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ABSTRACT: This study explores the transformative potential of
Industrial Design innovations, skills, theories, principles and
methodologies, in advancing the circular economy within the built
environment, with emphasis on Nigeria. A narrative literature
review methodology was adopted. Emphasising their roles in
driving efficiency, sustainability, and adaptability, Industrial
Design principles, innovations, skills, theories, and/or
methodologies are examined in relation to their contributions to
enhancing flexibility, reducing developmental or construction
timelines, and promoting resource efficiency as well as
environmental aesthetics and stewardship. The study’s outcomes
show that Industrial Design plays key roles in the promotion of
circular economy through material efficiency and optimisation,
disassembly and reuse, resource recovery and recycling, user
centric design and community engagement, persuasive designs in
the built environment as well as in the conversion of wastes to
usable materials, aesthetic components and equipment. As
urbanisation advances and environmental degradation worsens in
Nigeria, this study underscores the relevance and impact of
Industrial Design (as a field of design practice) in fostering
innovative solutions for the wellbeing of both the present and
future generations. The research advocates for the integration of
multidisciplinary design teams and a holistic approach to design,
empowering professionals to create sustainable and thriving
communities. It, among others, recommends that greater
recognition be accorded the roles of Industrial Designers and
other environment-related professions in advancing circular
economy and sustainability in the built environment.

KEYWORDS: Built environment, Circular economy, Industrial
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INTRODUCTION

In recent decades, the urgency of addressing environmental degradation and resource depletion
has propelled the concept of sustainability to the forefront of global discourse, particularly in
the context of the built environment (Idris et al., 2022; Mfon & Bassey, 2023). In response to
this global challenge, i.e. the need for environmental sustainability and maintenance of
environmental integrity (which demands ecological stewardship), according to the
International Institute of Sustainable Development (2011), sustainable design has emerged.
Nigeria, as a rapidly urbanising country, faces profound challenges in reconciling its
development aspirations with the imperative of ecological stewardship. Within this context, the
integration of Industrial Design innovations, skills, theories and principles holds significant
promise as a catalyst for advancing both sustainability and circular economy principles within
Nigeria's built environment.

The concept of a circular economy, characterised by the reduction, reuse, and recycling of
materials and resources, has gained traction as a holistic framework for promoting sustainable
development (Schroder et al., 2020). As insinuated in studies such as lacovidou et al. (2021),
Mansuy et al. (2022) and Schroder et al. (2020), embracing the circular economy paradigm
presents an opportunity to decouple economic growth from resource consumption, thereby
fostering resilience and long term viability in urban development. However, achieving the full
potential of circularity necessitates innovative approaches to design, production, construction
and consumption, with Industrial Design as well as other environment-related fields playing
pivotal roles in driving this transition (Mansuy et al., 2022; Ncube et al., 2023; Sohal & De
Vass, 2022).

Despite the growing global recognition of the importance of Industrial Design in shaping
sustainable futures (Odji, 2019b; 2019c), studies that are specifically focused on its application
within the Nigerian built environment remain limited. Of course, studies such as Onososen
(2019) and Odji (2019) have looked into design for sustainability in the environment in Nigeria,
but there still exists a significant gap as to exactly how Industrial Design innovations, skills,
methods and theories are applicable in the built environment, especially in the Nigerian context.
As at the time of this study, within the Nigerian built environment, the role of Industrial
Designers was still significantly ignored or downplayed. Therefore, this study sought to
contribute to addressing this gap, by reiterating targeted practicable ways in which Industrial
Design innovations, skills, theories and principles may be applied for the advancement of
circular economy in Nigeria's built environment. References were made to specific design
cases.
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METHOD

The study adopted a narrative literature review methodology, with sources selected based on
relevance to exploring the impact of Industrial Design innovations in the promotion of circular
economy in Nigeria's built environment. While acknowledging the limited literature specific
to the context, this approach allowed for a flexible exploration of theories, methodologies, and
principles related to sustainability and efficiency in urban development. Sources were selected
based on the inclusion/exclusion criteria outlined in Table 1.

Table 1: Inclusion/Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Literature addressing design innovations,
methods, or theories, sustainability and
circular economy principles or practices.

