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Abstract

The urgent environmental challenges posed by the high carbon footprint of ordinary Portland cement (OPC) demand
sustainable alternatives in the construction industry. This study aims to evaluate the mechanical performance, durability,
environmental impact, and economic feasibility of fly ash-based concrete as a partial replacement for OPC in Nigeria’s
construction sector. Concrete mixtures with 20%, 40%, and 60% fly ash replacement were prepared and tested for
compressive strength, workability, chloride penetration resistance, sulfate resistance, and water absorption. Advanced life
cycle assessment (LCA) and economic analyses were conducted to quantify environmental benefits and cost savings. Results
indicate that early-stage compressive strength decreases with increasing fly ash content due to slower pozzolanic reactions;
however, significant strength gains occur at later curing stages, with 90-day compressive strengths reaching up to 42 MPa
for 40% fly ash mixtures. Durability improvements were demonstrated by a 50% reduction in chloride permeability and a
decrease in sulfate-induced mass loss from 0.7% to 0.2% at 60% fly ash replacement. The LCA revealed a reduction in CO-
emissions by up to 51%, while economic analysis showed cost savings of up to 20% compared to conventional OPC
concrete. These findings confirm that fly ash-based concrete provide enhanced durability and substantial environmental and
financial advantages, making it a viable, sustainable alternative for construction in Nigeria. However, challenges such as
supply chain constraints, quality control, and limited industry awareness must be addressed to enable widespread adoption.
Future research should focus on improving fly ash reactivity, exploring hybrid supplementary cementitious materials, and
conducting long-term field performance studies to further optimize and validate fly ash concrete applications under local
climatic conditions.

Keywords: Fly ash concrete, durability enhancement, carbon footprint reduction, cost-effective infrastructure, sustainable
construction, mechanical properties, machine learning optimization, Nigerian construction industry.
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over 10 million tons of C&D waste annually,
yet less than 5% of this waste is recycled,
illustrating the sector's inefficiencies in
material management [4].

The concept of a circular economy (CE) offers
a sustainable alternative to the linear model by
promoting closed-loop systems that prioritize
the reuse, recycling, and regeneration of
materials [5, 6]. CE principles emphasize
resource efficiency, waste reduction, and the
extension of product lifecycles, all of which
are particularly relevant to the construction
industry. Globally, CE applications in
construction have demonstrated significant
potential to reduce environmental impacts. For
example, modular construction in the
Netherlands and material recovery systems in
Sweden have resulted in up to 70% reductions
in waste generation [7, 8]. However, the
adoption of CE in Nigeria has been limited by
technological, regulatory, and socio-economic
barriers, necessitating a  contextualized
framework to guide its implementation.

The Nigerian construction industry is beset by
systemic inefficiencies that hinder its
contribution to sustainable development. A
reliance on  non-renewable  resources,
inadequate recycling infrastructure, and poor
waste management practices collectively
contribute to the sector’s environmental and
economic  challenges. Furthermore, the
absence of robust policies and enforcement
mechanisms exacerbates these issues. Current
regulatory frameworks, such as the National
Environmental Standards and Regulations
Enforcement Agency (NESREA) guidelines,
lack specific mandates for C&D waste
recycling or the integration of sustainable
practices in construction projects. As a result,
over 85% of C&D waste in Nigeria is disposed
of in open dumpsites, with significant
implications  for  public  health and
environmental quality [9, 10].

Socio-economic factors further compound
these challenges. The informal construction
sector, which constitutes a significant portion
of building activities in Nigeria, often operates
outside regulatory oversight, making the

adoption of CE practices even more complex
[8]. Additionally, limited awareness and
technical capacity among stakeholders,
including  contractors, architects, and
policymakers, restrict the potential for
innovation in resource-efficient practices.
These challenges underscore the urgent need
for a structured framework to transition
Nigeria’s  construction industry  toward
circularity.

This study aims to develop a circular economy
framework tailored to Nigeria’s construction
sector, addressing the unique socio-economic
and environmental challenges it faces.
Specifically, the objectives are to assess the
current practices and challenges hindering CE
adoption, propose strategies for integrating CE
principles  across  various  stages  of
construction, and evaluate the potential
benefits of transitioning to a CE model. These
benefits include reducing waste generation,
optimizing resource utilization, and fostering
economic resilience within the industry.

The significance of this study lies in its ability
to provide a roadmap for sustainable urban
development in Nigeria. By aligning with
global sustainability frameworks such as the
United Nations Sustainable Development
Goals (SDGs), particularly Goals 11 and 12,
this research contributes to achieving
sustainable cities and responsible consumption
and production. Furthermore, the proposed
framework has the potential to catalyze policy
reforms, technological innovation, and
stakeholder collaboration, driving systemic
changes in the construction sector.

