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ABSTRACT

This paper reviewed the implementation of Circular Built Environment (CBE) principles in Nigeria, focusing on its
transformative potential through a multidisciplinary lens. Employing a comprehensive literature review, the study
reviewed academic journal articles, conference proceedings, and industry reports to assess the current state of CBE
integration across nine professional disciplines: Urban and Regional Planning, Quantity Surveying, Fine Arts,
Industrial Design, Environmental Management, Surveying and Geoinformatics, Architecture, Estate Management,
Building. The review uncovers several critical barriers to CBE implementation, including limited awareness, financial
limitations, industry fragmentation, insufficient policy frameworks, and resistance to change within the sector. Despite
these challenges, the study highlights CBE adoption's significant environmental, economic, and social benefits, such as
waste reduction, enhanced resource efficiency, and job creation. The paper underscores the necessity of collaborative
efforts among policymakers, industry professionals, and academic institutions to facilitate the successful
implementation of CBE strategies. Key enabling factors include robust policy support, stakeholder collaboration,
capacity building, and circular innovation. Furthermore, the study emphasizes the importance of developing
supportive policies, increasing investment in research and development, and promoting education and awareness
initiatives to drive CBE implementation. By addressing existing obstacles and capitalizing on emerging opportunities,
the Nigerian built environment can substantially contribute to sustainable development and align with global
sustainability objectives. This review offers critical insights into the possibilities of CBE to reshape Nigeria's built

environment and lays the groundwork for future research and policy advancements.

Keywords: Circular Built Environment; Circular Economy; Nigeria; Multidisciplinary

INTRODUCTION

Circular Economy (CE) is now central to global
sustainability trends. It is acknowledged for its capacity
to optimize resource utilization by reducing extraction
impacts and promoting efficiency (Ezema, Suleman, &
Okorigba, 2023). Escalating global challenges,
including pollution, industrialization, urbanization,
environmental degradation, resource depletion,
deforestation, overpopulation, and climate change drive
this shift. CE is an industrial model that creates waste-
free systems by applying repair and renewal practices
with careful intention and precise design (Ellen
MacArthur Foundation [EMF], 2021). However,
despite international efforts, the world has not achieved
full circularity. The Circularity Gap Report underscored
this concern presented at the 26th United Nations
Climate Change Conference (COP26) in November

2021, revealing that the global economy was only 8.6%
circular in 2021, a decline from 9.1% in 2018.
Alarmingly, this figure fell further to 7.2% in 2023. CE
is often considered an extension of sustainable
practices, emphasizing optimal resource use. Initially,
the CE model was based on the 3Rs: Recycle, Reduce,
and Reuse. Over time, additional principles have been
incorporated, leading to the development of the R-
imperative framework, which includes Recovery,
Reusing, Recycling, Repurposing, Remanufacturing,
Refurbishing, Repairing, Reducing, Refusing,
Rethinking at the macro (city), meso (building), and
micro (product) levels (EMF, 2021). According to the
EMF, CE is built on three fundamental principles:
maintaining materials at their highest utility (slowing
the resource loop), eliminating waste (narrowing the
resource loop), and regenerating natural systems
(closing the resource loop) within both engineered and
natural cycles.
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Despite the growing recognition of CE's potential, the
built environment, including its planning, construction,
operations, maintenance, and decommissioning, largely
adheres to the Linear Economy (LE), characterized by
an extract-transform-dispose approach. Given current
consumption patterns, this extractive model, in which
resources are typically discarded after a single use, is
unsustainable. The situation is coupled with global
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production expected to double by 2030 and triple by
2050 to meet the demands of the rising population
(Suleman, Ezema, & Aderonmu, 2023). The population
growth will exacerbate waste generation and
infrastructure development, intensifying global
environmental challenges such as resource depletion
(Figure 1), biodiversity loss, and climate change.

Material extraction may
surpass between 170 Gt
and 184 Gt by 2050 if
business-as-usual prevails

SRR I E Profected: h
VIO G- B G S

Between Paris and
Glasgow, more than half
a trillion tennes of vignin
materials were consumed

Figure 1. Material extraction in a linear economy
Source: Circularity Gap Report (2023)

The European Commission has set two critical goals for
waste reduction: optimizing resource use and
minimizing extraction impacts. The EMF advocates for
an urgent transition from LE to CE, as encapsulated in
the CE Butterfly framework (Figure 2). CE's
foundational theories, such as the Law of Ecology,
Industrial Ecology, Performance and Looped Economy,
Blue Economy, Biomimicry, Cradle-to-Cradle, and
Regenerative Design, underscore the need for a
systemic shift in the built environment. Several studies
have projected significant economic benefits from
adopting CE in the built environment. For instance, CE
adoption in the European Union's construction sector is

anticipated to generate €600 billion in resource benefits
by 2030 (Bergetal., 2018). Similarly, in India, CE in the
building sector could create 2218 billion by 2030 and
2624 billion by 2050, corresponding to 23% and 44%
reduction in greenhouse gas emissions (Gupta, 2019).
Globally, the EMF estimated a potential economic
benefit of £1.8 trillion from CE adoption in the built
environment. Developed economies, including
England, Finland, and Austria, actively pursue Circular
Built Environment (CBE) models supported by policy
frameworks, action plans, and cross-sectoral
collaborations.
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Figure 2. Ellen MacArthur Foundation CE Butterfly Framework
Source: (EMF, 2021)
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In the Global South, CBE adoption is gaining
momentum, albeit slowly. Existing studies indicate that
emerging economies face challenges in implementing
CBE (Amudjie, Agyekum, Adinyira, Amos-Abanyie, &
Kumah, 2023). CE principles have been successfully
applied in food production, waste management, and
telecommunications sectors in Nigeria. However, the
built environment, which constitutes 5.8% of Nigeria's
GDP and represents one of Africa's largest construction
markets, remains entrenched in the LE model (Afolabi,
Tunji-Olayeni, Ojelabi, & Omuh, 2018). Research on
comprehensive CBE adoption in Nigeria is limited, with
most existing studies focusing on construction waste,
energy, and sustainable development (Afolabi et al.,
2018; Akhimien & Latif, 2019; Mokuolu & Timothy,
2021; Ogunmakinde, 2019). Increasing attention is
being paid to the potential of CE to transform the built
environment in recent times. For instance, Akhimien
and Latif (2019) explored the theoretical application of
CE to passive design strategies in tropical climates.
Similarly, Suleman et al. (2023) examined the
hindrances to adopting CE by design firms in
sustainable buildings. Ezema et al. (2023) analyzed CE
in the context of affordable housing in Lagos, Nigeria.
Notwithstanding, there is a pressing need for a
comprehensive and multidisciplinary approach to CBE
adoption, as highlighted by Dokter etal. (2021) and Hart
etal. (2019).

