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Abstract

The Nigerian construction industry, characterized by a linear economic model and being
a major contributor to waste generation, is slow in the adoption of methods that could be
beneficial in sustainable waste disposal techniques. Despite the known benefits of circular
economy principles (CEPs], the awareness level and usage of circular economy are still
considered to be below average. This study aims to analyze the level of awareness and
usage of CE principles among Nigerian construction stakeholders. It adopts a quantitative
research method by using closed-ended questionnaires distributed to construction
professionals in Lagos State, Nigeria. Data were analyzed using frequency distribution for
the proportion of responses and characteristics of the respondents and mean item score,
standard deviation, and factor analysis for the objectives. Additionally, the Kaiser-Meyer-
OLlkin (KMO) measure of sampling adequacy was used to indicate that the retrieved data
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were sufficient for factor analysis, while Bartlett's test of sphericity (BTS) tested the significance of the
correlations between the variables. The findings of the study indicate that construction professionals
have only a basic knowledge of CEPs and their importance in practice, but they are very familiar with
their application. Thus, it provides the basis for which construction stakeholders, policymakers, and
the government can make informed decisions to improve the awareness and usage of CEPs in the
construction industry. The study’s findings highlight the knowledge gap and the need for targeted
educational and training initiatives, which can serve as a basis for future research and intervention
programs.

Keywords

Circular Economy Principles; Environmental Impact; Resilient Construction;
Sustainable Waste Disposal; Circular Trainings

Introduction

Circular economy (CE) has become an increasingly prevalent concept globally, especially given its potential
to address challenges related to sustainability. The concept, which has garnered attention from various

schools of thought, has piqued the interest of countries, including several developed nations (Zuofa, et al.

2023). An assessment by the European Commission revealed that adopting a CE in its manufacturing
sector could result in over 500 billion euros in economic gains annually for the continent (Osei-Tutu

et al., 2023). This shift would entail moving away from the long-standing linear method involving

extraction, production, usage, anddisposal, as the depletion of raw materials has made the linear approach
unsustainable, prompting a return to the CE model (Akinwale, 2023). Since the emergence of CE concepts,

numerous definitions have been proposed, sharing broadly similar principles across different schools

of thought. Geng and Doberstein (2008) associated CE with the industrial ecology school of thought,

suggesting that economic growth and environmental sustainability can coexist. The cradle-to-cradle school
of thought more effectively encapsulates the idea of a CE. This perspective posits that everything in nature
should undergo a waste revolution, with waste from one organism serving as a valuable resource for another

(Kekic, et al., 2020).

Typically, a CE system adopts a cyclic approach to manufacturing and production, where by-products
are treated as raw materials for subsequent processes. The term first appeared in a 1990 study by Pearce and
Turner, examining the interplay between the environment and economic activities (Donaghy, 2022). This
system, according to the authors, is based on the premise that everything is interconnected. The principle
was previously cited in the work of Akinwale (2023), highlighting the concept of a closed system and
emphasizing the finite natural resources available for human activities. While China’s CE Promotion Law
defines a CE as the “activity of reducing, reusing, and recycling in production, circulation, and consumption”

European institutions describe it as “an economy where the value of products, materials, and resources is

maintained for as long as possible and waste generation is minimized” (Merli, et al., 2018). However, the
CE has attracted the attention not only of nations but also of non-governmental organizations focusing
on climate change and sustainability. For instance, the Ellen MacArthur Foundation, established in the
United Kingdom in 2010, defines it as an industrial system that is restorative or regenerative by intention
and design, emphasizing the replacement and replenishment of end-of-life products and a shift toward
renewable energy use (Mhatre, et al., 2021). Upadhayay, et al. (2024) further explore the Ellen MacArthur

definition, describing the CE as involving the elimination of waste through superior material, product, and

system design, including innovative business models.

In recent times, the Nigerian government has established several initiatives such as Circular Lagos,
whose aim is to cultivate a more sustainable and resource-efficient economy by promoting circular business

practices (Adelekan, 2022). Additionally, the Nigeria Circular Economy Working Group (NCEWG) has
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been formed to develop a national framework for a CE throughout the nation. According to Ayanrinde
and Mahachi (2023), the NCEWG brings together stakeholders from government, business, academia,
and civil society to design policies and programs that promote resource efficiency and minimize waste
across the entire country. Also, the United Nations Industrial Development Organization (UNIDO) is
working with the Nigerian government on various projects that support the country’s transition to a CE

(Paul and Ofuebe, 2021). Private sector companies and non-governmental organizations (NGOs) are

also driving circularity. For instance, the Coca-Cola Foundation’s initiatives focus on areas like plastic
waste management, which aligns perfectly with the CE’s goal of keeping materials in use for longer

(Adelekan, 2022). Despite increasing attention to sustainability initiatives, debates continue regarding

the actual implementation of CE principles due to several challenges such as lack of knowledge, lack of
standardization and regulation, consumer behavior, and hesitance to new ideas (Albert and Olutayo, 2021;
Ezeudu et al., 2021; Akinwale, 2023). These challenges are particularly relevant in the construction industry,

a significant contributor to solid waste generation in Nigeria. To be able to implement these practices and
create a more sustainable construction sector, there is a need to understand if construction professionals are
even familiar with CE principles. Thus, this paper aims to shed light on the level of familiarity and adoption
of CE principles within Nigeria’s construction sector. The findings of this study can inform the development
of targeted interventions and educational programs to bridge any knowledge gaps and encourage the

integration of CE practices throughout the construction industry.

