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Causality between challenges, availability, and
extent of use of local building materials
The promotion of sustainable practice in construction has resulted in a renewed focus on local building
materials (LBMs). However, existing studies have not provided an extensive understanding of the challenges
in the use and awareness of the availability of LBMs. In this study, we examine the challenges in the use
and awareness of the availability and environmental performance of LBMs in South Africa. Based on a
review of related literature, a questionnaire survey was undertaken to collect data from stakeholders in the
construction industry. Structural equation modelling was conducted to validate the causality between the
constructs. We found that the negative impacts of the challenges in the use of LBMs significantly reduce
if stakeholders are aware of the environmental performance of LBMs in South Africa. The extent of the use
of LBMs will increase with an awareness of their environmental performance and availability. Acquisition
of the technical knowledge associated with LBM-based construction processes and recognition of the use
of LBMs for building projects in building requirements and regulations are recommended.
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Introduction
Building construction is resource-intensive, and it is associated with environmental problems such as global
warming, ozone layer depletion, and waste accumulation. Building construction accounts for one sixth of the
world’s freshwater consumption because the requirement for mixing water for building materials, such as concrete,
is approximately 1 trillion litres per year.1,2 As a result of construction activity, fresh, clean water is getting scarcer
every day.1,3,4 Besides this intense water consumption, building construction also requires the mining of large
quantities of raw building materials, which results in extensive deforestation and loss of topsoil.1,2
The majority of buildings are constructed using conventional and imported building materials.5-9 Conventional
building materials are those materials which have been accepted and used for a long time in a locality.7 The production
of conventional building materials has a direct impact on natural biodiversity as a result of the fragmentation of
natural resources and severe ecological damage.5 Imported building materials have huge transport and import duty
costs.9 These materials negatively impact the environment and economy because they are costly and consume
much energy in the manufacturing process.6 However, the mitigation of the negative impacts of these building
materials is possible through the use of local building materials (LBMs).6,8
LBMs refer to building materials that are non-conventional and enable sustainable building practices. LBMs
have been referred to as green building technologies or sustainable building materials.10-13 Chan et al.10 posited
that materials for green roof technologies, solar technologies, and prefabricated construction technologies are
examples of green building technologies. The term ‘green’ encompasses sustainable and alternative materials
because it describes the practice of using healthier and more resource-efficient building materials.13
The promotion of sustainable practice in construction has resulted in the development of LBMs.14 This development
aimed to improve the environmental or sustainability performance of building materials, through reduced water usage,
greater energy efficiency, improved indoor quality and minimisation of construction waste.15,16 The benefits attributed
to the availability of LBMs contribute to the competitiveness of building contractors, optimise building performance,
and make buildings’ use more predictable for an extended period. Darko et al.17 noted that the availability of LBMs has
led to unique building products that have good marketing opportunities in Ghana. The availability of LBMs has also
been linked to the possibility of meeting the ever-increasing demand for buildings, stemming from population growth
and over-urbanisation.11,18 However, LBMs are facing challenges in penetrating the market.18
Several studies have provided evidence that there are challenges to the use of LBMs. Durdyev et al.11, Ahn et al.15
and Mesthrige and Kwong19 focused on the challenges of alternative and sustainable design and construction.
Chan et al.10,13 and Nguyen et al.18 investigated the challenges of adopting green building technologies. These past
studies suggest that imported materials are preferred to LBMs, owing to the lack of awareness of the availability
and environmental performance of LBMs.
However, these studies did not give an extensive analysis and understanding of the challenges to the use of LBMs
caused by lack of awareness of the availability and environmental performance of LBMs. Hence, it becomes
vital to investigate specifically the challenges in the use of LBMs associated with the lack of awareness of their
availability and environmental performance amongst construction industry professionals. According to Chan et al.10,
Darko et al.17, Shen et al.20, and Mesthrige and Kwong19, there is a need to understand the challenges in the use of
LBMs. Thus, in this study, we aimed to facilitate the understanding of the challenges linked to construction stakeholder
awareness of their availability and environmental performance. This understanding will promote the use of LBMs in
the construction industry and provide a valuable reference for stakeholders in decision-making and policymaking on
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Examples of high-energy building materials are aluminium, cement,
concrete, steel, copper, PVC, glass, baked bricks, timber, crushed rock,
gravel, and sand.21,30,31

their use. To achieve this aim, we asked: What is the relationship between
the challenges, availability and use of LBMs by construction stakeholders?
We aimed to answer this research question through the following
objectives: (1) to determine the extent and pattern of the use of LBMs;
and (2) to investigate the causality between environmental performance,
challenges, and extent of LBM use by construction stakeholders.

