfered. 

Consequently, the developed SI, RI within the probability 
model reported is a package that has defined and normalised 
Suv values to unity for engineering application. Further 
details of the case study analyses are contained in the results 
and discussion of this paper. 

 
 

 RESULTS AND DISCUSSION 
 

    The study further evaluates the case study factors with a 
mathematical model expression of probability percentages 
outcomes (PPO) in eqn. (5). These results are as presented in 
Table 1. 

          

 PPO =  

 
Where; Qn represents a typical question from the list of the 
factors. 
 

From Table 1, [13, 14] observe that with negative variation 
trends on the results, it would have signified random variable 
increase. Therefore, the factors would have been 
insignificant and of low effects in the direction of the services 
delivery within the building infrastructure systems.  Also, in 
Table I, water management practice is ranked 1st in the 
overall scale of this investigation. The result reveals a strong 
concordance amongst the respondents on its degree of 
influence and importance towards achieving improved 
services delivery within company. In addition, on the top 
scale are three factors having common PPO results with 
100% as the highest percentages outcomes in this class. 
These characteristics were: (a) the just-in-time maintenance 
concept on the water facilities, (b) the preventive 
maintenance culture and (c) the installation of safety 
equipment.  

The other highly rated factors are between 96 — 87% as 
the PPO results. Theses include (a) the design characteristics, 
(b) the nature of the building infrastructure and (c) the 
installation of efficient energy fixtures. The respondents 
indicate that these factors are very crucial in the water 
management practice within the Aluminium plant. Therefore, 
this signifies a strong correlation between their significant 
influences towards the building infrastructure from the 
respondents’ point of view. Observably, characteristics such 
as (a) the wireless urinal concept and (b) the use of grey and 
recyclable water were not highly rated in this case. The 
respondents however perceived that these technologies are 
not commonly applicable in the organization. Also, the 
external factor in this category was of less significance to the 
study. 

In the energy group, two factors achieved the topmost PPO 
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results of 100 — 87%. These characteristic are (a) the 
installation of efficient energy fixtures and (b) the sensor 
based lighting system. These factors are considered as being 
very significant from the respondents’ perspective. 
Moreover, four characteristics are in the range of 70 — 61% 
as the PPO outcomes. These include (a) the wireless urinal 
idea, (b) the preventive maintenance culture and (c) the 
installation of safety equipment gaining overlapping results. 
The group also has (d) the just-in-time maintenance model. 
The other remaining five factors are of less influence in this 
context as indicated in the research analysis.  

The investigation from Table 1 presents maintenance 
management procedure within the company as 2nd in the 
overall weighting scale. Findings revealed that four factors 
gained corresponding PPO rating of 100% in this class. 
These characteristics are (a) the just-in-time maintenance 
concept, (b) the installation of efficient energy fixtures and 
(c) the wireless urinal model. Furthermore, (d) the preventive 
maintenance culture practices. The research noted the 
outcome to be consistent since majority of the respondents 
were from the maintenance and operation sections of the 
company. As a result, the respondents uphold that a proper 
maintenance management practice is underscored as a 
veritable tool for sustainable building infrastructure. Besides, 
the category discloses three factors achieving PPO results 
between 96 — 70%. The characteristics comprise of (a) the 
employment of technical/ skilful expertise, (b) the fitting of 
sensor based lighting systems and (c) the installation of 
safety equipment within company infrastructure. The 
research found that these factors degree of influence are 
significant which could be properly addressed through 
proper design and implementation procedures. The other 
remaining factors are assessed based on their significance in 
the building activities from the respondents’ results. 

Table 1 analysis further depicts the other ancillary 
operation undertaken within the Aluminium Company. It is 
evident that (a) the preventive maintenance culture and (b) 
the employment technical/ skilful expertise in maintaining 
the infrastructure play more part for the services delivery. 
Also, the just-in-time maintenance conception factor is 
generally admitted to be innovative in this background from 
the respondents’ point of view. These factors are considered 
very important in the sustainability of modern building 
growth. However, the remaining factors including the 
(maintain as-we-go philosophy) posses less impact within 
this case. The study indicates that other factors associated in 
the building infrastructure were accordingly appraised by the 
respondents in the organization. Basically, the research found 
that some factors with less significant degree of influence 
could be properly addressed through proper management 
procedures. 

