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Abstract

Purpose – Sustainable/Green buildingmaterials (SBMs/GBMs) offer a wide range of benefits which cut across
the economic, social and environmental dimensions of sustainability. The incorporation of these materials in
construction projects in most developing countries is still low owing to some factors. This study assessed the
major barriers to the incorporation of SBMs in the delivery of construction projects in developing countries,
with Nigeria as a case in point.
Design/methodology/approach – The well-structured quantitative questionnaire was used to gather data
from the key players in the construction industry, using the snowball sampling method and electronic means
of questionnaire administration. Frequencies, percentile, relative importance index, Kruskal–Wallis H test,
Kendall’s coefficient of concordance and exploratory factor analysis were used to analyse the gathered data.
Findings –The study revealed that the major constructs of barriers to SBM adoption in construction projects
are: (1) resistance and information barriers (Eigenvalues5 5.237; % of V5 23.806), (2) regulation and funding
of R&D (Eigenvalues 5 2.741; % of V 5 12.457), (3) cost and market barriers (Eigenvalues 5 2.223; %
of V5 10.105), (4) government incentive and suppliers’ availability (Eigenvalues5 1.728; % of V5 7.852) and
(5) GB experts and labour barriers (Eigenvalues 5 1.307; % of V 5 5.942).
Originality/value – This study assessed the view of construction experts in the five states of the
south-eastern geo-political zone of Nigeria, particularly as regards the barriers to the incorporation of
sustainable building materials in construction projects in the region.
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1. Introduction
The construction industry globally is the most critical and leading carbon emitter
(Huang et al., 2018), and this is attributed to the processes and products adopted in the
conventional, traditional approach to building production. One of the largest contributors to
the endangering of the environment, particularly the imbalance that threatens the safety of
the next generations, is the built environment (UCLEnergy Institute, 2015; UKGBC, 2009). An
estimate of about 25% of the world’s logging activities are carried out in the construction
industry, carbon dioxide emission is about 39%, emitted sulphur dioxide is 49%, emitted
nitrous oxide is 25%, extraction of raw materials is 40%, other matters emitted constitute
10%, particularly in industrialised countries (Lim et al., 2015).

The use of sustainable building materials (SBMs) has been advocated for minimising
the impact of the construction activities on the environment, resource depletion, imbalance
in the ecosystem and global warming and climate change (Eze et al., 2021a). SBMs are
regarded as ‘friends of the environment because they are recyclable, reusable and have
zero effect on the environment (Onyegiri and Ugochukwu, 2016). SBMs meet the need of
the generation living now without denying the future generation the opportunities to meet
theirs (Zhang et al., 2017). According to Sheth (2016), SBMs are exceptional materials
adopted with the aim of achieving sustainable construction. SBMs are environmentally
responsive and they alleviate environmental problems like pollution, greenhouse gas
(GHG) emission, imbalance in the ecosystem and other issues that evolve from the
conventional building materials (CBMs). The traditional construction approach utilises
eco-unfriendly and unsustainable materials and products that are averse to the
environment (Eze et al., 2021b).

In spite of the importance of SBMs, their selection and use are still limited in driving
sustainability in building construction projects in most nations. Furthermore, what are still
widely used are the traditional CBMs for building projects in both industrialised and
emerging countries of the world (Gounder et al., 2021). This is in spite of the importance
attached to sustainable construction and the level of attention it has attracted in recent
decades by both researchers and industry practitioners. The incorporation of SBM for
attaining a sustainable built environment is low as it still faces some drawbacks to its
widespread adoption, especially in developing countries (Baron and Donath, 2016). Nigeria is
a developing country where there is a mismatch between the level of awareness and adoption
of SBMs, and where the sustainable construction market is still largely “under-tapped and
unsaturated” (Eze et al., 2021a).

Extant literature has advanced reasons for the low level of adoption of SBMs in building
projects. These range from awareness, knowledge and understanding issues, as well as poor
attention to the sustainability concept and agenda (Aghimien et al., 2018; Mohsin and
Ellk, 2018; Baron and Donath, 2016). In the Nigerian context, in spite of the availability of
studies on sustainable construction practices generally, there is the scarcity of studies on the
barriers to the actual incorporation, adoption and implementation of SBMs or green building
materials (GBMs). It is an area that has been underexplored in literature, particularly
amongst researchers and academics in the south-east geo-political zone of Nigeria. Available
studies either assessed small samples size (Umar et al., 2021) or small variables on SBM
selection (Akadiri, 2015), and these studies were carried outside the zone considered
by this study.