Transitioning to a CBE offers significant environmental,
economic, and social benefits. For example, Zvirgzdins
etal. (2019) emphasize the importance of cross-industry
interactions and collaborations, while Joensuu et al.
(2020) underscore the need for strategies across
multiple geographic scales. The review contributes to
the global discourse by examining the integration of CE
principles across Nigeria's built environment, adopting
a multidisciplinary approach that spans nine
professional disciplines: Urban and Regional Planning,
Quantity Surveying, Fine Arts, Industrial Design,
Environmental Management, Surveying and
Geoinformatics, Architecture, Estate Management,
Building. This research is one of the first to explore the
holistic adoption of CE in Nigeria's built environment,
adding valuable insights from Sub-Saharan Africa to the
broader global conversation on circularity.

MATERIALS AND METHODS

Using the traditional literature review approach, this
study critically examined the current state of the CBE in
Nigeria, with a focus on various disciplines, including
Urban and Regional Planning, Quantity Surveying, Fine
Arts, Industrial Design, Environmental Management,
Surveying and Geoinformatics, Architecture, Estate
Management, Building. The literature review approach
was selected to consolidate existing research, identify
knowledge gaps, and explore potential avenues for
advancing the implementation of CBE principles in
Nigeria. A comprehensive literature search was carried

out using multiple scholarly platforms, such as Google
Scholar, ScienceDirect, and Scopus, to ensure a
thorough representation of relevant academic and
industry sources. Inclusion and exclusion criteria were
specified to maintain the significance and quality of the
selected literature. Inclusion criteria were as follows: (1)
papers published in scholarly journals or respected
industry publications; (2) studies that focused on or
provided insights applicable to the Nigerian context;
and (3) publications from the past decade, ensuring the
capture of recent developments and trends. Exclusion
criteria included: (1) articles not available in English;
(2) studies concentrating solely on technical aspects
without addressing CE principles; and (3) publications
olderthan 15 years.

The selected studies were systematically reviewed
using narrative analysis to extract pertinent information
regarding implementing CBE principles across various
disciplines. Key themes from the review included the
current state of CBE adoption, barriers and challenges,
potential benefits, and strategies for successful
implementation. The data collected were categorized
and analyzed to provide a detailed and cohesive
overview. The synthesized findings offer a
comprehensive perspective on the opportunities and
challenges of transitioning to a CBE in Nigeria.

RESULTS AND DISCUSSION

3.1 Circular Built Environment (CBE) in Nigeria

The built environment is widely recognized as resource-
intensive throughout its lifecycle, from planning and
construction to operation and demolition, with limited
consideration given to circularity. Achieving
comprehensive adoption of a CBE in Nigeria requires
the integration of circularity across multiple scales:
micro (product level), meso (building level), and macro
(city level). Several studies have highlighted
opportunities for embracing CBE within Nigeria. The
innovative implementation of CBE principles in the
Nigerian built environment could result in a 30% saving
in water consumption, reducing greenhouse gas (GHG)
emissions by 35% (Afolabi et al., 2018), a 42% drop in
energy usage, and a 50% decrease in the consumption of
new materials (Ogunmakinde, 2019). According to the
McKinsey Global Institute, CBE could contribute
approximately 13% to global GDP, projected at 19.2%
by 2035 (Figure 3). Furthermore, another study found
that adopting CBE in Nigeria could result in a €4.4
billion reduction in imports and create 1.6 million jobs
between 2020 and 2030 (Rajput et al., 2020). For
instance, the Lagos State government's 90-day
demolition order following the collapse of a 21-story
building in Ikoyi on November 1, 2021, led to a
significant loss of resources sent to landfills (Oyero,
2022). A CE approach could have enabled resource
recovery, reuse of salvaged materials, reduced
deconstruction time and costs, and promoted more
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environmentally friendly dismantling processes
(Suleman, 2024). Despite these potential benefits, the
Nigerian built environment has yet to capitalize on the
opportunities CBE adoption provides.

Global GDP

$85.2

Construction industry spending
% trillion

148

143
1o 134 138
115 i i I I I

o 180 184
&7 B2 187 171 16
15'3 I | I I I I

® Construction spending, 1.5 13%
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Be 192

2018 2018 2020 201 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Figure 3. Construction sector contribution to global GDP
Source: Mckinsey Global Institute (2020)

The successful implementation of CBE in Nigeria
requires several enabling conditions, including
adequate infrastructure, favorable techno-economic
factors, socio-cultural acceptance, and supportive
institutional and regulatory frameworks (Dunmade et
al., 2019). Key drivers for integrating CBE into
Nigerian policies and legislation include community
participation, policy coherence, institutional stability,
government support, and active private-sector
involvement (Ogunmakinde, 2019). Additionally,
fostering locally relevant engineering education and
training, particularly by incorporating contemporary
engineering practices into higher education curricula, is
essential to facilitate CBE adoption (Suleman, 2024).
Sustainability in public procurement, design for
circularity, and recycling as waste reduction strategies
are crucial to achieving CBE in Nigeria. Numerous
studies, including those by Adewuyi (2020), Akhimien
and Latif (2019), and Osobajo et al. (2020), have
attributed the low adoption of CBE in Nigeria to several
factors, such as the absence of empirical data, limited
awareness of implementation processes, the lack of
CBE-specific policies and regulatory frameworks,
insufficient stakeholder support, and a lack of
transdisciplinary collaboration. For Nigeria to meet its
SDGs and the African Union's Agenda 2063 targets,
transitioning to a CE is imperative. Aliamin (2021)

demonstrated that CBE has the potential to foster cross-
sector partnerships (SDG 17), reduce energy
consumption (SDG 13), improve resource efficiency
(SDG 12), strengthen communities (SDG 11), reduce
unemployment (SDG 8), lower air pollution (SDG 3),
and indirectly contribute to SDGs 6, 7, and 9. However,
to fully realize these benefits, there is a need for
multidisciplinary collaboration to facilitate the
exchange of knowledge, information, and expertise.

3.2 Architecturein CBE

The emergence of CE in the architectural design
industry has significantly influenced various stages of
procurement for buildings (Suleman et al., 2023). The
design stage is particularly important, where CE
principles are most effectively integrated. Circular
design strategies are essential in promoting resource
efficiency, ensuring that materials are utilized or
repurposed to maintain their maximum value, thereby
extending the lifespan of resources (Suleman, 2024).
These strategies also prioritize waste reduction by
tightening the resource cycle and integrating
regenerative practices within technological and
biological systems. The ultimate goal is to close the
resource loop fully, minimizing the need for new inputs
and reducing waste output (Ezema et al., 2023). The
CBE model strongly advocates for design approaches
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that eliminate waste or adopt zero-waste principles,
positioning these strategies as essential to sustainable
development. The circular design strategies employed
during the design phase of building development are
design for long life and maintainability (DfLL/Ma),
design for adaptability and flexibility (DfA/F), design
for lifetime extension (DfLe), design for regeneration
(DfReg), design for deconstruction and disassembly
(DfD), design for end-of-life (DfEoL), design for
modularity (DfM), and design for prefabrication (DfP).
Others include design for reuse (DfReu), design for high
performance (DfHP), design for standardization and
dimensional coordination (DfS/DC), designing out
waste (DoW), design for energy efficiency (DfEe),
designing in layers (DL), design for excellence (DfX),
design for modern methods (DfMm), whole systems
design (WSD), design for resilience (DfRes), design for
sustainability (DfS), innovative use of space, product-
service systems, and the specification of circular
materials (SCM).

