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Abstract: The construction industry is faced with many challenges, among which is waste
management. Aside from the fact that wastage contributes to time and cost overrun, it also has
environmental implications in the form of pollution. However, the industry has the capacity to
effectively manage waste, from generation to disposal. All stages of the management process are
important, but scholars and governments have provided the final step, being disposal, unabated
attention in order to ensure effective management. Potential waste disposal methods, including
incineration, burning, landfilling, recycling, reuse, open dumping, pyrolysis, and shredding have
emerged from the literature around the globe. Despite various waste minimisation and sustainable
disposal options that are available, construction material waste is still increasing in Nigeria, while
disposal remains a major issue for firms and government. Therefore, this study assesses disposal
methods among construction firms to determine whether there is a relationship between their
practices towards waste disposal. The research followed a concurrent triangulation design in a cross
sectional survey, while data were collected via a convergent parallel mixed methods. The quantitative
phase employed a structured questionnaire to collect data from 243 building construction firms, while
the qualitative phase involved semi-structured interviews with 65 professionals from 10 on-going
construction projects in Lagos, Nigeria. The research revealed that landfilling is the most common
method of waste disposal, which is closely followed by reuse as backfill and recycling. In addition,
the study revealed no association between company’s ownership statuses, age, project specialisation,
and disposal methods, except company’s size. In conclusion, the study establishes the need for
regulatory policies, such as site waste management plan (SWMP), pay as you throw (PAYT), and
landfill ban, which would minimise material waste and divert them from landfills. Recycling and
reuse are recommended as sustainable approaches for waste disposal.
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1. Background of the Study

Waste management has become an important issue confronting both developed and developing
countries. The rate of waste generation has continued to increase, due to population growth, lifestyle
choices, consumption, and technological advancement [1], which has strengthened the need to address
this environmental concern. Waste generation varies from one sector of the economy to another;
however, the construction industry is a generator of a significant volume of waste. For instance,
construction waste represents 40% of total solid waste that is generated in Canada, 35% in Brazil, and
65% in Hong Kong [2-4]. In the United Kingdom (UK), construction waste represents 13% [5], while it
is about 33.3% in Finland [6]. These wastes are by-products that arise from construction activities, such
as renovation, demolition, maintenance, and civil engineering works [7]. However, they vary in terms
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of sizes, components, and types. According to Ekanayake and Ofori [8], construction waste types are
material, labour, and machinery, with material waste being mostly generated.

Material wastes are those that are considered to be useless for construction purposes and they
are disposed of [9]. Similarly, Garba, Olaleye, and Jibrin [10] described material waste as those
that contribute no value to the construction project and that have been recognised as a major
challenge to the industry due to their negative effects. Several studies (see, for example, [11-13])
have identified the impacts of material wastage to include pollution, resource depletion, climate
change, and energy consumption. The other effects are time overrun, cost overrun, and a source of
dispute [14-16]. The causes of material waste are diverse and they may depend on several factors,
including construction method, attitudes of the construction workforce, materials employed, and site
conditions. Many researchers (see, for example, [17-20]) have identified a range of causative factors
within the context of this research; however, it is those that were identified by Odusami, Oladiran,
and Ibrahim [21] that are applicable to this study. They identified 22 causes of waste, which were
categorised into six factors, namely: client related, management related, supply and storage related,
design related, construction related, and phenomenal occurrences. Consistent among these causes
are design changes, poor supervision, and material handling, which are human induced and may be
minimised by adopting appropriate waste management strategies [22-24].