Therefore, more studies are required in this aspect. It is based on this, that this study
assesses the major barriers to the adoption of SBMs in construction projects, by sampling
construction experts within the south-east geo-political zone of Nigeria. For construction
experts and decision-makers in the construction sector to contribute to fighting the degrading
effects of CBMs on the environment, and economic and social aspects of human existence,
an understanding of the barriers to the use of SBMs is critical.
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2. Barriers to SBMs/GBMs adoption
There is a mismatch between the awareness level of SBMs and their adoption in developing
countries. For instance, in Ghana, the demand for GB is low (Addy et al., 2021); in Nigeria, and
by extension, other developing countries, the sustainable construction market is still largely
under-tapped and unsaturated (Eze et al., 2021a). Umar et al. (2021) reported that in spite of the
growing local and international interest in sustainability, the level of awareness and
knowledge of SBMs is still low amongst registered architects inMinna, Nigeria. According to
Nikyema and Blouin (2020), developing countries in their efforts to implement sustainability
agendas have always trailed developed nations as a result of various barriers. What are the
factors that have prevented the sustainabilitymarket of these countries, especially as regards
the use of SBMs/GBMs? A clear understanding of these factors will help shape decisions
regarding the implementation of SBMs/GBMs (AlSanad, 2015).

H€akkinen and Belloni (2011) established a link between GBM knowledge, awareness and
adoption of sustainable construction. Most stakeholders are either ignorant of or lack
knowledge of GBMs and this impedes implementation. The lack of awareness and knowledge
of GBM by professionals, misunderstanding of the sustainability concept, lack of client’s
awareness of the benefits of SBMs/GBMs and poor education of sustainable design are
factors that inhibit the attainment of sustainability. Furthermore, the adoption of GBM and
other technologies necessitates learning new methodologies, and the existing stock of the
industry’s experts lacks the experience. The scarcity of environmentally sustainable
materials, lack of exemplar demonstration projects, a chronic shortage of skills and labour
and lack of technical guidance are some critical impediments to the effective deployment of
SBMs (Ofori and Kien, 2004). A firm grasp of the sustainability concepts is grossly lacking in
the industrial designers and professionals (Rydin et al., 2006), and the lack of locally
manufactured SBM (Osaily, 2010) are some of the factors impeding the adoption and
attainment of sustainability. In Sub-Saharan Africa, significant obstacles to sustainable
development come mainly from the lack of education, lack of awareness, lack of a standard
GB tool, no financial incentives from the government and excessive concentration on capital
cost over the operating cost (Addy et al., 2021). Similar observations were also made in other
studies in Africa (e.g. Mpakati-Gama et al., 2012; Nikyema and Blouin, 2020).

In Singapore and Australia, lack of proper communication by GB teams, lack of green
practitioners, high initial cost, lack of government support, lack of interest and market
knowledge of GB, uncertainty about GBMs’ benefits and performance, lack of building codes
and regulations and poor relationships amongst stakeholders, were the major barriers to GB
(Hwang and Tan, 2012). In the US construction industry, Darko et al. (2017) reported that the
major critical barriers to the adoption of green building technologies (GBTs) are: resistance to
change from the use of traditional technologies, lack of knowledge and awareness GBTs and
their benefits, high cost, lack of GB experts/skilled labour and lack of government incentives/
supports. In theAustralian construction sector, Gounder et al. (2021) examined the reasons for
the low usage of sustainable materials for building projects are higher cost, possible cost
overruns, lack of incentive, lack of government policies on promoting the use of SBMs and
unwillingness to change at the industry level. These barriers must be overcome by
stakeholders to improve the incorporation of SBMs in the future building project and in
making existing buildings green.

