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The construction industry has been globally fingered as the major sector responsible
for the continued deplorable state of the environment. The rising exploitation of the
natural environment by the sector decapacitates the function of the flora and fauna
to sustain life on earth. Therefore, the adoption and implementation of sustainability
concepts in the construction industry are imperative to reduce the sector’s negative
impacts on the environment. The growing field of biomimicry as a sustainability
concept has increased global interest and call to maximize the numerous benefits
offered by nature. This article is aimed at exploring biomimicry potentials in solving
human challenges in a sustainable manner through responsible imitation, emulation,
and drawing inspiration from nature. The first part of this paper explores the
construction industry with rapt attention to its positive and negative impact on
the human and natural environment. The second part provides a comprehensive
overview of the biomimicry concept looking at its definitions, tenets, and
sustainability standpoint. Finally, biomimicry inspiration, imitation, and emulation
are discussed citing examples of their applications within and outside the built
environment.
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1 Introduction

The construction industry (CI) has been identified globally to enhance the quality of life and
aid economic growth. The sector remains a significant employer and provider of employment
opportunities thereby improving the socio-economic status of the people (Murray and Dainty,
2009). The CI provides infrastructures, buildings, and other basic and social amenities that have
benefited mankind (Azis et al., 2012). As reported by Miller. (2002), the St. Louis construction
industry’s employment increased during the period when Trans World Dome and Kiel Center
were built. Also, the sector plays a significant role in the overall economic development of the
United Arab Emirates (UAE) by contributing 14% to the gross domestic product (Faridi and El-
Sayegh, 2006). As affirmed by Pero et al. (2017), the CI is the biggest industrial sector in the
United States and Europe. Despite its multidimensional and complex nature (Ofori, 2000), the
CI is key to globalization, industrialization, and achieving sustainable development. Owing to
its numerous beneficial impacts on the human environment, the sector is continually financed,
improved, and invested in by public and private entities with little or no regard for their
environmental impacts. As indicated by Raftery et al. (1998), there is an increase in vertical
incorporation of construction projects, private sector participation in construction projects, and
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foreign participation in domestic construction projects. To further
establish the importance of the construction industry in the present
fourth industrial revolution (4IR) era has also seen a massive influx
and deployment of technologies and approaches with a high
environmental footprint. This has led to the manifestation of dual
impacts (positive and negative) on the environment by the CI.

It is common knowledge that the CI is directly linked to
employment creation, socio-economic growth, and economic
development globally. However, most of the processes and
activities engaged by the sector are negatively impacting the natural
environment. There are several adverse impacts of the CI as
established in the literature. As summarized by Fuertes et al.
(2013), these environmental impacts can be categorized as water
emissions, waste generation, resource consumption, soil alteration,
transport issues, local issues, effects on biodiversity, incidents,
accidents, and emergencies, and lastly atmospheric emissions of
greenhouse gases (GHGs), volatile organic compounds (VOCs),
and Chlorofluorocarbons (CFCs). A major negative impact of the
CI is construction-related accidents. According to Yan et al. (2020),
construction accidents result in injuries, deaths, and grave financial
consequences. High energy consumption and pollution are also other
negative impacts of the CI. Interest in environmental health globally
has been linked to noise pollution emanating from construction sites
(Hamoda, 2008). Energy consumed in extracting, processing, and
transporting construction raw materials results in increased pollution
(Morel et al., 2001). The embodied and operational energy usage in the
CI has been identified as one of the factors responsible for the
continued rise in the atmospheric carbon footprint (Lawrence,
2015). Due to the persistent use of conventional materials, there
has also been an increase in the construction and demolition waste
(CDW) generated by the CI. From a Life Cycle Analysis (LCA)
standpoint, the environmental impact of CDW is quite severe on
both the human and natural environment (Coelho and de Brito, 2012).
According to Benachio et al. (2020), the global CI is accountable for
25% of solid waste and 30% of the extracted natural resources.
However, the study of González and Navarro. (2006) indicated that
carbon dioxide emissions due to construction processes and
operations are very noticeable and more profound. With the
increasing release of GHGs into the atmosphere thereby
precipitating ozone layer depletion, unnatural climate change, and
global warming, it is imperative to urgently tackle these menaces.
Hence, global attention is now on sustainability and digitalization as a
means of addressing the adverse impacts of the CI.

Compared to the telecommunication, retail, and manufacturing
sectors, the CI is one of the least digitalized industries with a low-level
adoption of emerging technologies (Oguntona et al., 2022; Regona
et al., 2022). There are several factors such as low awareness and age-
long culture of resistance to change hindering the adoption of these
technologies. However, the present 4IR era has seen the CI gradually
integrating and utilizing emerging technologies to curb and minimize
the environmental footprint of the sector. A few of these advanced
technologies include robotics, artificial intelligence (AI), internet-of-
things (IoT), blockchain, building information modeling (BIM), big
data, autonomous vehicles, smart wearable technologies, and virtual
and augmented reality among others (Perera et al., 2020; Abioye et al.,
2021; McNamara and Sepasgozar, 2021; Opoku et al., 2021; Regona
et al., 2022). Also, the global call for the adoption and implementation
of sustainability in the CI is a major panacea to the negative
environmental impacts exhibited by the sector. Likewise, there is

mounting pressure on construction entities to ensure sustainability
is an important consideration in the firm’s decision-making processes
(Afzal et al., 2017). In addition, several challenges are hindering the
transition to sustainability in the CI, and they can be categorized from
the perspective of either operational, managerial, or strategic (Lima
et al., 2021). Therefore, a truly sustainable CI is the solution to
minimizing the negative impacts of the sector on the environment.