Table 1:

Literature review

Building materials with high
embodied energy

Environmental performance of LBMs
Numerous studies have reported lower environmental impacts of LBMs.
For example, Windapo and Ogunsanmi16 investigated the perception
of construction stakeholders of the environmental performance of
LBMs and concluded that construction stakeholders perceived the
LBMs to be not environmentally sustainable, despite the claims of their
manufacturers. Bribián et al.21 reported that materials such as hollow
concrete blocks, stabilised soil blocks, or fly ashes could save 20% of
the cumulative energy over a building’s life cycle and concluded that
buildings constructed with wooden structures require less energy and
emit less CO2 during their life cycle than buildings with other types of
structures. However, the global availability of timber might be an issue,
questioning the extent of the real sustainability of the material.22

Building materials with low
embodied energy

Carbon emission
values
(kg CO2eq per unit)

Material

Carbon emission
values
(kg CO2eq per unit)

Steel reinforcement

1.49

Sand

0.01

PVC
(polyvinyl chloride)

2.22

Sun-dried
bricks

0.24

Fibreglass

2.60

Reinforced
concrete

0.36

Air-dried sawn
hardwood

2.61

Lightweight
steel

0.88

Plastics

2.70

Cement

0.89

Rubber

3.18

Galvanised steel

3.29

Copper

3.83

Synthetic rubber

4.02

Gravel

4.32

Clay bricks (fired)

5.50

Aluminium

11.89

Material

The findings of these studies suggest that the sustainability assessments
of building materials must be based on specific indicators that provide
information about the environmental impacts of the materials.23 The findings
also suggest that a standard life cycle assessment (LCA) must be used to
assess and compare the sustainability of conventional building materials
(CBMs) and LBMs. According to Estokova and Porhincak24, the use of
a standard LCA as an indicator of the sustainability of LBMs and for the
assessment of the environmental impacts of CBMs is needed to achieve
an accurate assessment of the performance of building materials and
to develop a uniform and standard baseline for both CBMs and LBMs.
Several studies have used the LCA as a uniform and standard baseline
for CBMs and LBMs.25-27 For example, Monteiro and Freire25 conducted
an LCA of CBMs and LBMs for exterior walls; Reza et al.26 studied an LCA
of CBMs and LBMs for flooring systems; and Pargana et al.27 undertook
a LCA of CBMs and LBMs for thermal insulation materials. The objective
of an LCA of LBMs is to ascertain their environmental friendliness and to
enable the optimal selection of environmentally preferred materials.28

kg CO2eq per unit describes, for a given mixture and amount of CO2, the emission
that would have the same global warming potential when measured over a
specified timescale.59,60

Various authors have suggested different indicators for assessing the
embodied emissions of building materials. Table 1 provides a list of
building materials, divided into categories of low and high embodied
energy, and their corresponding carbon emission values. Table 2
presents a summary of the indicators available in the literature which
assess the embodied emissions of building materials.29-32

Table 2:

Indicators for assessing the embodied emissions of
building materials
Indicators for embodied emissions

Embodied energy describes the energy required for the extraction of
raw materials, transportation and manufacture of building materials, as
well as the energy incurred during their life cycle. This includes repair
through to end-of-life disposal.28,33 It is essential to perform an embodied
energy analysis of the building materials in the LCA because building
materials consume nearly 40% of global energy annually in their life
cycle stages and because building materials represent more than 50%
of the embodied energy in the building.21,33 A LCA enables the selection
of low energy-intensive materials, limits greenhouse gas emissions into
the atmosphere, and reduces the cost of materials.33
Energy is being used at an unsustainable rate because the manufacturing,
construction, and operation process of building materials are energyintensive.1 Cabeza et al.28 note that the energy consumption of building
materials starts from production to demolition. This suggests that
embodied energy consists of both initial embodied energy (energy
consumed during manufacturing and transporting the building materials)
and recurring embodied energy (energy consumed during construction,
demolition, operation, recycling, and renovation).34 Initial embodied energy
is pollution-intensive and in large quantities as a result of a great deal of
energy consumed during extraction, processing, and transportation of
building materials.35 In the same vein, initial embodied energy accounts
for 50% or more of the total embodied energy of building materials.36
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Building materials with low and high embodied emissions
and energy