Themost rated barriers to SBMs in Iraq are: lack of sufficient awareness to deal with these
materials during the occupancy and maintenance period, lack of coordination amongst
stakeholders, lack of expertise required for the manufacture of environmentally friendly
building materials, lack of trusted materials suppliers, lack the skills required to build with
such materials and lack of adequate support for the implementation of the project (Mohsin
and Ellk, 2018). In India, the top barriers to GB are: lack of expertise in life-cycle cost, lack of
information on the benefits of green buildings, lack of labelling and lack of infrastructure and
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training (Abraham andGundimeda, 2018). InKuwait, the report of AlSanad (2015) shows that
the top barriers to SBMs for achieving sustainable construction are the lack of awareness,
lack of qualified staff, no existing rules to adopt GBM, lack of government support/no
incentives and unwillingness to change. It was recommended that government initiatives are
required to the introduction of standards, policies and incentives to guide and promote the
attainment of sustainable construction. In a sustainable study by Aghimien et al. (2019), the
major barriers are resistance to change, client preference, increased cost of investment and
inadequate knowledge and understanding of the sustainability concept. Other reviewed
studies that highlight the drawbacks to sustainability in the construction industry are (Chan
et al., 2018; Marsh et al., 2020).

3. Research methodology
This study adopted a questionnaire survey to achieve the purpose of determining the major
barriers to the adoption of SBMs in construction projects. The use of the questionnaire
followed similar studies that contribute to the sustainability discussion (sustainable/green
materials and sustainable construction) in the built environment (e.g. Abraham and
Gundimeda, 2018; Gounder et al., 2021). In addition, the questionnaire is widely used for social
research (Blaxter et al., 2001), it is simple to use and it can cover a large audience in a shorter
period (Tan, 2011). This, therefore, makes it suitable for this study involving large targets
such as clients, consultants, construction professionals and contractors that are engaged in
public and/or private construction organisations within the five states in the south-east
geo-political zone of Nigeria. These target participants were chosen because of their role in
building construction generally and in achieving a sustainable built environment. The
questionnaire was developed after a detailed review of relevant studies on the subject of
this study.

To minimise response bias and improve the quality of collected data, some sample
selection criteria were set: (1) the participants must have at least five years of industry
practice experience, (2) have knowledge of sustainable construction/concepts and (3) must
be actively involved in construction projects and working within the study area. These
criteria were clearly stated in the questionnaire so that only qualified participants took
part in the survey (Eze et al., 2021a). A firm sample size could not be established as there
was no separate database of construction practitioners and stakeholders with these
criteria. Based on this, the snowball sampling technique was adopted. The snowball
sampling technique depends on referral and it has the capacity to increase response rate
(Heckathorn, 2011). A pilot survey was conducted to ensure questions on the questionnaire
are intelligible. The feedback received from some selected participants helped to improve
the questionnaire.

The questionnaire used was designed into two parts; the first part gathered information
on the respondents’ background, and the second part gathered information about the barriers
to the adoption of SBMs/GBMs. The respondents were required to rate the variables
according to the level of importance to the adoption of SBMs on a five-point Likert scale, with
15 lowest rating scale and 55 highest rating scale. Following a preliminary survey, the first
sets of the participants were identified and the questionnaires were distributed via electronic
means and the snowball sampling technique as it is respondent-driven. The electronic means
of the survey is an economical way of reaching respondents who are difficult to reach, and it
encourages the use of fewer papers (made from trees). Therefore, it is an eco-friendlymeans of
survey (Nwaki and Eze, 2020).