The sustainability concept has been widely preached and
introduced into the CI. This is in response to the adverse impacts
of the sector on both human and natural environments. Sustainable
construction (SC) is a path through which the CI attains sustainable
development (SD) by considering cultural, environmental, and socio-
economic issues (Majdalani et al., 2006). Several terms are found in the
literature to be used interchangeably with SC. These terms are green
building (GB), sustainable building (SB), sustainable architecture,
green construction, green, environmental or eco-friendly, and
integrated design among others (Azis et al., 2012; Kubba, 2012;
Zabihi et al., 2012; AlSanad, 2015; Kibert, 2016). SC entails a
cradle-to-grave process in construction involving many role players
while embracing technological and non-technical responses to social
and economic sustainability, emphasizing environmental protection,
and enhancement of individuals’ and communities’ quality of life (Du
Plessis, 2007). The environmental aspect of sustainability has been
majorly concentrated upon in the CI because its adverse impacts have
been severe ecologically. As affirmed by Zabihi et al. (2012), the
rationale behind sustainability in the CI is to focus on ecological
conditions to achieve a built environment with maximum eco-friendly
attributes that can counter the adverse impacts of the sector. It is
therefore important to embrace SC in a manner that the triad of
environmental, social, and economic issues are holistically addressed
in the CI. As corroborated by Yip Robin and Poon. (2009), a
sustainable culture among the stakeholders is imperative to driving
the sustainability agenda in the CI. Hence, the clamor for the adoption
and implementation of SC has led to the postulation of several
practices or trends to aid the drive. A few of these are biomimicry,
life cycle assessments , lean construction, whole building design,
biophilia, ecological footprint, ecological rucksack, embodied
energy, net-zero energy buildings, passive design, sustainable
construction, resilience, environmental product declarations
(EPDs), industrial ecology, the Natural Step, Factor 4 and Factor
10, life-cycle costing, construction ecology, eco-efficiency, the
precautionary principle, and carrying capacity among others (Ortiz
et al., 2009; Alves et al., 2012; Blizzard and Klotz, 2012; Kibert, 2016;
Kibert and Fenner, 2017). These SC practices or trends in one way or
another contribute their quota towards achieving sustainability. While
most of them concentrate on an aspect of sustainability, some are
aimed toward addressing the economic, environmental, and social
aspects. However, biomimicry stood out among the list as one with the
overarching goal of sustainability that is all-encompassing.
Biomimicry as a concept solely focuses on and promises absolute
sustainability (Ilieva et al., 2022).

The natural environment is a vast repository of innovative and
sustainable ideas to solve the numerous challenges facing humanity.
Natural organisms have been able to sustain themselves for over
3.8 billion years because of their capacity to address the countless
issues they face. The abilities in nature to regenerate, sustain,
overcome, and proffer sustainable solutions to their challenges
which are like what the human environment is grappling with is
what the biomimicry concept is premised upon. The knowledge,
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adoption, integration, and implementation of biomimicry thinking are
therefore significant in today’s world owing to the alarming rate of
environmental degradation and rapid climate change occurrence
(Jamei and Vrcelj, 2021). Since it became popularized, the concept
of biomimicry has been successfully applied globally across disciplines.
According to Aboulnaga and Helmy. (2022), biomimicry is one of the
biologically rooted sustainable mechanisms that aids the creation of an
eco-friendly built environment. With nature consciousness instilled in
humanity through the practice of biomimicry, a clear path towards

sustainability is assured especially in the built environment discipline.
Hence, this paper is aimed at exploring the avenues of nature
inspiration, imitation, and emulation through which biomimicry
thinking can accelerate the transition of the CI to a truly
sustainable state. The next section gives a glimpse of the natural
world, followed by an overview of the biomimicry concept, and lastly
biomimicry thinking vis a vis nature as a source of inspiration,
imitation, and emulation for sustainability. The paper will also
explore the examples of innovative solutions, ideas, and
technologies that are birthed as a result of biomimicry thinking
through nature’s inspiration, imitation, and emulation.

2 Methodology

What are the avenues and strategies through which biomimicry
can achieve its overarching goal of sustainability in the CI? To address
this research question, this paper presents a review of relevant
literature on the genius of nature and how it informs the
biomimicry potential to aid the achievement of sustainability in the
CI. According to Snyder. (2019), a literature review offers an
exceptional mode of synthesizing findings from research to present
evidence and unravel areas for further research which is critical to
establishing theoretical and conceptual models. A critical analysis of
the literature about nature and biomimicry vis-a-vis sustainability was
conducted. Scholarly publications such as books, book chapters,
journal articles, conference proceedings, and relevant resources
from websites constitute the literature for this paper. Based on the
examples of existing guidelines for conducting a literature review as
presented by Snyder. (2019), Figure 1 presents a pictorial
representation of the integrative literature review approach
employed in this paper. The integrative literature review approach
was used to critique and synthesize the subject of nature and
biomimicry. The analysis and evaluation were qualitative and the
examples of contribution were duly classified. Also, the AskNature
database which is home to the ever-growing record of biological
abstractions was utilized alongside published scholarly articles to
present relevant nature-inspired innovative breakthroughs. These
innovative technology solutions provide credence to the successful
application and implementation of biomimicry thinking for
sustainability in the CI.