References

Abiotic depletion, acidification, eutrophication, global
warming potential, ozone layer depletion, photochemical
oxidation, freshwater ecotoxicity, marine ecotoxicity,
terrestrial ecotoxicity, human ecotoxicity

Monteiro and Freire25

Climate change, acidification, summer smog,
nitrification, heavy metals

Coelho and
de Brito29

Emission of heavy metals, eutrophication,
water consumption

Gonzalez and
Navarro30

CO2 emissions, CO emissions, SO2 emissions, NOx
emissions, dust, waste generation, water depletion

Li et al.31

Global warming, ozone layer depletion, acidification,
eutrophication, airborne suspended particles,
construction waste, photochemical smog, waterborne
toxicities, waterborne suspended substances, water
depletion, fossil energy source depletion

Li et al.31,
Chowdhury et al.32

Energy consumption, acidification potential, human toxicity
potential, aquatic ecotoxicity potential, aquatic sediment
Chowdhury et al.32
ecotoxicity potential, terrestrial ecotoxicity potential
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and climatic change.44 Many studies have reported on the environmental
challenges to the adoption of LBMs.10,11,13,20,43,47 These environmental
challenges include special needs arising from certain climatic and
geological conditions, lack of availability of pilot projects, unavailability
of reliable LBM suppliers, limited knowledge of the environmental
performance of LBMs, lack of information on the effect of LBMs on
building occupants’ health and comfort, low environmental awareness
and consciousness, lack of green ratings for buildings, and the
unwillingness of suppliers to exchange environment-related information
with manufacturers. All studies highlight the need for an awareness of the
environmental performance of LBMs when they are adopted and used.

Buyle et al.34 established that there is a strong link between the
environmental impact of building materials and cost implications.
This must be established because building materials have economic
significance as well.28 Embodied cost as a concept has been described in
several ways – including as the total economic cost in the life cycle of a
product21, and the total cost of acquiring, installing, operating, maintaining
and disposing of building materials28. Despite its importance, according to
Buyle et al.34, the embodied cost of building materials is hardly ever taken
into account in LCA models.
As noted by Fahimi et al.35, reducing the embodied emission,
embodied energy, and embodied cost of building material will ensure
its sustainability. LBMs enable the reduction of embodied emissions
by supporting the use of cost-saving construction technology such as
modular designs and standardised components.37 LBMs are generally
lower in embodied energy because they require less processing
and transportation.35 Chen et al.36 argued that LBMs are better suited
to climatic conditions, and their use supports the local economy.
Maintenance consumes a significant portion of a building’s operating
budget. The cost of maintaining conventional building materials includes
the costs of labour, cleaning, equipment, and replacement of the item.38
However, LBMs offer low maintenance over the building’s lifetime. This
supports a reduction in the embodied cost of building materials. Other
ways by which building materials can be made sustainable or by which
LBMs reduce embodied emission, cost, and energy include recyclability
(LBMs can be reused in their entirety), biodegradability (LBMs naturally
decompose when discarded), reusability (LBMs may easily be extracted
and reinstalled), and reduced toxicity (LBMs are less hazardous to
construction workers, building occupants, and the environment).39,40

Policy challenges
The use of LBMs is, to a large extent, dependent on governmental
policies and industrial stakeholders’ policies.20 Several studies13,47-51 have
identified governmental policy as one of the primary ways of promoting
the use of LBMs. LBM-friendly policies are required to attract construction
stakeholders to the use of LBMs, as well as to stimulate and ensure the
development of LBMs. Additionally, LBM-friendly policies are useful
in raising awareness and facilitating the adoption of LBMs, as well as
leading the construction industry towards being a more environmentally
friendly sector. LBM-friendly policies usually come in the form of
legislation, planning control, government involvement as a client, and
code development.41 However, the non-availability and ineffectiveness
of policies inhibit the use of LBMs.20 Specifically, policy challenges in
respect of the lack of enforcement of the use of LBMs on new projects,
complex certification procedures for LBMs, lack of subsidies and tax
reduction for LBMs must be addressed. Also, it is vital to tackle the
lengthy planning and approval process for LBMs, lack of regulations,
lack of importance attached to LBMs by industry stakeholders, lack of
promotion for LBMs, lack of codes for LBMs, rigid requirements, poor
information dissemination and publicity, and unavailability of institutional
frameworks for implementing the use of LBMs.