Dfs/DC

DfRes
DfA/F
DfD DfReu
DfM
DfM
Dfs
DfX
Dfp
DfHP

SCM

P
DfLL/MaDfRes SC

Although these circular design strategies can be applied
individually, they are often interrelated and mutually
reinforcing, as Ezema et al. (2023) have emphasized.
Figure 4 illustrates the interconnectedness of these
strategies, identifying three levels of connection:
coordinating strategies (whole systems design), primary
strategies (design for disassembly, design for
sustainability, design for excellence, and design for
reuse), and supporting strategies (Suleman, 2024). The
design phase is thus critical for optimizing resource use
and achieving environmentally sustainable building
solutions within the context of a CBE. Major
institutions, including the Ellen MacArthur Foundation
(EMF), IDEO Design Consultancy, and multiple
studies, have identified design as essential for reducing
and preventing waste, enhancing resource capital, and
maximizing renewable resources. To support the
transition to a CBE, the EMF has proposed the
ReSOLVE Framework (Table 1).

Dfs/DC

DfM
DfRes

Dow

OFD DFA/F

DL

DoW
DfHP

Dfs pfp

Dfee

DfReg

DfReu
DfLL/Ma

Figure 4. Interconnectedness between circular design strategies
Source: Suleman, 2024

To capitalize on the potential of CBE in the Nigerian

context, it is essential to adopt the following strategies:

1. Recycling and Remanufacturing Materials: This
practice is essential for closing the loop in building
processes and fostering material sustainability,
addressing the waste challenges prevalent in the
Nigerian construction industry.

2. Creating Modular Buildings: Modular
construction promotes flexibility and adaptability in
urban development, accommodating Nigeria's
rapidly urbanizing population and diverse housing
needs.

3. Promoting Urban Development that incorporates
Circularity: Urban growth must align with
sustainable practices to ensure Nigeria’s
urbanization does not compromise environmental
integrity.

4. Designing Energy-Positive Buildings: Structures
that generate more energy than they consume are
crucial in achieving national sustainability targets,
especially in energy-deficient regions.

5. Constructing Sustainable Circular Buildings:
These buildings should embody sustainability
principles and circularity throughout their life
cycle, reflecting local materials and climatic
conditions while minimizing environmental
impact.

By embracing these strategies, stakeholders within the
Nigerian construction industry can catalyze significant
advancements in sustainable building practices,
ultimately fostering a robust CBE. These strategies
successfully address pressing environmental concerns
and enhance economic resilience and social equity
within the Nigerian context.
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Table 1. Ellen MacArthur Foundation’s ReSOLVE Framework

Elements Description

Regeneration

This involves restoring and renewing biological and technological

resources to upgrade or increase their value.

Sharing This involves the repeated reuse of underutilized resources through
collaboration to promote resource efficiency.

Optimization This involves ensuring resources reach their maximum value and useful life
without redundancy and obsolescence.

Looping This involves maintaining a closed-use cycle of resources to avoid waste,
which is the core concept of CE.

Virtualization ~ Digital technologies are deployed to enhance resource-efficient practices
through collaboration and communication and tracking resources across the
lifecycle.

Exchange This involves the transfer of resources between different stakeholders with

the intent to elongate their service life and aid reuse.

33 Building Construction in CBE

The building and construction sector has increasingly
embraced various strategies associated with the CE,
prioritizing waste minimization, material reuse,
recycling, adaptability, and improved resource
efficiency. This transition is paramount, particularly
given the significant waste generated throughout the
building lifecycle. Minunno et al. (2018) proposed a
comprehensive taxonomy that delineates 16 primary CE
strategies pertinent to building design and construction,
addressing the entire lifecycle of buildings. Their
research underscores the pivotal role of prefabrication in
facilitating the integration of CE principles, especially
when achieved through value-chain collaboration
(Chen, Feng, & Garcia De Soto, 2022). Furthermore,
Timm et al. (2023) identified 23 critical CE strategies to
enhance the construction industry's environmental
performance. Despite these advancements, the
widespread adoption of these strategies is often
obstructed by fragmented supply chains and a pervasive
lack of awareness throughout the sector, as identified by
Minunno et al. (2018). The limited adoption of CE
approaches is primarily due to inadequate knowledge
and engagement within the industry.

Chen et al. (2022) advocate for fostering social
engagement, enhancing market maturity, balancing
material flows, and introducing financial incentives and
legislative measures concerning material certification to
promote broader industry acceptance. Moreover,
incorporating Building Information Modelling (BIM)
has emerged as an essential mechanism for
implementing CE principles within building
construction, potentially reducing lifecycle costs
(Aljaber et al., 2023). The integration of circular
business model in construction necessitates the
adoption of digital technologies that augment both
efficiency and effectiveness. Recent advancements in
digital construction methods, including robotic/3D
printing, have garnered attention for their potential to
improve precision, increase efficiency, minimize waste,

and standardize construction processes, yielding
significant time and cost savings.

In Nigeria, the momentum toward CBE within the
construction sector is gradually building. Realizing a
CBE in Nigeria's construction industry involves the
sustainable conservation of resources and effective
waste management through adopting renewable
materials, designs that facilitate disassembly, and the
establishment of comprehensive recycling facilities
(Ogunmakinde, 2019). Additionally, promoting
educational initiatives, providing recycling incentives,
disseminating pertinent information to stakeholders,
and enforcing government regulations are crucial for
effective construction and demolition waste
management. Using sustainable local building materials
is vital for enhancing resource efficiency and reducing
costs. Furthermore, the emergence of Construction 4.0,
propelled by digital technologies, offers a promising
avenue for advancing a CBE in Nigeria; however, its
integration into standard practices remains limited
(Suleman, 2024). The slow adoption of these
innovations can be attributed to several challenges,
including interoperability issues, organizational
resistance, insufficient governmental support, skill
shortages, infrastructural deficiencies, vulnerabilities in
data management, and financial constraints (Sofolahan
etal.,2024). To address these barriers, it is crucial for the
government to proactively implement necessary
incentives, enforce pertinent policies, and invest in local
industrial production and exemplary practices.

3.4 Environmental Managementin CBE

Babalola et al. (2019) posit that adopting lean practices
can be pivotal in promoting environmental
sustainability by effectively reducing waste that poses
risks to ecosystems. In alignment with this perspective,
Oyebode (2018) underscores the critical need to
cultivate a green environment to diminish dependence
on fossil fuels, which are significant contributors to
greenhouse gas emissions. This transition is vital for
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mitigating environmental degradation and curbing
biodiversity loss, particularly stemming from rampant
deforestation. Embracing CE principles in
environmental management practices presents an
opportunity for transformative advancements across
diverse sectors, including supply chain dynamics, waste
management, and improvements in environmental
quality. Additionally, it has implications for health
outcomes and enhancing the durability and quality of
manufactured products. This paradigm shift fosters eco-
innovative endeavors that are essential for achieving
sustainable development. Kazancoglu et al. (2021)
further assert that robust environmental management
systems can significantly bolster CBE initiatives by
enhancing economic viability and ecological integrity
by adopting comprehensive environmental policies.
However, effective cross-sectoral collaboration and
information sharing among key actors are imperative in
realizing these beneficial outcomes. Marrucci, Daddi,
and Iraldo (2022) emphasize the necessity of
environmental certifications, such as environmental
product declarations, in establishing standardized
circular and ecological practices to ensure compliance
and best practices.

