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Abstract: Stakeholders do not adopt the concept of sustainable building in the building industry. Therefore, this
research aimed at study the stakeholders' level of knowledge, awareness, and constraints of building sustainability
concepts and how they affect the adoption of building sustainability concepts. A quantitative research design was
employed using a questionnaire. A research sample of 201 was collected via a structured questionnaire survey
that was randomly selected from 420 registered professionals in northwest Nigerian. Data collected were analysed
using the SPSS and WarpPLS packages. The findings show that the level of knowledge and awareness was
moderate among the stakeholders. Likewise, sustainability constraints have a negative effect on the adoption of
building sustainability concepts, level of knowledge has a positive effect on the adoption of building sustainability
concepts; awareness of sustainability concepts has improved the effectiveness of the relationship between
sustainability constraints and adoption of building sustainability concepts, and awareness of sustainability
concepts improves the effectiveness of the relationship between the level of knowledge and adoption of building
sustainability concepts. Therefore, there is a need for the developing nations to emphasized regular sensitization
of sustainability concepts and principles so that the menace of lack of its adoption can be curtailed.
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Introduction

Resources (such as energy, water, raw materials, and the like) are used up in buildings; generated waste (occupant,
construction, and demolition) appears; and potentially harmful atmospheric emissions appear to be emitted by
buildings. Despite the significant challenge presented by building owners, designers, and builders, they have to
respond to the relentless demands for new and renovated facilities that are accessible, secure, healthy, and
productive, as well as being economical and having little to no impact on society, the environment, or the economy
(Devies, 2017). Ernest et al. (2020) discovered that the aforementioned factors, in addition to economic,
environmental, and social elements, have a major impact on construction materials pricing in developing
countries. The idea is that building designs and construction should result in net positive benefits to all three
building sections, as described in the Whole Building Design Guide (WBDG, 2014). Because the construction
industry is the largest destroyer of the natural environment, they also consume the largest number of natural
resources (Woolley, 2000). It is a serious consumer of non-renewable resources, generates significant waste,
pollutes air and water, and contributes to land abandonment (Wallbaum & Buerkin, 2003).

The possible development path that includes all of the concepts and measures necessary to achieve sustainable
development and meets all of the requirements mentioned above but is sustainable over the long term (United
Nations, 1987). In order to lessen the environmental or ecological impact on the planet, the main objective of
sustainability is to cut back on humanity's environmental footprint. A rise in sustainable development has resulted
in a rise in sustainable buildings. Building practises that are most effective to protect the environment fall into
seven major categories: energy-saving, land-saving, stormwater runoff-reduction, material conservation, and
pollution reduction (ECO Northwest, 2001).

In terms of energy consumption, an average sustainable building uses 30% less energy than a conventional
building (Rao, 2001). This was the point in the design process at which a Modular Integrated Construction (MiC)
was adopted because it has proven to contribute to decreased lifecycle costs, accelerated construction time, lower
construction waste, better adaptability, reduced carbon emissions, and streamlining of the construction process
(Wuni, Shen, & Mahmud, 2019). Additionally, an enterprise risk management (ERM) model for analysis was
proposed by Junying, Sui, and Qiang (2018) for ERM processes, ERM operations, and ERM control environments
for construction industries, which are similar to what sustainability is advocating. As a result, the material waste
created during construction is minimised or recycled. It may be advantageous to use sunlight, natural ventilation,
or solar power in order to increase energy efficiency. Because less water is used, or a rainwater harvesting system
is implemented, better usage of water is assured. Buildings in the natural environment (especially the architecture
of these buildings) should be reduced to the greatest extent possible because they contribute to a multitude of
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environmental problems. Stakeholders (which include building owners, developers, architects, engineers, and
contractors, as well as governments and non-profit organisations) have all promoted sustainable building design
and construction to help mitigate this impact. Despite the pressures of the environment, the construction industry
of Nigeria has a long history of practising unsustainable construction (Sani & Abdulazeez, 2018). Shelter is
required in addition to a variety of other necessities including staying protected from the elements and maintaining
good health. The authors (Alsubeh, 2013) claimed that what is required is a dynamic equilibrium. The alternative
is a production process that is friendly to the ecosystem and is therefore very competitive, with no danger
whatsoever (Zubairu, 2012). When it comes to sustainable buildings, popularly referred to as environmentally
friendly buildings, these requirements are satisfied.