After a survey period of three months, 135 filled questionnaires were received.
The breakdown of the responses indicates that (19 (14.07%)) are from Abia state,
21(15.56%) from Anambra state, 15 (11.11%) from Ebonyi state, 41(30.37%) from Enugu
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state and 39 (28.89%) from Imo state). The gathered data were analysed using descriptive
statistical tools (frequency, percentage, relative importance index (RII)), Kruskal–Wallis test
and exploratory factor analysis (EFA). The nature of the data was first established through a
normality test done using the Shapiro–Wilk testwhich is suitable for studywith a sample size
of fewer than 2000 (Ghasemi and Zahediasl, 2012). The significant values obtainedwere lower
than 0.05, which confirms that the data were non-parametric. Furthermore, the reliability of
the gathered data was determined using Cronbach’s alpha test which gave an alpha value of
0.919 for the 22 variables assessed. This shows that the research instrument has very good
reliability and the data obtained are of good quality. There is a tendency for the respondents
to rank the variables differently since they are from different backgrounds and experiences.
Kruskal–Wallis test was used to test if there is a significant difference in the perception of the
respondents from the different states surveyed, as it is suitable for comparing views of three
or more respondents group in a study. Kendall’s coefficient of concordance (W) and
chi-square were performed on the data. Kendall’s W was used to determine the overall
agreement of the participants regarding the ranking of the variables (Chan et al., 2009). This
test helps to establish whether or not there is consistency in the way the variables were
ranked by the experts (Siegel and Castellan, 1988). The Kendall’s W range from 0 to þ1, the
closer W is to 1 the better. Chi-square (χ2) is suitable where the ranked variables are greater
than seven and the sample size is larger than twenty. Significant considerations are given to
the p-value and df in determining the groups’ agreement in the ranking of variables (Siegel
and Castellan, 1988). The assessed variables were ranked based on their relative weighting
using RII and were further subjected to EFA. The EFA was used to scale down the variables
into smaller and cohesive proportions of different constructs. Before proceeding with the
EFA, the communality values, sample size, the Kaiser–Meyer–Olkin (KMO) value and the
Bartlett test of sphericity with emphasis on the p-value, were considered. The entire
methodological flow of the study is shown in Figure S1.

4. Results and discussion
4.1 Background information of respondents
The respondents’ background information showed that 28.15% of the respondents are
construction professionals, 16.30% are consultants, 20.00% are clients and 35.56% are
contractors/subcontractors. This is a fair representation of the major stakeholders involved
in building production and sustainability discussion. In terms of the respondents’ years of
experience in the construction sector, 31.85% have spent between 5 and 10 years in the
construction industry, 28.89% have spent 11–15 years, 25.19% have spent 16–20 years and
14.07% have spent over 20 years in the sector. The average years of experience of the
participants are 13.49 years. This is a good length of period to have gained considerable
experience in the subject of this study. The participants are also well educated, as their
academic qualification shows that those with HND are (9.63%), PGD (15.56%), BSc/B. Tech
(39.26%), Master’s degree (33.33%) and Doctorate are (2.22). This is an indication of sufficient
education that is required to comprehend the questions contained in the questionnaire.
Overall, the participants were qualified to participate and make a meaningful impact on the
subject of this study.

4.2 Barriers to incorporating sustainable building materials
The ranking of the barriers to incorporating SBMs is shown in supplementary Table S1.
The five major barriers are resistance/unwillingness to change (RII5 0.944, ranked 1st), lack
of green building experts/skilled labour (RII 5 0.920, ranked 2nd), high capital cost
(RII5 0.911, ranked 3rd), lack of building code and regulations (RII5 0.907, ranked 4th) and
lack of government incentives and support (RII5 0.893, ranked 5th). While, the least ranked
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barriers are poor education of sustainable design (RII 5 0.761, ranked 18th), limited
knowledge of GBM (RII 5 0.757, ranked 19th), possible cost overruns (RII 5 0.747, ranked
20th), lack of firm understanding of sustainability concept (RII5 0.733, ranked 21st) and lack
of exemplar demonstration projects (RII 5 0.726, ranked 22nd).

However, regardless of the relative ranking of the assessed barriers, they impede the
implementation of SBMs in construction. This is based on the minimum and maximum RII
scores of 0.726 (72.60%) and 0.944 (94.40%), respectively and the average RII of 0.843
(84.30%). The assessed variables have the capability to limit or hinder the widespread
adoption and implementation of SBM in Nigeria and by extension other developing countries
of Africa and beyond that have similar construction markets as Nigeria. The findings in this
section is in consonance with what have been reported in previous studies (AlSanad, 2015;
Ofori and Kien, 2004; Darko et al., 2017; Abraham and Gundimeda, 2018; Addy et al., 2021;
Nikyema and Blouin, 2020; Gounder et al., 2021).