3 The natural ecosystem: A glimpse

The natural environment has been a victim of the human
environment’s parasitic relationship over the years. Human beings
significantly depended on nature for everything ranging from food,
shelter, security, and medicine among others. To pave the way for
civilization and industrialization (with the construction of industrial,
residential, religious, commercial, hospitality, and leisure facilities),
the natural ecosystems are continually destroyed by humans leading to
deforestation, the extinction of rare animals and plants, desertification,
increased emission of GHGs, climate change, soil erosion, drought,
flooding, and a host of other challenges. According to Zang et al.
(2011), the goals of achieving socioeconomic development and
improved quality of life are solely responsible for the degradation
of the natural ecological systems. Therefore, it is imperative to
consider the natural environment in every industrialization and

FIGURE 1
Pictorial representation of the integrative literature review
approach.
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urbanization drive to maximize the numerous deposits of benefits in
the natural ecosystems. Since the human environment depends on
nature for survival (food, water, air, etc), it is therefore imperative to
ensure the conservation and preservation of the natural ecosystem.

The natural ecosystem is known to be a perfect or balanced system.
This implies that the relationship that exists between the different
constituting organisms ensures the stability of the ecosystem or the
natural environment. Significantly, the flora and fauna of a natural
ecosystem are heavily and cordially dependent on each other for
survival and regeneration. For example, plants are known to deter the
event of soil erosion, provide shelter, indirectly or directly provide
nutrients to living organisms, and improve air quality by consuming
carbon dioxide and releasing oxygen which is pivotal to the survival of
humans and animals. There are also indoor plants that are utilized as a
cost-effective indoor air purification mechanism (Damiati et al., 2022).
Forests are also known for carbon sequestration, capture, and storage. The
natural ecosystem is of immense value and benefit to the human
environment through the various services they offer. According to
Youmatter. (2020), the natural ecosystem offer four main services
namely: regulating services (waste decomposition, crop pollination,
pests and diseases control, regulation and purification of air and water,
and climate regulation); provisioning services (renewable energy, food,
water, and biochemicals, pharmaceuticals and industrial products). Others
are cultural services (ecotourism, scientific discoveries, inspiration for
spiritual, intellectual, and creativity purposes) and supporting and habitat
services (primary reproduction, and seed and nutrient dispersal).
Therefore, by attaining ecological sustainability and conservation of
native biodiversity (Kuuluvainen, 2009), an array of opportunities to
draw innovative solutions to human challenges will be possible.

Based on the numerous sustainable and amazing features
exhibited by the natural ecosystem, the potential for innovative
ideas to solve human challenges can be inferred and extracted
through avenues of either or all of nature’s inspiration, imitation,
or emulation. As corroborated by Hart. (1980), the natural ecosystem
can be utilized as a rich source of informative ideas through the
selective application of its principles. Nature principles (also known as
Life’s principles) are the distinct attributes of natural organisms that
enable them to thrive, live and survive sustainably and cordially in
their over 3.8 billion years of existence. The study of Jacome Pólit.
(2014) describes these principles as the abstracted forms, processes,
functions, and strategies domiciled in natural organisms that ensure
their regeneration. However, the book by Janine M. Benyus titled
Biomimicry: Innovation Inspired by Nature and published in the year
1997 presented the nine (9) principles of nature. These principles
resonate that nature runs on sunlight; nature recycles everything;
nature uses only the energy it needs; nature fits form to function;
nature demands local expertise; nature banks on diversity; nature taps
the power of limits; nature rewards cooperation; and nature curbs
excesses from within (Neill, 2018). These principles are what inform
the formulation of biomimicry principles.

4 A cursory overview of biomimicry

Despite the novelty surrounding the concept of biomimicry, the
idea of learning and applying the knowledge gained from natural
ecosystems dates to ancient times. Strategies in natural organisms were
examined and adapted by early humans to meet their housing,
security, health, food production, and agricultural needs among

others (Murr, 2015). Numerous inventions and technologies of the
past were influenced by the study of natural models thereby
establishing that nature’s inspiration, imitation, and emulation
started before the emergence of westernization (Dicks et al., 2019).
An example is the use of animal representation and stylized leaves for
the decorative and symbolic ornamentation of ancient edifices such as
the Neolithic Gobekli Tepe, Greek temples, and the Egyptian Great
Sphinx of Giza (Browning et al., 2014). The Greco-Roman
dispensation also saw plants and trees as sources of inspiration to
architects in the design of columns with a structural resemblance to
tree trunks (Freitas and Leitão, 2019).