Challenges to the use of alternative building materials
in construction
The challenges to the use of LBMs can be categorised into technical
challenges, environmental challenges, policy challenges, cultural
challenges, and economic challenges.41

Cultural challenges
The ideas, traditions, beliefs, and social behaviour of society are
collectively referred to as socio-cultural factors, and they affect the
choice of building materials in so many ways.51,52 For example, Chiu52
identified ‘social well-being’ as a significant determinant of the preference
for sustainable materials. The study describes ‘social well-being’
as the motivation to sustain the socio-cultural values of the society.
This suggests that the decision to use LBMs is strongly related to the
socio-cultural characteristics of the society in which the LBMs are to be
introduced. Understanding the socio-cultural challenges that affect the
use of LBMs is imperative because the socio-cultural characteristics of a
society determine the preferences and attitudes of its inhabitants towards
new products such as LBMs.53 Authors such as O’Neill and Gibbs46
and Liedtke et al.54 have identified the socio-cultural challenges in the
adoption of LBMs to include stakeholders’ reluctance to use them, the
tendency to maintain current practices, the tendency to resist change,
a lack of practical cooperation and working relations amongst different
stakeholders, distrust of LBMs, unavailability of approved LBMs, risk
and uncertainty involved in adopting LBMs, lack of tested and reliable
LBMs, fear of employee turnover and joblessness, the inconsistency with
best practice, the fragmented nature of the building supply chain, lack of
attractiveness of LBMs to building occupants, and lack of client interest.

Technical challenges
Technical challenges describe the practical difficulties and unsatisfactory
systems that affect the adoption of innovation or innovative systems.42
Technical challenges constitute a set of practical challenges for the use
and installation of LBMs in general.43 Chwieduk41 noted that the technical
part of the adoption of LBMs pertains to the roles of human beings in
the utilisation or installation of these materials. This suggests that the
lack of technical understanding and technical know-how on the use of
LBMs has to be addressed to ensure the implementation of sustainable
practices in the construction industry.15,44 This is because the technical
understanding and know-how of LBMs enable the development of
transferable skills, the uptake of technical roles, and leveraging of
competencies in the use of LBMs.45
Technical challenges have been found to affect the use of LBMs in
construction. Zhang et al.14, O’Neill and Gibbs46 and Lam et al. 43 have
identified problems. Such problems include unclear and incomplete
technical standards for LBMs, lack of tools for assessing the performance
of LBMs, lack of technical knowledge on the use and installation of
LBMs, and immaturity of the technology employed for developing LBMs.
Other challenges include the ineffective application of LBMs, technical
difficulties during the construction process, unfamiliarity with the design
and construction of buildings with LBMs, lack of reliable research into
the properties of LBMs, and lack of training and education for developers,
contractors, and policymakers. The other significant technical challenges
are lack of skilled labour in building with LBMs, lack of databases and
information on LBMs, unavailability of rating and labelling systems for
LBMs, difficulties in providing technical training for construction workers,
higher requirements for handling LBMs, and incompatibility with other
building components.

Economic challenges
Contractors usually procure building materials based on the lowest
price.20 Hwang and Tan12 contend that cost is the most significant
challenge impeding the use of LBMs. Mulligan et al.48 attribute this to
the fact that contractors are mostly concerned that the use of LBMs
will erode their financial gain. Kats et al.55 conclude that, compared to
conventional building materials, the use of LBMs brings a maximum
extra cost of 4%. In the same vein, Zhang et al.14 concluded that the cost
of the use of LBMs is higher than that of conventional building materials.
This implies that the use of LBMs constitutes an economic or financial
risk, which may lower the economic benefits of projects. However,
Mesthrige and Kwong19 note that LBMs significantly lower operating

Environmental challenges
The use of conventional building materials in building construction has
been associated with environmental issues such as thermal discomfort
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costs by 30%, maintenance costs by 9%, enhance property value by
8%, and boost return on investment by 7%.

Table 3:

Study constructs and measurement scale
Constructs

There are several significant economic challenges to the use of LBMs
established in the literature. The major ones are low profitability for
contractors, unavailability of LBMs in the local market, lack of information
on costs and benefits of using LBMs, the high initial investment for LBMs,
high additional cost, long payback periods, and high market prices.11,12,49