Successfully transitioning towards a CBE in Nigeria has
become imperative. To achieve this, Kazancoglu et al.
(2021) advocate for implementing strategies to achieve
a climate-neutral economy. These strategies should
prioritize clean production methods, comprehensive
product life cycle management, reverse logistics, and
establishing closed-loop systems. The study also
identifies challenges that could impede this transition,
encompassing market, policy, social, technological,
organizational, and financial barriers. Nevertheless,
these challenges can be mitigated through strategic
planning, the formulation of targeted policies and
legislation, the provision of incentives and rewards, the
establishment of circular public procurement systems,
and efforts to raise awareness, foster partnerships, and
enhance communication among stakeholders. In the
Nigerian context, averting these barriers is essential to
contributing towards the SDGs and a resilient economy
that supports environmental sustainability. This
necessitates a concerted effort from the government,
professionals, and private organizations to implement
these strategies effectively.

3.5 Estate Managementin CBE

The discipline of estate management must adapt to the
transformative shifts of the 21st century, particularly
concerning the property lifecycle. This adaptation
necessitates the acquisition of expertise and an in-depth
understanding of prevailing megatrends, notably
sustainability and CBE principles (Wrase, Haase, &
Wang-Speiser, 2023). Within the real estate and facility
management sectors, there has been a notable increase
in the adoption of CE principles, especially concerning
asset lifecycles, thereby enhancing contributions to
CBE. These principles involve a range of design

approaches, such as designing for disassembly, ensuring
ease of maintenance, creating products with the
potential for reuse, developing designs that allow for
remanufacturing and incorporating features that
facilitate recycling (Zvirgzdins et al., 2019).
Collectively, these design methodologies are pivotal in
augmenting the value of real estate assets throughout
their lifecycle and optimizing recovery methods at the
decommissioning of facilities.

Adopting CE practices in Nigeria's real estate industry
holds enormous opportunities. Both Wrase et al. (2023)
and Zvirgzdins et al. (2019) emphasize the pivotal role
of education in facilitating this transition towards
sustainable CBE. While some European universities
have begun incorporating these megatrends into their
curricula, the focus often diverges from CBE principles.
To foster a more robust integration of circularity in the
Nigerian real estate sector, some studies advocate for
further research on circularity, implementing innovative
teaching methods rooted in experiential learning, and
establishing comprehensive policies to promote top-
down adoption of CBE within the industry. Moreover,
Nigeria's current real estate valuation practices must
evolve to include sustainable innovations, such as
building and component reusability, adaptability, and
other circular interventions (Utmani, 2023). Zvirgzdins
et al. (2019) further advocate for integrating a circular
construction supply chain and advancing circular real
estate practices to enhance property value and
profitability. Such initiatives underscore the importance
of circular thinking, effective collaboration, and
coordination among stakeholders in the real estate
sector.

Aligning estate management practices with CE
principles and CBE frameworks is essential for
fostering sustainable growth in Nigeria’s real estate
industry. By prioritizing education, policy development,
and innovative valuation methods, Nigeria can
effectively navigate the complexities of the property
lifecycle while maximizing the potential for economic
and environmental sustainability.

3.4  FineArts and Industrial Designin CBE

The interconnectedness of art and sustainability has
been aptly described by Mayne (2021) as a relationship
akin to "Siamese twins." This symbiosis has historically
manifested in utilizing natural resources and materials
across various artistic and industrial design endeavors
(Nunez-Cacho et al., 2024). In the fashion industry
context, Jain (2023) highlights the detrimental effects of
pollution and waste generation, revealing that the LE
model has precipitated environmental degradation and
excessive resource consumption. While efforts to
mitigate ecological impacts within the art and craft
sectors have emerged, significant challenges remain.
Nuiiez-Cacho et al. (2024) elucidate the environmental
ramifications associated with artistic practices,
including negative externalities stemming from creative
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processes, energy usage, greenhouse gas emissions, as
well as in the exploitation of natural capital. Their study
promotes environmental conservation through
strategies to minimize waste generation and resource
extraction. In addressing these challenges, the CE
principles have begun to gain traction in the arts,
influenced by the interplay of sustainability and
technological advancements such as artificial
intelligence/. These principles encompass reducing
chemical usage, sustainable design practices, cleaner
production methods, and the optimal utilization of
renewable energy and resources throughout the
lifecycle of artistic works.

Achieving these goals necessitates the integration of
eco-design and lean design methodologies (Nufez-
Cacho et al., 2024), alongside the adoption of rental and
sharing models, take-back and recycling initiatives
(Jain, 2023), and optimal strategies for reuse,
refurbishment, and remanufacturing (van Dam et al.,
2020). These approaches are critical components of
sustainable design interventions (Alahira et al., 2024)
and can be implemented through regenerative and
restorative practices. Notably, Mayne (2021)
underscores that artists have historically engaged in
recycling, repurposing, and reusing materials out of
economic necessity and creative intention long before
the formal introduction of the CE model. This is evident
in using waste materials such as plastics, electronics,
and metals in painting and sculpture.

Fine arts and industrial design convergence emerge
from a shared commitment to promoting sustainability
and harnessing their collaborative potential to address
environmental challenges (Alahira et al., 2024). In
Nigeria, the adoption of CE principles within the visual
arts is progressively becoming mainstream, as
exemplified by the works of notable artists like Dotun
Popoola. Nufiez-Cacho et al. (2024) noted that
integrating CE principles into art can stimulate
creativity and innovation while fostering environmental
stewardship and sustainable living. Rinaudo (2019)
further asserts that integrating computer and creative
arts can promote CE principles within society,
particularly in waste reuse and establishing closed-loop
systems through the communicative power of artworks.
To cultivate a more sustainable environment, art and
design practitioners must adopt eco-conscious visual
communication strategies, biomimicry, and upcycling
through a cross-disciplinary approach (Alahira et al.,
2024). Additionally, van Dam et al. (2020) emphasize
the importance of education focused on the CE
alongside supportive design policies and practices that
encourage circular consumption and production
processes, thereby serving as critical enablers of a
circular business ecosystem in Nigeria. The alignment
of art with sustainable practices is imperative for
environmental conservation and offers a unique
opportunity for innovation and creativity within the
Nigerian context. By embracing these principles, artists

and designers can contribute significantly to sustainable
development, reflecting a broader societal shift towards
ecological responsibility.

3.7 Quantity Surveying in CBE

Recent advancements in quantity surveying have
catalyzed a transformation within the construction
industry, with professionals increasingly venturing into
new domains such as cost and project management
(Jayawardhana & Withanage, 2023). This evolution is
particularly relevant within the Nigerian context, where
the construction sector is poised for significant growth
and modernization. Integrating CE principles into
quantity surveying practices has gained traction,
especially during construction projects' pre-contract and
design phases (Victar et al., 2022). Such integration is
essential for enhancing sustainability within Nigeria’s
burgeoning construction landscape.