Overview of circular economy principles

CE adheres to a set of well-defined guiding principles that encompass a range of methods for achieving
circularity. In their work, Schoggl, et al. (2020) identified a comprehensive suite of nine such principles,
which include actions like re-use, recycle, recover, repair, remanufacture, refurbish, refuse, reduce, and
repurpose. Subsequent research by Osei-Tutu, et al. (2022) and Lee, et al. (2023) has further expanded
this framework by introducing additional strategies such as rethink, recirculate, and regenerate as essential

components of CE practices.

RECYCLE

Demolition is an intrinsic element of the built environment, closely paralleling the significance of
construction itself. It may arise from alterations in building design, necessitating the partial removal of
existing structures to accommodate new construction, or from the complete removal of a building to
erect an entirely new structure (Ghaffar, et al., 2020). Following the demolition process, a substantial
amount of waste is generated on-site, requiring removal and disposal. According to Zhang, et al. (2022),

waste generation is estimated to exceed 1,000 m? for every 13,500 m? of built surface. This equates to

approximately 0.07 m® of waste produced per square meter of built surface. This extensive waste generation
within the construction industry contributes significantly to the sustainability issues previously mentioned
in this research. One notable concern is the environmental impact associated with improper waste disposal,
which can lead to ecological degradation and health hazards. Akinwale (2023) recommended recycling as a
superior waste management technique. This process not only facilitates responsible disposal but also involves
re-engineering potentially harmful waste into new materials that can find applications in various sectors,

including construction.

RE-USE

Minunno, et al. (2020) identified that the concepts of recycling and re-use are often used interchangeably
due to a research gap that has failed to differentiate between these two CE principles. Unlike recycling,
where used materials are repurposed, the re-use technique involves keeping already-used materials for the
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same purpose for which they were manufactured (Kopsidas and Giakoumatos, 2021). This means that the
intended use remains consistent for both the original and re-used materials. In recycling, new products may
differ from the original, but this is not the case with re-use. While some argue that re-use as a CE principle
is challenging in construction due to the disposable nature of buildings at the end of their life cycle,
Upadhayay, et al. (2024) contended that resources within the construction framework should be explored for
re-use opportunities. Based on a case study of mixed-use construction, Minunno, et al. (2020) also argued
that it is possible to incorporate over 80% of re-used materials in construction. This not only enhances

sustainability in construction but also makes construction more cost-effective.

REFURBISH
Bilal, et al. (2020) identified refurbishment as a key principle of CE that plays a crucial role in optimizing

the lifespan and value of buildings. This approach leads to reduced resource usage by maximizing the

utilization of existing structures, aligning with the principles of sustainability and the CE (Minunno

et al., 2020). Unlike conventional practices, which often involve the complete reconstruction of buildings,

refurbishment prioritizes the retention and improvement of the existing framework (Gonzélez, et al., 2021).

'This means that refurbishing allows for the enhancement or upgrading of existing structures without the
need to demolish the entire building. Choosing refurbishment over new construction not only conserves
resources but also minimizes the environmental impact associated with resource extraction and production

(Bilal, et al., 2020). By extending the life of existing buildings through refurbishment, the demand for new

construction materials is reduced, further contributing to sustainable practices and CE principles.

REMANUFACTURE

Beyond buildings, the remanufacturing of construction equipment has also been recognized as a sustainable
practice. As construction projects increase, so does the demand for equipment, and the production of new
equipment can contribute to sustainability concerns. Charef, et al. (2022) argued that remanufacturing

these pieces of equipment offers numerous opportunities, including cost-effective machines and reduced
resource and energy consumption. Among the various strategies (R-strategies) in CE, Singhal, et al. (2020)
indicated that remanufacturing stands out, as it ensures the quality of remanufactured products matches that
of new ones. At the end of a product’s life or its intended use, remanufactured items are not only restored to
their original state but also often improved upon, underscoring their role in sustainable and quality-centric
practices within the CE paradigm (Minunno, et al., 2020). Talamo, et al. (2021) advocated for facility
managers as the gatekeepers of remanufacturing in construction due to their primary responsibility for

monitoring and managing buildings. While remanufacturing has yet to extend to entire buildings, it already
applies to building components like furniture (Singhal, et al., 2020). Thus, manufacturers must collaborate
closely with real estate operators to develop products that can be easily retrieved at their end-of-life for
remanufacturing, emphasizing the importance of a coordinated approach to circularity in construction.