Biomimicry is used interchangeably with other terms that describe the
concept of studying and learning from nature. Some of the terms are
biomimetics, biophilic architecture, bio-inspired design, bio-inspiration,
bionics, biomimesis, biognosis, bioanalogous design, and biophilia
(Garcia, 2017; Graeff et al., 2019; Lee and Baek, 2019). Biomimicry is
described by Jamei and Vrcelj. (2021) as a multidisciplinary field of
science that encourages a robust collaboration between different
stakeholders including engineers and biologists in creating sustainable
solutions to human challenges. The study of ElDin et al. (2016) defines
biomimicry as the study of strategies, procedures, systems, and elements
in the natural ecosystem to solve human challenges. According to Benyus.
(1997), biomimicry entails the exploration and copying of nature’s
geniuses such as photosynthesis, self-cleaning, and self-assembling to
solve the challenges facing humanity. Similarly, Araque et al. (2021)
describe it as an imitation science that combines engineering and biology
to achieve the goal of sustainability for human development. Several
barriers have been identified in the literature to impede the adoption and
practice of biomimicry in the CI and other sectors. According to the study
of Oguntona and Aigbavboa. (2019a), the four underlying factors
hindering biomimicry adoption are knowledge-related, regulations-
related, risk and cost-related, and information and technology-related.
Also, lack of training and education, lack of awareness, and lack of
professional knowledge is further identified as barriers to biomimicry
adoption in the CI (Oguntona and Aigbavboa, 2019b). The analysis of the
barriers identified in these two studies revealed a similar trend of a lack of
a clear template and guidelines to adopt in the incorporation and
implementation of biomimicry thinking for sustainability in the CI.
For the overarching goal of sustainability to be achieved, Benyus.
(1997) further indicated that the human relationship with nature must
be from the three dimensions of “model, measure, and mentor”. By
relating to the natural world as a model, the amazing attributes of natural
organisms are studied and followed as a template to inspire the birth of
novel sustainable solutions to human challenges. Nature as a measure on
the other hand entails the assessment of innovations, ideas, technologies,
solutions, and designs against Nature or Life’s principles to establish their
sustainability compliance level. Lastly, by perceiving nature as a mentor,
the natural ecosystem and organisms are constantly consulted as a rich
database and source of innovative ideas for inspiration, emulation, and
imitation. When the views and relationship of human beings and the
natural environment are centered on these three dimensions (model,
measure, and mentor), the level of environmental degradation and
exploitation is bound to significantly diminish.

5 Biomimicry thinking for sustainability

Numerous kinds of research studies have indicated that nature is an
embodiment of amazing and outstanding algorithms and solutions that
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requires diligent extraction and application to solve human challenges
(Zang et al., 2010). According to Yan et al. (2021), biomimicry provides a
viable blueprint for proffering innovative and eco-friendly solutions by
learning from nature’s geniuses’ forms, principles, andmodels. Therefore,
a successful abstraction and application of the biomimicry thinking
concept will require a relationship with nature from the model,
measure, and mentor perspectives. Hence, to maximize the vast
potential of biomimicry to inform a seamless transition to
sustainability in the CI, it is important to explore the triple avenues of
nature inspiration, imitation, and emulation. Figure 2 shows a graphical
representation of biomimicry’s thinking path to sustainability or
sustainable development. It can be seen from the figure that the
potential of biomimicry to achieve sustainable development can only
be achieved when the trio of nature inspiration, emulation, and imitation
is engaged fully as detailed in Section 5.1. The study of MacKinnon et al.
(2020) also affirmed that biomimicry has the potential for sustainability,
innovation, and transformation. The study performed a text-mining
technique on 19 Biomimicry Global Network (BGN) web pages and
created a word tree of quotes. Table 1 presents these attributes of
biomimicry under the heading of its potential for sustainability,
innovation, and transformation. The next section provides an overview
and exploration of biomimicry thinking from these three contexts.

5.1 Biomimicry thinking: Nature inspiration,
imitation, and emulation

Nature has the potential to provide methodological innovations
when consulted for inspiration (Zheng and Hong, 2021). As affirmed
by Damiati et al. (2022), drasupplywing inspiration from nature has
aided the manufacturing of versatile and effective modern
technologies with sustainable attributes. Also, a wide range of

microstructures with efficient mechanical attributes has been
developed and perfected by nature in its years of evolution (Yan
et al., 2021). According to Wurz et al. (2022), biosensing strategies
exhibited in some natural organisms are shaping the research on the
management of cytoskeletal dysregulation. Similarly, the resilient, self-
healing, adaptive, and multifunctional characteristics of root systems
offer insights into the design of coastal and civil infrastructure
(Stachew et al., 2021). The study of Chenaghlou et al. (2020)
further noted the inherent adaptivity attribute of natural structures
under changing loading conditions (such as the self-centering system
of the human spine) to control instability in long-span truss structures.
A studious and keen observation of the natural ecosystems, therefore,
has the potential to inspire the birth of novel technologies and
solutions to the numerous challenges facing humanity today.

To date, several applications are birthed and inspired by one or
more strategies in nature. According to El-Zeiny (2012), biomimicry
thinking in the form of nature inspiration, imitation, and emulation
can occur on three application levels of either or all of the forms,
processes, and ecosystems of organisms. Based on the forms which
entail the features of the organism itself, the biomimicry inspiration,
emulation, and imitation emanate from their formal attributes such as
shape, rhythm, color, transparency, and volumetric behavior. Others
include self-assembly; construction materials and process; structure,
stability, and gravity resistance; mutation, growth, and lifecycle;
motion and aerodynamics; portability and mobility; organization
and hierarchy of parts and systems; morphology, anatomy,
modularity, and patterns; function and behavior; healing, recovery,
survival and maintenance; homeostasis that balances internal systems
while external forces change; and systems which include locomotive,
sensory, excretory, nervous, muscular, skeletal, respiratory,
circulatory, digestive, and organ systems. Based on the processes/
strategies which entail the relationship of organisms with its biome of

FIGURE 2
Biomimicry thinking path to sustainability.
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similar or other organisms that it may interact with, the biomimicry
inspiration, emulation, and imitation emanate from their self-
protection; communication; risk management; sensing, responding,
and interaction; collaboration and teamwork; group management and
coordination; hierarchy of community members; interaction with
other creatures; transgenerational knowledge transfer and training;
and survival techniques. Lastly, based on the ecosystem which entails
the relationship and fitting of an organism in its biome or
environment, the biomimicry inspiration, emulation, and imitation
emanate from their shelter building; adjustment to change; contextual
fit; response to climate by cooling, heating and ventilation solutions;
waste management; input/output process cycling; limited resource
management such as adaptation to the lack of water, light or food;
response to the context of camouflaging, self-cleaning and self-
protection; and adaptation to ecosystems (e.g adjustments to
various sound or light levels, self-illumination and shading).