Jayawardhana and Withanage (2023) highlighted the
deployment of BIM as a critical factor in facilitating
quantity surveyors’ implementation of CE principles.
BIM offers innovative solutions that can streamline
processes, enhance collaboration, and optimize
resource use. In Nigeria, where the construction sector
faces resource scarcity and environmental degradation,
leveraging BIM can provide quantity surveyors with the
tools to adopt sustainable practices effectively. Guided
by reduce, reuse, and recycle principles, quantity
surveyors are positioned to implement CBE strategies
more effectively. During the design phase, they play a
pivotal role in various essential functions, including
value engineering, risk management, technology
integration, measurement, feasibility studies, planning,
resource allocation, and cost control. These functions
are critical to advancing CBE within the Nigerian
construction context, as Victar etal. (2022) identified.

Furthermore, the study underscores quantity surveyors'
need to acquire essential skills and develop
competencies aligned with contemporary sustainable
construction practices. This includes proficiency in BIM
management, ecology-embodied costing, and economic
analysis. In Nigeria, fostering such competencies will
ensure quantity surveyors remain relevant and
effectively contribute to the sector's sustainability goals.
As the country seeks to modernize its infrastructure and
construction practices, embracing these advancements
will be vital for achieving a resilient and sustainable
built environment.

3.5 Surveying and Geoinformatics in CBE

Recent studies have illustrated the growing embrace of
CE principles within the surveying and geoinformatics
disciplines, particularly within the mining and
construction sectors (Dilakshan et al., 2023). These
sectors increasingly leverage advanced digital tools,
including Geographic Information Systems (GIS) and
remote sensing, to enhance urban mining practices and
facilitate comprehensive data analysis. Specifically,
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GIS has proven invaluable in identifying optimal
locations for recycling centers and evaluating resource
spatial distribution (Dilakshan et al., 2023). Graham
(2024) underscores the potential of GIS to assess a
nation’s recycling capacity by employing
methodologies such as time-distance measures,
location-allocation, and hot spot analysis. Such
analytical tools provide critical insights into the
operational efficacy of recycling initiatives, allowing
stakeholders to gauge the effectiveness of selective
collection processes and the associated management
costs (Ferronato etal., 2019). Moreover, data from these
analyses is pivotal in developing urban cadasters,
essential for assessing building materials' recycling and
reuse potential. This, in turn, supports informed
decision-making regarding end-of-life scenarios for
various construction materials (Hausegger etal., 2022).
Within the built environment, land surveyors emerge as
key stakeholders, actively participating throughout the
procurement phases of construction projects. This
unique position affords them a significant opportunity to
catalyze transformations toward sustainable
development, particularly in advancing Nigeria's CBE.
In a comprehensive report examining the role of the
surveying profession in promoting sustainable
development, Murphy (2022) highlights the necessity of
enhancing competencies and skills pertinent to
sustainable practices. The report emphasizes that a
robust understanding of sustainable development
principles is essential to address challenges such as cost
inflation and inadequate capacity to implement
sustainable measures, including CE practices. It
advocates for higher education institutions to
incorporate curriculum modules that equip emerging
professionals with the requisite knowledge and skills,
accompanied by appropriate assessment methods.
Furthermore, surveying professionals' operational and
corporate strategies should reflect a commitment to
transitioning toward a CBE in Nigeria. This transition is
crucial for monitoring and measuring carbon emissions
and facilitating decarbonization efforts. Murphy (2022)
identifies several enablers to support this transition,
including formulating relevant policies and regulations,
rising client demand for sustainable practices,
transparent sustainability credentials, targeted training
and development programmes, and heightened
environmental awareness. Collectively, these factors
present opportunities for enhancing competitiveness
within the surveying profession and fostering a
sustainable built environment in Nigeria.

3.8 Urbanand Regional Planning in CBE

Recent research has indicated that the rapid
industrialization of metropolitan areas and urban
systems has led to significant resource consumption and
waste production. In light of these challenges, Lucertini
(2020) advocates adopting urban metabolism and CE
principles as critical frameworks for designing future
urban societies. This paradigm shift necessitates
adopting CE approaches in urban planning practices, a

concept increasingly called intelligent circular city
planning or circular urbanism. In pursuing a CBE,
promoting CE adoption on a broader scale requires the
active collaboration of various stakeholders (Remey,
Wandl, Ceric, & van Timmeren, 2019). The
interdisciplinary nature of CE highlights the importance
of incorporating CE thinking into urban planning to
facilitate the realization of a CBE, as emphasized by van
der Leer et al. (2018). Their study advocates for
implementing CE through bottom-up and top-down
approaches, emphasizing the necessity for horizontal
integration of subsystems across various domains,
including industrial systems, infrastructural networks,
cultural frameworks, and social systems. In the Nigerian
context, these insights underscore the urgent need to
address the escalating challenges of urbanization, waste
management, and resource depletion. Given Nigeria's
rapidly growing urban population and the increasing
strain on infrastructure and services, embracing CE
principles within urban planning can provide a pathway
toward sustainable development. Collaborative efforts
involving government agencies, private sectors,
community organizations, and residents are crucial for
successfully implementing circular urbanism. By
fostering such collaborations, Nigeria can mitigate the
adverse effects of industrialization and promote
resilience and sustainability within its urban
environments.

3.9  Multidisciplinary Collaboration towards CBE
in Nigeria
Multidisciplinary collaboration has become a key
strategy for addressing complex societal challenges and
advancing the SDGs. Given the interconnected nature of
the built environment, particularly in the Nigerian
context, an integrative approach is essential for
fostering effective transformation. Mishra et al. (2019)
highlight the importance of multidisciplinary
partnerships in transitioning to a CBE in developing
countries, emphasizing that such collaborations are
critical for success. Similarly, Guerra and Leite (2021)
argue that engaging diverse stakeholders from
government, industry, and academia can accelerate the
sector-wide adoption of CE approaches within the built
environment. This perspective aligns with the potential
for cross-disciplinary collaboration within Nigeria’s
construction industry, which could significantly
enhance the adoption of CBE practices, positively
affecting supply and value chains (Suleman, 2024).
Senaratne et al. (2023) further support the view that
collaboration among stakeholders is essential for the
broader adoption of CE principles in the built
environment. Critical areas for multidisciplinary
collaboration include developing innovative ownership
models, managing supply and value chains effectively
(Leising & Leising, 2016), and establishing inclusive
and adaptive management practices. Additionally,
forming circular business models (Suleman et al.,
2023a), adopting cleaner production techniques, and
enhancing resource efficiency (Mishra et al., 2019) are
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crucial. Other pivotal areas include industrial
symbiosis, sustainable urban development (Joensuu et
al., 2020), sustainable material design (Poblete et al.,
2023), technological deployment, and fostering long-
term partnerships (Senaratne etal., 2023).