Sustainability in Construction

Due to its effects on the environment, the construction industry must inevitably change the methods it has
historically used with no regard for the impact. Instead, the industry will focus on replacing the older method of
operating with a replacement model that aims to bring up environmental concerns as a central pillar of its efforts.
While environmental concerns were previously just a small component of construction projects, these concerns
have increased in prominence. While greater attention has been given to the environmental impact of construction
due to depletion of non-renewable resources, the increase in global warming, and the severe destruction of the
environment and biodiversity, the impact of this problem has spread worldwide. A lot of effort is being put forth
to the cause of sustainability in the construction industry. This has promoted the evolution of an improved
approach to health and safety regulations in construction in Nigeria (Nnedinma, Konstantinos, & Abimbola,
2020), which is one of the foundational aspects of sustainability. The industry is now shifting away from
developing products with an environmental footprint as a small part of the process and is instead implementing
an event-driven approach that includes environmental objectives in all facets of the process. Thus, construction
companies must not only comply with environmental needs, but also must work and develop in order to sustain
and protect the environment (2005).

Green construction, also known as sustainable construction, is known as a responsible way of ensuring the well-
being of a community, in this case a city. Sustainability has come to be seen as a cure-all for social and economic
change and development (Hayles, 2004). Sustainable construction could be defined as a procedure through which,
over time, sustainability is accomplished. It is necessary to bring the concept of sustainability to bear on the
development industry to influence how a project should be carried out in order to strike a balance between
preserving the environment and fostering economic growth. What it really means to be sustainable is to have a
particular level of negative impact (which, obviously, is impossible) and not going overboard (2000). As of early
in the history of sustainability in construction, the discussion was mainly focused on limited resources like energy,
and the manner in with which one could reduce the impact on the natural environment. The overall strategy was
to optimise technical issues like building components, construction technologies, and energy-related design
concepts. Because people value and recognise the importance of non-technical issues (soft issues), the
appreciation of economic and social sustainability concerns has also grown. Because of this, appreciation of the
importance of the built environment's cultural heritage has also increased. Environmental protection, social well-
being, and economic prosperity are some of the three main pillars on which the concept of sustainable construction
currently relies (2014).
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Figure 1: Sustainability in Construction (Zainul Abidin, 2005)

In the example shown here, Figure 1 illustrates the tree diagram of these three headings and their areas of concern.
Environmental protection is most concerned with the built environment and the natural environment. The built
environment, also known as the development project, refers to the activities within the project itself. If those
activities are not managed well, the environment will be negatively impacted. As well as the recovery of natural
resources, environmental sustainability is concerned with sustainability of natural resources. Though builders
have little influence on the extraction of natural resources, they will help discourage the extraction of natural
resources by demanding less non-renewable natural resources, more recycled materials, and more efficient use of
energy and mineral resources (Addis & Talbot, 2001). A theory about social well-being that encompasses workers'
well-being and future users' well-being. This feature is concerned with people's feelings such as security,
happiness, safety, and luxury. In addition, it takes into consideration human contributions such as skills, health,
knowledge, and motivation (Parkin, 2000). Finally, it is also an issue of economic sustainability, which focuses
on both micro- and macro-economic benefits. Micro-economics deals with the various factors or activities that
may result in monetary gains from the project's development, while macro-economic focuses on the economic
advantages that the project offers to the general public and the government.