Nature is rich with countless sustainable and innovative ideas and
solutions to the array of challenges the human environment is
grappling with today. The natural world can serve as a mentor,
measure, and model in addressing and proffering sustainable
solutions to whatever challenge. According to Nerem and Schutte.
(2014), the only way to guarantee the success of biomimicry
applications is through a multidisciplinary integration which is a
clear channel to having a deeper comprehension of the natural
ecosystem for developing novel and innovative solutions. Whether

there is a problem that requires an immediate solution or there is a
particular biological strategy, process, or form that draws attention,
biomimicry has the potential to birth the required sustainable solution.
This is because the methodology of imitating, emulating, and drawing
inspiration from the natural ecosystems is all geared towards the same
overarching goal of sustainability. Therefore, to successfully engage
any of these three biomimicry thinking paths, a challenge that requires
a sustainable solution or an innovation that is intended to be created
must be well defined. How does nature regulate, adapt, and mitigate
climate change? How does nature conserve energy and water? How
does nature process information? How does nature manage
disturbances and stay resilient? How does nature coordinate,
communicate and protect from harm? and How does nature
distribute resources? These are a few of the questions to be posed
in the application of biomimicry thinking in the form of nature
inspiration, imitation, and emulation.

Biomimicry inspiration entails the rapt attention and observation
of the feature/shape, strategies/processes, and organism ecosystem to
inform an invention or innovation. Inventions borne out of such a
path are usually shy of sustainability considerations at the initial stage.
However, further interventions, updates, and upgrades can be
incorporated to ensure the inventions or innovations pass the
sustainability integrity test. Examples are the proposed design of
flying machines by Leonardo da Vinci which are inspired by bats
and birds. While da Vinci only drew sketches of the flying machines

TABLE 1 Biomimicry potentials for sustainability, innovation, and transformation (MacKinnon et al. 2020).

Transformation Sustainability Innovation

Offers A pathway to sustainability

A chance to make things right

Sustainable solutions to human problems

A methodology and strategy to re-design human presence on earth

A positive way of talking about sustainability

An empathetic, interconnected understanding of how life works

Helps Solve sustainability challenges

Shift our perspective

Uncover new solutions to difficult problems

Us design generously

See design problems and objectives differently

Introduces An era based not on what we can extract

A new realm of entrepreneurship

Delivers New levels of increasing sustainability

Eliminates Supremacy of species

Catalyzes A new era of design and business

Improves Resource efficiency

Empowers People to create nature-inspired solutions for a healthy planet

Transforms The way we explore, inhabit the world and what we believe in

Brings Relief

Gives Hope
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TABLE 2 Innovative solutions from biomimicry inspiration, emulation, and imitation (AskNature, 2021).

Innovation Biological
model

Biological strategy UN sustainable
development goals

addressed

Benefits Beneficial
applications

PufferBot-Actuated
Expandable Structures for

Aerial Robots from
University of Colorado
Boulder (Hedayati et al.

(2020)

Pufferfish Pufferfishes protect
themselves against predators
by ingesting water to enlarge
their bodies. The embedded
spines on their skin are
erected when inflated to
further scare off predators

Goal 9: Industry innovation and
infrastructure

Improved safety An Aerial robot with a
collapsible protective plastic
shield that can be deployed
at a moment’s notice to

prevent dangerous
collisions. (Security and

surveillance)

Compostable Plastic from
Berkeley National

Laboratory DelRe et al.
(2021)

Microorganisms Polymers found in plant litter
are decomposed by

microorganisms using
enzymes

Goal 12: Responsible
production and consumption

Waste reduction, costs
reduction, and
biodegradable

A compostable plastic
material containing

dormant enzymes that can
be reactivated to thoroughly
decompose the material.

(Manufacturing, electronics,
and consumer goods)

Durable Foam Structure
from Texas A&M University

Ortiz et al. (2018)

Pomelo and
grapefruit

Fruits such as pomelo and
grapefruit possess excellent
damping properties due to the
hierarchical organization of
their peels. To protect the peel
from damage when it falls to
the ground, air pockets within
the peel of pomelo fruits
collapse like a cushion and
absorb the energy of impact

Goal 12: Responsible
production and consumption

Lightweight, high impact
resistance, and reduced

costs

A foam structure with non-
uniform porosity help
improves its impact

resistance. (Packaging,
armor, and protection)

New Iridium—Low energy
chemical reactions

Photosynthesis Photosynthesis entails the
conversion of solar energy to
chemical energy that aids a
plant’s growth. With an
ample supply of sunlight,
fertile soil, and water to
plants, their continued

growth is powered via the
photosynthesis cycle which
churns out more glucose

Goal 7: Affordable and clean
energy; Goal 12: Responsible
production and consumption

Reduced cost, energy use,
and use of heavy metals

A suite of organic chemicals
that drives green-chemistry
solutions by replacing heavy
metal catalysts with light-
driven chemistry. (Chemical

manufacturing and
pharmaceuticals)

ECOSTP Sewage Treatment
System

Cow Stomach and
Wetland

Ecosystems

Cows and other ruminants
have a multi-chambered
stomach where different
strains of anaerobic

microorganisms break down
fibrous and hard-to-digest

plant matter. The percolation
of water through fields of

plants in wetland ecosystems
allows plant roots to suck up
water, and absorb nutrients
and contaminants, thereby
cleaning the water in the

process

Goal 6: Clean water and
sanitation; Goal 9: Industry

innovation and infrastructure;
Goal 11: Sustainable cities and
communities; Goal 14: Life

below water

Preservation of open
space reduced

maintenance and
operating cost

An underground sewage
treatment system that has
no moving parts and
requires no power.