This study seeks to address the following key
questions: What are the primary barriers and
enablers for adopting circular economy
principles in Nigeria’s construction sector?
How can CE practices be effectively integrated
into the design, construction, and demolition
phases to enhance resource efficiency and
waste management? What policy interventions
and technological innovations are required to
support the transition to a circular economy?
The scope of the research includes an in-depth
analysis of current construction practices,

© 2022 JSI, Universitas Pertamina
Revolutionizing Nigeria's Construction Sector: A
Resilient Circular Economy Framework for

93



Volume 4 No. 2

[
Journal of
Sustainable
Infrastructure

stakeholder perspectives, and regulatory
frameworks in Nigeria. The study focuses on
developing actionable recommendations for
integrating CE principles, considering the
unique challenges and opportunities presented
by Nigeria’s socio-economic and
environmental context. By bridging existing
knowledge gaps, this research aims to provide
practical solutions for advancing sustainable
construction practices in Nigeria.

Literature Review

Theoretical Foundations of the Circular
Economy

The circular economy (CE) represents a
paradigm shift from the traditional linear
economic model of "take-make-dispose" to a
system  that  prioritizes  sustainability,
efficiency, and regeneration. CE emphasizes
closed-loop systems that minimize waste,
extend product lifecycles, and optimize
resource use. The foundational principles of
CE—commonly articulated as the "3Rs"
(reduce, reuse, recycle)—have evolved to
include  advanced concepts such as
remanufacturing, refurbishing, and
repurposing. These principles draw from
industrial ecology, which examines material
and energy flows in industrial systems, and
cradle-to-cradle design, which advocates for
materials to remain in continuous cycles of
productivity without degradation [11].

The Ellen MacArthur Foundation has been
instrumental in advancing CE theory, outlining
three core tenets: designing out waste and
pollution, keeping products and materials in
use, and regenerating natural systems [12].
These principles have been widely adopted
across industries, offering a robust framework
for addressing the environmental and
economic challenges of construction. Life
Cycle Assessment (LCA) is a critical tool for
implementing CE principles in construction,
enabling the evaluation of environmental
impacts across the material lifecycle—from
extraction and manufacturing to use and

disposal. Similarly, cradle-to-cradle
frameworks emphasize designing materials
and systems that remain viable indefinitely,
reducing dependency on virgin resources and
avoiding landfill disposal [13, 14].

While CE has gained prominence in academic
discourse and policy-making, its application in
construction remains underexplored in
developing  economies. = Most  existing
frameworks are tailored to contexts with
advanced infrastructure and regulatory
systems, which limits their applicability to
settings like Nigeria. Understanding the
theoretical foundations of CE is essential for
contextualizing its implementation and
addressing the unique challenges of resource-
constrained environments.

Global Applications in the Construction
Industry

Globally, CE has been successfully applied in
construction to address resource inefficiency
and  environmental  degradation.  The
Netherlands has emerged as a leader in
modular  construction, a practice that
emphasizes prefabricated components
designed for reuse. Modular construction
projects in Amsterdam have demonstrated
material efficiency improvements of up to
60%, significantly reducing waste and
lowering construction timelines [15]. In
Sweden, stringent policies and financial
incentives have fostered a robust material
recovery system, achieving a recycling rate of
over 70% for construction and demolition
(C&D) waste [16]. This success is attributed to
comprehensive legislation, such as mandatory
recycling targets and the imposition of landfill
taxes, which incentivize sustainable practices.

In the United Kingdom, the integration of
Building Information Modeling (BIM) has
played a transformative role in CE
implementation. BIM  enables resource
optimization by facilitating precise material
planning and tracking, thereby reducing waste
and improving operational efficiency. Studies
show that BIM has reduced material waste by
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25% and project costs by 20% in large-scale
infrastructure  developments [17]. These
examples underscore the critical role of digital
technologies in enabling CE adoption.
However, the transferability of these practices
to developing countries is limited by
contextual differences, such as infrastructure
deficits, informal construction practices, and
weak regulatory enforcement. In Kenya, for
instance, informal construction dominates
urban development, with limited integration of
CE principles due to inadequate infrastructure
and technical expertise [18]. These challenges
highlight the need for localized strategies that
account for the socio-economic and
institutional realities of specific regions,
particularly in Sub-Saharan Africa.

Current Practices and Challenges in
Nigeria’s Construction Sector

The construction industry in Nigeria is
characterized by inefficiencies and
unsustainable practices. Most construction
activities follow a linear economic model,
resulting in high levels of resource
consumption and waste generation. Lagos,
Nigeria’s largest urban center, generates over
10 million tons of C&D waste annually, yet
less than 5% of this waste is recycled [19]. The
majority of waste is disposed of in open
dumpsites or landfills, contributing to
environmental degradation and public health
risks.