REPURPOSE

Morseletto (2020) defined repurposing as a CE principle involving the utilization of abandoned products or
their parts to create a new product with a different function. Repurposing has gained increasing popularity
as a strategic response to the growing prevalence of abandoned buildings that no longer serve their original
purposes. This approach offers a flexible solution by allowing the transformation of unused buildings into
various types of spaces for single or multipurpose use (Bertino, et al., 2021). The significance of repurposing

lies in its potential to reduce the demand for raw materials in new construction, thereby contributing to
sustainability. Furthermore, repurposing extends the life of existing buildings, aligning with principles that

prioritize resource efficiency and environmental conservation (OECD, 2023).
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REPAIR

Morseletto (2020) also provided a definition of repair, framing it as the process of addressing defects or

malfunctions in products to restore their functionality for their intended purposes. This definition positions

repair as a gentle or subtle type of maintenance. Gusser-Fachbach, et al. (2023) acknowledged repair as a

viable method for prolonging the lifespan of products and materials. This involves not only fixing issues
but also designing products for durability, underscoring the significance of incorporating maintenance and

repair practices to maximize usability.

RECOVER

To facilitate the transition toward a CE, Ruiz, et al. (2020) advocated for the implementation of various
strategies, one of which involves the establishment of recovery schemes. In this context, a recovery scheme
signifies the systematic retrieval and reintroduction of materials back into the manufacturing industry.
[oustra, et al. (2022) posited that the initiation of robust material recovery mechanisms begins at the
inception of product design, incorporating strategies for multiple lifecycles and prospective recovery
activities. This argument emphasizes that successful recovery efforts also depend on user incentives,
necessitating a proactive approach that involves stakeholder analysis and active participation. This
perspective underscores the importance of integrating recovery considerations into the earliest phases

of product development and advocates for a comprehensive understanding of user motivations to foster

effective engagement in recovery practices.

REGENERATE

Regeneration has gained significant recognition within the biological context for decades, where the
reclamation and restoration of materials, coupled with nutrient regeneration, are key principles. The

principle of regeneration also gains relevance within the construction context (Gillott, et al., 2023). Concrete

stands out as a key regenerative material in construction, known for its intrinsic self-healing function and
renewing mechanism. This inherent quality allows concrete to repair cracks and minor damages over time,
extending its lifespan and reducing maintenance needs (Ogunmakinde et al., 2019). The advancements

in concrete technology have further enhanced these regenerative properties, leading to the development

of self-healing concrete. This innovative approach not only reinforces the fundamental notion of concrete
regeneration but also aligns with the principles of a CE by emphasizing sustainable material utilization and

promoting regenerative processes within the construction industry.

RECIRCULATE

Recirculation has gained prominence in discussions surrounding sustainable practices and waste reduction.
As a principle of the CE, O’Grady, et al. (2021) described recirculation as the process of returning material
resources to manufacturing companies for new product development, with waste management playing

a key role in facilitating this process. Similarly, Lekan, et al. (2021) defined recirculation as the act of
extracting and retaining maximum value from existing resources through diverse circuits of value in local
production. Although both definitions vary slightly, they both emphasize effective waste management
practices as a driver for recirculation. While O’Grady; et al. (2021) emphasized the need for materials to be
reintroduced into the manufacturing sector, Lekan, et al. (2021) suggested that recirculation is not solely
about minimizing waste but also about optimizing the utility and value derived from resources within local
economies. This broader perspective highlights the importance of integrating recirculation strategies into

sustainable practices to maximize resource efficiency and economic benefits.
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REFUSE
Grigoropoulos, et al. (2022) identified 10 R-strategies aimed at reducing society’s reliance on raw materials

and minimizing the environmental impact associated with extracting them. One of these R-strategies,
identified as “refuse,” refers to making a product redundant by either abandoning its function or offering
the same function with a radically different product. The concept of refuse can also extend to the deliberate

avoidance or reduction of certain materials or production processes to promote a more CE (Morseletto

2020). By choosing to refuse certain products or materials, businesses and consumers can contribute to

reducing waste and conserving resources, aligning with the principles of sustainability and circularity.

RETHINK

Lekan, et al. (2021) explained the principle of “rethink” as the strategic transformation of a product aimed at
enhancing its use intensity. This transformative process includes implementing various mechanisms, such as
promoting product-sharing initiatives and introducing multifunctional products to the market. By adopting
these strategic approaches, products can be effectively repositioned to unlock their optimal usage potential
(Morseletto, 2020). The concept of “rethink” not only aligns with present-day sustainability practices but

also underscores the role of innovative strategies in extending a product’s lifespan and maximizing its overall
impact. This perspective advocates for a departure from conventional product consumption models toward
more sustainable and resource-eflicient alternatives. Furthermore, O’Grady, et al. (2021) emphasized the
need for a broader reconceptualization of both production and usage. To make anything more circular,

there is a foundational need for a rethinking process. “Rethinking” includes dematerialization, which
involves substituting a product with a non-material alternative that provides the same utility for users. This
aspect of dematerialization is identified as an integral component of the CE, emphasizing the need for a

comprehensive rethink to achieve more sustainable and circular product lifecycles (Morseletto, 2020).

