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Introduction

he built environment is among the largest

contributors to global ecological degradation,
responsible for around 40% of global energy use and
nearly one-third of greenhouse gas emissions (UNEP, 2022).
While sustainable architecture has advanced in reducing
environmental damage through better energy efficiency
and resource management, these measures often fall short
of reversing ecological damage (Hanifi, 2024). Recent
research indicates the need to move beyond sustainability
towards regenerative design. An approach that allows
buildings to actively regenerate ecosystems, support
biodiversity, and positively influence natural cycles (Kumar,
Sakagami & Lee, 2025; Thasnee et al., 2025; Hanifi, 2024).
Biomimicry, which involves mimicking nature’s proven
forms, processes, and systems (Benyus, 2002), provides a
powerful approach to realising this regenerative goal
(llieva et al., 2022). Based on biology, ecology, and systems
thinking, biomimicry urges architects to design in harmony

with nature, rather than just using it (Jamei & Vrcelj, 2021).
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biologically informed framework that goes beyond traditional ideas of
sustainability. This paper uses a qualitative, exploratory research design to

examine the three conceptual levels of biomimicry: form (The Gherkin, London),
process (Al Bahar Towers, Abu Dhabi), and ecosystem (Lavasa Hill City, India)
through a combination of theoretical investigation and comparative case study

analysis. These instances show how, in a variety of settings and scales, nature-
inspired design can promote deeper environmental integration, climatic
adaptability, and energy efficiency. The study offers a regenerative design
paradigm that switches the relationship between architecture and ecology from
one of extraction to one of reciprocity by framing nature as model, measure, and
mentor. It provides useful advice for legislators, educators, and architects who
want to incorporate biomimicry into a more restorative and holistic approach to
architecture. By doing this, the study adds to the expanding body of knowledge
on regenerative design and presents a vision for structures that actively act to heal
the environment in addition to providing shelter.

Keywords: Bio-inspired architecture, Ecological resilience, Nature-inspired design,
Regenerative design principles, Sustainable design.

By modelling biological strategies, architects can create buildings that are efficient,
responsive, adaptable, and ecologically beneficial (Bijari et al., 2025). In architectural
discourse, biomimicry has progressed from a niche ideology to a proven design
methodology, yet its potential for fostering regenerative outcomes remains
underexplored (llieva et al., 2022). Many projects inspired by nature still emphasise
form or aesthetics mainly, rather than engaging deeply with the systemic intelligence
of natural ecosystems (Oguntona & Aigbavboa, 2023). This paper addresses that gap
by exploring how biomimicry can drive regenerative architecture, capable of
transforming the built environment into an active agent in healing the entire
environment. into regenerative architectural practice. By an analysis of global case
studies, such as The Gherkin in London, Al Bahar Towers in Abu Dhabi, and Lavasa Hill
City in India, the research demonstrates how biomimetic principles can inform
resilient, adaptive, and ecologically influenced design strategies. This paper aims to
investigate how biomimicry can serve as a foundational framework for advancing
regenerative architectural design, with a focus on integrating form, process, and
ecosystem-level strategies to create environmentally restorative buildings. To
accomplish this, the study sets out to:
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1. Explore principles of sustainable architecture and levels of biomimicry, and
understand how they provide practical, interdisciplinary approaches for
achieving regeneration in architectural design.

2. Analyse architectural case studies that exemplify biomimicry at the levels of
form, process, and ecosystem.

3. ldentify and propose strategic recommendations to support the integration
of biomimicry.

By connecting theory with practical application, the study supports a multidisciplinary
dialogue that bridges architecture, biology, and environmental science. This paper
adds to the growing field of regenerative architecture by positioning biomimicry as
both a technical approach and a philosophical shift in design thinking

Literature Review

The Insufficiency of Conventional Sustainability Frameworks

The prevailing paradigm in green architecture has been dominated by the concept of
sustainability, operationalised through international frameworks and standardised by
rating tools such as LEED and BREEAM (UNEP, 2022). While these systems have
successfully mainstreamed practices like energy efficiency and material conservation
(Thosiac, 2024), a critical viewpoint is emerging around their fundamental limitations.
Scholars argue that these tools are inherently anchored in a paradigm of mitigation,
aiming to reduce negative impacts and do less bad rather than generate positive
ecological change (Doan et al., 2017). This simplified approach often leads to a
prescriptive, point-chasing methodology that can prioritise single-attribute
optimisation (e.g., installing low-flow fixtures) over a holistic, systems-level
integration with the unique cultural and ecological context of a place.