The Kruskal–WallisH-test was used to determine if there is a significant difference in the
rating style and opinion of the different experts from the five states. Columns 5 and 6
of Table S1 indicate that the p-value of the assessed variables is higher than 0.05 significant
levels. This implies a 100% agreement in the ways and pattern of ranking of the assessed
variables by the participants. This is evidence of convergence of views. Based on this, it was
concluded that no significant statistical difference exist between the construction
professionals, consultants, clients and contractors/subcontractors from the five states
regarding the barriers to the adoption of SBM in construction projects.

The Kendall’s W test was carried out, and the test showed that W is > 0.05. Since the
number of variables is higher than 7 and the sample size is 135, the significance of W should
be established by making reference to the chi-square, df and p-value (Siegel and Castellan,
1988). The calculated chi-square value for the entire participants from the five states is
(185.739). This is however greater than the critical chi-square value of (27.587) obtained from
the statistical table. This shows relatedness in the ranking of the variables within the experts
from the study area; therefore, disparity does not exist in the perceptions of the respondents.
In addition, since the p-value is less than 0.05, a good agreement exists amongst the
participants concerning the ranking of the assessed variables.

4.3 Factorability and suitability checks
Prior to carrying out the factor analysis (FA), data factorability and adequacy were
determined. This was achieved through the consideration of the sample size,
communalities, KMO test and Bartlett’s test of sphericity (BTS). Researchers are yet to
come to a consensus onwhat the ideal sample size for EFA should be. A high communalities
value makes the sample size irrelevant in determining sample adequacy (Pallant, 2007;
Tabachnick and Fidell, 2007). A communality value of 0.50 has been proposed (Hair et al.,
2016), while Pallant (2005) proposed a communality of at least 0.30. The communalities
obtained in this present study range from 0.50 to 0.887. With regards to the KMO, a value of
0.735 was obtained, and this is closer to 1 than it is to 0. Kaiser (1974) states that the KMO
value ranges from 0 to 1 and the data are suitable if it is nearer to 1 than 0. In addition, the
KMO obtained in this study is quite above the suggested cut-off points (Field, 2005).
Tabachnick and Fidell (2007) submitted that the p-value of BTSmust be significant for data
to be suitable for EFA. A p-value of 0.000 and a large chi-square (χ2) of 1,333.93 were
obtained for this study. This makes the data factorable. Furthermore, Xu et al. (2010)
submitted that a large chi-square value and small p-value show that the correlation matrix
is not an identity matrix; therefore, is suitable for EFA. It is therefore concluded that the
sample size of 135, the communalities of at least 0.50, the KMOvalue of 0.735 and BTS of the
p-value of 0.000 confirm that the data are sufficient and suitable for FA.
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4.4 EFA of barriers to SBM incorporation in construction projects
The FA was carried out by properly using the principal component analysis (PCA) with
varimax rotation as the methods of extraction and rotation, respectively. This was after the
confirmation of the factorability of the gathered data. The underlying structure between
variableswas derived based on the FA, and five components having eigenvalues greater than
1 were extracted. The five factors accounted for a total cumulative variance (TCV) of
60.162%, and this met the recommended threshold for adequate construct validity (Pallant,
2007). The extracted factors that formed the five constructs explained a larger proportion of
the variables observed than the remaining unextracted components. Furthermore, only
variables with factors loading of at least 0.50 were retained under each component, thus,
indicating a strong construct (See Table 1). This is in line with Spector’s (1992) submission.

Factor 1: Resistance and information barriers: The 1st component structure accounted for
about 23.806% of the total variance explained (TVE) of the extracted factors and has six
variables that are loaded under it. The factors that are loaded under this component are:
resistance/unwillingness to change, lack of information about green materials and products,
low awareness of the benefits and other sustainability issues, lack of proper communication
and coordination amongst stakeholders, poor education on sustainable design and the scarcity
of environmentally sustainable materials. This component was named “resistance and
information barriers” following an examination of the latest features of the variables loaded.

