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Abstract- This study investigates the integration of biological strategies into building systems and engineering through a
multilevel biomimicry perspective. A systematic evaluation framework is established, categorizing biomimicry into two
approaches (problem-oriented and solution-oriented), three levels (organism, behavior, and ecosystem), and five imitation
dimensions: form, material, construction, process, and function. The research focuses on the 'maturity period' of biomimetic
architecture, analyzing landmark projects that fundamentally established the transition from formal imitation to functional and
systemic biomimicry. Fifteen diverse building examples were selected globally based on their prominence in the literature and
their role as pioneering prototypes representing different climatic regions. The methodology examines how these specific
dimensions—particularly material and construction—contribute to structural efficiency and sustainability goals. Quantitative
findings reveal that 60% of the cases adopted a problem-oriented approach, reflecting a prevailing tendency to solve specific
design challenges through natural strategies. While organism-level applications are more frequent due to their relative simplicity
in form-based imitation, the study indicates that the ecosystem level theoretically holds the highest potential for promoting
holistic sustainability and complex system integration. Furthermore, the analysis suggests that moving beyond aesthetics to
integrate 'construction' and ‘process’ dimensions—such as adaptive mechanisms—presents a comprehensive conceptual
framework for supporting technical efficiency and environmental compatibility. These findings highlight biomimicry’s potential
as a robust baseline for innovative building engineering, providing a taxonomic foundation for future research in computational
design and sustainable structures.

Keywords- Bio-inspired Materials, Nature-Based Solutions, Adaptive Systems, Sustainable Construction, Building Engineering.

Yap1 Miihendisliginde Dogadan Esinlenen Stratejilerin Karsilastirmal Analizi: Cok Seviyeli Bir Biyomimikri
Perspektifi

Oz- Bu calisma, biyolojik mekanizmalarin yap1 sistemleri ve miihendisligine entegrasyonunu ¢ok seviyeli bir biyomimikri
perspektifi lizerinden incelemektedir. Biyomimikriyi iki yaklasim (problem odakli ve ¢6ziim odakli), {i¢ seviye (organizma,
davranig ve ekosistem) ve bes taklit boyutu (bigim, malzeme, yapim, siire¢ ve fonksiyon) seklinde kategorize eden sistematik bir
degerlendirme ¢ergevesi olusturulmustur. Aragtirma, biyomimetik mimarinin “olgunluk dénemine” odaklanarak, bi¢imsel
taklitten fonksiyonel ve sistem odakli biyomimikriye gecisi temelden saglayan doniim noktasi niteligindeki projeleri analiz
etmektedir. Literatiirdeki 6nemleri ve farkli iklim bdlgelerini temsil eden 6ncii prototipler olmalari nedeniyle diinya genelinden
on bes farkli yap1 6rnegi segilmistir. Uygulanan yontem, 6zellikle malzeme ve yapim gibi belirli boyutlarin yapisal verimlilik ve
stirdiirtilebilirlik hedeflerine nasil katkida bulundugunu incelemektedir. Nicel bulgular, vakalarin %60"imin problem odakl bir
yaklagim benimsedigini ve bu durumun belirli tasarim zorluklarini dogal stratejilerle ¢cozmeye yonelik yaygin bir egilimi
yansittigini ortaya koymaktadir. Organizma seviyesindeki uygulamalar, bi¢im temelli taklit kolaylig1 nedeniyle daha yaygin olsa
da galisma, biitlinciil siirdiiriilebilirligi ve karmasik sistem entegrasyonunu tesvik etmede ekosistem seviyesinin teorik olarak en
yiiksek potansiyele sahip olduguna isaret etmektedir. Ayrica analizler, estetifin Otesine gecerek adaptif mekanizmalar gibi
'yvapim' ve 'siire¢' boyutlarini entegre etmenin, teknik verimliligi ve ¢evresel uyumlulugu destekleyen kavramsal bir ¢erceve
sundugunu gostermektedir. Bu bulgular, biyomimikrinin yenilik¢i yap1 miihendisligi i¢in giiclii bir teorik altyapt sunma
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potansiyelini vurgulayarak, hesaplamali tasarim ve siirdiiriilebilir yapilar alanindaki gelecek arastirmalar i¢in taksonomik bir

temel saglamaktadir.

Anahtar Kelimeler- Biyomimetik Malzemeler, Doga Temelli Coziimler, Adaptif Sistemler, Siirdiiriilebilir Yapim Sistemleri,

Yap1 Miihendisligi.

1. Introduction

The fundamental human drive to secure shelter,
sustenance, and safety from environmental stressors has
historically required a comprehensive interpretation of the
natural world. In response to these survival needs, natural
formations have been systematically observed and replicated,
providing inspiration grounded in both organic and inorganic
systems [1, 2]. Nature operates as a profound instructional
guide for the building design process [3], and systematic
observation confirms its essential role in defining modern
design concepts [4]. Consequently, the biomimetic translation
of natural systems has led to a significant conceptual
diversification in design outcomes [5]. By integrating natural
responses to specific environmental challenges into the
architectural domain, strategic pathways can be theoretically
established to address complex structural problems [6].