Consequently, buildings certified under these systems may be highly efficient yet
remain ecologically static and disconnected from their local ecosystems. They are
treated as isolated entities whose environmental impact must be minimised, rather
than as active participants within a living, evolving system (Hecht, Appelman &
Pedersen Zari, 2024). This critique establishes a clear scholarly imperative: moving
beyond the sufficiency of mitigation towards a design philosophy capable of active
restoration and renewal.

The Regenerative Paradigm: A Foundation of Net-Positive Outcomes

In direct response to the limitations of conventional sustainability, the regenerative
design paradigm proposes a transformative redefinition of architecture's purpose. It
shifts the goal from minimising footprint to achieving net-positive outcomes, where
buildings actively restore degraded ecosystems, enhance biodiversity, purify air and
water, and produce more energy than they consume (Zhang et al., 2015; Thasnee et
al,, 2025). This philosophy is deeply rooted in systems thinking, which promotes that
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the built environment must be understood as an integrated component of a larger,
complex system, requiring feedback-responsive and adaptive design strategies (Avsec
etal., 2024).

Regenerative architecture is guided by principles that mirror the functioning of
healthy ecosystems. Frameworks like the Biomimicry Institute’s Life's Principles,
which include adapting to changing conditions, being resource efficient and
leveraging limits and feedback, provide a strategic foundation for this work. These
principles stand in contrast to the static checklists of conventional rating systems,
demanding instead a dynamic, co-evolutionary relationship between a building and its
place (Blancco et al., 2021; Velenturf & Purnell, 2021).

Biomimicry as the Methodological Bridge

To operationalise the goals of regeneration, a robust, nature-aligned methodology is
required. Biomimicry, the practice of emulating nature's forms, processes and
ecosystems to solve human challenges, serves as this critical methodological bridge
(Benyus, 2002). Its value lies in its multi-scalar framework, which offers a direct
pathway to go beyond the limitations of prescriptive sustainability:

At the Organism Level, mimicking specific biological forms (e.g., the aerodynamic
shape of The Gherkin for passive ventilation) can lead to significant efficiency gains
that align with, yet often exceed, the goals of rating systems like LEED (Nkandu &
Alibaba, 2018).

At the Process Level, imitating natural behaviours (e.g., the responsive facade of Al
Bahar Towers) introduces adaptability and resilience, moving beyond static efficiency
towards dynamic, climate-responsive performance (Alnejem, Taghibour & Rehan,
2024).

Most critically, at the Ecosystem Level, biomimicry provides the blueprint for the
closed-loop, net-positive systems required for true regeneration. By mimicking how
forests manage water and nutrients, architects can design buildings that contribute
to, rather than extract from, their local ecosystems (Nasir & Kamal, 2022). This level of
application fundamentally challenges the linear resource model that even advanced
green buildings often present.

Critical Synthesis: Contrasting Paradigms in Practice

The convergence of biomimicry and regenerative architecture represents more than
a technical shift; it constitutes a fundamental philosophical reorientation. Where
conventional rating systems often treat nature as a resource to be managed, the
regenerative-biomimetic paradigm respects nature as a model, measure, and mentor
(Benyus, 2002). This synthesis reveals a critical divide:

The prescriptive nature of systems like LEED, while effective for establishing baselines,
can inadvertently stifle the context-specific, innovative thinking required for
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regeneration. In contrast, the principles-based approach of biomimicry, guided by
Life's Principles, fosters a design process that is inherently place-based and adaptive.
Case studies like Lavasa Hill City, which attempted to integrate urban development
with natural watersheds (Blancco et al., 2021), illustrate the potential of this
ecosystem-level approach, even as they also reveal the practical challenges of its
implementation. The critical insight is that a building's performance can no longer be
measured solely against a standardised checklist, but must be evaluated based on its
unique, positive contribution to the health of its specific socio-ecological context.
This synthesis of literature clearly demarcates a trajectory for the future of
architectural design: a necessary evolution from a philosophy of human-centric
mitigation to one of participatory, ecological co-creation.