Regulatory frameworks in Nigeria are
insufficient to support CE adoption. Although
the National Environmental Standards and
Regulations Enforcement Agency (NESREA)
has introduced guidelines for  waste
management, these  regulations lack
enforcement mechanisms, and compliance
rates are low. Many construction firms are
either unaware of the regulations or lack the
capacity to implement them. Additionally,
there are no financial incentives to encourage
sustainable practices, such as tax breaks or
subsidies for using recycled materials [20].

Socio-economic factors further exacerbate the
challenges. The informal construction sector,
which accounts for more than 60% of building
activities in Nigeria, operates outside formal
regulatory oversight, making it difficult to
enforce CE principles. Furthermore, the high
cost of sustainable materials and technologies
discourages their adoption, especially among
small and medium-sized enterprises [21].
These systemic challenges underscore the need
for targeted interventions that address both
structural and behavioral barriers to CE
adoption.

Barriers to Circular Economy Adoption

The barriers to CE adoption in Nigeria’s
construction industry are multifaceted,
encompassing financial,
technological, and regulatory dimensions.
Financial constraints are among the most

cultural,

significant obstacles, as the upfront costs of
sustainable technologies and practices are
prohibitive for most construction firms. A
survey of Nigerian construction companies
revealed that 75% of respondents cited
financial limitations as the primary deterrent to
adopting CE practices [22]. This challenge is
compounded by the lack of financial
incentives, such as subsidies or tax benefits, to
offset the costs of implementing CE initiatives.
Cultural resistance and limited awareness also
hinder CE adoption. Many stakeholders
perceive CE practices as complex and
disruptive to existing workflows, prioritizing
short-term cost savings over long-term
sustainability. Furthermore, the absence of
comprehensive training programs limits the
technical capacity of construction
professionals to implement advanced CE
strategies, such as modular design and BIM
[23]. Addressing these issues requires
concerted efforts to build awareness and
provide education on the benefits and
feasibility of CE practices.

Regulatory gaps present another critical
barrier. Existing policies lack clarity and
specificity regarding CE implementation. For
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example, there are no mandatory recycling
targets or guidelines for material recovery,
leaving sustainable practices largely to the
discretion of individual firms  [24].
Strengthening the regulatory framework and
aligning it with global best practices is
essential for driving systemic change in the
industry.

Research Gaps and Contribution to
Knowledge

While there is a growing body of literature on
CE in construction, significant gaps remain in
the context of developing economies. Most
studies focus on advanced economies with
well-established infrastructure and regulatory
systems, providing limited insights into how
CE principles can be adapted to informal and
resource-constrained settings. In Nigeria, there
is a lack of empirical research on the socio-
economic impacts of CE adoption, such as its
potential to create jobs, reduce construction
costs, and improve environmental quality [25].
Furthermore, existing studies rarely address
the integration of informal construction
practices into CE frameworks, despite their
prevalence in urban development across the
country.

This research aims to address these gaps by
developing a localized CE framework tailored
to Nigeria’s construction industry. The study
will provide practical recommendations for
integrating CE principles into the design,
construction, and demolition phases, with a
focus on leveraging existing resources and
overcoming identified barriers. By bridging
these gaps, the research contributes to the
global discourse on sustainable construction
while offering actionable insights for
policymakers, industry stakeholders, and
academics.

Methodology

Research Design

This study adopted a mixed-methods research
design to comprehensively address the
complexities of developing a circular economy
(CE) framework for Nigeria’s construction
sector. Mixed-methods research integrates
qualitative and quantitative approaches,
providing a holistic perspective on both the
systemic challenges and the contextual
nuances of CE adoption. The quantitative
component focused on gathering numerical
data through structured surveys to identify
trends, relationships, and predictors of CE
adoption. Simultaneously, the qualitative
component utilized semi-structured interviews
and case studies to capture in-depth insights
into stakeholder experiences, perceptions, and
institutional dynamics. The combination of
these approaches enhances the validity and
reliability of the research by triangulating data
sources, reducing biases, and providing a
richer understanding of the research problem.
System dynamics modeling was also
incorporated to simulate the potential impacts
of CE adoption on waste reduction and
resource efficiency, enabling evidence-based
projections for policymaking. This
methodological framework aligns with best
practices in sustainability research and has
been extensively validated in similar studies
[26, 27].