Literature not related to design, sustainability
or circular economy principles or practices in
the built environment.

Literature focusing on the application of
Industrial Design in the context of the built
environment and sustainability

Literature not specific to the application of
Industrial Design in the built environment.

Publications less than 20 years old.

Publications older than 20 years, or irrelevant
publications.

Relevant case studies that may be replicated.

Irrelevant or irreplaceable case studies.

Due to an existing dearth in relevant literature specific to the context of the study, grey sources
such as blog posts, news articles, and opinion pieces were also utilised to gather diverse
perspectives from practitioners, policymakers, and stakeholders on Industrial Design
innovations/theories, multidisciplinary design and environment management teams and
circular economy in Nigeria's built environment. These sources offer real-world experiences,
case studies, and practical applications, enhancing the relevance and applicability of the study's
outcomes. The synthesis of data gathered from the sourced literature was aimed at identifying
trends and insights regarding Industrial Design's contributions (within multidisciplinary design
teams) to efficiency, material reusability, sustainability, and adaptability in the built
environment.
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THE CONCEPTS OF SUSTAINABLE DESIGN, INDUSTRIAL DESIGN
INNOVATIONS AND THE ROLE OF THE INDUSTRIAL DESIGNER IN A
MULTIDISCIPLINARY DESIGN TEAM

This study, of course, recognises the multidisciplinary nature of Sustainable Design (Stock &
Burton, 2011). Hence, from a multidisciplinary perspective, the concept of sustainable design
encompasses the integration of environmental, social, and economic considerations into the
design process to create products, systems, and environments that meet present needs without
compromising the ability of future generations to meet their own needs (International Institute
of Sustainable Development, 2011). Sustainable design emphasises holistic thinking and
collaborative approaches that transcend disciplinary boundaries (Maher et al., 2018; Pathak &
Swarnakar, 2023; Weaich et al., 2024). This requires engagement with diverse professionals
and/or stakeholders within the built environment, including engineers, architects, urban
planners, sociologists, economists, and policymakers, to address complex challenges such as
climate change, resource depletion, as well as social equity. By embracing sustainability
principles, multidisciplinary design teams in Nigeria will be able to develop innovative
solutions that prioritise environmental responsibility, social inclusivity, and economic viability
(Baldassarre et al., 2024; Bello et al., 2024; Hariram et al., 2023).

Industrial Design, if and where accorded its rightful regards as a key component of
multidisciplinary design teams, will play critical roles in achieving sustainable design
objectives. Industrial Designers bring a unique skill set that combines aesthetic sensitivity,
technical expertise, and user centred design principles to the table (Plumb, 2023; Sutcliffe,
2009; Veryzer & Borja de Mozota, 2005). They are responsible for translating abstract concepts
into tangible products, structural components and systems that not only perform optimally but
also minimise environmental impact, enhance user experience, as well as promote social well-
being. Working collaboratively with professionals from diverse disciplines, Industrial
Designers contribute to the development of environmentally friendly materials, energy
efficient technologies, and sustainable manufacturing processes. Examples include
(reusable/recyclable) bricks, thermal insulators and insulating materials for buildings, electrical
components, fibreglass reinforced polyester plastic, interiors/exterior aesthetic components as
well as the embedment of aesthetics (designing functional aesthetics) into the environment, and
so on (Adeniyi et al., 2019; Odewale et al., 2015; Odewole et al., 2022; Odji, 2019c, 2019b;
Ogbonna et al., 2022). Also, by adopting a systems thinking approach, Industrial Designers
identify opportunities for innovation across the entire product lifecycle, from conception and
production to use and disposal, thereby driving sustainability outcomes within
multidisciplinary design teams (Alahira et al., 2024; Kuys et al., 2022).