Research Methodology

Research Design and Philosophical Approach

Building upon the critical literature review that delineates the limitations of
conventional sustainability and the transformative potential of regenerative
architecture, this study employs a qualitative, multiple-case study design. According
to Masemene and Msezane, (2021), this approach is grounded in an interpretivist
paradigm, which is suited to investigating complex, real-world phenomena within
their context. It allows for an in-depth exploration of how biomimicry is
operationalised in architectural practice and why its outcomes vary across different
applications, generating rich, context-specific insights rather than generalizable laws.

Case Study Selection
Three architectural projects were purposively selected as critical cases based on the
following criteria:
1. Their explicit use of biomimicry as a core design strategy.
2. Their representation of the three distinct levels of biomimetic application
(form, process, ecosystem).
3. The availability of substantial documentation in peer-reviewed literature,
technical monographs, and performance reports.
The selected cases are:
e 30 St Mary Axe (The Gherkin), London: An exemplar of form-level biomimicry,
inspired by the structural efficiency of the *Venus Flower Basket* sponge.
e Al Bahar Towers, Abu Dhabi: A key example of process-level biomimicry,
mimicking the dynamic shading behaviour of desert flowers.
e Lavasa Hill City, India: An ambitious, though contested, project demonstrating
ecosystem-level biomimicry by attempting to integrate urban development
with the natural watershed and topography.
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Data Collection and Analytical Framework

Data were collected from secondary sources, including peer-reviewed journal articles,
architectural case studies, project monographs, and environmental performance
reports where available.

The data analysis was guided by a structured, deductive thematic analysis framework,
designed to critically evaluate each case study through a consistent lens. The analytical
framework was organised into three primary thematic categories, which directly
correspond to the structure of the findings section:

1. Biomimetic Strategy: This category analysed the specific biological model, the
level of mimicry (form, process, ecosystem), and the technical translation into
architectural design and systems.

2. Performance Outcomes: This theme focused on cataloguing and evaluating
the documented environmental and operational performance of each project,
including energy efficiency, water management, and indoor environmental
quality, as available in the literature.

3. Contribution towards Regenerative Architecture: This was the core synthetic
category. It critically assessed the project's outcomes against the principles of
regenerative design established in the literature review, evaluating its
potential for net-positive impact, ecosystem integration, and advancement
beyond conventional sustainability.

Limitations

The findings and conclusions are inherently shaped by the study's reliance on
secondary data, which limits the analysis to publicly documented claims and precludes
first-hand verification. Furthermore, the contextual specificity of the case studies
means that findings are analytically generalizable to theory rather than statistically
generalizable to all projects. Nonetheless, this structured, multi-case comparison
provides a critical and systematic evaluation of biomimicry's role in advancing
regenerative architecture.

Case Study Analysis: Biomimicry in Architecture at Three Levels

This section explores how biomimicry has been applied in architecture across three
distinct levels: form, process, and ecosystem, using real-world case studies that
exemplify each strategy. These projects reveal how nature-inspired thinking can
promote sustainable and regenerative architectural solutions in different climatic and
urban contexts.
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Form-Level Biomimicry: The Gherkin (30 St Mary Axe), London, UK

Design Inspiration and Concept

Inspired by marine life, including the glass sponge species, Foster + Partners created
the Gherkin, which was finished in 2004. According to Nkandu, M., & Alibaba, H.
(2018), these forms exhibit optimised surface-to-volume ratios and natural ventilation
mechanisms. Their aerodynamic, tapered form reduces wind loads and promotes
efficient air circulation (Nasir & Kamal, 2022).

Figure 1. Venus Basket sponge (left), Gherkin tower (right). Form Level Biomimicry.
Source: Sedky, (2023).