Resistance amongst the critical stakeholders regarding innovative approaches,
techniques and materials in the construction industry is high, and it is one of the most
cited barriers to the adoption of GBMs/SBMs (Marsh et al., 2020; Darko et al., 2017; Umar et al.,
2021; Aghimien et al., 2019; Akadiri, 2015). Similar to resistance and unwillingness to change
are overreliance and confidence on existing techniques and materials. This has negatively
impacted the attainment of sustainable construction, as it cause serious drawback to the
adoption of SBM in Nigeria and by extension other developing nations (Umar et al., 2021;
Aghimien et al., 2019; Akadiri, 2015). Clients, construction experts and other stakeholders in
the construction sector need to loosen up a bit and accept changes and new approaches and
materials in the delivery of construction projects. This is central to attaining sustainability of
the built environment and the upgrading of the existing buildings to sustainable ones.
Therefore, awareness and information dissemination regarding the benefits of incorporating
GBM will help in overcoming the resistance changes. When people know the actual benefits
of a particular method or materials, there is a tendency that they would be interested in and
support the use of such materials and techniques (Eze et al., 2021a).

The absence of detailed information on green materials and products (Mpakati-Gama
et al., 2012), has an impact on the low awareness level of the benefits of GBM amongst
stakeholders (Hwang and Tan, 2012). Poor information management is one of the major
drawbacks to the speedy uptake of sustainability in the construction sector. Knowledge
gained through education helps to improve the awareness of GBM and this could by
extension impact the adoption level of thematerials. This idea is supported by (H€akkinen and
Belloni, 2011). Poor awareness, education on sustainability and poor information and
communication amongst stakeholders can be attributed to the resistance and information
barriers to GBM implementation. Reduction in the reluctance to take up new approaches and
materials will help improve the adoption of GBMs. Having the right mix of information and
knowledge on the green building are a key to attaining sustainability.

Factor 2: Regulation and funding of R&D: The 2nd component has three factors loading
under it and accounts for about 12.457% of the TVE of the extracted factors. The factors that
are loaded on this component are: lack of building code and regulations, lack of research
funding for green building materials and technologies and lack of a standard GB tool.
This componentwas named “Regulation and funding of R&D” after a critical inspection of the
latent characteristics of the variables.
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Regulation and funding are critical to the introduction and sustenance of ideas in a new
environment. Where this does not exist, existing techniques remain strong and the
consequence is unguaranteed productivity. Regulations can give backing to training and

Component
naming Item loading

Factor
loading Eigenvalues

% of
variance

Cum.
%

Number of
extracted
factors

Factor 1:
Resistance and
information
barriers

Resistance/
Unwillingness to
change

0.797 5.237 23.806 23.806 6

Lack of information
about green materials
and products

0.797

Low awareness of the
benefits and other
sustainability issues

0.769

Lack of proper
communication and
coordination amongst
stakeholders

0.762

Poor education on
sustainable design

0.684

The scarcity of
environmentally
sustainable materials

0.592

Factor 2:
Regulation and
funding of R&D

Lack of building code
and regulations

0.905 2.741 12.457 36.263 3

Lack of research
funding for green
building materials and
technologies

0.849

Lack of a standard GB
tool

0.813

Factor 3: Cost and
market barriers

High capital cost 0.724 2.223 10.105 46.367 3
Lack of client
Knowledge/market
demand

0.695

Lack of experience
with GBmethodologies

0.635

Factor 4:
Government
incentives and
Suppliers’
availability

Lack of government
incentives and support

0.822 1.728 7.852 54.220 3

Limited availability
suppliers of GBM,
products and
technologies

0.710

Poor relationships
amongst stakeholders

0.578

Factor 5: GB
Experts and
labour barriers

Lack of green building
experts/skilled labour

0.753 1.307 5.942 60.162 3

Limited training on
local green building
materials

0.680

Lack of firm
understanding of
sustainability concept

0.639
Table 1.
Result of factor
analysis of the barriers
to adoption of SBM
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education on GBMs. In addition, funding is central to the survival as well as the
innovativeness of construction organisations. The finding here is supported by (Abraham
and Gundimeda, 2018; Marsh et al., 2020; Chan et al., 2018; Gounder et al., 2021). The lack of a
clear building code and regulations guiding the incorporation of GBM is a critical factor
inhibiting the speedy update of GBM in the construction industry of Nigeria and by extension
other developing countries (Eze et al., 2021a). The strict adherence to codes and regulations is
amongst the measures proposed by (Aghimien et al., 2018) for improving the use of SBM in
Nigeria. If there are regulations on GBM adoption, the rate of growth in the use of GBMs
would have improved. Funding of research onGBMand technologies is a function of having a
workable regulation from the government. Chan et al. (2018) reported that the lack of
adequate funding for research on innovative materials and technology is a key barrier to the
adoption and incorporation of GBMs in construction projects.