Waste management is a vital part of construction [25]: where the aim is to reduce and repurpose
the quantity of waste generated, respectively. The intent is to achieve sustainable construction practices
through social, environmental, and economic principles that contribute to sustainable development.
The predominant stages in managing waste are generation, storage, collection, transfer, processing,
and disposal [26], where several approaches may be adopted during each stage to ensure effective
management. Although waste generation may be inevitable, reduction is possible and it may be
achieved throughout all construction activities, from design to deconstruction. Previous studies
(for example, [9,22,27,28]) have highlighted that one of the most appropriate strategies for managing
waste is to minimise them through design. If less waste initially is generated, then there will be less
pressure on other stages in the management process. Conversely, the final stage—disposal—the focus
of this study is fundamental in determining the success and effectiveness of the entire management
process, because poor and indiscriminate waste disposal would constitute environmental degradation.
Therefore, it is important to carefully select and adopt disposal methods that are environmental friendly
for construction material wastes due to their invaluable characteristics that could serve as resources
for other industries [29,30].

Waste disposal methods that were identified from the literature include: recycling, incineration,
composting, landfilling, open dumping, burning, reuse, shredding, and pyrolysis [31-36]. Recycling is
described as the end-of-life recovery of a material’s value and its reprocessing into a new product for
continuous usage in its primary or secondary state [31,37]. Through recycling, the consumption of finite
resources is reduced [38-40], while the potential resources are conserved. However, its disadvantages
include neglect of product’s quality and efficiency [41] and the lack of energy recovery [42,43].
Incineration disposes wastes by means of combustion at high temperature [32], which could be
through the central system or on-site. The advantages of incineration are waste reduction, production
of electricity, and heat energy [33], while the disadvantages include pollution in the form of acid
rain and ash production [32]. Composting employs the natural microbial organisms in organic waste
decomposition [33]. It contributes to global warming being aerobic by producing carbon dioxide, glass
like residue, and plastics [44].

According to Kamalan et al. [34], landfill is described as a designated space on the earth’s surface
where waste materials are buried. Usually, landfills are for a specific period of time and comprise
two types, which are sanitary and natural attenuation [45]. Its advantages include job opportunities
for scavengers and energy generation from the gases produced. Landfills used to be the cheapest
and most economical method of waste disposal, but its negative effects on the environment makes it
unsustainable [34]. For example, leachates are produced, which causes ground water contamination
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and air pollution. There are other social and health effects of landfill, which makes it practically less
effective for managing construction wastes. Open dumping is another cheap disposal method, where
wastes are carelessly dumped in open spaces, such as road side kerbs and corner areas on sites [46].
Aside from the fact that it is a cheap option, there are no advantages of this method; however, there
is a plethora of disadvantages, including fire hazard and air-borne diseases [47]. Burning is similar
to open dumping, which involves setting wastes on fire. There are risks that are associated with this
option, which includes fire, explosion, and air pollution. It also contributes to ozone layer depletion
through greenhouse gases that are emitted during the process.

According to den Hollander, Bakker, and Hultink [35], reuse is “any operation by which products
or components that are not waste are used again for the purpose for which they were conceived”
(p-518). Reuse as a disposal option ensures that wastes are reduced in an efficient manner, which is
possible through direct or indirect use. Environmentally, it reduces waste, greenhouse gas emission,
air pollution, and energy. It enhances social interaction and also reduces the cost of producing new
materials. Pyrolysis, as an alternative to incineration, ensures the thermal decomposition of materials
at very high temperatures and in the absence of oxygen [36]. It has the ability to reduce waste volume,
degrade toxic components, and produce gases that can be used as fuel. On the other hand, it produces
ashes that contaminate the air, thereby causing pollution. Likewise, the operational cost of pyrolysis is
high making it non-economical, especially in developing countries [36]. Shredding is another waste
disposal method whose purpose is to reduce waste sizes via a mechanical process. These wastes are
finally disposed through other disposal methods, which implies that shredding is a means to an end
and not an end itself. It is obvious that, aside from reuse and recycling, other waste disposal methods
are not environmental friendly and, as such, it can be concluded that they are unsustainable.