Biomimetic Strategy

The building’s diagrid structural system mimics the exoskeletons of aquatic organisms
as seen in Figure 1. This provides the strength and stability of the building while also
reducing the need for internal columns and enabling open, flexible floor plans (Kii¢iik
& Arslan, 2020). The spiraling core creates natural ventilation shafts that allow passive
airflow, mimicking the convection principles seen in sponge structures (Nkandu &
Alibaba, 2018). The building attempts to do in the air what the sponge does in water.

Performance Outcomes

50% savings in energy use compared to similar high-rise buildings at the time of
construction. The cross and stack arrangement of the floors enhances Natural
ventilation by up to 48%, based on the external climatic conditions. There are also
significant reductions in the need for artificial lighting (Kamal & Ahmed, 2023).
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Contribution towards Regenerative Architecture

Although not fully regenerative in an ecological sense, the Gherkin demonstrates how
biological forms can enhance environmental performance, setting a precedent for
high-rise biomimicry in dense urban areas. It is also recognised for its environmental
contributions through sustainable design and energy-efficient features.

Process-Level Biomimicry: Al Bahar Towers, Abu Dhabi, UAE

Design Inspiration and Concept

Al Bahar Towers, which was designed by Aedas Architects and finished in 2012. It
showcases unique cooling mechanisms and responsive fagades modelled after the
Galanthus nivalis flower, also known as a snowdrop. In this design, the morphological
and physiological traits of the petals have been mimicked in the design of a retro-
reflective building facade. This, along with the mashrabiya-produced system, allowed
the towers to escape the scorching UAE desert sun. (Karanouh & Kerber, 2015; Arora,
2021).

cold weather - flowers close

Figure 2. Snowdrop opened when warm and closed when cold (left), the mashrabiya-
inspired facade (middle), and the Al Bahr Towers (right). Process Level Biomimicry.
Source: Compiled by authors (2025).

Biomimetic Strategy

The building’s fagade as seen in Figure 2, features more than 2,000 umbrella-shaped
elements that function as a second skin (Arora, 2021). They open and close
automatically in response to the sun's movement, mimicking the adaptive behaviour
of a snowdrop to temperature change. Inspired by mashrabiya, this geometrically
designed skin manages daylight, glare, and heat gain, decreasing dependence on
energy-consuming HVAC systems (Eid & Mounajjed, 2024).

Performance Outcomes
According to Eid & Mounajjed (2024), the two towers' energy consumption was
reduced by 50%, and their solar gain was reduced by 80%. As stated by Karanouh and
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Kerber (2015), the highly fluid, logical, and optimised design results in a 20% reduction
in materials and general weight, as well as a projected 20% reduction in carbon
emissions, with up to 50% reduction for office spaces alone.

Contribution towards Regenerative Architecture

The biomimetic facade improves the building's ability to respond as needed to its
environment. It is demonstrating process-level biomimicry that enhances users'
comfort, physical, and psychological well-being. In a desert climate, it also greatly
reduces carbon emissions.

Ecosystem-Level Biomimicry: Lavasa Hill City, Maharashtra, India

Design Inspiration and Concept

Lavasa Hill City was designed to mimic the structure and functioning of natural
ecosystems and organisms, including watersheds, forest biomes, and topographic
flows. It combines ideas from the environment, ecology and permaculture. It was
designed using the Ecological Performance Standards framework devised by

Biomimicry 3.8 (Solano et al., 2023).

Figure 3. Lavasa City Master Plan (left) and Completed part of Lavasa City,
Maharashtra(right)- Ecosystem Level Biomimicry. Source: http://www.lavasa.com

Biomimetic Strategy

The design reduces soil erosion by following contour-aligned development as shown
in Figure 3, which mimics natural water retention systems (Blanco, Raskin & Clergeau,
2022). It considers a few examples of green infrastructure that mimic the filtration and
nutrient cycling present in natural ecosystems, such as rain gardens, bioswales and
forest buffers. Reintroducing native species of vegetation improved ecological
connectivity and biodiversity (Cimen & Arin Ensarioglu, 2024).

Performance Outcomes

Better control of stormwater, less soil erosion, and a lower chance of flooding during
monsoon seasons. Improved microclimates, lessening the urban heat island effect,
and lessening the general ecological effect caused by the loss of existing forests.
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Restoration of ecosystem services like pollination and air purification by imitating local

ecosystem practices (Cimen & Arin Ensarioglu, 2024; Blanco et al., 2021).