In Fig. 2, the case study analysis describing the overall 
weighting (-) against factors (-) are shown. It is apparent that 
proper management culture within any building 
infrastructure will promote the sustainability objectives as 
revealed in this examination. The result also established that 
more concentration should be accorded to the current 
technological and innovative model in managing water, 
energy and the maintenance management practices. 
Generally, this development is aimed towards sustainability 
attainment and improved services delivery. In addition, the 

highest weighting in this case is assigned to water before 
other factors in this company. Therefore, proper water, 
energy and the management practices are emphasized in this 
perspective for sustainable building infrastructure as a 
holistic approach. 

 
 
Nevertheless, further outcomes from the study 

demonstrate a coefficient of determination (COD) of 66%, 
Fig.2. This expression suggests a high degree of consistency 
from the respondents’ appraisal. Additionally, the analysis 
correlation coefficient (CC) of 81% portrays the current 
overall management procedures within this company. 

 
 

Fig. 2 The relationship between overall weighting (-) and 
the investigated factors (-). 

 
 

SUMMARY AND CONCLUSIONS 
 

The research reassesses twelve different factors within the 
building infrastructure network in Aluminium Smelting 
Company of Nigeria. In this study, the outcomes of findings 
disclose differences in each case of the infrastructure 
characteristics. This investigation has presented and 
examined the aim of research, background literature and 
survey results on the infrastructure systems within this 
organization. Therefore, from a thorough literature search, 
pilot study and surveys, 12 essential factors were identified 
and subsequently evaluated. 

However, the analysis offers a system probability of 
economic value (A) = 0.83, social value (B) = 0.83 and 
environmental value (C) = 0.6 respectively from this scenario 
yielding a Suv factor of 0.41. Moreover, a reliability index of 
R(System Failing) = 1- Interference(System) for the reviewed 
company can salvage the services delivery failure. This 
becomes imperative since interference analysis stem from the 
risk involvement in this organization’s infrastructure system. 
Also, the obtained sustainability indices are realistic within 
the boundary conditions of 0 ≤ Suv ≤ 1 in this case. 
Remarkably, the analysis CC of 81% of the current overall 
management procedures within this company is able to 
explain the respondents’ agreement in appraising this 
situation. On the whole, the study has identified some of these 
factors and practices as being common universally with high 
response rate while the uncommon procedures are with low 
feedbacks. This respondents’ perception is based on their 
awareness on the existed management practices. 
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Table 1 The study Outcomes  

 

Factors Water 
(Resp.) 

PPO 
(%) 

Energy 
(Resp.) 

PPO 
(%) 

Maint. 
(Resp.) 

PPO 
(%) 

Other 
Ancillary(Resp.
) 

PPO 
(%) 

Just-in-time maintenance concept 23 100 14 61 23 100 12 52 
Use of grey and recyclable water 11 48 13 57 11 48 8 35 
Installation of efficient energy 
fixtures 

20 87 23 100 23 100 11 48 

Wireless urinal concept 14 61 16 70 23 100 6 26 
Technical/ skilful expertise 17 74 12 52 22 96 15 65 
Sensor based lighting system 12 52 20 87 20 87 - - 
Preventive maintenance culture 23 100 16 70 23 100 16 70 
Installation of safety equipment 23 100 16 70 16 70 - - 
Design characteristics 22 96 11 48 12 52 - - 
Nature of the building infrastructure 21 91 9 39 - - - - 
External factors (weather condition) 9 39 12 52 8 35 - - 
Maintain as-we-go philosophy - - - - - - - - 
Overall Weighting 195  162  181  52  

 
 * No. of Respondents (Resp.)  
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