The need to dispose waste in an efficient manner is very pressing for many developing countries,
including Nigeria, where the generation rate of construction material waste has been reported to
be high, and disposal methods, less sustainable. For example, Akanni [48] reported 13.6% material
wastage, while Adewuyi, Idoro, and Ikpo [49] revealed that material wastage exceeds the estimator’s
allowance. Despite the high levels of material waste, Wahab and Lawal [50] observed that little
attention is given to construction waste in Nigeria and argued that a low means of disposal and the lack
of awareness may be responsible. In support of their observation, Kareem, Asa, and Lawal [51] further
explained that the high volume of wastes are due to the availability of inexpensive disposal methods,
suggesting the need for government regulatory policies and organisational policies. At the firm level,
Dania et al. [52] found that waste management is generally poor, while other studies [50,53,54]
revealed that different disposal methods are adopted on construction sites. Likewise, previous
studies [21,48,49,52] have assessed construction waste management from firms’ perspective, but
did not indicate the effect of company’s characteristics on the choice of disposal methods.

According to the Lagos State Waste Management Authority (LAWMA) [55], there are five landfill
sites (three major sites and two temporary sites) in the state, where all types of waste (including
construction) are disposed. The recycling of construction waste in Lagos has been described to be very
low [56], while some household wastes (such as plastics and papers) are recycled to some extent [55].
Additionally, burning and burying are quite common in Lagos [56]. A study by Obadina [57] found
that the reuse of some waste material is possible, however Odewumi [58] noted that they have been
under-utilised. Incineration, on the other hand, is not commonly practiced in Lagos and Nigeria as a
whole [59]. It is against this backdrop that this study assessed construction material waste disposal
methods that are based on seven methods, including landfill, burning, recycling, reuse as backfill, on
site dig and bury, open dumping, and incineration identified from the literature.

Therefore, the aim of this study was to assess and determine the relationship between material
waste disposal methods and the characteristics of Nigerian building construction firms, with a view to
proffering sustainable options. In order to achieve the aim, the objectives are:

1. identifying material wastes disposal methods;
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2.  determining whether a relationship exists between company characteristics and disposal
methods; and,
3. recommending sustainable alternatives.

2. Study Area and Research Methodology

This study focuses on the building sector of the Nigerian construction industry due to its
predominant traditional method of construction, which has tendencies to generate significant
waste. The research was conducted in Lagos State, Nigeria and the rationale for the selection were:
(a) approximately 60% of construction activities in Nigeria take place in Lagos [60]; (b) it is the
commercial nerve centre and the former capital of the country; and, (c) about 70% of construction firms
in Nigeria are physically present in Lagos [61].

2.1. Research Design

Based on the aim of this study, the research was designed to assess, report, and provide meaning to
data on waste disposal. A convergent parallel mixed methods, where both quantitative and qualitative
approaches employed in a single enquiry, was adopted for this study. The purpose was specifically
for triangulation, while data were collected once (cross-sectional). The research design followed
the concurrent triangulation design that was recommended by Creswell, Plano Clark, Gutmann,
and Hanson [62], where data were collected and analysed simultaneously and the results were
compared (Figure 1). For this study, quantitative data were collected and analysed through survey
questionnaire and descriptive statistics, while qualitative data employed semi-structured in-depth
interviews and thematic analysis, respectively.

Data Analysis -

Quantitative Data Collection - I
Phase Survey Questionnaire DESCI_’I[II]'JE & .
Inferential Statistics Results
Merging
Qualitative Data Collection - Data Analysis -
Phase Indepth Interviews Thematic Analysis

Figure 1. Concurrent Triangulation design. Source: Adapted from Creswell et al. [57].
2.2. Research Materials

A review of extant literature on construction waste disposal methods was conducted while using
databases, such as Scopus, Web of Science, and Google Scholar. Seven disposal methods that were
identified from the literature [50,52,63-65] were employed for the survey. Data were collected through
a questionnaire survey and interviews.