Low embodied
emissions
Environmental
performance

Theoretical framework
Based on the literature review, a theoretical framework of the causality
between the awareness of the environmental performance and availability
of LBMs, challenges and extent of the use of LBMs was developed, as
shown in Figure 1. The framework explains that an awareness of the
environmental performance of LBMs contributes to their adoption in
construction projects. The availability of LBMs impacts the challenges
to the use and extent of use of the LBMs. The challenges to the use of
LBMs were conceptualised as technical, environmental, policy, cultural,
and economic challenges. The positive environmental performance of
LBMs was theorised to be low embodied emissions, low embodied energy,
and low cost. The environmental performance regarding low embodied
emissions was based on previous findings that air pollution and greenhouse
gas emissions are released as a result of the production and transportation
of building materials.16 LBMs are expected to have low embodied emissions
because the products do not undergo secondary manufacturing and need
no transportation, as materials are sourced locally. The extent of use of
LBMs was conceptualised as present and future use of LBMs on projects.
The theories that the research is designed to test are:
H1:

H2:

Measurement scale
Respondents were asked to
indicate their degree of awareness
of the indicators of environmental
performance on a five-point Likert
scale of 1–5 where:
1 = not at all

Low embodied energy

2 = barely aware
3 = neutral
4 = somewhat aware

Low embodied cost
Technical challenges

Environmental
challenges
Challenges in
the use of LBMs Policy challenges

5 = very aware

Respondents were asked to
indicate the degree of impact of
the indicators of challenges in the
use of LBMs on a five-point Likert
scale of 1–5 where:
1 = not at all
2 = barely aware
3 = neutral

There is a relationship between the challenges to the use
of LBMs, the extent of awareness of their environmental
performance, and the extent of use of LBMs by
construction organisations.

Cultural challenges

4 = somewhat aware
5 = very aware

Economic challenges
The extent of use The present use of LBMs in projects
of LBMs
Future use of LBMs in projects

There is a relationship between the challenges to the use
of LBMs, the extent of awareness of their availability, and
the extent of use of LBMs by construction organisations.

LBMs, local building materials

The constructs and sub-constructs were assessed for discriminant
validity, reliability, internal consistency, convergent validity, and divergent
validity. Convergent validity represents the extent of agreement between
two or more variables of the same construct, and it was tested using
the average variance. Convergent validity is established if the average
variance explained is higher than 0.50. It indicates that the variables
in the constructs explain at least half the variance of the constructs.
Discriminant validity is established if there is a correlation between the
constructs or sub-constructs.

Figure 1:

The study population consisted of all the professionals and contractors
in the South African construction industry. A total of 5920 email contacts
of the registered professionals and contractors were identified from the
Construction Industry Development Board (CIDB) database. This formed
the target population for the study. Of the 5920 email contacts that were
identified, 5% of the target population (296 email contacts) was taken
as the sample size for the study. This followed the recommendations
of Kotrlik and Higgins57 for a large population. Thus 296 questionnaires
were emailed to the respondents via the SurveyMonkey account of the
Construction Business and Management Research Group, University of
Cape Town, South Africa. At the end of the survey period, 232 valid
responses were received, representing a response rate of 78.38%, and
these responses were used for the data analysis. The data collected
were analysed using descriptive and inferential statistical techniques.
Structural equation modelling, a multivariate statistical analysis
technique, was used to validate the causality between the constructs
based on the estimate of maximum likelihood. Confirmatory factor
analysis and path analysis were conducted to assess the validity of the
constructs and sub-constructs. This technique has been widely used in
built environment research (see, for example, Alaloul et al.58).

A research framework of the causality between the awareness of
the environmental performance and availability of local building
materials (LBMs), challenges and extent of the use of LBMs.

Research methods
A questionnaire survey was undertaken to find out about construction
industry stakeholders’ views on awareness of the environmental
performance and the availability of selected LBMs (recycled clay
bricks, fly ash cement, recycled steel, salvaged timber, compressed
earth block (e.g. hydraform), sandbags, recycled polyester fibre, low
emissivity glass, polystyrene blocks, eco-friendly paints), the challenges
in their use and the extent of their use in the South African construction
industry. Respondents were asked to ‘indicate the degree of awareness
of the indicators of environmental performance’ and ‘indicate the degree
of impact of the indicators of challenges to the use of LBMs’. A fivepoint Likert scale was taken as the measurement scale.56 The study
constructs, the variables used in measuring the study constructs and
their corresponding measurement scale are shown in Table 3.
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Results

Northern Cape; recycled clay bricks, sandbags, and eco-friendly paints
in Gauteng; and recycled clay bricks in the Eastern Cape. The results also
reveal that recycled clay bricks are used in the Western Cape; recycled
clay bricks in KZN and the North-West; sandbags in Limpopo; and
recycled clay bricks, sandbags, and eco-friendly paints in Mpumalanga.