REDUCE

Estarrona, et al. (2019) underscored the fundamental significance of the “reduce” principle within the

context of sustainable manufacturing and the CE. It emphasizes the imperative of minimizing both
material and energy consumption, not solely for immediate profitability but also to enhance the enduring
viability of assets. The argument posits that assets formulated with a focus on longevity, in conjunction with
diminished resource usage, yield sustained profitability over an extended temporal horizon. In pursuit of
this objective, due consideration must be accorded to maintenance policies (Ogunmakinde, et al., 2019).
The premise is that for assets to endure protracted periods with minimal energy and material consumption,
the implementation of effective maintenance strategies becomes critical (Ogunmakinde, et al., 2019).

Table 1 presents a summary of the discussed CE principles.

Research methodology

CE principles propose moving the construction industry from a system of “make and waste” to a system of
reliable waste management techniques, where all construction materials are reconsidered as raw materials
after use (Papamichael et al., 2023). Throughout this study, the principles of the CE are discussed and used
to analyze the level of awareness and usage of the CE within the Nigerian construction industry. To do
this, the article employed a quantitative research method using well-structured questionnaires administered
to a population of 372 construction professionals, including architects, builders, quantity surveyors, civil
engineers, mechanical engineers, and electrical engineers in Lagos State. Questionnaire surveys were

chosen for data collection due to their effectiveness in examining human perceptions and feelings toward
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Table 1. Summary of circular economy principles.
1 Recycle Ghaffar, et al. (2020), Zhang, et al. (2022)
2 Repair Morseletto (2020), Giisser-Fachbach, et al. (2023)
3 Refurbish Bilal, et al. (2020), Gonzélez, et al. (2021)
4 Remanufacture Singhal, et al. (2020), Talamo, et al. (2021)
5 Repurpose Morseletto (2020), OECD (2023)
6 Refuse Grigoropoulos, et al. (2022]), Morseletto (2020)
7 Rethink Lekan, et al. [2021), O’'Grady, et al. (2021)
8 Reduce Estarrona, et al. (2019)
9 Re-use Kopsidas and Giakoumatos (2021), Upadhayay, et al. (2024)
10 Recover Joustra, et al. (2022)
1" Regenerate Ogunmakinde, et al. (2019), Gillott, et al. (2023)
12 Recirculate Lekan, et al. (2021)

specific concepts (Ranganathan and Caduff, 2023). In this study, the respondents’ perceptions of the level of
awareness and usage of the CE were analyzed.

A convenience sampling technique was used, and 372 respondents were selected, of which only
98 returned data, serving as the basis for the findings of this paper. According to Golzar and Tajik (2022),
convenience sampling is a non-probabilistic sampling technique where respondents are selected based on
convenience. This typically involves collecting data from construction respondents who are easily accessible,
making data collection faster and with fewer implications. The distributed questionnaires used closed-
ended questions, with respondents selecting options from a 5-point Likert scale: “very high”= 5, “high” =
4, “average” = 3, “low” = 2, and “very low” = 1. For data analysis, the electronic method of the Statistical
Package for the Social Sciences (SPSS) was employed. This included using statistical techniques such as
frequency distribution to determine the proportion of responses from the respondents, mean item score,
standard deviation, and factor analysis to achieve the main objective of the paper, which is to assess the level

of awareness and use of the CE in the Nigerian construction sector.
Results

BACKGROUND INFORMATION OF RESPONDENTS

This section presents the characteristics of the respondents who participated in this research. Out of

372 questionnaires distributed to construction professionals, including architects, builders, quantity
surveyors, and engineers, 26% were returned, while 74% were not retrieved. This indicates that the number
of retrieved questionnaires was sufficient for the analysis of results for this paper. Table 2 shows the
frequency and percentage of professionals whose data were used in this study, along with their professional
qualifications, academic qualifications, and years of professional experience. Data were collected from 44.9%

of quantity surveyors, 18.4% of architects, 12.2% of engineers, and 24.5% of builders. All respondents
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were duly certified by their respective professional bodies at the time of the research, including Quantity
Surveyors Registration Board of Nigeria (QSRBN) (44.8%), Architects Registration Council of Nigeria
(ARCON) (18.4%), Council for the Regulation of Engineering in Nigeria (COREN) (12.2%), and Council
of Registered Builders of Nigeria (CORBON) (24.5%). The analysis of respondent characteristics also
reveals that the majority (63.3%) held a bachelor’s degree, followed by master’s degree holders at 22.4% and
PhD holders at 5.1%, with HND holders making up the smallest portion at 9.2% of the population of data
collected through questionnaires. Table 2 further indicates that most professionals have less than 5 years

of experience, with a frequency of 61 (62.2%). Professionals with 6 to 10 years of experience closely follow
with a frequency of 25 (25.5%), those with 11 to 15 years have a frequency of 8 (8.2%), and those with 15 to
20 and over 21 years of experience account for 3 (3.1%) and 1 (1%), respectively. It is therefore sufficient

to say that the majority of the professionals had adequate knowledge to respond to questions from this
study judging from their academic qualifications, professional qualifications, and years of experience in their

different professions.