2.3. Research Participants

The participants in this study were building construction firms and professionals with a minimum
of three years’ experience in the building sector. They included: architects, quantity surveyors, project
managers, engineers, foremen, main contractors, and sub-contractors. These professionals have requisite
knowledge, as they are connected to material waste on construction projects. Through a simple random
sampling, building construction firms that were recruited for this study were identified from Vconnect,
an online register of companies in Nigeria that is available at www.vconnect.com. The register had
2684 building construction firms in Lagos and with the help of Cochran’s sample size formula [65],
337 companies were selected. To achieve the sample size (337), 700 questionnaires were emailed
to organisations and 30 were randomly administered face-to-face. Construction professionals were
identified through a purposive selection of 10 on-going building construction projects in Lagos involving
all aforementioned professionals and a total of 70 participants were surveyed. These construction


www.vconnect.com

Recycling 2019, 4, 13 50f 15

projects were purposively selected based on their level of completion, availability, and involvement of
construction professionals. The firms were categorised into small, medium, and large based on their
annual turnover, as adopted by previous studies [59-61,66-68]. Furthermore, company characteristics,
such as ownership status, age, size, and area of specialisation were adopted for this study.

2.4. Research Procedure

The questionnaire survey included closed-ended questions that were administered online and
face-to-face. The former consisted of a web link to the online form, which was emailed to randomly
selected building construction firms, while the latter comprised printed copies that were hand delivered.
The questionnaire requested information regarding respondents, their organisations, and waste
disposal methods. For the purpose of privacy and confidentiality, the participants and organisations
were de-identified /assigned codes. Semi structured in-depth interviews were also conducted to
uncover rich data in terms of opinions and experiences of participants on the subject. As the most
common method for collecting qualitative data [69], it consists of guided open-ended questions to
capture participants” verbal and non-verbal responses and to keep focus. The quantitative data were
analysed by means of descriptive statistics, such as frequency and percentages via the Statistics Package
for the Social Sciences (SPSS v.24). With the help of NVivo 11, qualitative data were analysed through
thematic analysis.

3. Findings and Discussion

3.1. Response Rate

The sample size for the quantitative phase of this study was 337; however, 700 questionnaires were
emailed to organisations with 30 being administered face-to-face. Overall, 730 questionnaires were
administered, 464 were returned, and only 243 were duly completed and found to be usable, which
represents a 33.3% response rate. Generally, a low response rate is common with surveys in construction
management, and some researchers [70-73] have reported 20-30% as the norm. For example, a study
that was conducted by Tam [74] reported a response rate of 31.2%, Chinowsky and Meredith reported
26.5% [75], while Fahmy, Hassan, and Bassioni [76] reported a 4.1% response rate.

For the qualitative phase, 65 interviews were conducted with participants from 10 building
construction projects. Table 1 shows the details of interviewees. In addition, an authority from the
agency that is responsible for waste collection and disposal was interviewed.

Table 1. Interviewees and projects’ details.

PC Project Type and Location A E F MC PM QS SC Total
S1 Religious, Ikoyi 4 4 v 4 4 v v 7
S2 Residential, Ajah X v v v v v v 6
S3 Commercial, Victoria Island v v v v X v v 6
S4 Residential, Ikoyi v v v v v v v 7
S5 Commercial, Lekki v v v v v X v 6
S6 Religious, Yaba v 4 X v v 4 v 6
S7 Residential, Ipaja 4 v v v 4 v v 7
S8 Recreation/Entertainment, Ikeja v v v v v v v 7
S9 Mixed (Commercial & Residential), Ikeja v v v v v X v 6
S10 Commercial, Ikoyi v v v v v v v 7
Total 9 10 9 10 9 8 10 65

PC—Project code, S—Site, A—Architects, E—Engineers, F—Foremen, MC—Main Contractors, PM—Project
Managers, QS—Quantity Surveyors, SC—Sub-Contractors.