(Municipal wastewater
treatment)

FE2owlet from ZIEHL-
ABEGG Low-Noise Fan

Owl Wings Owls’ ability to manage
turbulence enables them to
approach their prey silently at
high speed. The flexible fringe
on the trailing edge of their
wing feathers also serves to
reduce the noise-generating

turbulence

Goal 11: Sustainable cities and
communities

Increased efficiency and
flexibility, reduced costs
and energy consumption,

and decreased noise

A low-noise and efficient fan
with winglets and serrated
edges to save energy and
reduce noise. (HVAC and

Refrigeration)

Efficient Wind Turbines
from Paris-Sorbonne

University Cognet et al.
(2017)

Insect Wings-
dragonfly and bee

In response to physical forces,
insects such as dragonflies
and bees possess flexible
wings that are modeled to
alter their shape in an

aerodynamically effective
manner. This flexibility
attribute prevents gradual

wing deterioration, improves
speed, and reduces drag

Goal 7: Affordable and clean
energy; Goal 13: Climate action

Efficient and flexible Wind turbines with blades
that are less susceptible to

damage, and better
utilization of incoming
winds increase the

converted energy rate by up
to 35%. (Energy generation)

(Continued on following page)
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TABLE 2 (Continued) Innovative solutions from biomimicry inspiration, emulation, and imitation (AskNature, 2021).

Innovation Biological
model

Biological strategy UN sustainable
development goals

addressed

Benefits Beneficial
applications

Sustainable Carbon
Reduction (Electrocatalyst)

from Oregon State
University Zhang et al.

(2020)

Photosynthesis in
plants

Plants produce energy using
carbon dioxide, water, and

sunlight through
photosynthesis. During this
process, carbon dioxide is first
fixed and then minimized so
it can be converted into

energy

Goal 7: Affordable and clean
energy

Sustainable, increased
efficiency, and low-cost

Electrocatalyst that
efficiently converts CO2 to
carbon monoxide and
operated stably for 40 h

(Commercial and industrial
energy generation)

Air-powered Renewable
Energy Generator (Air-gen)

from the University of
Massachusetts Amherst Liu

et al. (2020)

Bacteria Bacteria such as Geobacter
sulfurreducens construct

electrical “wires” (nanowires)
that are 100,000 times thinner
than a human hair for them to
get the energy to grow and
live. The nanowires empower
the bacteria to breathe with
the aid of metals instead of

oxygen

Goal 7: Affordable and clean
energy; Goal 13: Climate action

Reduced costs, reduced
pollution, and scalable

Renewable energy generator
that works indoors and does
not require wind or sunlight.

(Commercial and
residential energy

generation, medical devices,
and small electronics)

Self-Propelled, Flexible
Robot (Soryu-C from Hibot)

Snakes Snakes as limbless animals
move over a variety of
surfaces using only their

slender and flexible bodies.
They push off objects using
their scales and can crawl,
climb or swim by bending
their spine into serpentine

coils

Goal 3: Good health and
wellbeing; Goal 11: Sustainable

cities and communities

Autonomous and flexible Remote inspection and
navigation of unstructured

terrains and confined
spaces. (Pipe and tunnel

exploration, and
infrastructure inspection)

Efficient Electricity
Generation from Lund

University Pankratova et al.
(2019)

Bacteria Bacteria employ extracellular
electron transfer to collapse
sizeable chemical compounds
and to communicate with one

another and with other
molecules

Goal 7: Affordable and clean
energy; Goal 13: Climate action

High performance and
efficient

Electricity generation
mechanism that utilizes a
redox polymer disguised as
a natural bacterial charge

carrier to obtain the
electricity generated by
bacteria. (Residential and

industrial energy
generation, remote energy
generation, and medical

treatment)

Weatherproof Energy
Harvester from the

University of Warwick
Tucker Harvey et al. (2019)

Aspen Leaves The Aspen tree leaves quake
with the passing of the

slightest breeze due to the
connection and structure of
the stem. Its characteristic flat
petiole acts like a pivot for the
leaf to move on with the

slightest breeze

Goal 7: Affordable and clean
energy

Versatile, efficient, and
resilient

Energy harvester that
produces energy even at the

lowest wind speeds.
(Commercial and
residential energy

generation, and renewable
energy)

BIOSwimmer Unmanned
Underwater Vehicle from

Boston Engineering

Tuna Tunas are known to be
efficient and fast swimmers

utilizing thunniform
swimming (swimming with
lateral movement occurring
in the tail and adjacent area of

the body with very little
bending of the fish’s body).
Thunniform swimming helps
tunas to conserve energy

while swimming fast over a
long distance

Goal 3: Good health and
wellbeing; Goal 14: Life below

water

Improved propulsion,
energy saving, and high

maneuverability

A highly maneuverable
Unmanned underwater

vehicle (UUV) designed to
operate in hard-to-reach

and harsh terrains

Autonomous Underwater
Vehicle (AUV) by EvoLogics

Manta Ray Manta rays possess large fins
that protrude out like wings
on either side of their body.