Table 2. Background information on the respondents.

Respondents’ professional disciplines

Architect 18 18.4%
Builder 24 24.5%
Quantity surveyor 44 44.9%
Engineer 12 12.2%
Total 98 100.0

Respondents’ qualifications

ARCON 18 18.4%
CORBON 24 24.5%
QSRBN /A 44.9%
COREN 12 12.2%

Total 98 100.0

Respondents” academic qualifications

0
9

ND 0%
HND 9.2%
B.Sc/B.Tech 62 63.3%
MSc/MTech 22 22.4%
PhD 5 5.1%
Total 98 100.0
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Table 2. continued

Respondents’ professional years of experience

Less than 5 years 61 62.2%
6 to 10 years 25 25.5%
11 to 15 years 8 8.2%
16 to 20 years 3 3.1%

Above 21 years 1 1%
Total 98 100.0

NB: ARCON, Architects Registration Council of Nigeria; CORBON, Council of Registered Builders of Nigeria; QSRBN,

Quantity Surveyors Registration Board of Nigeria; COREN, Council for the Regulation of Engineering in Nigeria.

AWARENESS OF CIRCULAR ECONOMY PRINCIPLES IN BUILDING PROJECTS

Table 3 presents the awareness of CE principles among respondents. The table shows that 78.60% of the
respondents are aware of circular construction principles, 8.20% are not aware, and 13.30% are uncertain
(maybe). In terms of participation, Table 4 indicates that 41.80% of the respondents adopt these principles,
44.90% do not, and 13.30% are uncertain (maybe).

The data from Table 5 reveal significant differences in the awareness of CE principles among architects,

builders, quantity surveyors, and engineers. One of the notable findings is the strong awareness of “recycle”
and “re-use” principles across all professions. Architects stand out in “re-use” with a mean score of 4.17,
indicating their focus on sustainable design practices. This indicates that architects prioritize incorporating

recycled and reclaimed materials into their designs, aiming to reduce waste and promote sustainability. This

emphasis on “re-use” aligns with the findings of Minunno et al. (2020), which highlighted the growing
importance of sustainable design strategies in modern architectural practices. However, there are clear gaps
in awareness, particularly in areas like refurbish and reduce. Builders’low score of 3.21 in “refurbish” suggests
a possible lack of emphasis on renovation and re-use of building materials. This implies that builders may

be more inclined toward new construction rather than refurbishing existing structures or using reclaimed
materials, potentially missing out on opportunities to reduce waste and conserve resources. This observation

aligns with the study of Gonzilez, et al. (2021), which emphasized the importance of incorporating

refurbishment and re-use strategies to promote sustainability in the construction industry. Quantity

” «

surveyors consistently demonstrate high awareness across multiple principles, such as “repair,” “recycle,”
and “re-use,” possibly due to their role in project costing and material management. Their involvement in
tracking and managing project budgets necessitates a deep understanding of material life cycles, costs, and
the value of sustainable practices (Agyekum, et al., 2023). This comprehensive awareness enables them

to make informed decisions that prioritize sustainability and cost-efficiency, aligning with the findings

of the study by Zulu, et al. (2023), which highlighted the pivotal role of quantity surveyors in driving
sustainable practices within the construction industry. However, engineers show a balanced awareness
across principles, with “repair” being their strongest area, likely reflecting their problem-solving approach to
design and construction challenges. Engineers’ proficiency in repair underscores their ability to address and
rectify structural and functional issues, showcasing their technical expertise and adaptability. This finding

aligns with the study by Morseletto (2020), which emphasized the engineers’ pivotal role in implementing

innovative and sustainable solutions in the construction industry.
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Table 3. Circular construction principles awareness among the respondents.
I T T
78.60%
2 No 8 8.20%
3 Maybe 13 13.30%
Total 98 100
Table 4. Participation in circular construction principles by the respondents.
BRI e e
41.80%
2 No 4t 44.90%
3 Maybe 13 12.30%
Total 98 100%
Table 5. Awareness of the principles of circular economy.

Repair 4.00 1.19 3.75 1.07 3.84 0.9 4.00 1.04 3.87 1.01
Re-use 417 115 1 392 118 1 3.68 096 3 3.92 1.00 2 3.86 1.06 2
Recycle 411 118 2 3.75 1.1 3 3.84 1.06 2 Ser 128 & 3.85 1.1 3
Refurbish 3.78 122 5 3.21 098 10 3.68 0.96 3 3.25 1.14 12 353 1.05 4
Recover 3.72- | M138 6 3.42 118 5 3.48 1.09 6 3.67 1.16 4 3:93 1 MK 5
Reduce SESUN NIRZ5N NS 3.63 1.14 4 3.41 117 10 3.42 1.08 9 3.48 115 6
Repurpose 3.94 1.00 4 3.21 1.06 N 3.43 097 7 3.42 117 10  3.47 1.04 7

Regenerate 3.44 134 9 3.42 125 6 3.43 1.07 8 3.50 117 7 3.44 116 8
Rethink 3.28 1.36 12 | 3.13 [0.95 12 |3.52 [1.05 5 3.75 10.97 3 3.41 108 9
Remanufacture 3.44 134 9 SISSH NINISH IS 3.43 1.07 8 SESSH NIF2SH Il 3.40 1.14 10
Recirculate 3.56 134 7 S8 1211 9 330 1.07 N 358 1.17 6 339 117 N
Refuse 339 146 N 338 1.10 7 3.16 114 12 350 1.31 8 330 1.20 12

NB: SD, standard deviation.