Data Collection Methods

Data collection for this study was conducted in
three phases to ensure comprehensive
coverage of the research objectives. The
structured surveys were used to collect
quantitative data from a diverse pool of
stakeholders, providing a broad understanding
of current practices and barriers to CE
adoption. Semi-structured interviews
complemented this approach by exploring
underlying factors and capturing nuanced
stakeholder perspectives. Finally, case study
analysis offered real-world examples of CE
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implementation in Nigeria’s construction
sector, highlighting practical challenges and
successes.

The structured survey was designed with 40
items categorized into four thematic areas:
stakeholder awareness of CE principles,
current construction practices, perceived
barriers to CE adoption, and readiness for
implementing sustainable practices. Likert-
scale questions measured the intensity of
responses, while open-ended questions
allowed for elaboration. A pilot study with 30
participants was conducted to test the survey
instrument, resulting in a Cronbach’s alpha
reliability score of 0.87, indicating high
internal consistency [28].

The semi-structured interviews involved 40
participants, including senior executives from
construction  firms, policymakers, and
representatives from environmental advocacy
groups. These interviews provided an
opportunity to explore complex issues, such as
regulatory challenges, financial constraints,
and cultural resistance, in greater depth. Each
interview lasted between 45 and 90 minutes
and was audio-recorded with participant
consent. Transcripts were later coded and
analyzed for thematic patterns.

The case study analysis involved six
construction projects selected based on their
relevance to CE principles and geographical
representation. These projects, ranging from
small residential developments to large urban
infrastructure initiatives, were examined
through site visits, project reports, and
interviews with project managers. The case
studies provided practical insights into the
feasibility, benefits, and challenges of CE
practices in Nigeria’s construction sector.

Sampling Strategy

The study employed a purposive sampling
strategy to ensure the inclusion of diverse
perspectives and contexts. For the surveys,
participants were stratified by firm size (small,
medium, and large) and geographical location
to capture variations in practices and barriers

across Nigeria’s urban and rural regions. The
sample comprised 400 stakeholders from
construction firms, government regulatory
bodies, and non-governmental organizations,
with a final valid response rate of 71.25% (285
responses). Interview  participants  were
selected based on their expertise and active
involvement in the construction sector,
ensuring representation from both private and
public sectors, as well as environmental
advocacy groups. The case study projects were
chosen to include both public and private
initiatives, reflecting a range of socio-
economic and operational contexts.

Analytical Techniques

Advanced  analytical techniques  were
employed to ensure rigor and robustness in the
analysis of the collected data. Quantitative
survey data were analyzed using descriptive
and inferential statistics to identify trends and
relationships. Descriptive statistics provided a
summary of stakeholder awareness, current
practices, and perceived barriers, while
inferential statistics, including chi-square tests
and logistic regression, were used to explore
associations between variables and predict
factors influencing CE adoption. For instance,
logistic regression modeling identified key
predictors, such as financial incentives,
regulatory enforcement, and stakeholder
training, with high predictive accuracy (R* =
0.78).

Qualitative data from interviews and case
studies were analyzed using thematic analysis
to identify recurring patterns and themes.
NVivo  software was employed to
systematically code and categorize data,
ensuring transparency and replicability.
Themes such as financial constraints,
regulatory gaps, and technological limitations
emerged as critical barriers, while stakeholder
collaboration and government incentives were
identified as enablers of CE adoption. Cross-
case comparative analysis further enriched the
findings by highlighting commonalities and
differences across the selected projects,
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offering practical insights into best practices
and challenges.

System dynamics modeling was employed to
simulate the impacts of CE adoption on
resource efficiency and waste reduction under
various policy scenarios. The model
incorporated key variables, such as waste
recovery rates, financial incentives, and
regulatory  compliance levels, enabling
quantitative projections of outcomes over a 10-
year period. Three scenarios were simulated:
baseline (no policy change), moderate policy
intervention, and high policy intervention. The
results indicated that a high policy intervention
scenario could achieve a 60% reduction in
construction waste and a 40% improvement in
resource efficiency, providing compelling
evidence for policymakers to invest in CE
strategies [29].

Validation and Ethical Considerations

To ensure validity and reliability, the study
employed multiple validation techniques. Data
were triangulated across survey responses,
findings, and case study
observations to minimize biases and enhance

interview

credibility. The internal consistency of the
survey instrument was confirmed through
Cronbach’s alpha testing, achieving a score of
0.87. External validation involved comparing
the study’s findings with existing literature and
engaging subject matter experts to review the
results.