Sustainable Building

A sustainable building is a building that was designed and constructed using sustainable methods and materials
that doesn't harm the environment or the health and well-being of the building's occupants, construction workers,
the general public, or future generations. To achieve a sustainable building, a variety of considerations must be
taken into account, including land use, environmental impacts, indoor air quality, energy and water use, lifecycle
impacts of building materials, and solid waste. Green building is often defined as the practise of sustainable
construction, which includes the creation and responsible management of a healthy built environment that
supports the prudent use of resources and ecological principles (Kilbert, 1994). It's safe to say that Abdulwahed,
Farzad, Mostafa, and Saeed (2019) are correct in claiming that an array of sustainable building materials makes
it difficult for the adoption of sustainable products. In their article, Reddy, Kumar, Raj, (2019) made the claim
that a material selection exercise is a critical aspect of achieving sustainability.
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A sustainable construction ethic calls for a cradle to grave evaluation of the project, which involves managing the
long-term serviceability of the project and eventual deconstruction' (Wyatt,1994). Sustainable construction may
be defined as the creation and responsible management of a healthy built environment based on the prudent use
of resources and ecological principles (Kilbert, 1994). An increase in the percentage of sustainable construction
contractors will be necessary if the existing contract bidding model is not to encourage the use of sustainable
construction practises. To start, only construction firms with efficient resource capabilities may take sustainability
into consideration when planning and implementing projects (Bamgbade et. al. 2019). In order to create a long-
term, sustainable project, it is important to meet set-down principles. Without considering constraints that limit
the adoption of sustainability concepts, it is essential to study stakeholders' level of knowledge and awareness of
building sustainability concepts in order to identify whether sensitization can mitigate the effect that
application/adoption of sustainability concepts in developing nations has on stakeholders. Therefore, the research
hypotheses are:

H1= Sustainability constraints have a significant positive effect on the adoption of building sustainability
principles.

H2 = Level of knowledge has a significant positive effect on the adoption of building sustainability
principles.

H3 = The awareness of sustainability principles will significantly improve the effectiveness of the
relationship between sustainability constraints and the adoption of building sustainability
principles.

H4 = The awareness of sustainability principles will significantly improve the effectiveness of the

relationship between the level of knowledge and adoption of building sustainability principles.

Research Methodology

This research is based on a deductive research methodology that utilises a quantitative research approach for the
systematic empirical investigation of a social phenomenon through quantitative techniques. These individuals are
primarily all professionals in the construction industry, but contractors, developers, and clients are also included.
The results were found through the use of a well-formulated questionnaire. This study uses the total number of
professionals in the north-west, Nigeria as the sample frame. Based on the Krejcie and Morgan (1970) table, the
total population (N) was 420, and the sample size using that table was found to be S = 201. As randomness that
is associated with generalizability, which also implies that the degree to which the sample represents the
population influences the degree to which the study's results can be generalised to the entire population of the
study, probability sampling was used to select the respondents. The data were analysed using SPSS (a statistical
software package for social sciences), WarpPLS (a computational package for mathematical modelling), and
shown in figures and tables. The scale was composed of five Likert-type response options, and each option
corresponded to one variable. Cronbach's alpha is a measurement of internal consistency. This metric is limited
to 0 and 1, with a degree of reliability approaching 1 showing a high level of reliability on the items in the research
instrument.

Results
Presentation of Data from Questionnaire Survey
Data were collected through a questionnaire survey and is presented thus:

Table 1: Questionnaire distribution

Questionnaires No %
Distributed 201 100
Retrieved and valid 193 96.02
Non-retrieved 8 3.98

(Source: Fieldwork, 2019)
A total of 201questionnaires were distributed, of which 193 were retrieved for further analysis, as shown in Table
1.

Table 2: Level of Knowledge Regarding Sustainability Concepts and Sustainable Building

Question Items Mean

Location and Land utilization 2.76
Material selection 3.20
Energy conservation 2.23
Water quality 2.74
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Waste minimization 2.50
pollution control 244
Biodiversity and ecology 2.53
Health and welfare 2.67
Safety issues 3.20
User comfort/satisfaction 2.94
Aesthetic/visual view 3.17
Nuisance to neighbors 3.08
Social involvement 3.19
Whole life costing 2.78
Image/business enhancement 2.76
Legislation compliance 2.97
Cost Efficiency 2.94
Risk Assessment 2.76