Profile of respondents
Figures 2 and 3 present the demographic analysis of the 232
respondents. Figure 2 shows that the majority of the respondents
have a Diploma with Grade 12 (34.1%) or a Higher National Diploma
(21.1%). The findings on the designation of the respondents show that
most are in the Management (18.1%) and Director (66.8%) professional
group. Most of the respondents are construction managers (52.6%) and
architects (32.3%). About 72% of the respondents work in the private
sector, while 23.3% work in the public sector. The results indicate that
LBMs are commonly used for residential (46.4%), institutional (20.3%),
and commercial buildings (18.84%). Residential buildings constitute the
highest percentage of all the buildings.

The use of LBMs was analysed according to climatic zones, using the
Köppen–Geiger climate classification of subtropical, steppe, and arid
climates, to group the provinces into climatic zones. Provinces such as
the Western Cape, the Eastern Cape, and KZN fit into the subtropical
climate classification. Provinces such as the Free State, Limpopo,
Mpumalanga, and Gauteng were classified as having a steppe climate.
In the classification, North-West and Northern Cape were considered to
have an arid climate. As illustrated in Figure 4, recycled clay bricks were
found to be the prevailing LBMs in the subtropical and arid climates,
while sandbags were found to be commonly used in the steppe climate.

Figure 3 shows that the majority of the respondents, i.e. 49.1% and 12.9%,
provide general contracting and sub-contracting services, respectively.
Figure 3 also shows that 39.1% of the building projects identified by the
respondents cost below ZAR1 million, while LBMs were also used on
18.8% of the projects that cost ZAR10 million to ZAR20 million. About
40% of the respondents indicated that they had made use of LBMs for
projects sponsored by private clients. In comparison, 33.3% indicated
that they had made use of LBMs for projects undertaken by provincial
departments. Most of these projects (27.4%) were located in KwaZuluNatal (KZN). Other significant locations for these projects were Gauteng
(11.6%), the Western Cape (11.6%), the Free State (10.1%), and
Limpopo (8.7%) Provinces of South Africa.

Modelling causality between availability, environmental
performance, challenges and use
Analysis of the measurement model
The results of the correlation between the constructs are presented in
Table 4, while Figure 5 presents the results of the internal consistency
test, Cronbach’s alpha coefficient, and the average variance explained.
The results show that the factor loading is above 0.50, which is
acceptable; the Cronbach’s alpha values for the constructs are more
significant than 0.70, which indicates reliability. The average variance
explained for the constructs is more significant than 0.50, which
indicates convergent validity. These results indicate that the constructs
and sub-constructs have acceptable validity and internal consistency, as
shown by the average variance explained and Cronbach’s alpha values,
which were above the 0.50 and 0.70 thresholds, respectively.

Extent and pattern of use of LBMs
Figure 4 shows that eco-friendly paints (12.6%), sandbags (12.1%), and
recycled steel (11.9%) are widely used as LBMs in South Africa. When
distributed according to province, the results reveal that the prevailing
LBMs used are: sandbags in the Free State; salvaged timber in the

Figure 2:

Personal profile of respondents.
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Figure 3:

Professional profile of respondents.

RCB, recycled clay bricks; FAC, fly ash cement; RS, recycled steel; ST, salvaged timber; CEB, compressed earth block; SB, sandbags; RPF, recycled polyester fibre; LEG, low emissivity
glass; PB, polystyrene blocks; EFP, eco-friendly paints
Note: arid climates – North-West, Northern Cape; steppe – Free State, Limpopo, Mpumalanga, Gauteng; subtropical – Western Cape, Eastern Cape, KwaZulu-Natal

Figure 4:

Level and pattern of use of local building materials.
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Table 4:

Discriminant validity analysis
K1

K2

K3

K4

K5

Y1

K1

1

K2

0.356

K3

-0.061

-0.500

1

K4

0.461

-0.155

0.083

1

K5

0.626

0.393

0.152

0.403

1

Y1

0.886

0.613

-0.322

0.243

0.857

1

Y2

0.590

0.337

-0.167

0.538

0.574

0.766

Y2

Y3

Z

X1

X2

1

1

Y3

0.561

0.236

0.068

0.511

0.473

0.508

0.881

Z

0.293

0.348

-0.068

0.064

0.052

0.784

-0.268

-0.297

1

X1

0.505

-0.271

0.474

0.388

0.046

-0.168

0.055

0.257

0.019

X2

-0.670

-0.750

0.201

-0.270

-0.368

-0.923

-0.294

-0.304

-0.663

1
1
-0.259

1

indices are within the recommended values [chi square = 47572.086,
RMSEA = 0.039, SRMR = 0.077, CFI = 0.979, TLI = 0.945]. These
results (as shown in Table 5 and Figure 6) validate the causality between
constructs X, Y and Z as theorised in H2. The causality between K, X, and
Z, as proposed in H1, was not validated by the results shown in Table 5
and Figure 6.