3.2. Respondents and Organisations” Characteristics

Tables 2 and 3 present respondents” and organisations’ characteristics for the quantitative phase of
the study, respectively, while Table 4 details interviewees’ characteristics. The demographic data
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highlighted that a range of professionals and top management staff of construction firms were
represented, which gave a good cross-section of opinions. In addition, the data indicated that the
participants possessed educational qualifications and experience that are required to provide necessary
information for the study. The majority of construction firms surveyed are privately owned and have
been operating for more than 21 years. They are majorly small scale firms that specialises in new
builds. These characteristics provide insight into waste disposal methods that are adopted by firms
and whether it differs.

Table 2. Respondents’ profile.

Respondents’ Job Description

Frequency Percentage

Urban planner 1 0.4

CEO 14 5.8

Manager 7 29

Project Manager 40 16.5
Architect 88 36.2
Engineer 25 10.3
Contract/Quality Manager 2 0.8
Quantity Surveyor 53 21.8
Builder 11 4.5
Technician 2 0.8

Level of Educational

Ordinary National Diploma 2 0.8
Higher National Diploma 30 12.3
Post Graduate Diploma 10 41
Bachelor Degree 78 321
Master Degree 120 494

PhD 3 12

Table 3. Organisations’ characteristics.

Ownership Status

Frequency Percentage
Privately owned 161 66.3
Partnership 38 15.6
Government owned 18 74
Public Limited Company 26 10.7
Age of Organisation
1-5 years 48 19.8
6-10 years 58 23.9
11-15 years 39 16.0
16-20 years 34 14.0
Above 21 years 64 26.3
Size of Organisation
Up to N50million (Small) 114 46.9
N51-N500million (Medium) 60 24.7
Above N501million (Large) 69 28.4
Area of Project Specialisation
New build 208 85.6
Maintenance/repair 17 7.0
Renovation 14 5.8

Demolition/deconstruction 4 1.6
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Table 4. Interviewees’ characteristics.

Experience
Years of experience No of Interviewees

3-5 years 16
6-10 years 18
11-15 years 11
16-20 years 6
21-25 years 6
26-30 years 4
Above 31 years 4

Average years 13.1 years

Educational Level

Maximum Masters (MSc.)
Minimum Ordinary National Diploma (OND)

3.3. Disposal Methods

The results of the quantitative data reveal that landfilling, closely followed by ‘reuse as backfill’,
and recycling, in that order, are the main disposal options (Table 5) that are adopted by building
construction firms in Nigeria, while the qualitative data indicate ‘cart away’ by the State government’s
agency that is responsible for managing waste, throw away, and re-sell as the top three material
waste disposal methods based on the number of mentions during interviews (Figure 2). However,
a government authority through interview confirmed that material wastes that were collected from
construction sites are disposed in the landfill.

“Well, if you look at construction waste in totality and peculiar to the agency’s operations, you
will find out that how it is being managed in other part of the world- Europe and the like is very
different from our peculiarity here. The reason being that, due to the nature of our economy, waste
has not been well structured in terms of sorting and for the fact that it is not well sorted out, it is
being comingled and it is what we find in the container that we will pick and take to the dump site”
(Government Authority).

This finding of quantitative and qualitative data support that landfilling is the main disposal
method. Other disposal methods, as practiced in the Nigerian construction industry, are shown in
Table 5 and Figure 2. Interestingly, burning is still practiced on some sites (Figure 3). Although the
majority of the interviewees confirmed that they are aware of the environmental effects of burning,
such as air pollution, fire disaster, and ozone layer depletion, they still could not help but continue with
this illegal practice, as it is a cheaper option when compared with other methods. For example, one
participant revealed: “Sometimes we burn the waste which is against the law because we don’t have
a choice than to burn them. Although it causes air pollution” (F5). Another interviewee confirmed,
“There are some that we burn even though there is a State legislation against that” (MC1), yet the
practice continues. It is obvious that awareness does not translate to action, which may indicate the
lack of enforcement in the Nigerian construction industry. Another disposal method that is worthy of
mention is re-sell. As confirmed by some of the interviewees, material wastes are sold to interested
member of the public, which is a form of reuse. One of the interviewees noted: “ ... most time what
we do is to sell some of the fossil materials that we know we can’t reuse. We sell them or even give
them out to people who use them as fossil fuels” (E7).
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Table 5. Disposal methods, as indicated by the questionnaire survey.