Humanity’s historical reliance on nature for survival
eventually catalyzed the formal methodologies now
recognized as biomimicry [3, 7]. This discipline focuses on the
systematic imitation of nature, involving the translation of
biological logic into human design workflows [8]. Such an
approach seeks to conceptualize sustainable solutions by
learning from living organisms and broader ecosystems [9,
10]. These natural problem-solving mechanisms prompt
engineers and designers to incorporate biological intelligence
directly into architectural practice [11]. In this context,
biomimicry provides a robust framework for conceptualizing
designs that mirror adaptive solutions refined over extensive
evolutionary periods [12, 13, 14]. Given the current challenges
of resource depletion and environmental instability,
biomimicry indicates a strategic pathway for conceptualizing
buildings that exist in closer harmony with the natural
environment [15, 16]. Applying natural principles of
equilibrium and longevity to building design theoretically
supports the development of environmentally compatible
structures [17]. Ultimately, the various levels of biological
life—organisms, behaviors, and ecosystems—provide a
foundational taxonomic toolkit for sustainable innovation
[18].

While nature-inspired practices are increasingly central to
modern sustainable design [19], a comprehensive evaluation
remains scarce regarding how building strategies integrate
with the structural traits and behavioral dynamics of specific
organisms [20]. Currently, most applications focus heavily on
the organism and behavior levels, often at the expense of
ecosystem-scale integrity [12, 18]. This research addresses the
taxonomic execution of biomimicry within the building design
process [21]. The investigation focuses on how these practices
are shaped by the relationships between organisms and their
environments, how such relationships are conceptually
translated into built forms, and the specific sustainability
potentials theoretically associated with each level.

The underlying premise of this study is that biological
characteristics directly inform architectural form, and that
holistic ecosystem modeling theoretically holds a high
potential for comprehensive sustainability compared to
fragmented approaches [22, 23]. Beyond aesthetic or formal
inspiration, biomimetic strategies present a conceptual
framework for minimizing the environmental footprint of
buildings, supporting theoretical improvements in energy
efficiency and climate resilience [24, 25, 26]. Advancing
sustainable architecture through organism, behavior, and
ecosystem-level mimicry indicates strategic pathways for
dynamic adaptation across the building lifecycle [8, 12].

Within this operational framework, nature-inspired
architectural strategies generally progress through two distinct
epistemological tracks: the problem-oriented (top-down)
approach and the solution-oriented (bottom-up) approach. The
problem-oriented methodology initiates directly within the
human domain to address a concrete design vulnerability or
technical challenge. In this track, the designer first explicitly
delineates an architectural problem (e.g., "How can a building
envelope be cooled effectively through passive natural
principles?") and subsequently investigates biological
domains to decode and replicate corresponding natural
mechanisms. Conversely, the solution-oriented methodology
originates directly within the biological domain, beginning
with a specific scientific or organismic discovery (e.g.,
analyzing how the microscopic surface topography of a lotus
leaf minimizes water and dirt adhesion to exhibit self-cleaning
properties). This structural logic is then systematically scaled
up and translated into functional building engineering
concepts, such as adaptive, self-cleaning facade coatings [27,
28].

This study establishes a taxonomic baseline for
biomimetic architecture by defining core concepts and
examining how biological strategies translate into building
design. To achieve this, fifteen pioneering prototypes from
around the globe are classified within a conceptual framework
to identify specific biological inspirations and their projected
contributions to sustainability. The analysis emphasizes the
necessity of moving beyond visual mimicry to evaluate design
strategies across organismal, behavioral, and ecosystem
scales. While biomimicry represents a valuable conceptual
instrument for multiple disciplines, including engineering and
environmental sciences, this research focuses strictly on its
taxonomic application in architectural project development.
Impact assessments or physical performance measurements in
other specialized engineering fields remain outside the current
scope.
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2. Materials & Methods; Evaluation of Biomimicry
Applications

A comprehensive taxonomic framework consisting of
specific evaluation criteria was established to examine how
biomimicry practices manifest in building designs and
theoretically support sustainability goals. Several parameters
for the sample analyses were identified and grouped under
three main categories (see Figure 1). The first category refers
to approaches to biomimicry in design, which are
fundamentally divided into two methodologies: problem-
oriented and solution-oriented. The second category focuses
on biomimicry levels, categorized into three distinct groups:
organism, behavior, and ecosystem. Within this framework,
the third category—biomimicry imitation dimensions—is
considered a subsystem of these levels. These dimensions
consist of five key elements: form, material, construction,
process, and function.
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Figure 1: Parameters for evaluating biomimicry applications.

The methodology follows a three-stage execution process.
First, biomimetic design approaches are examined to define
both problem-oriented (top-down) and solution-oriented
(bottom-up) methodologies. The study then delineates the
application areas for biomimicry at the organism, behavior,
and ecosystem levels to evaluate their specific conceptual
effects on building design. Finally, the functioning of
biomimicry imitation dimensions—including form, material,
construction, process, and function—is explored to analyze
their theoretical impact on structural and environmental
performance.