Contribution towards Regenerative Architecture

By restoring damaged land and coordinating built form with natural processes, Lavasa

Hill City is a prime example of ecosystem-level biomimicry. The design logic proposes

a model for integrating urbanisation and environmental stewardship in tropical

regions, although its long-term effects remain a topic of discussion.

Comparative Overview

Three architectural case studies, representing form, process, and ecosystem levels of

biomimicry, are compared in this table. It highlights the biological drives for each case,

the biomimetic approaches used, and the environmental advantages that resulted. It

also emphasises how each example supports the ideas of regenerative design,

showing how nature can influence built environments that are sustainable and

sensitive to context.

Table 1. Comparative Overview of Biomimicry Levels in Architecture

Biomimicry Case Study Biological Biomimicry Strategy Environmental Benefit Regenerative Traits
Level Inspiration
Form-Level The Gherkin, Glass sponge Diagrid structural system ~50% energy savings Sets an example for urban
London, UK (marine mimicking exoskeletons for ~48% enhanced natural high-rise biomimicry;
organism) structural efficiency; ventilation promotes passive
spiraling core for passive -  reduced artificial  environmental
ventilation emulating  lighting needs performance, but limited in
sponge-like convection flow ecological restoration
Process-Level Al Bahar Galanthus Responsive facade with ~50% energy saving, Enhances user comfort,
Towers, Abu nivalis kinetic elements that ~20%overallmaterialand reduces carbon emissions
Dhabi, UAE (snowdrop open/close based on sun carbon reduction and demonstrates nature -
flower) and the movement: adaptive ~ 80% reduction in solar inspired adaptive
Mashrabiya daylight and heat control gain. architectural behaviour
through responsive second
skin
Ecosystem- Lavasa  Hill Natural Contour-aligned Reduced soil erosion and  Imitates a complete
Level City, India ecosystems development to mimic flood risk; improved ecosystem; regenerates
(forest biomes, watershed flows. Bioswales microclimate and degraded land and supports
watersheds) and rain gardens imitate reduced heat island biodiversity; offers
natural filtration; native effect; restoration of prototype for
vegetation restores ecosystem services like environmentally integrated
biodiversity pollination and air urban development in
purification tropical regions
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Synthesis of the Case Studies

The case studies, The Gherkin in London (UK), Al Bahar Towers in Abu Dhabi (UAE),
and Lavasa Hill City in Maharashtra (India), demonstrate the potential of biomimicry
when applied across the form, process, and ecosystem levels of design. These projects
showcase how nature-inspired strategies can promote environmentally responsive,
contextually attuned, and regenerative architectural solutions.

At the form level, the Gherkin illustrates how biomorphic inspiration drawn from
marine organisms can yield structurally efficient and climatically responsive high-rise
architecture. Its aerodynamic profile and diagrid structure enhance natural
ventilation, reduce wind loads, and contribute to significant energy savings, all while
accommodating the demands of a commercial urban typology. This case agrees with
Bijari et al. (2025) that formal biomimicry can transcend aesthetics to achieve
measurable environmental performance.

The process-level dimension observed in Al Bahar Towers explores adaptive
architecture through a kinetic facade system inspired by the thermos-responsive
behaviour of the snowdrop flower. By regulating solar exposure and heat gain, the
mashrabiya-based shading system minimises reliance on mechanical cooling and
enhances occupant comfort. This approach highlights the capacity of biomimicry to
mediate between architecture and fluctuating environmental conditions through
responsive design strategies (Eid & Mounajjed, 2024).