Disposal methods Frequency Percentage
Open dumping 43 17.7
Recycling 53 21.8
Landfilling 57 235
Incineration 18 7.4
Reuse as backfill 54 222
Onsite dig and bury 11 4.5
Burning 7 29
Total 243 100.0
Throw away [ IEEEENEE
P Give out [N
£ Burn SN
1]
£ Reuse NN
w
8 Re-sell | IEENGN
B Cartaway by LAwmA -
Unsure [
0 5 10 15 20 25 30

Counts

Figure 2. Disposal methods, as indicated by the interviewees.

Figure 3. Evidence of burning on construction site S7. Source: Authors’ field survey, 2017.

Similar to re-sell, it was identified that material wastes are given to those who are interested,
which is quite common in the industry. Some material wastes are re-used as backfill for the excavated
portion on same site or another. Waste materials are also used to fill pot holes on roads, while some are
used to fill hollow parts of sandcrete blocks to provide strength. The open dumping of materials may
cause a negative environmental impact, such as air pollution. Likewise, the practice of on-site dig and
the burying of materials: digging a portion of the site and burying waste materials, may contaminate
drinking water, cause erosion, and kill vegetation.
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The findings of this study identify that the availability of land and lack of regulatory policies
may be responsible for landfilling. Although wastes that are dumped in landfills may be converted
to energy, this has yet to be fully explored in Nigeria. As suggested by Olorunfemi [77], landfills in
Lagos may exceed their capacity in the near future if the disposal rate remains consistent. The finding
has implications for practice, industry, and government policy. Construction professionals need to
change the misconception that landfilling is a cheaper option when compared to reuse and recycling.
The design team has to adopt effective design minimisation measures, while other professionals are
to ensure efficient waste reduction approaches. Therefore, they need to encourage the sorting and
segregation of material wastes on site to enhance reuse and recycling. Through sustainable disposal
options, the industry may engage in industrial symbiosis where the material wastes generated will
serve as resource and they are exchanged with other industries and vice versa. For example, material
wastes from the agricultural industry may serve as raw materials for some products in the construction
industry. Likewise, the industry may take advantage of the low recycling rate in the country and invest
into recycling of construction materials, which is less competitive. Awareness and education regarding
appropriate waste management, including collection and disposal, is essential for all construction
workforces and should be provided by firms, in conjunction with the industry.

The existing waste management policy in Nigeria that is closely related to the construction
industry is the National Environmental (construction sector) regulations [78]. This regulation lacks
specificity and its provisions are ambiguous [79]. The government may consider measures, such as the
introduction of regulatory policy, including site waste management plan (SWMP), Pay-As-You-Throw
(PAYT), and landfill ban to divert material wastes from landfills. The SWMDP, as a regulation, was
adopted in the UK in 2008. It provides minimisation and management measures, while identifying the
types and potential waste sources [28]. A study by Oladiran [63] found that SWMP has substantial
effect on material waste minimisation. PAYT is a pay per unit volume of waste generated and its
purpose is to reduce waste and encourage reuse and recycling. Brown & Johnstone [80] and Dahlén &
Lagerkvist, [81] revealed that it has been effective in reducing waste that is sent to landfills. Landfill
ban is an outright ban on disposal of construction waste to the landfill. A study by Scharff [82]
found that landfill bans, taxes, and regulations had a massive impact in reducing waste in the
Netherlands. Although the enforcement and monitoring of policies in Nigeria have been reported to
be poor [52,70,83], there are other options that may be introduced at a government level to improve
waste practice: introduction of incentives, recognition, and awards for the best waste management
practices to motivate and encourage construction professionals and firms that may improve compliance.
The finding of this study aligns with previous research [52,84,85], which revealed landfilling to be
the most preferred method of waste disposal in Nigeria. As a way to deter continuous landfilling,
the current waste disposal levy may be increased, while the government makes provisions for recycling
plants. This finding is not surprising, because it was clearly evident during the researchers’ field
work in Lagos that wastes are sent to landfills, which is also a global problem, as formerly identified.
The issue of landfilling is not only specific to developing countries; therefore, this study suggests the
need to reduce wastes that are sent to landfills by encouraging the sorting and segregation of materials
that are reusable and recyclable. For ease of reuse and recycling, different skips may be provided,
while the construction workforce is trained to identify and place materials in appropriate skips.