AWARENESS OF CIRCULAR ECONOMY PRINCIPLES IN BUILDING PROJECTS

Based on findings from Table 6, architects demonstrate the highest awareness in “refurbish” with a mean
score of 3.89, highlighting their interest in sustainable renovation and re-use practices. This suggests that
architects are more inclined toward designing buildings that can be refurbished or repurposed, aligning

with the principles of sustainable architecture. The study by Boarin and Martinez-Molina (2022) supports

this, emphasizing the architects’ role in promoting refurbishment and re-use in the construction industry.
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Builders and engineers tie for the highest awareness in “re-use” with a mean score of 3.66 and 4.00,
respectively. This indicates a shared emphasis on using reclaimed materials and promoting sustainable
construction practices. The builders’ focus on re-use may be due to cost-saving benefits and the engineers’
emphasis on technical feasibility, aligning with the findings of Gonzilez, et al. (2021), which highlighted
the importance of re-use in sustainable construction. Quantity surveyors lead in “repair” with a mean score
of 3.45, reflecting their role in project costing and maintenance planning. Their awareness of repair signifies
the importance of lifecycle costing and maintenance in sustainable construction practices. This aligns with
the study by Minunno, et al. (2020), emphasizing the quantity surveyors’ role in promoting lifecycle thinking
and maintenance in the construction industry. In contrast, “recycle” awareness is relatively low across all
professions, with quantity surveyors having the highest mean score of 3.09. This suggests a potential gap

in understanding the value of recycling in construction materials and processes. The study by Boarin and
Martinez-Molina (2022) highlighted the need for increased awareness and implementation of recycling
practices in the construction industry to promote sustainability.

Table 6. Usage of the principles of circular economy.

Repair 3.78 1.09 2 3.60 1.08 2 3.45 114 1 400 1.23 2 3.60 1.09 1
Re-use ST RIFZS) S 3.66 1.19 1 3.18 1.18 4 4.00 1.00 1 3.57 118 2
Recycle 3.67 112 4 SE5SHN IR BS 3.09 119 7 3.60 055 3 SYEN RIRTS) S
Refurbish 3.89 1.05 1 3.29 1.1 4 828 | 1.2 & 3.40 055 4 3.34 1.1 4
Recover 3.78 1.09 2 321 122 8 336 1.09 2 3.00 1.23 11 3.29 118 5
Reduce 3.44 133 10 326 1.10 6 3.18 126 5 3.00 0.71 10 3.24 113 6
Repurpose 3.44 151 11 3.18 1.02 10 3.14 1.08 6 3.20 084 9 3.19 1.06 7

Regenerate 3.44 088 9 326 110 6 286 1.17 10 3.40 1.34 5 319 111 8
Rethink 356 088 6 329 117 5 277 119 N 320 084 7 319 |18 @
Remanufacture 3.56 088 6 3.19 1.1 9 291 1.31 9 3.40 152 6 3.17 116 10
Recirculate 356 0.88 6 3.16 1.04 11 259 126 12 320 130 8 3.07 112 11
Refuse 311 105 12 298 119 12 3.05 140 8 260 1.34 12 299 1.22 12

NB: SD, standard deviation.

EXPLORATORY FACTOR ANALYSIS

Table 7 presents the findings from the factor analysis conducted. With a Kaiser—Meyer—Olkin measure
of 0.898, the data’s sampling adequacy was confirmed, making it suitable for factor analysis (Hair, et al.
2019). Bartlett’s test of sphericity, significant at 0.000, further underscored the robustness of the data’s

correlations. Initial eigenvalues point to two primary components: the primary component, with an eigenvalue

” « »«

of 6.781 representing 56.51% of the variance, comprises CE practices like “recycle,” “repair,” “re-use,”

” «

“refurbish,” “recover,” “remanufacture,” and “repurpose.” The secondary component, with an eigenvalue

” «

of 1.000 explaining 8.337% of the variance, includes practices such as “rethink,” “refuse,” “recirculate,”
“regenerate,” and “reduce”. Both components combined explain 64.846% of the total variance. The rotated
component matrix reveals strong correlations with high loadings above 0.7 for the primary component and

significant loadings for the secondary component. Utilizing Varimax with Kaiser Normalization, the rotation
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Kaiser-Meyer-0lkin measure of sampling adequacy 0.898