Ethical considerations were rigorously adhered
to throughout the research process. Approval
was obtained from the Institutional Review
Board (IRB) of the affiliated university.
Participants were informed of the study’s
objectives, methods, and their rights, including
anonymity and the ability to withdraw at any
time. Written informed consent was obtained
from all participants before data collection
began. To maintain confidentiality,
pseudonyms were used for interviewees, and
all data were securely stored and accessed only
by the research team. The study adhered to the
ethical guidelines outlined by the American

Psychological Association (APA) and the
World Medical Association’s Declaration of
Helsinki [30, 31].

Results and Discussions

Analysis of Current Practices

Survey data revealed substantial gaps in the
adoption of circular economy (CE) practices
within Nigeria’s construction sector. Of the
285 respondents, only 18% indicated that they
actively implemented CE strategies, such as
material reuse, recycling, or modular
construction. The majority (64%) adhered to
linear practices, with C&D waste typically
disposed of in open dumpsites or landfills.
This trend underscores a significant reliance
on resource-intensive and environmentally
unsustainable practices.

SMEs, which accounted for 72% of the
surveyed firms, exhibited the lowest CE
adoption rate at 9%. In contrast, large firms
demonstrated a higher adoption rate of 42%,
attributed to greater access to financial and
technical resources, as well as client-driven
pressures for sustainability, particularly from
multinational corporations. Regionally, firms
based in urban centers such as Lagos and
Abuja had adoption rates of 26%, while those
in rural or peri-urban areas reported rates of
12%. This disparity reflects the role of
infrastructure, market access, and regulatory
enforcement in influencing CE practices.
Figure 1 presents a visual representation of CE
awareness and adoption rates across different
regions.

25

20

Urban Rural
Region

Figure 1.Visual representation of CE
awareness and adoption rates across different
regions
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Table 1 provides a detailed breakdown of
waste management practices across firm
categories and geographical locations. The
data highlight significant gaps in recycling
efforts, particularly among SMEs and rural-
based firms, where waste segregation and
material recovery are limited.

Table 1: Waste management practices by firm
category and location

Firm Urban | Rural g‘ef;:lgilelg
C t o o

ategory (%) | (%) Rate (%)
Small . 12 5 3
Enterprises
Medi

edium 18 |8 5
Enterprises
Large 30 |14 12
Enterprises

The results also revealed significant gaps in
stakeholder awareness. While 42% of large
firms reported familiarity with CE principles,
only 19% of medium-sized firms and 8% of
small firms demonstrated similar awareness.
This lack of knowledge among SMEs,
combined  with resource constraints,

perpetuates the dominance of linear practices.

Barriers and Opportunities

Thematic analysis of interview data identified
financial constraints as the most critical barrier
to CE adoption, reported by 83% of
participants. High initial costs associated with
CE  technologies, including  modular
construction tools, material recovery systems,
and Building Information Modeling (BIM),
were cited as major impediments. Participants
emphasized the need for financial support
mechanisms, such as subsidies or low-interest
loans, to alleviate these barriers. Regulatory
gaps were highlighted by 74% of respondents,
who noted the absence of mandatory recycling
targets, insufficient enforcement of existing
waste management policies, and a lack of
incentives to encourage sustainable practices.

Technological limitations also emerged as a
significant  challenge, with 68%  of
interviewees pointing to the unavailability of
advanced tools and insufficient technical
expertise among construction professionals.
This limitation was particularly pronounced in
SMEs, where resource and capacity deficits
restrict the adoption of modern CE practices.
Despite these challenges, key opportunities
were identified. Public-private partnerships
(PPPs) were widely regarded as a viable
mechanism for addressing financial and
technical constraints. For instance,
partnerships between government agencies and
large firms could facilitate shared investment
in recycling infrastructure, benefitting smaller
firms  through  economies of  scale.
Additionally, 57% of interviewees noted an
increasing demand for sustainable construction
from multinational clients, creating a market-
driven incentive for CE adoption. Stakeholders
also emphasized the importance of integrating
CE principles into educational curricula to
address skill gaps and foster industry-wide
capacity building [32].

Framework Development

System dynamics modeling simulated three
policy scenarios: baseline (no intervention),
moderate policy intervention, and high policy
intervention. The baseline scenario projected a
3% annual increase in C&D waste generation
over the next decade, driven by continued
reliance on linear practices and urbanization
trends. The moderate policy intervention
scenario, which introduced voluntary recycling
targets and limited financial incentives,
resulted in a 35% reduction in waste
generation and a 20% improvement in
resource efficiency by 2035. The high policy
intervention scenario, which incorporated
mandatory recycling targets, tax incentives,
and extensive training programs, achieved a
60% reduction in waste and a 40%
improvement in resource efficiency over the
same period. Figure 2 illustrates the
comparative outcomes of the three scenarios,
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highlighting the environmental and economic
benefits of policy interventions.