Factor 3: Cost and market barriers: The 3rd component has three factors and they are:
high capital cost, lack of client knowledge/market demand and lack of experience with GB
methodologies. This component accounts for 10.105% of the TVE of the extracted factors,
and is based on the latent features of the factors loaded on it was named “cost and market
barriers”. While capital is highly needed for driving innovation, the availability of adequate
funds impacts the diffusion of new ideas. The high cost of investment in innovative materials
and technologies is amongst the primary barriers to the implementation of GBMs. High cost
of capital was amongst the barriers found by (Abraham andGundimeda, 2018), that affect the
adoption and incorporation of GBM by stakeholders. Another major issue is the lack of
demand from clients/low market demand. This was acknowledged in literature such as
Marsh et al. (2020), Hwang and Tan (2012) and H€akkinen and Belloni (2011). This result
obtained also supports the findings of Aghimien et al. (2018) and Akadiri (2015). It was
reported that extra cost and financial related factors are amongst the top challenges that the
attainment of sustainable construction of education building projects faces in Nigeria
(Aghimien et al., 2018; Akadiri, 2015). Financial related issues have contributed to the low
adoption of SBMs and the under-tapped and unsaturation of the sustainable construction
markets of Nigeria and other developing nations (Eze et al., 2021a). A lot is still left undone to
change the narrative, and this could be the reason why Addy et al. (2021) submitted that the
GB market in Sub-Saharan Africa is confronted by several significant factors.

Factor 4: Government incentive and suppliers availability: The 4th component structure
accounts for 7.852% of the TVE of the extracted factors, and three factors are loaded onto it.
The factors are: lack of government incentives and support, limited availability of suppliers of
GBMs, products and technologies and poor relationships amongst stakeholders. A critical
examination of the latent features of these variables led to the naming it “Government incentive
and Suppliers availability”. Supports and incentives are necessary for the smooth adoption of
innovations in organisations. This becomes even more interesting when it is coming from the
government. The lack of such incentives and support has been reported to be amajor barrier to
the adoption of GBMand technologies (Nikyema andBlouin, 2020; Darko et al., 2017; Aghimien
et al., 2018). Mohsin and Ellk (2018) found that the suppliers of GB materials, products and
technologies are limited, and this inhibits the adoption ofGBM inbuilding projects. This barrier
could be amongst the consequences of poor awareness and education on sustainable
construction. When there is proper education on the usefulness of GBM and sustainable
construction, there will be a trigger of demand and supply (Eze et al., 2021a). The lack of
government support, incentives and interest and the unavailability of suppliers of SBM, have
negative impact on the delivery of green buildings inNigeria and other developing countries. In
Nigeria, limited suppliers of SBMswere ranked amongst the top six barriers to the use of SBMs
(Akadiri, 2015). If the proportion of sustainable buildings is to be increased, government
support is inevitable (Aghimien et al., 2018). Government should be in the forefront of
championing the sustainability course both in regulations, education and otherwise.
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Factor 5: GB experts and labour barriers:The 5th component was named “GB Experts and
labour barriers”, and this component accounts for about 5.942% of the TVE of the retained
factors. Three factors are loaded under this component and they are: lack of green building
experts/skilled labour, limited training on local green building materials, and lack of firm
understanding of sustainability concept. One of the factors that impede the implementation of
GBM is the absence of experts/skilled labour on GB (Eze et al., 2021b; Hwang and Tan, 2012).
Sustainable construction is still an emerging area in developing countries; although efforts
are being made to embrace sustainability in its entirety, the availability of experts on GB is a
major drawback. This is even worsened by the limited training programme for the locals on
the use of GBMs and the poor appreciation of the sustainability concept. In Nigeria, a study
by (Eze et al., 2021b) reported that the availability of technical skill and experts was amongst
the top 10 determinants of SBM selection in building projects. Aghimien et al. (2018) posit that
the use of competence and skilled contractors and experts is vital for improving sustainable
construction in educational buildings in Nigeria.