Despite the potential benefits of multidisciplinary
collaboration, achieving it in practice is challenging.
Owojori and Okoro (2023) identify several barriers,
including policy and regulatory constraints,
technological limitations, institutional barriers, and
economic and financial challenges. Additionally,
Suleman et al. (2023b) highlight deficiencies in
communication and coordination among stakeholders, a
lack of transdisciplinary research, and the absence of
lifecycle thinking as significant hurdles to collaboration.
Butt and Dimitrijevic (2022) also underscore the need to
address challenges such as inadequate transdisciplinary
professional development programmes, conflicting data
collection protocols, and cultural differences that hinder
collaborative efforts. To overcome these obstacles, it is
essential to develop a comprehensive framework that
outlines clear strategies for promoting multidisciplinary
collaboration to achieve a CBE in Nigeria.

Recent research offers several promising strategies for
fostering multidisciplinary collaboration in the context
of CBE adoption. Kohler et al. (2022) propose the
deployment of ecocentric dynamic capacities and
transdisciplinary knowledge-sharing routines to
promote diverse perspectives in cross-sectoral
interactions. In Nigeria, the construction industry often
operates in silos, with limited collaboration between
architects, engineers, urban planners, and
environmental scientists. Ecocentric approaches, which
place the environment at the center of decision-making,
are underutilized. To address this, it is necessary to
create platforms where professionals from various
sectors can share knowledge and collaborate on projects
integrating environmental sustainability with design
and construction. Another key action is encouraging
professional practices to adopt environmental
leadership models, where ecological goals are central to
business strategies. This approach can help build
dynamic capacities that respond to environmental
challenges. Additionally, incorporating CE principles
into training programmes within environmental
sciences curricula at Nigerian universities can help
future professionals adopt circular practices from the
outset of their careers.

Effective multidisciplinary collaboration also requires
collective stakeholder decision-making, driven by
constructive dialogue, teamwork, and clear
communication (Butt & Dimitrijevic, 2022). In the
Nigerian construction industry, decision-making
processes often exclude critical stakeholders, such as
local communities and environmental advocates,
leading to suboptimal sustainability outcomes. To
address this issue, efforts should be made to organize

workshops that bring together architects, government
officials, developers, and community leaders to discuss
circular design goals and co-create solutions.
Establishing formal channels for continuous dialogue
will also ensure that local communities and
marginalized groups are included in decision-making.
Furthermore, deploying digital tools like BIM can foster
collaboration and enhance transparency in project
design, allowing multiple stakeholders to contribute in
real-time. In addition to fostering collaboration,
establishing ecosystems for circular innovation is
essential (Wielopolski & Bulthuis, 2022). Currently,
circular innovation in Nigeria’s construction industry is
limited, with few ecosystems supporting the
development of sustainable construction materials,
waste recycling, or energy-efficient designs. To address
this, there is a need to develop circular innovation hubs
in major cities such as Lagos and Abuja, where startups,
research institutions, and construction firms can
collaborate on sustainable building technologies,
materials reuse, and green construction practices.
Policies that encourage venture capital and government
grants to support startups focusing on circular building
materials, waste-to-resource initiatives, and eco-design
solutions should also be implemented. Collaboration
between the public and private sectors is also crucial for
developing the necessary infrastructure for recycling
construction waste and creating eco-friendly materials.

Applying systems thinking and co-designing ethical
interventions through meaningful stakeholder
engagement can further accelerate Nigeria's transition
to a CBE (Cruz Rios et al., 2022). Nigeria's fragmented
approach to construction and urban planning often
overlooks the interconnectedness of the built
environment and natural ecosystems. To address this,
systems thinking tools should be promoted in
architectural and urban planning projects to account for
broader environmental, social, and economic impacts of
design and construction decisions. Engaging local
communities in the design and construction processes,
particularly in affordable housing developments, can
ensure that solutions meet environmental and social
needs. Developing policies and incentives promoting
ethical design and construction practices, such as using
sustainable materials, ensuring fair labor practices, and
minimizing environmental harm, is crucial for
successfully transitioning to a CBE in Nigeria.
Government investment in case projects can
demonstrate the successful application of these
strategies within Nigeria's built environment. For
instance, collaborations between local universities and
construction firms in developing eco-friendly housing
projects have effectively employed transdisciplinary
approaches to enhance resource efficiency and integrate
sustainable design principles. These projects serve as
models for future initiatives. Similarly, partnerships
between government agencies and private sector actors
in waste management practices have successfully
reduced waste generation and fostered sustainable
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material use in design and construction processes
through industrial symbiosis.

Multidisciplinary collaboration is fundamental to
Nigeria’s transition to a CBE. While challenges persist,
strategic initiatives that promote effective
communication, encourage diverse stakeholder

engagement, and integrate knowledge across disciplines
can significantly enhance sustainable practices in the
built environment. The enablers (Figure 5) discussed
provide critical insights into the practical application of
collaborative strategies, underscoring the importance of
a cohesive and integrative approach to achieving
sustainable development in Nigeria’s built environment.
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Figure 5. Enablers of CBE in Nigeria
Source: Author's Design

CONCLUSION

The transition to a CBE in Nigeria holds significant
opportunities for tackling major issues such as resource
scarcity, environmental degradation, and economic
inefficiency. This review presented the current state of
CBE adoption across various disciplines, including
Urban and Regional Planning, Quantity Surveying, Fine
Arts, Industrial Design, Environmental Management,
Surveying and Geoinformatics, Architecture, Estate
Management, and Building. Despite the benefits, the
adoption of CBE in Nigeria is hindered by a lack of
awareness, limited financial capacity, insufficient policy
support, and resistance to change within the built
environment.

Embracing CBE can lead to substantial environmental,
economic, and social benefits, including reduced waste,
enhanced resource efficiency, and increased job
opportunities. Furthermore, implementing CBE

successfully requires a multi-faceted approach that
includes policy intervention, stakeholder collaboration,
capacity building, and technological innovation. For
Nigeria to morph into a CBE, it is imperative that
stakeholders, including policymakers, industry
professionals, and academia, collaborate to address the
identified barriers. Strategies such as developing
supportive policies, increasing investment in research
and development, and promoting education and
awareness campaigns are essential to drive the
transition. While this study presented an overview of the
current landscape, further studies are required to explore
the practical application of CBE in Nigeria. Other
studies can assess developed case studies and
frameworks that demonstrate the feasibility and impact
of CBE in Nigeria. Moreover, conducting longitudinal
studies to monitor the development and results of CBE
initiatives will offer important insights into their long-
term viability and sustainability.

41




RiSU Journal of Built and Natural Environment

REFERENCES

Afolabi, A. O., Tunji-Olayeni, P. F., Ojelabi, R. A., &
Omuh, O. 1. (2018). Construction Waste Prevention
as a Sustainable tool in Building Mega Cities: A
Theoretical Framework. IOP Conference Series:
Earth and Environmental Science, 146(1).
https://doi.org/10.1088/1755-1315/146/1/012013

Akhimien, N., & Latif, E. (2019). Incorporating
Circular Economy into Passive Design Strategies
in Tropical Nigeria. International Journal of
Engineering Management and Economics, 13(10),
1 3 8 o0 - 1 3 8 5
https://doi.org/10.5281/zenodo.3566345.