Table 2 shows the assessment of respondents level of knowledge regarding sustainability concepts, eighteen items
regarding sustainability concepts were presented, respondents level of knowledge with the highest mean score
(MS) was material selection and safety issues respectively 3.20 above average (AA), followed by social
involvement with (MS) of 3.19 (AA), aesthetics/visual view with (MS) of 3.17 (AA), reduction of nuisance to
neighbour (MS) value was 3.08 (AA) followed by legislation compliance having (MS) of 2.97 average (A),
respondent knowledge on whole life costing (MS) 2.78 (A), risk assessment and location and land utilization with
(MS) values of 2.76 (A), respondent knowledge on water quality (MS) is 2.74 (A), then health and welfare (MS)
2.67 (A) followed by biodiversity and ecology 2.53 (A) ,lastly with the lowest (MS) values was waste
minimization, pollution control and energy conservation having (MS) values of 2.50 (A), 2.44 below average
(BA) and 2.23 (BA) respectively. This inferred that respondent level of knowledge on the protection of the
environment was average (A) with a score value of (2.63), regarding attainment of social well-being was above
average (AA) with a score value of (3.04) and that of achieving economic prosperity was average(A) having a
value of (2.84).

Therefore, respondents' general knowledge of sustainability concepts was average, with a score value of (2.84).
Meaning that the majority of respondents had moderate knowledge regarding sustainability concepts and
sustainable building.

Table 3: Level of awareness about the concept of sustainable building

Question Items Mean

Protection of the environment 2.79
Prudent use of natural resources 2.67
Social progress for everyone 291
Maintaining economic growth 2.83
Quality of life and consumer satisfaction 2.92
Environmental planning, management, and control 2.73
Generating profit without compromising future needs 2.55

In Table 3, it can be seen that, with regard to sustainable building, the respondent was aware of seven items, with
responses ranging from slightly knowledgeable to very knowledgeable. The MS produced a value of 2.92 (quality
of life), which had the highest consumer satisfaction recorded, followed by 2.91 (social progress for everyone),
which had the highest value of social progress for everyone, which had the second highest value of social progress
for everyone, which was followed by maintaining economic growth (with a mean value of 2.83 (A)) and keeping
natural resources safe (with a mean value of 2.73 (A)). Social progress for everyone had the highest value of social
progress for everyone, which was followed by the protection of the environment, environmental planning and
control, prudent use of natural resources, and generating profit while also preserving future needs (with a mean
value of 2.79 (A), 2.73 (A), 2.67 (A), and 2.55 (A).

This implies that the respondent level of awareness of sustainable building is moderate having mean scores values
of (2.77) on a 5-point Likert scale.
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Table 4: Constraint Hindering the Application of Sustainable Building

Constraints Mean Ranking

Lack of training on sustainable building 3.86 1
Lack of government incentive and support 3.7 2
Difficulty in the procurement of sustainable building product or component 3.68 3
Lack of articulated demand by the client 3.58 4
Lack of enforcement 3.58 4
Higher final cost or perceived cost 3.55 5
Extensive pre-contract planning 3.55 5
Lack of database and information 3.53 6
Lack of time available to identify and evaluate alternatives 3.53 6
Higher investment cost 3.46 7
Lack of public awareness of sustainable building 3.46 7
Uncertainty on project completion time 3.44 8
Change resistance 3.43 9
Risk of investment 3.38 10
Uncertainty about the quality of sustainable building construction 3.37 11
Inappropriate regulation 3.34 12
Lack of cooperation and interaction among professionals/stakeholders 3.3 13
Lack of interest from the design and construction team 3.22 14
Lack of strategies to promote sustainable building 3.13 15
Lack of expertise 3.09 16
The gap between designer and end-users 3.04 17
Lack of access to consistent, comparable information about sustainable 3 18
building materials
Higher logistics cost involved in importing sustainable building product or 298 19
component '
Lack of building codes and regulation 2.9 20
Client/Developer sees sustainable building construction will belittle their 587 21
social status '
Sustainable building product not available in Nigeria 2.75 22
The shortcoming in the existing structure of the construction industry 2.68 23
Lack of information about sustainable building materials often incomplete

o . 2.66 24
or difficult to interpret
Not sure where to obtain information on sustainable building 2.40 25

Table 4 indicates the major constraints hindering the acceptability of sustainable building practices in Nigeria.
Lack of training on sustainable buildings was ranked 1 with the highest (MS) value of 3.86, followed by lack of
government incentives, support then the difficulty in the procurement of sustainable products or components, lack
of articulated demand by the client and lack of enforcement with their mean score values of 3.72, 3.68 and 3.56,
respectively. Hence, we take two, three, and four rankings.