Discussion of findings
We tested the theory that the environmental performance of LBMs,
which is their advantage, consisted of their demonstrated low embodied
emissions, low embodied energy, and low embodied cost. These findings
are aligned with the conclusions of previous studies by Darko and Chan13,
Mesthrige and Kwong19, Bribián et al.21, Mateus and Braganca23 and
Cabeza et al.28 Specifically, Darko and Chan13 concluded that awareness
of the environmental friendliness of LBMs would promote their usage.
Bribián et al.21 deduced that LBMs have low embodied energy, which will
encourage widespread usage; while Mateus and Braganca23 maintained
that the use of LBMs depends on the availability of information about
their environmental friendliness.
Previous studies11,17,18,20,47,49,51 have provided conclusions that are in
line with the finding of a relationship between availability and reduced
challenges in the adoption and use of LBMs. The findings by Darko
et al.17 and Nguyen et al.18 established that there is a strong link between
the availability of LBMs and the use of LBMs. Shen et al.20 found that the
awareness of the availability of LBMs through governmental policy will,
in no small measure, influence the use of LBMs. Ahn et al.15 concluded
that the use of LBMs would promote environmental sustainability; while
Mahmoudkelaye et al.53 concluded that the decision to use LBMs is
positively associated with the socio-cultural characteristics of the society
in which the LBMs are to be used. Similarly, Mesthrige and Kwong19
established that owners derive economic benefits from the use of LBMs
because they significantly lower operating and maintenance costs.

LBMs, local building materials

Figure 5:

Internal consistency of the constructs and sub-constructs.

Analysis of the structural model
Figure 6 illustrates the path analysis diagram for the structural model.
It reveals 45 main constructs (X, K, Y, and Z) and 10 sub-constructs
(K1, K2, K3, K4, K5, Y1, Y2, Y3, X1, and X2). Table 5 presents the
results of the model estimation for the relationship between the main
constructs and sub-constructs. As explained in Table 5, K has a negative
but moderately significant correlation with X (r=-0.99, z=7.38) and Y
(r=-7.02, z=55.39). Construct Y has a negative significant correlation
with K (r=-7.02, z=55.39) and positive insignificant correlation with
X (r=0.01, z=30.50). This result did not support H1. Construct Z has
a positive but highly significant correlation with X (r=22.55, z=10.34)
and K (r=3.79, z=38.69). Using the recommended value of 0.60
to determine the strength of the correlation and 0.50 to determine the
significance of the correlation in the model, the results in Table 5 show
that the parameter estimation for the items in the model is significant.
This supports H2. Regarding the association between the constructs and
sub-constructs, K1, K2, K3, K4, X1, X2, Y1, Y2, and Y3 have between
moderate and high correlation, and significance in the model. Table 5
presents the fit indices for the estimated model and shows that the fit
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The research established the existence of causality between the
awareness of the availability of the LBMs, awareness of the environmental
performance of the LBMs, and the extent of use of LBMs by construction
stakeholders. These causal links, in turn, affect the existing challenges in
the use of LBMs, as graphically described in Figure 1. The findings of the
structural equation modelling prove the existence of causality between
the awareness of the availability and environmental performance of the
LBMs. These address the challenges to, and extent of use of LBMs
by construction stakeholders. The hypotheses that were tested in this
model explain that there is a relationship between challenges in the use
of LBMs, the extent of awareness of their environmental performance,
and the extent of their use by construction organisations (H1). The model
also establishes the relationship between challenges in the use of LBMs,
the extent of awareness of the availability of LBMs, and the extent of their
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Table 5:

Parameter estimation for the structural equation model of the awareness of the availability of local building materials (LBMs), awareness of the
environmental performance of LBMs, challenges in the use of LBMs, and the extent of use of LBMs by construction organisations
Relationships