Alahira, J., Ani, E., Ninduwezuor-Ehiobu, N., Olu-
lawal, K., & Ejibe, 1. (2024). The Role of Fine Arts
in Promoting Susutainability within Industrial and
Graphics Design: A Cross-Disciplinary Approach.
International Journal of Applied Research in Social
Sciences, 6, 326-336.
https://doi.org/10.51594/ijarss.v6i3.890.

Aliamin, Y. (2021). Pathways toward Sustainable
Architecture: Green Architecture and Circular
Built Environment. IOP Conference Series: Earth
and Environmental Science
https://doi.org/10.1088/1755-1315/794/1/012155.

Aljaber, A., Alasmari, E., Martinez-Vazquez, P., &
Baniotopoulos, C. (2023). Life Cycle Cost in
Circular Economy of Buildings by Applying
Building Information Modeling (BIM): A State of
the Art. Buildings, 13.
https://doi.org/10.3390/buildings13071858.

Amudjie, J., Agyekum, K., Adinyira, E., Amos-
Abanyie, S., & Kumah, V.M. A. (2023). Awareness
and practice of the principles of circular economy
among built environment professionals. Built
Environment Project and Asset Management,
13(1), 140—-156. https://doi.org/10.1108/BEPAM-
11-2021-0135.

Babalola, O., Ibem, E. O., Ezema, 1. C., & Olanipekun,
A. 0. (2019). Assessment of the role of Lean
Construction Practices in Environmental
Sustainability. Journal of Physics: Conference
Series, 1299(1). https://doi.org/10.1088/1742-
6596/1299/1/012002

Berg, A., Antikainen, R., Hartikainen, E., Kauppi, S.,
Kautto, P., Lazarevic, D., ... Saikku, L. (2018).
Circular Economy for Sustainable Development.
Reports of the Finnish Environment Institute (Vol.
26). Helsinki.

Butt, A., & Dimitrijevic, B. (2022). Multidisciplinary
and Transdisciplinary Collaboration in Nature-

Based Design of Sustainable Architecture and
Urbanism. Sustainability, 14, 10339.
https://doi.org/10.3390/sul141610339.

Chen, Q., Feng, H., & Garcia De Soto, B. (2022).
Revamping construction supply chain processes
with circular economy strategies: A systematic
literature review. Journal of Cleaner Production,
3 3 5
https://doi.org/10.1016/j.jclepro.2021.130240.

Cruz Rios, F., Panic, S., Grau, D., Khanna, V., Zapitelli,
J., & Bilec, M. (2022). Exploring circular
economies in the built environment from a complex
systems perspective: A systematic review and
conceptual model at the city scale. Sustainable
Cities and Society, 80, 103411.
https://doi.org/10.1016/j.s¢s.2021.103411.

Dilakshan, R., Stewart, R., Liu, T., & Vieira, A. (2023).
Building stock mining for a circular economy: A
systematic review on application of GIS and
remote sensing. Resources, Conservation &
Recycling Advances, 18, 200144. Retrieved from
https://doi.org/10.1016/j.rcradv.2023.200144.

Duarte Poblete, S. S., Anselmi, L., & Rognoli, V. (2023).
Emerging materials fostering interdisciplinary
collaboration in Materials Design.
https://doi.org/10.54941/ahfe1002978.

Ellen MacArthur Foundation. (2021). Universal
Circular Economy Policy Goals.

Ezema, I. C., Suleman, T. A., & Okorigba, R. K. (2023).
Perspective Chapter on Promoting Circular Design
Strategies in Housing Delivery in Nigeria. In A.
Battisti (Ed.), Future Housing (pp. 1-24).
IntechOpen Limited.
https://doi.org/10.5772/intechopen.110656.

Ferronato, N., Preziosi, G., Guisbert Lizarazu, E.,
Gorritty, M., & Torretta, V. (2019). Assessment of
municipal solid waste selective collection
scenarios with geographic information systems in
Bolivia. Waste Management, 102, 919-931.
https://doi.org/10.1016/j.wasman.2019.12.010.

Graham, C. C. (2024). The role of Geographic
Information Systems in mitigating plastics
pollution in the Global South—A spatial analysis of
recycling facilities in Costa Rica. Science of The
Total Environment, 937, 173396.
https://doi.org/10.1016/j.scitotenv.2024.173396.

Guerra, B. C., & Leite, F. (2021). Circular economy in
the construction industry: An overview of United
States stakeholders’ awareness, major challenges,
and enablers. Resources, Conservation and
Recycling, 170(105617), 105617.
https://doi.org/10.1016/j.resconrec.2021.105617

42




RiSU Journal of Built and Natural Environment

Gupta, S. (2019). Barriers and Opportunities in Circular
Economy in the Construction Industry in India.
Global Research and Development Journal for
Engineering, 4(7),22-27.

Hausegger, B., Lang-Raudaschl, M., Levak, T.,
Triantafyllidis, G., Dengg, E., Kurz, C., ... Regl, J.
(2022). Surveying the building stock of Graz with
regard to a circular economy in the construction
sector. IOP Conference Series: Earth and
Environmental Science, 1078, 12001.
https://doi.org/10.1088/1755-
1315/1078/1/012001.

Jain, T. (2023). Strategies to Adopt Circular Economy
Practices in the Fashion Industry. International
Journal of Humanities and Social Science, 10,
26-33. https://doi.org/10.14445/23942703/1JHSS-
V10I1P105.

Jayawardhana, N. G. T. S., & Withanage, K. T. (2023).
Quantity surveyor’s role towards circular
economic principles in the pre-contract phase of
construction projects in Sri Lanka. In S.
Samarawickrama, (Ed.), Empower Communities:
16th International Research Conference - FARU
2023 (pp. 57-66). Faculty of Architecture,
University of Moratuwa.
https://doi.org/10.31705/FARU.2023.8.

Joensuu, T., Edelman, H., & Saari, A. (2020). Circular
economy practices in the built environment.
Journal of Cleaner Production, 276, 124215.
https://doi.org/10.1016/j.jclepro.2020.124215.

Kazancoglu, 1., Sagnak, M., Kumar Mangla, S., &
Kazancoglu, Y. (2021). Circular economy and the
policy: A framework for improving the corporate
environmental management in supply chains.
Business Strategy and the Environment, 30(1),
590-608. https://doi.org/10.1002/bse.2641.

Kohler, J., Sonnichsen, S., & Beske, P. (2022). Towards
a collaboration framework for circular economy:
The role of dynamic capabilities and open
innovation. Business Strategy and the
Environment, 31.
https://doi.org/10.1002/bse.3000.

Leising, E., & Leising, E. (2016). Circular Supply Chain
Collaboration in the Built Environment.
https://api.semanticscholar.org/CorpusID: 112143
887

Lucertini, G. (2020). Circular Cities — Urban
Metabolism and Circular Economy as a Planning
Approach to Building Resilient Cities and
Territories. https://ssrn.com/abstract=3711312.

Marrucci, L., Daddi, T., & Iraldo, F. (2022). The circular
economy, environmental performance and

environmental management systems: the role of
absorptive capacity. Journal of Knowledge
Management, 26(8), 2107-2132.
https://doi.org/10.1108/JKM-06-2021-0437.