Figure 1 below shows the relative weighting of the total factor loadings (TFL) of themajor
extracted factors which represent the critical barriers to SBM adoption in Nigeria. The TFL
for the components is the effect of the individual factors loading. It can be seen that; Factor 1:
resistance and information barriers (TFL 5 4.400) is ranked 1st. This showed how critical
stakeholders resistance to and information issues can be in hindering the adoption of SBMs/
GBMs. Factor 2: Regulation and funding of R&D (TFL 5 2.567) is ranked 2nd, followed by
Factor 4: Government incentives and suppliers’ availability (TFL 5 2.110) ranked 3rd, then,
Factor 5: GB experts and labour barriers (TFL5 2.072) andFactor 3: Cost andmarket barriers
(TFL 5 2.053) were ranked 4th and 5th, respectively.

5. Conclusion and recommendations
This study assessed the major barriers to the incorporation of SBMs in the delivery of
construction projects in developing countries, with Nigeria as a case in point. Awell-structured
quantitative research questionnaire was used to achieve the aim of this study. Data were
obtained from the key players in the construction industry using the snowball sampling
method and electronic means of questionnaire administration. The gathered data were
analysed, meaningful results are obtained and reported and a is conclusion drawn.

Based on the results of the RII analysis carried out, this study found that the major
barriers to the adoption of SBMs/GBMs are: resistance/unwillingness to change, lack of green

Figure 1.
Relative ranking by
total factor loading
(TFL) of extracted
factors
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building experts/skilled labour, high capital cost, lack of building code and regulations and
lack of government incentives and support. Also, the result of the EFA showed that the five
major constructs of barriers to SBM adoption in construction projects are; resistance and
information barriers, regulation and funding of R&D, cost and market barriers, government
incentive and suppliers availability and GB experts and labour barriers. Stakeholders’
resistance and unwillingness to embrace change has been one of the primary issues
confronting the diffusion and adoption of innovative ideas, methods and materials in the
construction industry. The construction sector is regarded as laggards or late adopters of
eco-friendly materials and technologies because of the high level of resistance and
over-reliance on existing conventional materials and traditional means of delivery of
construction projects. Of great impact in GB construction is the availability of skilled labour
and experts and the high cost of investment. Even though the initial cost of implementing
sustainable construction is high, the long term benefits make it cheaper compared to
conventional buildings. Regulation and government support are vital to ensuring the speedy
attainment of sustainability. However, this study showed that they are grossly lacking and
that have impacted the adoption of GBMs. Therefore, efforts should be made to embrace
GBMs in building projects. This will be achieved via awareness creation and education and
training on GB methodologies. Government support is needed and appropriate regulations
and policies should be made and monitored for implementation.

The implications of this study’s outcome to the construction experts and decision-makers in
the construction sectorwould be to further the discussions on sustainability subjects, especially
as it concerns the major barriers to SBM adoption in the sector, and finding suitable solutions
and strategies for overcoming the barriers. A proper grasp and understanding of the barriers to
the use of SBMs/GBMs would lead to easier and better decisions from the industry players.
This will lead to improved uptake and incorporation of these eco-friendly materials in building
projects in Nigerian and beyond. SBMs improve occupants’ comforts and health, thus,
enhancing productivity and performance of employees. The corporate clients’ organisations
would find this study relevant in improving their overall labour performance and productivity.
This is because having established and known the critical barriers to the use of SBMs/GBMs,
their adoption are improved for enhance employees output per period. The construction
industry contributes enormously to climate change issues, GHG emission and amongst other
dangerous gaseous emissions. This study adds to climate change discussion by looking at the
major factors that inhibit the curbing of the effects of the construction industry’s contribution to
climate change acceleration. Thus, existing body of knowledge on sustainable construction,
particularly the barriers in Nigeria and by extension other developing countries of Africa, will
experience an increase in numbers.

Notwithstanding the implications of this study, the number of variables assessed, sample
size, study area, sampling method and analysis techniques adopted all limit the
generalisation of the findings of this study. This is a caution on any attempt to generalise
the results of this present study. Consequently, a further study to unravel more barriers and
use a larger sample size and sampling techniques in other areas, zones or countries should be
carried out. This will make comparison possible as more data would be available for that.
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