60 Waste Reduction (%)
W Resource Efficiency (%)

Improvement (%)
m w & @
5 B 2 2

S

0

Baseline Moderate Intervention High Intervention
Policy Scenarios

Figure 2 . The comparative outcomes of the
three scenarios,

Proiected Improvement (%)

Figure 3. Developed Framework

The framework development (Figure 3)
illustrates the projected outcomes of three
circular economy (CE) policy scenarios:
Baseline (no intervention), Moderate Policy
Intervention, and High Policy Intervention. It
compares the impacts of these scenarios across
three key metrics:

1. Waste Reduction (%):

o Minimal impact in the
Baseline scenario.

o Moderate improvement (35%)
with moderate policy
interventions.

o Significant reduction (60%)
with high policy interventions.

2. Resource Efficiency (%):

o Marginal improvement (5%)
in the Baseline scenario.

o Substantial gains (20%) with
moderate policy interventions.

o Maximum efficiency
improvements (40%) with
high interventions.

3. Cost Savings (%):

o Minimal cost savings (2%) in
the Baseline scenario.

o Noticeable improvement
(15%) in the moderate
intervention scenario.

o Significant cost savings (25%)
in the high intervention
scenario, attributed to resource
recovery and waste reduction.

Table 2 provides a summary of the modeling
results, demonstrating the potential impacts of
each policy scenario on waste reduction,
resource efficiency, and cost savings These
projections emphasize the transformative
potential of high policy interventions,
including financial incentives, regulatory
reforms, and capacity-building initiatives, to
drive CE adoption and enhance environmental
and economic outcomes.

Table 2: System dynamics modeling results

R

Waste E::i(c);lel:: Cost

Scenario | Reducti Improvel}rfle Savin
[)) 0

on (%) nt (%) gs (%)
Baseline 0 5 2
Moderate
Poli
N 35 20 15
Interventi
on
High
Poliey 169 40 25
Interventi
on

The high policy intervention scenario
demonstrated the most significant benefits,
reducing construction costs by 25% over 10
years due to increased material recovery and
reduced dependence on virgin resources [34].
These findings provide strong evidence for the
economic and environmental viability of
targeted policy measures.
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Discussion of Findings

Interpretation of Findings

The findings of this study provide valuable
insights into the challenges and opportunities
for advancing circular economy (CE) adoption
in Nigeria’s construction sector. The low
adoption rate of CE practices, observed in only
18% of surveyed firms, reflects the entrenched
reliance on linear economic  models,
characterized by unsustainable resource use
and waste generation. This trend is consistent
with global research highlighting that
developing economies, particularly in Sub-
Saharan Africa, face significant barriers in
transitioning to sustainable economic models
due to resource constraints, weak institutional
frameworks, and limited awareness [35,36].
The disparity in CE adoption rates between
large firms (42%) and SMEs (9%) underscores
the critical role of organizational capacity.
Large firms, often equipped with greater
financial resources and access to advanced
technologies, are more likely to adopt CE
practices. This finding aligns with studies in
emerging economies such as Brazil and India,
where larger construction firms have been
early adopters of sustainability practices due to
their capacity to absorb higher initial costs and
respond to international market demands
[37,38]. Furthermore, regional differences,
with urban firms demonstrating higher CE
adoption rates (26%) compared to their rural
counterparts (12%), highlight the influence of
infrastructure availability, market access, and
enforcement of regulatory frameworks. Urban
centers such as Lagos and Abuja, with better
access to recycling facilities and client-driven
sustainability demands, are better positioned to
adopt CE principles [39].

Barriers to CE Adoption

The barriers identified in this study—financial
constraints, regulatory gaps, and technological
limitations—highlight systemic challenges in
the Nigerian construction sector. Financial
constraints were the most frequently cited

barrier, affecting 83% of respondents. The
high upfront costs of recycling equipment,
modular  construction technologies, and
sustainable  materials  pose  significant
challenges, particularly for SMEs, which often
lack access to financing mechanisms. This
finding mirrors global trends, where limited
access to green financing has been identified
as a critical barrier to CE adoption in
developing economies [40,41].

Regulatory gaps emerged as another major
challenge, with 74% of participants
emphasizing the lack of enforceable policies to
promote sustainable practices. The absence of
mandatory recycling targets and weak
enforcement mechanisms further perpetuate
the dominance of linear practices, particularly
in the informal construction sector. Similar
regulatory challenges have been documented
in Kenya and Ethiopia, where inadequate
policy frameworks have hindered the scaling
of sustainable construction initiatives [42].
Addressing these gaps will require a
comprehensive regulatory overhaul to align
Nigeria’s policies with international best
practices.