The constraint with a mean score value above 3.50, is considered as a major factor, which inferred that the higher
the mean score value, the higher the factor hindering the acceptability to practice sustainable building concepts.
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From the foregoing, this implies that most of the respondents were not trained/informed about sustainable building
construction and the government not providing the necessary incentives and support to enhance the practice of
sustainable building construction in Nigeria. There are difficulties in the procurement of sustainable building
products/components. Government agencies are not doing enough to enforce laws for the achievement of
environmental protection, social progress, and attainment of economic prosperity.

Direct Effect

AdoptSus
{R)3i

Figure 3: Model of the relationship between sustainability constraints, level of knowledge, and adoption of
sustainability concepts.

Figure 3 presents the direct effect model of sustainable building constraints on the adoption of sustainable
building regulations, which shows a beta value of -0.12, with a P-value of 0.04, which means that as the
sustainability constraints increase, it can significantly decrease the application of sustainability concepts. It also
shows that as the level of knowledge increases, it may significantly increase the application of sustainable
building concepts by a beta value of 0.61, with a P-value of less than 0.01.

The Model fit and quality indices have an APC value of 0.363 at P-value less than 0.001, which is acceptable
because it is less than 0.05, ARS and AARS values are 0.241 and 0.235, with P values of less than 0.001, which
is acceptable because ARS and AARS are greater than 0.2 and P values less than 0.05.

Table 5: Latent variables' direct effect coefficients

Sustainability Level of Adoption of
constraints knowledge sustainability

R? 0.357
Adj. R? 0.350
Composite 1.000 0.872 0.958
Reliability
Cronbach's 1.000 0.779 0.934
alpha

Validation performed on the dependent variable in Table 5 shows the values obtained for R? coefficient = 0.357,
adjusted R? coefficient = 0.350 and Q? coefficient = 0.440, which are all above 0.2, showed acceptable values.
In addition, the composite reliability and Cronbach alpha of all the latent variables are above 0.70, it is concluded
that all the latent variables had sufficient internal validity.

396



Nuruddeen Usman?, llias Said? & Isyaku Mohammed?

Moderating Effect

Figure 4: Model showing the moderating effect of awareness on the relationship between sustainability
constraints, level of knowledge, and adoption of sustainability concepts.

The moderating effect model presented in Figure 4 shows the impact of awareness, which is the moderator of the
independent variables (sustainability constraints and level of knowledge) effect on the adoption of sustainable
building concepts (dependent variables). The impact of awareness on the effect of sustainability constraints on
the sustainable building concepts link shows that if there is an increase in awareness along with sustainability
constraints link, there will be a significant increase in the adoption of sustainability concepts with a beta value of
0.26, at a P-value of less than 0.01, equally, it decreases the effect of sustainability constraints on the adoption of
sustainability building concepts with a beta value of -0.11, at a moderate P-value of 0.05.

Furthermore, the moderating impact of awareness along with the knowledge level link shows that awareness
decreases the effect of the level of knowledge on the application of sustainable building concepts with a beta value
of -0.27 at a P-value of less than 0.01. However, it significantly increases the application of sustainable building
concepts by a beta value of 0.36, with a P-value of less than 0.01, along with the level of knowledge link. However,
the moderating impact of awareness affects the strength of the beta coefficient, which decreases from 0.61 0.36.

In addition, the model fit, and quality indices have an APC value of 0.251 at P-value less < 0.001, which is
acceptable because it is less than 0.05, ARS and AARS values of 0.231 and 0.215, with P values of 0.001, which
is acceptable because ARS and AARS are greater than 0.2 and P values less than 0.05.