According to Alahira et al. (2024), in a multidisciplinary design team, the Industrial Designer
serves as a bridge between different disciplines, facilitating communication, collaboration, and
creative problem solving, with the various fields bringing to bear their different skills for the
achievement of common design objectives. For instance, the Industrial Designer brings a
human-centred perspective to the team, advocating for the needs and preferences of end users
while balancing technical constraints and environmental considerations. By fostering
interdisciplinary dialogue, Industrial Designers encourage knowledge exchange and cross
pollination of ideas, leading to more holistic and effective design solutions. Most significantly,
Industrial Designers help in promoting design thinking as a mindset that values empathy,
experimentation, and iteration, empowering multidisciplinary teams to address complex
sustainability challenges with innovation and agility (Ario et al., 2020; Goldman & Zielezinski,
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2016; Hector, 2022; Kateb & Allahdadi, 2018). Through such collaborative efforts as
aforementioned, Industrial Designers contribute to the creation of a built environment that is
not only aesthetically pleasing and functional but also resilient, inclusive, and environmentally
sustainable.

PRACTICAL APPLICATIONS OF INDUSTRIAL DESIGN INNOVATIONS AND
SKILLS IN THE BUILT ENVIRONMENT FOR THE ADVANCEMENT OF
CIRCULAR ECONOMY: SPECIFIC CASE REFERENCES THAT NIGERIAN
PROFESSIONALS MAY EMULATE

Industrial Design innovations, skills and methods significantly influence the built environment,
as well as how humans interact with and experience the environment, while addressing
sustainability, functionality, and aesthetics challenges (Alahira et al., 2024; Heylighen et al.,
2017; Odji, 2019c; Poon, 2021). These innovations span various aspects of the built
environment, including aesthetics, architecture, planning of urban areas, infrastructure, as well
as interior/exterior designs and components and so on. Some key design innovations in the
built environment that Nigerian professionals may adopt for sustainability are reviewed herein,
with selected case studies for emphasis highlighted. In all cases highlighted, design thinking is
paramount, which makes the Industrial Designer an essential part of the design team in the built
environment — both interior and exterior.

Material Efficiency and Optimisation

If well exploited, design innovations can significantly optimise material usage and minimise
waste generation in built environment projects (Soares et al., 2017). Designers, in collaboration
with other professionals, use innovative materials, planning, and construction techniques to
minimise the overall material footprint of infrastructures and buildings while maintaining
structural integrity and performance. This may be achieved through the adoption of principles
such as the modular design, prefabrication, and lightweight construction techniques (Dave,
2019; Santos et al., 2024). By integrating sustainable materials and advanced manufacturing
processes, they create durable, resource-efficient structures that contribute to the circular
economy agenda. For example, designing building components with lightweight, high strength
materials like engineered wood facilitates the reduction of the overall material footprint (Ding
etal., 2023).

Similarly, the adoption of modular construction methods allows for more precise material
allocation, minimising waste generation (Banihashemi et al., 2018). Modular design principles
in the built environment help provide flexibility, efficiency, and sustainability. Examples
include the Futuro house, designed by Finnish designer Matti Suuronen in the 1960s, which
features a UFO-shaped, prefabricated structure—Figure 1 (Frearson, 2023; Sanaksenaho, 2021,
Voigt, 2022), and the Container City project in London, UK (Figure 2), which repurposed
shipping containers to create affordable, sustainable housing and office spaces (Container City,
2024). These projects demonstrate the scalability of modular design solutions and demonstrate
how Industrial Designers, in collaboration with other professionals, can leverage existing
materials and infrastructure to address urban challenges while prioritising efficiency and
environmental sustainability in the built environment. By incorporating sustainable materials
and advanced manufacturing processes, designers can create durable, resource-efficient
structures that contribute to the circular economy agenda.
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Figure 1: The Futuro” house, designed by Finnish Figure 2: The ‘Container City’ project (left) and the interior
architect Matti Suuronen (Frearson, 2023). part of a studio within it (right) (Container City, 2024).

Design for Disassembly and Reuse within the Built Environment

Industrial Designers can facilitate circularity in the built environment by incorporating
principles of design for disassembly and reuse into product/component and architectural design
processes. By prioritising component based assembly methods, standardised interfaces, and
reversible connections, designers enable easier dismantling and recovery of materials at the
end of a building's life cycle, which may then be repurposed (Browne & Larsen, 2023;
Gorgolewski, 2017; Kim & Moon, 2019). Browne & Larsen (2023) for instance strongly
emphasised the need to design reversibility into structures/building components, putting into
consideration the inherent properties of materials adopted. This approach promotes the reuse
and repurposing of design or building components, reducing the demand for virgin as well as
minimising the environmental impact associated with i.e. demolition and disposal (Ghisellini
et al., 2018). An excellent example is the ‘Urban Mining and Recycling’ project in Amsterdam
(Figure 3) which focuses on salvaging materials from demolished buildings, ensuring they can
be repurposed in new construction projects (Koutamanis et al., 2018; Yang et al., 2022). This
innovation fosters circular economy and minimises the use of primary materials and
components in the built environment (Yang et al., 2022), yielding what Heisel et al. (2019)
coined as ‘resource respectful construction/design.’
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Figure 3: A resource respectful construction/design — constructed with
the use of recycled materials/components (Heisel et al., 2018).