Technological limitations, reported by 68% of
respondents, reflect the restricted access to
advanced tools such as Building Information
Modeling (BIM) and material recovery
systems. The limited technical expertise
among construction professionals further
exacerbates this challenge, as firms struggle to
leverage available technologies -effectively.
This finding aligns with research in Southeast
Asia, which highlights the importance of
capacity-building programs and technology
transfer initiatives in overcoming similar
barriers [43]. Bridging these technological
gaps is essential for enabling CE adoption on a
broader scale.

Opportunities for Advancing CE
Practices

Despite the challenges, several opportunities
for advancing CE adoption were identified.
Public-private partnerships (PPPs) emerged as
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a key enabler, providing a mechanism for
pooling resources, sharing risks, and
enhancing technical capacity. PPPs have been
successfully implemented in South Africa,
where they facilitated the development of
material recovery facilities and increased
recycling rates among small and medium-sized
enterprises [44]. These collaborative initiatives
demonstrate the potential for similar models to
address Nigeria’s infrastructural and financial
constraints.

Market-driven incentives, particularly the
increasing demand for sustainable practices
from multinational clients, represent another
critical opportunity. The growing emphasis on
environmental sustainability among global
corporations has created a market-driven
impetus for local firms to adopt CE principles.
This trend is evident in Ghana, where
international firms have catalyzed local CE
adoption by requiring subcontractors to adhere
to sustainable practices [45]. Leveraging these
market forces alongside supportive policies
could accelerate CE adoption in Nigeria.
Education and capacity-building initiatives
were also identified as crucial for addressing
skill gaps. The integration of CE principles
into academic curricula for engineering,
architecture, and construction management
programs can equip the next generation of
professionals with the knowledge and tools to
implement sustainable practices. Case studies
from India and Malaysia demonstrate that such
educational reforms significantly enhance
technical readiness, fostering industry-wide
sustainability transitions [46]. Implementing
similar educational reforms in Nigeria would
ensure a steady supply of skilled professionals
to drive CE adoption.

Implications for Policy and Practice

The findings of this study have several policy
and practical implications. Financial incentives
are essential for overcoming cost-related
barriers and enabling CE adoption. Policies
such as tax rebates for firms adopting
sustainable practices, subsidies for recycling

technologies, and low-interest loans for SMEs
can reduce the financial burden on firms.
These measures align with international best
practices, such as the European Union’s
Circular Economy Action Plan, which has
successfully used financial incentives to
promote sustainability across industries,
including construction [47].

Regulatory reforms must prioritize the
establishment of mandatory recycling targets,
waste segregation protocols, and robust
enforcement mechanisms. Drawing lessons
from countries such as Sweden and the
Netherlands, where recycling rates exceed
70% due to comprehensive policy frameworks,
Nigeria can design a tailored national CE
strategy that addresses its unique socio-
economic and infrastructural challenges [48].
Strengthening enforcement mechanisms is
particularly critical for ensuring compliance in
informal  construction activities, which
constitute a significant portion of Nigeria’s
construction sector.

Public-private partnerships should be actively
pursued to bridge resource and capacity gaps.
Collaborative initiatives involving government
agencies, private firms, and international
organizations can facilitate the development of
shared recycling infrastructure and technical
training programs. For instance, joint ventures
to establish material recovery facilities can
provide SMEs with affordable access to
recycling services, reducing financial barriers
to CE adoption [49].

Embedding CE principles into educational and
professional training programs is a long-term
strategy that can address technical skill
shortages and foster industry-wide capacity
building. Incorporating modules on waste
management, resource efficiency, and digital
tools like BIM into academic curricula will
prepare future professionals to implement CE
practices  effectively. These educational
reforms align with international best practices
and have proven successful in countries such
as Singapore and South Korea [50].
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Alignment with Global Sustainability
Goals

The adoption of CE practices aligns with the
United Nations Sustainable Development
Goals (SDGs), particularly SDG 11
(Sustainable Cities and Communities) and
SDG 12 (Responsible Consumption and
Production). By reducing waste generation and
optimizing resource efficiency, CE practices
contribute directly to these goals. The high
policy intervention scenario modeled in this
study demonstrates the potential to achieve a
60% reduction in construction and demolition
waste and a 40% improvement in resource
efficiency by 2035. These outcomes
underscore the importance of ambitious and
coordinated efforts to align national strategies
with global sustainability targets [51].
Additionally, CE adoption supports SDG 13
(Climate Action) by reducing greenhouse gas
emissions associated with raw material
extraction and waste disposal. This finding
resonates with global studies emphasizing the
role of CE in mitigating climate change
through material recovery and reuse [52].
Integrating CE principles into national policies
would not only support Nigeria’s climate
commitments under the Paris Agreement but
also foster sustainable economic growth.