At the ecosystem level, Lavasa Hill City presents an application of biomimicry by
imitating the structure and functions of natural systems. Drawing inspiration from
watershed patterns, forest biomes, and permaculture principles, the city integrates
terrain-sensitive planning, green infrastructure, and native vegetation to restore the
ecosystem. This aligns with studies from Solano et al. (2023); Nasir & Kamal (2022),
showing that the potential of biomimicry goes beyond sustainability. It involves
actively regenerating degraded environments and fostering ecological resilience.
Collectively, these case studies validate biomimicry’s adaptability across architectural
projects, from distinct building components to integrated urban systems. This
emphasises the importance of contextual intelligence, where biological inspiration is
selected and applied in response to specific climatic, ecological, and cultural
conditions. Also, the cases reveal that successful biomimetic design is generally
interdisciplinary, requiring collaboration among architects, biologists, engineers, and
ecologists to translate nature’s strategies into a practical and regenerative built
environment. This synthesis positions biomimicry not merely as a toolkit of forms or
technologies, but as a regenerative design philosophy. One that reimagines
architecture as a participant in, rather than a disruptor of, natural systems. By aligning
architectural practice with the logic of living systems, biomimicry offers a compelling
pathway toward more ecologically integrated and regenerative built environments.
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Discussion

The analysis of the three case studies, the Gherkin, Al Bahar Towers, and Lavasa Hill
City, reveals the significant potential of biomimicry to drive high-performance,
context-sensitive architectural outcomes. However, a critical interpretation
foregrounds the formidable practical barriers that currently constrain its widespread
adoption and effectiveness, often limiting such applications to flagship projects.

The Biomimetic Spectrum and Its Contextual Challenges

The cases illustrate the biomimetic spectrum, from form to ecosystem-level mimicry.
The Gherkin (30 St Mary Axe) demonstrates how a form-level inspiration can enhance
aerodynamic performance and natural ventilation (Kigiik & Arslan, 2020). At the
process level, the Al Bahar Towers employ a dynamic shading system to mitigate solar
gain in an arid climate (Karanouh & Kerber, 2015). Most ambitiously, Lavasa Hill City
attempted an ecosystem-level approach, aiming to align development with local
watershed patterns (Blanco et al., 2021). While these projects validate biomimicry's
conceptual viability, their singularity underscores a critical issue: their success is often
contingent on overcoming context-specific economic and technological hurdles that
are not easily replicated. The high cost of research, specialised materials and complex
engineering remains a primary barrier, making many biomimetic solutions, particularly
those involving kinetics and smart materials, expensive compared to conventional
alternatives (Chayaamor-Heil, 2023; Oguntona & Aigbavboa, 2023).

The Preeminence of Early Integration and Systemic Barriers

A key insight is that biomimicry's efficacy is maximised when integrated at the
conceptual design phase, serving as a foundational strategy rather than a superficial
aesthetic (llieva et al.,, 2022; Jamei & Vrcelj, 2021). This requires a systems-thinking
approach from the outset, as seen in the Gherkin’s integrated form and ventilation
strategy.

However, this ideal is frequently undermined by practical constraints. Technological
accessibility creates a significant divide. The sophisticated computational design,
environmental simulation software and responsive materials essential for realising
process-level mimicry are often inaccessible in regions with limited technical
infrastructure (Solano et al., 2023). While advanced tools like generative design and Al
can act as enablers (Cimen & Arin Ensarioglu, 2024), their limited accessibility inhibits
the global transfer and adaptation of biomimetic principles. Furthermore, policy
rigidity presents a major impediment. Conventional building codes, zoning regulations
and procurement processes are hardly designed to accommodate the innovative and
sometimes unproven nature of biomimetic design (UNEP, 2022). The case of Lavasa
highlights how large-scale, ecosystem-regenerative projects can falter when they
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outpace or conflict with existing regulatory and governance frameworks,
underscoring a critical misalignment between innovative design and institutional
frameworks (Avsec et al., 2024).

Reframing the Paradigm: Confronting Barriers to Regeneration

Ultimately, biomimicry's most profound contribution may lie in reframing architecture
as an ecological agent within a regenerative paradigm, positioning buildings as active
participants in planetary health (Hecht et al., 2024; Kumar et al., 2025).