Resource Recovery and Recycling

Industrial Design innovations may also facilitate the implementation of efficient resource
recovery and recycling systems within the built environment (Alahira et al., 2024; Filipeboni,
2023). This may be achieved through the integration of systems for efficient material recovery
and recycling. For example, bricks, sculptural pieces, thermal insulators, wall claddings and so
on may be reprocessed, reused/recycled (Adeniyi et al., 2019; Alahira et al., 2024; Odewale et
al., 2015; Odewole et al., 2022; Ogbonna et al., 2022). Through the integration of onsite waste
segregation facilities, material recovery centres, and innovative recycling technologies,
designers can maximise the recovery of valuable resources from i.e. construction and
demolition waste streams. For instance, Bansal & Singh (2014) affirmed that once the
cement/mortar is removed, demolished bricks can be used again for renovations or for building
new structures, products or components. The ceramist, glass technologist alongside other 3D
and graphic designers have roles to play here e.g. in the ideation and fabrication of such new
structures, products or components, in collaboration with other members of the design team.
Hence, by closing the loop on materials such as bricks, concrete, steel, and glass, Industrial
Design contributes to the circular economy by reducing reliance on finite resources and
mitigating environmental pollution associated with landfilling and incineration. An example is
the use of onsite material sorting facilities in construction projects. For instance, the
"Deconstruction and Materials Reuse Center" in Portland, Oregon, sorts and processes
construction waste for recycling and reuse (Hangen, 2019).
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User Centric Design in the Built Environment and Community Engagement

Industrial Designers engage communities and stakeholders in the design process to ensure that
projects meet the diverse needs and preferences of the end users (Lipp et al., 2023; Xiao &
Jiang, 2023). By adopting a user centric design approach, designers can assist the design team
in creating components, aesthetics, and structures and/or infrastructure that are adaptable,
inclusive, and responsive to changing societal needs. Empowering communities to participate
in design decisions fosters a sense of ownership and stewardship, leading to increased longevity
and utilisation of built assets, thus contributing to the circular economy agenda (Ciampa et al.,
2024; Marchesi & Tweed, 2021). An example is the "Community led Housing" movement,
where residents actively participate in the design and construction of housing projects, resulting
in spaces that are more adaptable and sustainable for the community (Jarvis, 2014). In this
respect, Industrial designers are germane in the creation of user-centric built environments that
prioritise inclusivity, accessibility and human well-being. They contribute to the design of
accessible public housing, transportation, and interactive urban spaces. They aided in the
creation of features like low-floor boarding, tactile signage, and audible announcements for the
enhancement of inclusivity and usability. Industrial designers as well participate in the design
of smart city infrastructure systems, such as streetlights, waste management, and public Wi-Fi
networks, with user-centric features like attractive user-interfaces, real-time data collection
sensors and intuitive interfaces. In healthcare facilities, they collaborate with healthcare
professionals to create patient-centric environments with ergonomic furniture, calming colour
schemes, and intuitive wayfinding systems. Essentially, designers consider user needs and
preferences throughout the design process, resulting in functional, sustainable, and enjoyable
spaces for everyone.

The Concept of Persuasive Designs in the Built Environment

An Industrial Designer, with focus on sustainability, product design, communication design
(and the application in e.g. health i.e. in the management of communicable diseases,
manufacturing, etc.) and the environment, introduced the concept of persuasive designs in the
Nigerian research sphere, describing such designs as influencing human behaviours in targeted
ways depending on the intentions of the designer (Odji, 2019a; 2020a; 2020b). In further
studies, focused on the application of design principles for the achievement of sustainability in
the environment, Ebenezer Odji, in his proposed “Environmental Aesthetics and Sustainability
Theory” affirmed that:

“The more aesthetic the environment is, the less destructive interference it is likely to suffer.
Hence, the greater will be its chances at sustainability and vice versa” (Odji, 2019c¢, p. 23).