Conclusion

This study investigated the adoption of circular
economy (CE) practices in Nigeria’s
construction sector, highlighting systemic
barriers,  opportunities, and actionable
recommendations. The findings revealed that
only 18% of surveyed firms have adopted CE
principles, with large firms demonstrating
significantly higher adoption rates (42%) than
SMEs (9%). This disparity underscores the
pivotal role of financial and technical capacity
in influencing CE implementation. Regional
differences were also evident, with urban
centers such as Lagos and Abuja exhibiting
higher adoption rates (26%) compared to rural
areas (12%), reflecting the importance of

infrastructure, regulatory oversight, and
market access.

The study identified financial constraints,
regulatory gaps, and technological limitations
as the primary barriers to CE adoption. High
initial costs, lack of enforceable policies, and
limited access to advanced tools such as
Building Information Modeling (BIM) were
significant deterrents. However, the research
also  highlighted critical  opportunities,
including the potential of public-private
partnerships (PPPs), growing market-driven
incentives from multinational clients, and the
integration of CE principles into academic
curricula. These findings provide a
comprehensive understanding of the current
state of CE adoption and pathways for
advancing sustainable practices in Nigeria’s
construction sector.

The research has important implications for
policymakers, practitioners, and educators.
Financial incentives, such as tax rebates,
subsidies, and green financing mechanisms,
are essential to address the cost-related barriers
that disproportionately affect SMEs. These
measures can encourage the adoption of
sustainable practices by making them more
financially accessible. Regulatory reforms are
equally critical, including the establishment of
mandatory recycling targets, waste segregation
protocols, and robust enforcement
mechanisms. A comprehensive national CE
strategy that aligns with global best practices
and accounts for Nigeria’s socio-economic
context is necessary to ensure systemic
transformation.

Public-private partnerships emerged as a
viable mechanism for addressing resource and
capacity gaps. By pooling resources, sharing
risks, and fostering collaborative innovation,
PPPs can facilitate the development of shared
recycling infrastructure and training programs.
Furthermore, embedding CE principles into
educational and professional training programs
can address long-term skill shortages. This
includes integrating modules on resource
efficiency, waste management, and digital
tools into engineering, architecture, and
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project management curricula. By equipping
future professionals with the necessary
knowledge and skills, the education system
can play a pivotal role in driving sustainability
transitions.

While this study provides valuable insights, it
is important to acknowledge its limitations.
The reliance on survey and interview data
introduces the potential for self-reporting
biases, which may affect the accuracy of the
findings. Additionally, the focus on formal
construction activities may not fully capture
the dynamics of the informal sector, which
constitutes a significant portion of Nigeria’s
construction industry. The system dynamics
modeling, while robust, relies on assumptions
that may not entirely reflect real-world
complexities. Future research should address
these limitations by incorporating more
diverse data sources and expanding the scope
to include informal construction practices.

This study opens avenues for future research
to deepen the understanding of CE adoption in
Nigeria and beyond. Exploring the integration
of CE nprinciples within the informal
construction sector is critical, given its
substantial role in wurban development.
Longitudinal studies could evaluate the long-
term impacts of specific policy interventions,
providing empirical evidence on their
effectiveness. Comparative studies across Sub-
Saharan Africa would offer valuable insights
into regional variations and best practices,
contributing to a broader understanding of CE
implementation  in  diverse contexts.
Additionally, investigating the potential of
emerging technologies, such as blockchain and
digital twins, to facilitate CE adoption in
construction could pave the way for innovative
solutions.

The transition to a circular economy in
Nigeria’s construction sector is both a
necessity and an opportunity. Addressing
systemic barriers through targeted policies,
collaborative initiatives, and capacity-building
efforts can unlock significant environmental,
economic, and social benefits. The adoption of
CE practices aligns with the United Nations

Sustainable Development Goals (SDGs),
particularly SDG 11 (Sustainable Cities and
Communities) and SDG 12 (Responsible
Consumption and Production). Furthermore,
CE adoption supports SDG 13 (Climate
Action) by reducing greenhouse gas emissions
associated with raw material extraction and
waste disposal.

By aligning national strategies with global
sustainability commitments, Nigeria has the
potential to lead the way in sustainable
construction practices within Sub-Saharan
Africa. The findings and recommendations of
this study provide a foundation for informed
decision-making and actionable steps toward a
more sustainable future. Through concerted
efforts by policymakers, industry stakeholders,
and educational institutions, the construction
sector can transition to a circular economy,
contributing to Nigeria’s socio-economic
development and environmental stewardship.
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