3.4. Disposal Methods and Company Characteristics

The relationship between company’s characteristics and disposal methods was explored to
identify any causal relationship or association (Table 6). The findings revealed no association between
the company’s ownership status and disposal methods (x2 (18) > = 19.080, p = 0.387). Similarly, it
was revealed that there is no association between a company’s age and disposal methods (x2 (24) > =
26.605, p = 0.323); or, company’s main construction activity and disposal methods (x2 (18) > = 21.428,
p = 0.258). However, there was a significant association between the company’s size and disposal
methods (x2 (18) =25.121, p = 0.014).
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Table 6. Association between methods and company’s characteristics.

Chi-Square Tests
Value df p-Value

Cross Tabulation

Disposal method and company ownership status 19.080% 18 0.387
Disposal method and Company age 26.605° 24 0.323

Disposal method and Company size 25121¢ 12 0.014

Disposal method and Company’s main construction activity =~ 21.4284 18 0.258

2. 15 cells (53.6%) have expected count less than 5. The minimum expected count is 0.52. P: 15 cells (42.9%) have
expected count less than 5. The minimum expected count is 0.98. <: 6 cells (28.6%) have expected count less than 5.
The minimum expected count is 1.73. 4: 21 cells (75.0%) have expected count less than 5. The minimum expected
count is 0.12.

Based on the result, it may be concluded that the company size is associated with material waste
disposal methods. It is noted that small sized companies prefer reuse as backfill, landfilling, open
dumping, and recycling in that order than incineration, onsite dig and bury, and burning. Interestingly,
large sized firms prefer incineration, onsite dig and bury, and burning, respectively, rather than other
disposal methods that were identified in this study (Table 7).

The findings imply that waste disposal methods among construction firms vary, which may
depend on technology, equipment, personnel, and financial capacity. For instance, small sized firms
may lack the type of equipment that is used by a large sized firm. From the findings, it is clear that
small sized firms reuse wastes as backfill more than other disposal methods, and the reason may be
the need to avoid cost overrun and maintaining maximum profit. Large sized firms were found to
prefer onsite dig and bury and burning, which may indicate non-commitment to their community
social responsibility and non-compliance to State laws. They are reluctant to adopt reuse or recycling
methods, because there are no laws or regulations forcing them to do so, as stated by some of the
interviewees. Other reasons are corruption and unethical practices.

The findings of this study have implications in industry, practice, and policy. It provides a valuable
reference for firms and industry to prioritise the environment rather than profit when thinking and
deciding on disposal methods. In the current climate, there is a need to address the issue of waste
production as well as design. Although waste is mostly generated during construction, if minimised
in the first instance, then it may be easy to effectively manage the residue. Hence, the need to consider
minimising waste through design. Professionals need to work out ways of reducing wastes as much
as possible to divert them from landfill. By designing out waste, design professionals may be able to
minimise waste, while other professionals may adopt green procurement and construction, including
just-in-time delivery, prefabrication, and off-site construction.