Table 6: Latent variables' moderating effects coefficients

Sustainabil | Level of | Awarene Adoption of Awareness | Awarene
ity knowled ss sustainability Vs SS VS
constraints ge Sustainabilit | level of
y constraints | knowled
ge
R? 0.231
Adj. R? 0.215
Q? 0.569
Composite 1.000 0.872 1.000 0.958 1.000 0.896
Reliability
Cronbach's 1.000 0.779 1.000 0.934 1.000 0.825
alpha
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Validation performed on the dependent variable in Table 6 shows the values obtained for R? coefficient = 0.231,
adjusted R? coefficient = 0.215 and Q? coefficient = 0.569, which are all above 0.2, showed acceptable values.
In addition, the composite reliability and Cronbach alpha of all the latent variables are above 0.70, it is concluded
that all the latent variables had sufficient internal validity.

Rocky 3D graph for moderating effect (standardized scales)
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Fig. 5a, & 5b: Rocky 3D graph for moderating effect

A graph representing the moderating effect is illustrated in Figures 5a and 5b by using a 3D graph, with the data
on the X-axis and the sign and strength of the path coefficient of a moderating relationship on the Y -axis. The
signs in the direct relationship path point from negative to positive with respect to sustainability constraints, levels
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of knowledge, and awareness of sustainable building concepts. The signs are in favour of a positive direct
relationship to sustainability constraints, levels of knowledge, and awareness of sustainable building concepts
(awareness). Also, the sign of the path coefficient for the corresponding moderating relationship is positive, and
the path coefficient is sufficiently high to yield a significant effect of awareness on the adoption of sustainable
building concepts.

Discussion

From the finding of these research work respondent's general knowledge/awareness on sustainability concepts
and sustainable building has an average mean value of 2.84 and 2.77 respectively. Meaning that the majority of
the respondents have moderate knowledge and awareness regarding sustainability concepts and sustainable
building, this is similar to the findings reported by Umar and Khamidi (2012), Yong et al. (2014), and Sani and
Abdulazeez (2018), it implies that there is a brighter prospect in the application of sustainable building in
developing nations, especially Nigeria. Again, the direct effect along the line of relationship between sustainability
constraints and application of sustainability concepts shows, as there is a significant increase in the number of
constraints; consequently, it may cause a decrease in the adoption of sustainability concepts in buildings, which
might affect the prospect of developing nations in the adoption of the world bank principles of sustainable
innovations. On the other hand, along with the knowledge level and adoption line of relationship shows, as the
level of knowledge increases, it can subsequently increase the adoption of building sustainability principles.
Following this, a moderating variable Awareness was introduced to assess its' impact along with the sustainability
constraints and knowledge level link to the adoption of sustainability principles to find out whether it can improve
its' adoption. Therefore, the impact of the findings along with constraints link implies that as there is an increase
in awareness against the constraints, it will consequently significantly increase the application of sustainability
concepts. Likewise, along with the level of knowledge link, as the level of knowledge increases, it can
significantly increase the adoption of sustainability concepts in developing nations. This finding concurred with
what Sodangi (2019) found in his study in the middle East region, where stakeholders' sustainability concepts on
civil engineering practices in the construction industry were improved by awareness.

Table 7: Summary of Findings

Hypothesis DV v MV Beta value | P-value | Conclusion
H: Adoption of | Sustainability -0.12 0.04 Not accepted
Sustainability Constraints
H. Adoption of | Level of 0.61 <0.01 Accepted
Sustainability Knowledge
Hs Adoption of | Sustainability Awareness of | -0.11 0.05 Accepted
Sustainability Constraints Sustainability
concepts
Ha Adoption of | Level of | Awareness of | 0.36 <0.01 Accepted
Sustainability Knowledge Sustainability
concepts
Conclusion

Conclusively, this research found that the level of knowledge and awareness of the concept of sustainability and
sustainable building was moderate in developing nations such as Nigeria. About the effect of sustainability
constraints and knowledge level on the adoption of sustainability concepts, the study found that the impact of
sustainability constraints on the adoption of sustainability concepts leads to a significant decrease in the
adoption/application of the sustainable building concepts. On the other hand, an increase in knowledge level leads
to a significant increase in the adoption of sustainability concepts.

Furthermore, a moderating variable (awareness) was introduced to check whether it could improve the
acceptability of sustainability concepts. awareness improves the adoption of sustainability concepts along both
lines of relationship with sustainability constraints and knowledge levels. Finally, based on the findings, it is
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recommended that developing countries emphasize sensitization on the importance of sustainability concepts and
principles.
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