Goal 14: Life below water Improved propulsion,
energy saving, and high

maneuverability

An autonomous underwater
vehicle (AUV) with superb

mobility and diving

(Continued on following page)
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and never built one, his drawings paved the way for free flights,
unmanned and manned electrically, mechanically, and robotically
powered aircraft that now exist. Also, present-day airplanes have
advanced far beyond the practice of flights in birds and the
sketches of da Vinci upon which the idea emanated from.

Biomimicry imitation entails the outright simulation of the
feature/shape (color, shape, structure, behavior, etc), process
(survival, communication, interaction, or sensing techniques
amongst others), and ecosystem (waste management, response to
climate, adaptation or mitigation techniques amongst others) of an
organism. While the immediate solution or innovation as a result of
biomimicry imitation might not be entirely sustainable, it is important
to note that such would have been able to solve a challenge and offer a

platform for its further retrofit or update to conform to sustainability
yardsticks. A known and perfect example of an industry innovation
that employs biomimicry imitation is the i2 modular carpet tiles from
Interface that imitates the forest floor which “has a wide variety of
colors and textures, and feature shapes that repeat but in infinitely
varied arrangements” (AskNature, 2021). The non-directional
installation method of these recyclable and individually replaceable
carpet tiles which are characterized by their variable color and patterns
are installed in a non-directional way to create a cohesive design
similar to a forest floor. The amazing fact about the i2 modular carpet
tiles is their product transparency, carbon neutrality, resilience, cost-
effectiveness, reusability, and recyclability. Another example is the
invention of the Velcro versatile fastener which is applied in

TABLE 2 (Continued) Innovative solutions from biomimicry inspiration, emulation, and imitation (AskNature, 2021).

Innovation Biological
model

Biological strategy UN sustainable
development goals

addressed

Benefits Beneficial
applications

This aids their agility and high
maneuverability despite their

large body size

capabilities for exploring
hard-to-reach and harsh
terrains. (Marine security,

ecological research,
environmental monitoring,
and deep sea exploration)

Strong, Durable Composite
Technology by Helicoid

Industries

Mantis Shrimp Themantis shrimp evolved an
internal architecture to

safeguard the hammer-like
club (which moves with high
speed without damaging its
chitin exoskeleton) it utilizes

to pulverize prey. This
mechanism minimizes

damage propagation, cracks
expansion, and dissipates

large amounts of energy from
strikes to avoid disastrous

failure

Goal 9: Industry innovation and
infrastructure; Goal 11:
Sustainable cities and
communities; Goal 12:

Responsible production and
consumption

Reduced CO2 emissions,
reduced waste, and
increased strength

A composite technology
that utilizes an innovative
helicoid design to heighten
its toughness and strength
while using fewer materials.

(Renewable energy,
aviation, automobiles, and

manufacturing)

Temperature Regulating
House Building System by

Enertia Homes

Earth The earth can store and
transfer solar energy through
the concept of thermal inertia
(which is the ability to store

and later use heat)

Goal 11: Sustainable cities and
communities; Goal 12:

Responsible production and
consumption

Reduced costs and
sustainable

Homes that use multiple
components for cooling and
heating without using fuel
or electricity. (HVAC and

residential buildings)

Structural Building Materials
from Harvard Fernandes

et al. (2021)

Marine Sponges Venus’s flower basket lives
anchored to the deep ocean
floor. The properties of its
cylindrical skeletons (also

known as glass sponges) aids
its strength

Goal 9: Industry innovation and
infrastructure; Goal 11:
Sustainable cities and

communities

Lightweight, increased
strength and durability,
and reduced materials

A structural material with a
diagonally reinforced square
lattice structure that makes
it lightweight and strong.
(Architecture and building

materials)

Durable 3D Printed Concrete
from RMIT University Pham

et al. (2022)

Lobster Shells Lobster shells are known to be
strong, flexible, and resistant
to cracking because of the
properties of its shell. The
structure of the shell helps
distribute an impact force

thereby lessening the negative
effects

Goal 11: Sustainable cities and
communities

Increased strength,
resiliency, and scalable

A 3-Dimensional printed
concrete that is constructed

with helicoid layers to
heighten its strength.

(Bridge design and building
materials)

Building Insulation by
Biohm

Mushrooms Fibers (called mycelia) form
the underground parts of

fungi and are woven through
a shovelful of soil. The

constituent of these fibers and
structure makes them
durable, moldable,

expandable, compressible,
flexible, and strong

Goal 9: Industry innovation and
infrastructure; Goal 12:

Responsible production and
consumption

Sustainable and all-
natural materials

Bio-based building material
utilizing mycelium from

mushrooms to create more
sustainable building

insulation. (commercial and
residential buildings)
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manufacturing, textiles, clothing, and medical services amongst
others. The Velcro faster imitates the attachment of the tiny hooks
that covered the burr seeds to mammal fur (AskNature, 2021).

Finally, biomimicry emulation entails careful and diligent
abstraction of the amazing functionalities and strategies in a
natural ecosystem. This biomimicry thinking path is the most
rigorous, intense, and intriguing as it encompasses all three levels
of biomimicry application. The successful incorporation and
implementation of biomimicry emulation require a comprehensive
collaboration between biologists, scientists, engineers, designers, and
other disciplines as may be required or demanded by the task/project
at hand. It is also at this level that biomimicry has the highest
possibility of achieving its goal of sustainability. This is because
innovative ideas, technologies, solutions, and designs borne out of
this biomimicry thinking path are measured against Nature or Life’s
principles to establish their level of sustainability compliance. The
i2 modular carpet by Interface also fits an example of this biomimicry
thinking path due to its verifiable sustainability characteristics.