Bartlett’s test of sphericity =

Df 66
Approximate chi-square 726.25
Significance 0.000

Component Initial eigenvalues Rotation sums of squared loadings

1 6.781 56.51 56.51 4.394 36.615 36.615
2 1.000 8.337 64.846 3.388 28.231 64.846
3 0.801 6.675 71.521 — = —
4 0.633 5.272 76.794 — — —
3 0.526 4.382 81.175 — = —
6 0.516 4.297 85.473 — — —
7 0.405 3373 88.846 — = —
8 0.387 3.227 92.073 — — —
9 0.332 2.765 94.838 — = —
10 0.263 2.192 97.03 — — —
11 0.224 1.867 98.896 — = —
12 0.132 1.104 100 — — —

Rotated component matrix

[ et [ Gt

Recycle 0.833 —
Repair 0.810 —
Re-use 0.802 —
Refurbish 0.712 —
Recover 0.665 0.474
Remanufacture 0.580 0.413
Repurpose 0.577 0.437
Rethink — 0.805
Refuse = 0.763
Recirculate 0.442 0.711
Regenerate 0.534 0.632
Reduce 0.484 0.603

Extraction method: principal component analysis.
Rotation method: Varimax with Kaiser Normalization.

a. Rotation converged in 10 iterations.
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converged in 10 iterations. Inspection of the scree plot in Figure 1 revealed a clear break after the second
component. The point where the slope of the curve is clearly leveling off indicates the number of factors that
should be generated by the analysis.

Scree Plot

=3

=

Eigenvalue

[§)

1 2 3 4 5 6 7 8 9 10 11 12

Component Number

Figure 1.  Scree plot of the various circular economy principles.

Source: Figure created by the author

Discussion

The objective of this study is to assess the awareness and usage of circular construction principles

among construction professionals involved in Nigerian building projects. A significant majority of these
professionals demonstrated awareness and knowledge of circular construction, as shown in Table 5. Notably,
all the circular construction principles assessed had mean values above 3.0 on a 5-point Likert scale. These
results indicate that construction professionals in Nigeria are well-acquainted with circular construction
principles. Moreover, this familiarity suggests a positive trend toward integrating sustainable and circular
practices within the Nigerian construction industry. This generally aligns with the studies of Paul and
Ofuebe (2021) and Zuofa, et al. (2023), which suggested that construction professionals in the nation are
increasingly recognizing the importance of sustainable construction methods. This awareness and acceptance
are crucial steps toward achieving a more environmentally friendly and resource-efficient construction
industry in Nigeria (Ogunmakinde, et al., 2019). However, despite a high awareness rate of 78.60%, only
41.80% of professionals are actively involved in the practice of these principles. This discrepancy may be
attributed to the emerging nature of CE practices in the construction industry, as well as to challenges
related to implementation, such as lack of clear guidelines, limited availability of materials, and higher initial
costs associated with sustainable construction methods (Bilal, et al., 2020; Ezeudu, et al., 2021; Osei-Tutu,
etal., 2023; Zuly, et al., 2023). Additionally, the gap between awareness and practice could also reflect a

need for more extensive training and capacity-building initiatives tailored to circular construction principles.

As the industry continues to evolve and as more case studies become available, it is anticipated that the
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gap between awareness and implementation will narrow, paving the way for broader adoption of circular

practices in construction projects.

Nevertheless, the top three circular construction principles utilized by construction professionals

G

are “re-use,” “recycle,” and “repair,” as shown in Table 6. This finding aligns with the previous studies of

John, et al. (2023) and Otasowie, et al. (2024), which suggested that these principles are among the most

accessible and straightforward to implement. The emphasis on these principles can be attributed to their
immediate benefits and the lower barriers to adoption compared to other circular construction practices
(John, et al., 2023). Ezeudu, et al. (2021) highlighted the economic advantages of “re-use,” “recycle,” and
“repair,” emphasizing cost savings and resource efficiency. Osei-Tutu, et al. (2023) further reinforced these

findings by noting the environmental benefits associated with these practices, such as reduced waste and

carbon emissions. The widespread adoption of these three principles emphasizes their importance as
foundational elements of circular construction. However, it also points to a potential gap in the industry’s
adoption of more advanced circular practices. As the industry continues to evolve, there is a need to expand
the focus beyond these foundational principles to include other aspects of the CE, such as remanufacturing,
repurposing, and regenerative design (Kekic, et al., 2020). The industry’s focus on these core principles

underscores the need for targeted interventions to promote a broader understanding and application of
the full range of circular construction principles. It also highlights an opportunity for training programs,
resource development, and policy initiatives that can address the barriers to implementing a wider variety of

CE in the Nigerian construction sector.