Estimate

Standard error

Z-value

K->K1

0.78

0.05

15.49

K->K2

1.99

0.02

71.56

K->K3

0.17

0.06

2.65

K->K4

0.33

0.05

6.01

K->K5

0.06

0.01

2.84

K->X

-0.99

0.13

7.38

K->Y

-7.02

0.12

55.39

K->Z

3.79

0.09

38.69

K1->X1

5.31

0.26

20.42

K1->X2

12.21

1.78

6.85

K1->Y

11.49

0.64

17.81

K1->Y1

5.78

0.81

7.10

K1->Y2

8.44

0.54

15.49

K1->Y3

37.07

1.07

34.36

K1->Z

2.00

0.12

15.49

K2->X1

26.58

0.48

54.46

K2->X2

12.99

1.13

11.46
3.92

K2->Y

13.89

3.54

K2->Y1

9.47

4.28

2.21

K2->Y2

7.99

0.86

9.24

K2->Y3

29.68

0.61

48.42

K2->Z

3.84

3.21

1.20

K3->X1

48.16

0.71

67.56

K3->X2

21.95

1.12

19.61

K3->Y

16.58

1.59

10.38
20.38

K3->Y1

61.50

3.01

K3->Y2

14.94

0.44

34.02

K3->Y3

26.41

0.86

30.59

K3->Z

8.45

0.24

35.07

K4->X1

38.25

0.47

80.15

K4->X2

22.81

1.33

17.09

K4->Y

17.22

1.04

16.44

K4->Y1

67.22

2.97

22.57

K4->Y2

15.94

0.43

36.82

K4->Y3

25.17

1.16

21.67

K4->Z

8.45

0.22

37.99

K5->X1

12.79

0.50

25.12

K5->X2

38.98

1.36

28.53
69.33

K5->Y

23.42

0.33

K5->Y1

17.01

0.19

86.14

K5->Y2

38.77

0.52

73.60

K5->Y3

50.25

0.52

97.87

K5->Z

21.66

1.79

12.06
33.53

X->X1

5.88

0.17

X->X2

2.19

0.03

61.11

Y->X

0.01

0.00

30.50
14.60

Y->Y1

0.57

0.03

Y->Y2

1.04

0.03

34.32

Y->Y3

2.08

0.06

30.70

Y1->X1

23.80

0.78

30.30

Y1->X2

87.64

2.01

43.60

Y2->X1

20.91

0.45

45.59

Y2->X2

18.28

0.39

46.76

Y3->X1

19.89

0.45

43.74

Y3->X2

29.63

2.32

12.79
10.34

Z->X

22.55

2.18

Z->X1

43.13

1.34

31.98

Z->X2

13.27

0.28

46.75
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Model chi-square: 47572.086; chi-square from independent: 9260.768; RMSEA: 0.039; SRMR: 0.077; CFI: 0.979; TLI: 0.945

Figure 6:

Path diagram for the structural equation model of the causality between the awareness of the availability and environmental performance of local
building materials (LBMs), and the challenges in and extent of use of LBMs by construction stakeholders.

use by construction stakeholders (H2). As revealed in Figure 6, H1 was
not validated.

much depends on the awareness of the availability and environmental
performance of LBMs.

The findings provide empirical evidence for the need to create awareness
of the availability and environmental performance of LBMs, as well
as the usefulness of awareness, in reducing the challenges in the
use of LBMs and increasing their use in building projects. The nonvalidation of H1 suggests that the negative impacts of the challenges
in the use of LBMs on the extent of their use will significantly reduce
if there is an awareness of their environmental performance in the
South African construction industry. This means that the awareness of
the environmental performance of LBMs will convince the stakeholders
in the construction industry of the advantages of using LBMs rather than
conventional building materials.
Likewise, the validity of H2 indicates that the awareness of the availability of
the LBMs will significantly increase the use of LBMs and indirectly reduce
the challenges in the use of LBMs. The use of LBMs is advantageous as a
result of their environmental friendliness; however, these advantages are
not enough to promote their usage, unless they are readily available at
building material stores, or from the building material suppliers.

Based on the findings on challenges, awareness of availability, and use
of LBMs (H2), we conclude that increasing awareness of environmental
performance and availability of LBMs will bring about a reduction in the
challenges in the use of LBMs. The results suggest that an increase in
the use of LBMs for building projects will be caused by such awareness
and that the negative influence of challenges in the use of LBMs on the
extent of their use for building projects will be mitigated by awareness
of the availability and environmental performance of LBMs. Based on
these conclusions, there is a need for government agencies to alter
their requirements and regulations in order to recognise the use of
LBMs in building projects. These agencies should also investigate the
technical properties of LBMs to establish whether they are suitable for
use in construction. The conclusions also suggest the need to create
awareness of the technical properties of LBMs through videos, seminars
and workshops. Future studies should determine the properties of LBMs;
scale up the use of LBMs; and test and standardise this technology for
use in construction.

Conclusion
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