Mayne, B. R. (2021). Arts and the Circular Economy:
Visual Arts.
https://www.walesartsreview.org/arts-and-the-
circular-economy-visual-arts/

Minunno, R., O’Grady, T., Morrison, G. M., Gruner, R.
L., & Colling, M. (2018). Strategies for applying
the circular economy to prefabricated buildings.
Buildings, 8(9), 125.
https://doi.org/10.3390/buildings8090125.

Mishra, J., Chiwenga, D., & Ali, K. (2019).
Collaboration as an Enabler for Circular Economy:
A Case Study of a Developing Country.
Management Decision, ahead-of-p.
https://doi.org/10.1108/MD-10-2018-1111.

Mokuolu, O. A., & Timothy, R. S. (2021). Circular
Economy and Waste Management Actions during
the COVID-19 Pandemic in Nigeria. Journal of
Human, Environment, and Health Promotion, 7(1),
1-5. https://doi.org/10.52547/jhehp.7.1.1.

Murphy, R. (2022). Sustainable Development in the
Surveying Profession. Reports. 24:
https://arrow.tudublin.ie/beschrecrep/24.

Nufiez-Cacho, P., Mylonas, G., Kalogeras, A., &
Molina-Moreno, V. (2024). Exploring the
transformative power of Al in art through a circular
economy lens. A systematic literature review.
Heliyon, 10(4), e25388.
https://doi.org/10.1016/j.heliyon.2024.e25388.

Ogunmakinde, O. E. (2019). Developing a Circular-
Economy-Based Construction Waste Minimisation
Framework for Nigeria. The University of
Newcastle.

Owojori, O. M., & Okoro, C. S. (2023). Overcoming
Challenges Associated with Circular Economy in
Real Estate Development (pp. 49-61).
https://doi.org/10.1007/978-3-030-90973-4 5.

Oyebode, O. (2018). Green Building: Imperative
Panacea for Environmental Sustainability and Life
Cycle Construction in Nigeria.

Oyero, K. (2022, February 17). Ikoyi building collape:
Lagos to demolish remaining skyscrapers,
prosecute culpable officials. Punch Newspaper.
Lagos. https://punchng.com/ikoyi-building-
collapse-lagos-to-demolish-remaining-
skyscrapers-prosecute-culpable-officials/

43




RiSU Journal of Built and Natural Environment

Rajput, J., Potgieter, J., Aigbokhan, G., Felgenhauer, K.,
Smit, T. A. B., Hemkhaus, M., ... McGovern, M.
(2020). Circular Economy in Africa-EU
Cooperation - Country Report for Nigeria. Country
Report Under EC Contract
ENV,F,2,/ETU/2018/004 Project: ‘Circular
Economy In Africa-EU Cooperation’. Trinomics
B.V., Tomorrow Matters Now Ltd., Adelphi
Consult GmbH and Cambridge Econometrics Ltd.

Remey, H., Wandl, A., Ceric, D., & van Timmeren, A.
(2019). Facilitating Circular Economy in Urban
Planning. Urban Planning, 4(3), 1-4.
https://doi.org/10.17645/up.v4i3.2484.

Rinaudo, D. (2019). Students of Academy of Art Learn
and Explain the Circular Economy through
Creativity and Computer Art. EDULEARNI19
P r o ¢c e e d i n g s
https://api.semanticscholar.org/CorpusID:200046
883.

Senaratne, S., Rodrigo, N., Almeida, L. M. M. C. .,
Perera, S., & Jin, X. (2023). Systematic review on
stakeholder collaboration for a circular built
environment: Current research trends, gaps and
future directions. Resources, Conservation &
Recycling Advances, 19, 200169.
https://doi.org/10.1016/j.rcradv.2023.200169.

Sofolahan, O., Eze, E., Ameyaw, E., & Nnametu, J.
(2024). Barriers to digital technologies- driven
circular economy in the Nigerian construction
industry. Smart and Sustainable Built
Environment. https://doi.org/10.1108/SASBE-11-
2023-0357.

Suleman, T. A. (2024). Adoption of Circular Design
Strategies by Building Design Firms in Lagos,
Nigeria. Covenant University.
http://eprints.covenantuniversity.edu.ng/17858/

Suleman, T., Ezema, 1., & Aderonmu, P. (2023). Benefits
of circular design adoption in the Nigerian building
industry. The Eurasia Proceedings of Science,
Technology, Engineering & Mathematics
(EPSTEM), 23,307-315.

Suleman, T., Ezema, 1., & Aderonmu, P. (2023).
Challenges of circular design adoption in the
Nigerian built environment: An empirical study.
Cleaner Engineering and Technology, 17, 100686.
https://doi.org/10.1016/j.clet.2023.100686.

Timm, J. F. G., Maciel, V. G., & Passuello, A. (2023).
Towards Sustainable Construction: A Systematic
Review of Circular Economy Strategies and
Ecodesign in the Built Environment. Buildings.
https://doi.org/10.3390/buildings13082059.

Utmani, R. (2023). How can Circular Strategies be
Implemented in Real Estate Valuation An
Exploratory Research. MET MANAGEMENT
REVIEW, 10(1), 65-77.
https://doi.org/10.34047/MMR.2020.101009.

van Dam, K., Simeone, L., Keskin, D., Baldassarre, B.,
Niero, M., & Morelli, N. (2020). Circular economy
in industrial design research: A review.
Sustainability (Switzerland), 12(24), 1-19.
https://doi.org/10.3390/su122410279.

van der Leer, J., Timmeren, A., & Wandl, A. (2018).
Social-Ecological-Technical systems in urban
planning for a circular economy: an opportunity for
horizontal integration. Architectural Science
Review, 61, 298-304.
https://doi.org/10.1080/00038628.2018.1505598.

Victar, H. C., Perera, B. A. K. S., & Palihakkara, A. D.
(2022). The Role of The Quantity Surveyor in
Achieving Circular Built Environment at the
Design Stage. In 10th World Construction
Symposium, WCS 2022 (pp. 936-948).
Department of Building Economics, University of
Moratuwa, Sri Lanka: Ceylon Institute of Builders.
https://doi.org/10.31705/wcs.2022.75.

Wielopolski, M., & Bulthuis, W. (2022). The Better
Building Initiative — a Collaborative Ecosystem
Involving All Stakeholders as Catalyst to
Accelerate the Adoption of Circular Economy
Innovations in the Construction Sector. Circular
Economy and Sustainability, 3.
https://doi.org/10.1007/s43615-022-00205-6.

Wrase, [., Haase, M., & Wang-Speiser, Z. (2023).
Towards a circular built environment — Focus on
the new M.Sc. program in real estate and facility
management. Frontiers in Sustainability, 4.
https://doi.org/10.3389/frsus.2023.1163394.

Zvirgzdins, J., Plotka, K., & Geipele, S. (2019). Circular

economy in built environment and real estate
industry. https://doi.org/10.3846/mbmst.2019.046.

44



https://www.researchgate.net/publication/390105377