'The first classification in the rotated component matrix, labeled as the primary component, encompasses a

” «

range of principles such as “recycle,” “repair,” “re-use,” “refurbish,” “recover,” “remanufacture,” and “repurpose.”
'This categorization aligns with the core tenets of the CE, focusing on extending the life cycle of materials
and reducing waste through various means. By grouping these principles together, the primary component
highlights the interconnectedness and complementary nature of these practices in achieving sustainability

goals (Morseletto, 2020). This approach to circular construction reflects a holistic view of sustainability,

emphasizing not just the reduction of waste but also the efficient use of resources and the promotion of
longer-lasting and durable infrastructure. The inclusion of both material recovery methods like “recycle”
and “recover” alongside techniques for extending product life such as “repair” and “re-use” underscores the

dynamic nature of circular construction (Joustra et al., 2022). However, the secondary component encompasses

” «

recirculate,

” «

practices such as “rethink,” “refuse, regenerate,” and “reduce.” This component focuses on more

strategic and proactive approaches to sustainability within the construction industry (Talamo, et al., 2021;

Charef, et al., 2022). The “rethink” and “refuse” principles encourage professionals to reconsider traditional

practices and materials, questioning their sustainability and exploring alternatives (Lekan, et al., 2021). This

reflects a shift toward a more conscious and intentional approach to construction, where choices are made
with long-term environmental impacts in mind. The “recirculate” and “regenerate” principles emphasize the
importance of creating closed-loop systems and restoring natural resources. These practices go beyond mere

waste reduction to actively contribute to ecosystem restoration and resource conservation (Ogunmakinde,

et al., 2019). Together, these principles in the secondary component represent a forward-thinking approach
to sustainability that goes beyond conventional practices, as they highlight the industry’s potential to not
only reduce its environmental footprint but also actively contribute to ecological restoration and resilience

(Bertino, et al., 2021).

Implications of the study findings

'The findings of this study hold critical implications for the Nigerian construction industry and broader
sustainable development efforts. First, the high level of awareness among construction professionals, despite
a gap in implementation, underscores the need for clear guidelines and policies on circular construction.
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Policymakers could use these insights to design strategies that address challenges like material availability
and initial costs. Second, the discrepancy between awareness and practice highlights the importance of
capacity-building initiatives tailored to circular construction principles. Such training programs could equip
professionals with the necessary skills to effectively implement these practices. Additionally, the industry’s
focus on foundational principles like “re-use,” “recycle,” and “repair” presents collaboration opportunities
among stakeholders to foster innovation and accelerate the adoption of more advanced circular practices.
Lastly, the findings contribute to existing and emerging studies on sustainability transitions, highlighting
the dynamic nature of industry change and the role of multiple stakeholders in driving sustainable
transitions. As the industry continues to evolve, understanding these theoretical perspectives can provide
a comprehensive framework for exploring the complex factors influencing the adoption of circular
construction practices and guiding future research efforts.

Limitations of the study

Despite the findings of this study, a few limitations exist. First, the study’s geographical focus on
construction professionals in Lagos State limits the generalizability of the findings. If the characteristics
and perspectives of respondents from Lagos differ from those in other regions, the study’s applicability
may be compromised. Second, the small sample size may affect the study’s reliability, emphasizing the need
for future research with a larger and more diverse sample. Another limitation is the use of convenience
sampling. This approach contrasts with random sampling, which ensures a more representative sample

and reduces the risk of selection bias. This methodological choice could affect the study’s validity and

the generalizability of its findings. Future research may want to consider employing random sampling to
improve the representativeness of the sample and enhance the validity of the findings. Furthermore, the
study’s short timeframe constrained its flexibility and limited access to various research approaches. Instead
of initiating the research with a pilot study to assess the feasibility of selected participants and analytical
methods, the study proceeded directly. This decision may have impacted the depth and breadth of the study’s
findings.

Conclusion and recommendation

'This study aims to analyze the level of awareness and usage of CE principles among Nigerian construction
stakeholders. This was achieved through a quantitative research method using close-ended questionnaires
distributed to construction professionals in Lagos State, Nigeria. The findings of the study revealed that
construction professionals have only a basic understanding of CE and their importance in practice, but
they are not well-acquainted with their application. This underscores the need for ongoing education and
training to bridge the gap between knowledge and application within the construction industry. Based on
these findings, this study recommends several key actions to enhance the adoption and implementation of
CE principles within the construction industry. First, there is a clear need for the development of training
programs tailored to the specific needs of construction professionals. These programs should offer hands-on
experience and practical knowledge about CE principles, ensuring that professionals not only understand
the concepts but also feel confident applying them in their projects. Second, awareness campaigns targeting
professionals are essential to promote the benefits and importance of CE. Workshops, seminars, and
informational materials can be distributed through industry associations, educational institutions, and
online platforms to reach a wider audience and raise awareness about the value of sustainable construction
practices. Third, there is a need to integrate CE Principles into policies and regulations. Encouraging
policymakers to incorporate CE principles into building codes, regulations, and sustainability guidelines can
create a supportive regulatory environment that incentivizes the adoption of CE practices in construction

projects. Finally, establishing a monitoring and evaluation framework to assess the effectiveness of
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interventions and track progress over time is essential. Regular monitoring and evaluation by the Nigerian
government can help identify areas for improvement, measure the impact of interventions, and ensure

that efforts to promote CE in the construction industry are achieving the desired outcomes. Financial
support is another area where the government can make a significant impact. Providing grants, subsidies, or
low-interest loans to construction companies that adopt CE practices can help offset the initial costs and

incentivize more companies to embrace sustainable construction methods.
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