Yet, this vision is unattainable without directly addressing the identified barriers. The
high cost of innovation must be weighed against long-term lifecycle benefits and
ecological value, a calculation not yet fully captured by standard economic models
(Oguntona & Aigbavboa, 2023). The challenge of technological accessibility
necessitates the development of low-tech, passive biomimetic strategies that can be
deployed in resource-constrained settings, moving beyond a reliance on high-tech
solutions (Solano et al., 2023). Crucially, overcoming policy rigidity requires proactive
engagement with policymakers to develop new standards and incentives that support
regenerative design experimentation (UNEP, 2022; Avsec et al., 2024). As noted by
Thasnee et al. (2025), a human-centred and regenerative approach must leverage
accessible biomaterials and design principles that are feasible across diverse economic
contexts.

In conclusion, while the case studies affirm biomimicry's transformative potential,
they also serve as a stark reminder that its future will be determined not by a lack of
creativity but by our ability to dismantle the practical economic, technological and
regulatory obstacles that currently limit its application. For biomimicry to evolve from
a niche innovation to a mainstream practice, the focus must expand from biological
inspiration to the creation of enabling environments that make such inspiration
feasible, affordable, and permissible globally.

Conclusion and Recommendations

Conclusion

This study shows that biomimicry provides a transformative approach for
regenerative architectural practice. By taking inspiration from nature’s proven
examples across form, process, and ecosystems, architects can create environments
that reduce ecological impact and promote environmental renewal. The comparison
of The Gherkin (UK), Al Bahar Towers (UAE), and Lavasa Hill City (India) demonstrates
how biomimicry can be adapted to different climates and urban settings. These case
studies prove that biologically inspired design can be both environmentally responsive
and locally relevant. Each project extends beyond superficial imitation of nature to
deliver environmental and functional benefits. The Gherkin employs form-level
biomimicry with an aerodynamic shape and diagrid structure to improve ventilation

TIIBEES E-ISSN 3027-1606
P-ISSN 3027-0049




AUGUST, 2025 EDITIONS. INTERNATIONAL JOURNAL OF:

BUILT ENVIRONMENT & EARTH SCIENCE VOL. 9

and cut energy use in a dense city. Conversely, Al Bahar Towers use process-level
mimicry with a kinetic fagade that adjusts to solar conditions, reducing heat gain and
boosting comfort. Lavasa Hill City operates at the ecosystem level, aligning urban
development with local hydrological patterns and native ecology, fostering
biodiversity and climate resilience.

Despite these successes, several obstacles limit the widespread use of biomimicry in
architecture. These include technical challenges of responsive systems, lack of
interdisciplinary teamwork, gaps in educational programs, and rigid policies.
Additionally, biomimicry is often employed in a fragmented or instrumental manner
and mainly to enhance performance rather than as a core design principle, limiting its
regenerative potential. To advance from sustainability towards regeneration,
biomimicry must be re-envisioned as a system-oriented, value-driven worldview. This
requires architects to view nature as a co-creator, learning from its patterns,
relationships, and adaptive mechanisms. Thus, the built environment can shift from
merely consuming resources to actively restoring ecosystems and strengthening
human-nature connections. Ultimately, this approach positions architecture as a
force for healing, resilience, and long-term environmental stewardship.

Recommendations

To bridge the persistent gap between theoretical intent and built outcomes, this study
offers strategic recommendations for incorporating biomimicry within regenerative
architectural practice. Architects and designers are encouraged to include biomimicry
at the earliest stages of design, engage in transdisciplinary collaboration with
biologists, ecologists, engineers, and data scientists, and adopt systems thinking to
address complex environmental interdependencies. Academic institutions should
integrate biomimicry and regenerative principles into architectural curricula,
strengthen ecological literacy, and support context-responsive design studios,
particularly in climate-vulnerable regions. Policymakers and regulatory bodies are
urged to revise building codes and certification frameworks to reward regenerative
performance, facilitate pilot projects and innovation grants, and mandate post-
occupancy evaluations to inform future standards. Researchers should undertake
longitudinal studies on the ecological and socio-economic impacts of biomimetic
architecture, develop bioregion-specific classifications to guide context-sensitive
design, and expand implementation frameworks for low-tech, high-impact solutions
in resource-constrained settings.

Collectively, these actions reframe biomimicry not simply as a design tool, but as a
regenerative design principle capable of restoring ecosystems, enhancing human
well-being, and aligning the built environment with the principles of living systems.
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