The relevance for policies is that government may device a means to enforce regulatory policies
and enhance compliance, such as incentives and penalty schemes. Likewise, policies that require
construction firms to provide waste management plan, which includes disposal methods, may be
formulated and properly monitored to ensure strict adherence. The findings of this research compare
differently to previous studies [86,87], which found large scale firms to exhibit positive attitudes
to waste management. No study in Nigeria has previously investigated the association between
firms and waste disposal methods, which is the novelty of this study. Therefore, it is important
for all sizes of firms to dispose material wastes in the best environmental way possible, while the
circular economy concept through the 3R principle (reduce, reuse, and recycling) may be adopted for
effective management.
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Table 7. Cross tabulation of disposal methods and company size.

Small Medium Large Total
Count 25 14 4 43
Open % within disposal method 58.1% 32.6% 9.3% 100.0%
dumping % within company size 21.9% 23.3% 5.8% 17.7%
% of Total 10.3% 5.8% 1.6% 17.7%
Count 22 14 17 53
Recycling % within disposal method 41.5% 26.4% 32.1% 100.0%
% within company size 19.3% 23.3% 24.6% 21.8%
% of Total 9.1% 5.8% 7.0% 21.8%
Count 28 15 14 57
Landfilling % within disposal method 49.1% 26.3% 24.6% 100.0%
% within company size 24.6% 25.0% 20.3% 23.5%
% of Total 11.5% 6.2% 5.8% 23.5%
Disposal Count 6 2 10 18
method . % within disposal method ~ 33.3%  11.1%  55.6%  100.0%
Incineration % within company size 5.3% 3.3% 14.5% 7.4%
% of Total 2.5% 0.8% 4.1% 7.4%
Count 29 11 14 54
Reuse as % within disposal method 53.7% 20.4% 25.9% 100.0%
backfill % within company size 25.4% 18.3% 20.3% 22.2%
% of Total 11.9% 4.5% 5.8% 22.2%
Count 3 3 5 11
Onsite dig % within disposal method 27.3% 27.3% 45.5% 100.0%
and bury % within company size 2.6% 5.0% 7.2% 4.5%
% of Total 1.2% 1.2% 2.1% 4.5%
Count 1 1 5 7
Burning % within disposal method 14.3% 14.3% 71.4% 100.0%
% within company size 0.9% 1.7% 7.2% 2.9%
% of Total 0.4% 0.4% 2.1% 2.9%
Count 114 60 69 243
% within disposal method 46.9% 24.7% 28.4% 100.0%
Total % within company size 100.0%  100.0%  100.0%  100.0%
% of Total 46.9% 24.7% 28.4% 100.0%

4. Conclusions and Recommendations

Using a convergent parallel mixed methods, this study has examined material waste disposal

methods in the Nigerian construction industry. The study was conducted in Lagos to present the status
quo of construction waste disposal in Nigeria. Waste management measures and disposal methods,
including reuse, recycling, incineration, composting, landfilling, open dumping, and burning were
reviewed. The following conclusions can be drawn based on the findings:

1.
2.

The main waste disposal method in the NClI is landfilling.

When compared to other firm’s characteristics (ownership status, age, project specialisation),
there is a significant relationship between a firm’s size and the disposal methods that they adopt.
Large firms adopt incineration, burying, and burning, while small firms adopt reuse as backfill,
landfilling, open dumping, and recycling.

Burning is still practiced in the NCI despite environmental legislation against it.

Based on these findings, the status quo of waste disposal in Lagos has remained over the years,

which suggests the need to adopt effective minimisation methods. In addition, there is need for
improvement in construction waste management to prevent further environmental degradation. There
is also a need to change industry culture to promote the awareness and understanding of this important
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issue. Recommendation for future study stress the need to include other construction workforce and
stakeholders to develop a holistic waste disposal framework. Finally, this study offers new insights into
the use of concurrent triangulation mixed methods approach in construction management research,
especially in Nigeria.
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