This means that, not only does the environment tell the user how to use, and treat it or interact
with it but also that, designers can influence the way humans use or interact with the
environment by designing into the environment how they want the environment to inspire the
user to interact with it, use it and treat it. This brings to bear the concept of persuasive designs
in the built environment as propagated by Ebenezer Odji. An obvious example, as proposed by
this researcher, is a perimeter fence or barricade intended to dissuade intruders from crossing
or walking through a lawn or a restricted area. Another way is to deliberately make an
environment beautiful so as to alleviate negative interaction with it from users (Ciampa et al.,
2024; Odji, 2019c; 2019b). This makes the Industrial Designer an integral part of the design
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team in the built environment, and the significance of the roles of these professionals should
not be downplayed.

Conversion of Wastes to Usable Materials, Aesthetic Components and Equipment

Industrial Designers and professionals in other allied fields of practice also contribute to
sustainability and circular economy through the repurposing or reuse of wastes from other
sectors into the built environment. For instance, they play vital roles in promoting sustainability
in the built environment by upcycling industrial, construction, and other wastes e.g. agricultural
wastes into building materials, collaborating with manufacturers and fabricators to repurpose
materials like slag from steel production and/or fly ash from coal-fired power plants into eco-
friendly bricks, concrete blocks, or aggregates (Lim et al., 2020). Designers have also
facilitated the repurposing of Agro-wastes such as coconut shells for e.g. flooring in the built
environment (Nazir et al., 2024; Sankar et al., 2023). They also design furniture and fixtures
(for both interior and exterior designs) using recycled materials from various industries,
promoting circular economy principles and sustainability (D’Itria et al., 2024; Grotowska &
Beer, 2023). Designers also collaborate with artists and architects to create art installations
from industrial waste materials, raising environmental awareness and enhancing aesthetic
appeal (Ahmed & Aly, 2023). This is in alignment with the concept of “waste to wealth”
emphasised by Patil (2023). In addition, they often develop innovative packaging solutions
using recycled or biodegradable materials to minimise waste as well as reduce carbon
emissions (Ncube et al., 2023; Versino et al., 2023).

CONCLUSION AND RECOMMENDATIONS

This study explored Industrial Design innovations, skills, theories, design methodologies and
principles applicable in the advancement of the circular economy in Nigeria's built
environment, highlighting their role in driving efficiency, sustainability, and adaptability. From
enhancing flexibility and reducing developmental timelines to promoting resource efficiency
and environmental stewardship, Industrial Design and Designers are germane for achieving a
more resilient and inclusive built environment. Hence, the following recommendations are
proposed for the promotion of circular economy in the built environment through Industrial
Design (within multidisciplinary design teams) in Nigeria and in other places applicable:

1)  Policy Integration

a)  Incorporation of Industrial Design into urban development policies to promote
sustainability and circular economy principles, due to the significance of the skills,
methodologies, theories and principles of this field of design practice to sustainability
and circular economy.

b)  Creation of incentives for Industrial Design innovations and collaboration among
multidisciplinary design teams.

2)  Capacity Building

a) Enhancement of the capacity of Industrial Designers and other professionals in
sustainable design principles.
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b)  Implementation of capacity building training programs, workshops, and knowledge-
sharing platforms.

3)  Regulatory Frameworks

a)  Establishment of frameworks for the promotion of sustainable design practices.

b)  Establishment of regulatory or monitoring bodies, where such does not already exist.
4)  Public Awareness and Engagement

a)  Engagement of communities in design processes to foster ownership and support for
sustainable development initiatives.

5)  Research and Innovation

a)  Continued research and innovation in Industrial Design in relations to the environment
to identify and develop sustainable urban development solutions.

As urbanisation advances in Nigeria, and environmental degradation increases, the insights
garnered from this study serve as a testament to the enduring relevance and impact of Industrial
Design in fostering innovative solutions that will prioritise the wellbeing of both present and
future generations.
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