There are several examples of designs, solutions, technologies,
products, and projects that engaged biomimicry inspiration,
emulation, and imitation. For example, the study of Ganpule et al.
(2020) further reinforces other studies that investigate the biomedical
response of a woodpecker as an impact mitigation strategy for
minimizing the burden of chronic traumatic encephalopathy (CTE)
and traumatic brain injury (TBI). While the woodpecker inspires
scientific curiosity in such phenomenon among returning soldiers and
American Football players, construction site workers and their
Personal Protective Equipment (PPE) can also be drawn into the
category. Another outstanding example of nature-inspired innovative
products is the Lotusan self-cleaning paint (inspired by the self-cleaning
attribute of the lotus plant’s leaves) that allows for the automatic removal
of dirt on walls with the mere rinse of a rain shower (Sto SEA, 2021). The
leaves of lotus plants stay dry and clean after rainfall as water drops collect
specks of dirt, form water beads on the surface, and roll off like mercury
due to the attribute of the leaves. Also, the i2modular carpet by Interface is
another nature-inspired product that emulates and imitates a forest floor.
These carpets are individually replaceable, made from recycled and bio-
based materials, stores carbon, and prevent their release into the
atmosphere (Interface, 2022).

As presented by du Plessis et al. (2021), a few other examples of
designs and projects birthed from biomimicry inspiration, emulation,
and imitation are the Gherkin Tower in London, the Eastgate Centre
in Zimbabwe, and the Esplanade in Singapore. The Gherkin Tower
imitates the lattice-like exoskeleton of the basket sponge of the Venus
flower to reduce wind deflections and disperse stress emanating from
the strong water currents occurring in the underwater environment.
The Eastgate Centre self-regulates the temperature of the building
without any cooling or heating system by imitating and emulating the
passive thermoregulation system similar to the gigantic mounds of
African termites. Inspired by the spikes of the Durian fruit, the
Esplanade imitates and emulates these spikes to provide shading
and prevent overheating in hot climatic conditions. Similarly, the
Japanese Shinkansen bullet train which is one of the world’s high-
speed rail lines was modeled to imitate the Kingfisher bird to overcome
the problem of tunnel sonic booms associated with it. As inferred from
AskNature. (2021) which is a database for biological/nature strategies,
innovations, and collections, Table 2 presents a careful selection of
other innovative solutions birthed through biomimicry inspiration,
emulation, and imitation. From Table 2, the potential benefits of these

innovations and the United Nations Sustainable Development Goals
they address are also presented. The innovations presented in this
table emanated from the multidisciplinary collaboration between
professionals, sustainability proponents, biomimicry practitioners,
designers, biologists, and scientists in the industry and academic
sphere. While most of these examples are not fully sustainable
considering their life cycle analysis, encouraging the application of
biomimicry, guided by Life’s principles via nature’s inspiration,
emulation, and imitation is notwithstanding a reliable path to
achieving sustainable development.

6 Conclusion and recommendations

This article sets out to explore biomimicry potentials in
sustainably addressing human challenges through responsible
imitation, emulation, and drawing inspiration from nature. Despite
the various global sustainability agendas, the negative impact of the CI
on the environment remains on the increase. Without a decisive and
urgent quest toward the adoption and implementation of eco-friendly
practices especially in the CI, the consequences in terms of climate
change, ozone layer depletion, flood, drought, and other disasters will
persist. Biomimicry thinking therefore offers a credible route to
integrating sustainability values into the construction practices,
design processes, activities, and systems. A major hindrance to the
application and implementation of biomimicry for sustainability is the
lack of a clear and simplified approach to its incorporation. The trio of
emulation, inspiration, and imitation has been established as the ways
through which the novel field of biomimicry can be maximally
explored to aid the CI’s drive toward sustainability. When the
amazing and eco-friendly strategies in nature are imitated,
emulated, or drawn inspiration from to inform solutions to issues
facing the human environment, the goal of achieving sustainability
becomes a step closer. A few examples of technological and innovative
solutions birthed through the application of these strategies were
presented to authenticate the viability and potential of these
biomimicry thinking routes to solving human challenges
sustainably. The article was also able to establish the perception of
nature as a mentor, measure, and model in a bid to maximally mine
the sustainability treasures in the natural world. The exploitative
disposition of human beings to the natural ecosystem is also bound
to change when nature is viewed as a mentor, measure, and model of
innovative and sustainable solutions to human challenges. It is also
noteworthy that multinational companies and firms are now
incorporating biomimicry and ecological consciousness into their
organizational process to protect and conserve the environment.
An example of such a company is Interface driven by the mission
“to restore the health of the planet”. With the proliferation of
biomimicry and global realignment to the natural ecosystem, more
construction products, materials, and technologies will be
conceptualized, manufactured, and commercialized. These will
replace the conventional ones that are known to have significantly
contributed to the high level of environmental degradation occurring
today. It is therefore important that sustainability collaborative
networks are empowered to ensure that biomimicry and nature
awareness and consciousness are proliferated among all
stakeholders. A robust and effective multidisciplinary collaboration
is highly recommended for an accelerated provision of biomimicry-
rooted innovative and sustainable solutions to the severe
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environmental challenges facing the world today. The incorporation of
biomimicry thinking into the educational curriculum (from primary
to tertiary level) is recommended to ensure that the number of
biomimicry enthusiasts and sustainability proponents is on the rise
which in turn will see a symbiotic relationship between the human and
natural environment.
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