To ensure methodological transparency, the selection of
the fifteen pioneering prototypes was conducted based on
clear, systematic parameters: literature prominence,
foundational status, representation of diverse functional
typologies, and a systematic, reproducible categorization
across various climatic zones utilizing the Koppen-Geiger
climate classification system. Furthermore, it is important to
clarify that this framework does not measure physical,
empirical, or real-world sensor performance. Because the
primary objective of this comparative analysis is to evaluate
the conceptual development, biomimetic design logic, and
taxonomic translation during the designated maturation era
(2000-2015), the physical construction status of a project—
whether built, unbuilt, removed, or under construction—does
not compromise its theoretical validity or structural relevance
within this taxonomic baseline.

2.1 Approaches to Biomimicry in Design

Biomimetic design strategies are fundamentally
categorized into two primary methodologies: the problem-
oriented approach and the solution-oriented approach. The
problem-oriented approach, often recognized as a "top-down"
strategy, aims to identify specific human needs or design
challenges and subsequently observe how corresponding
organisms or ecosystems address them. This method enables
the analysis of natural problem-solving techniques and the
integration of evolved biological mechanisms to mitigate
environmental stresses in human-made systems [6, 12, 29].

Conversely, the solution-oriented approach, or "bottom-
up" strategy, begins by identifying a specific biological
discovery—such as a unique organismal characteristic,
behavior, or function—which is then translated into a
technical design framework [12, 20, 30]. While both methods
aim to utilize nature's time-tested pathways to address
environmental challenges [6], the solution-oriented process is
specifically driven by biological inspiration rather than pre-
defined design constraints. Rather than directly replicating
natural configurations, this process focuses on developing
functional solutions targeted at the design challenge [12],
fostering the conceptualization of frameworks that offer
unique operational advantages derived from the biological
world [4, 31].

Beyond these primary methodologies, supplementary
classifications exist within building discourse. Systematic
observations by Mazzoleni (2013) on how animals adapt to
different environmental conditions led to the categorization of
potential building applications into four functional areas:
communication, thermoregulation, water regulation, and
protection. Although diverse in their focus, all these
approaches emphasize the strategic transfer of biological
intelligence into sustainable building engineering practice.

2.2 Biomimicry Levels in Design

Biomimicry levels represent the extent of biological
imitation, aiming to utilize natural design principles as a
primary source of inspiration. The objective is not the exact
replication of a form, process, or ecosystem; rather, the
underlying principles of a natural model are analyzed to
conceptually inform the design phase [10]. This technical
knowledge allows designers to determine how to
systematically mimic both living and non-living entities.
Three primary levels are identified within the literature:
organism, behavior, and ecosystem [11, 12, 22]. Together,
these levels provide a framework that guides design
workflows and conceptually supports the development of
sustainable architectural solutions.

The organism level involves directly mimicking entities
found in nature—such as plants or animals—either partially or
as a whole. At this initial stage, inspiration is drawn from
formal potential [9, 17], facilitating the replication of
morphological traits like shape, components, or materials
observed in the wild [18]. Biomimicry at this scale refers to
conceptualizing human-made systems that mirror the
structural or functional characteristics of these biological
references.
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The behavior level centers on mimicking natural
biological processes or operational functions [7, 10]. This
level moves beyond simple formal copying to explore how
organisms interact with their surroundings and execute
specific tasks. The dynamics of natural processes and their
resulting outputs are analyzed to understand how these actions
are implemented. While Pawlyn highlights the direct imitation
of natural processes, Zari (2007) defines this level as
mimicking specific behaviors or the objects associated with
them.

The ecosystem level represents a highly advanced stage,
focusing on natural ecosystems as a whole [7]. It seeks to
replicate entire systems and their internal functions [24],
aiming to sustain the complex relationships between
organisms and their environments [12]. This process is highly
intricate and theoretically presents significant challenges for
implementation [10]. At this scale, the maintenance of balance
among diverse organisms is essential, typically addressing
larger urban or regional contexts.

Zari (2007) classifies each biomimicry level into five core
dimensions: form, material, construction, process, and
function. While interpretations vary, these categories provide
a unifying framework for translating biological mechanisms
into technical design. Form relates to external geometry;
material involves adopting physical or chemical attributes;
and construction reflects biological building techniques.
Process mimics natural flows of energy or matter, while

function replicates purpose-driven natural mechanisms to
serve human requirements. Together, these dimensions
expand the scope of biomimicry and promote a more
integrated, holistic relationship between engineering and the
natural world.

3. Comparative Analysis of Nature-Inspired Building
Design

In architectural practice, biomimicry provides a conceptual
framework for conceptualizing innovative, sustainable
designs modeled after natural systems at organismal,
behavioral, and ecosystem scales. This section assesses
specific case studies to illustrate how various biomimetic
approaches and dimensions theoretically manifest in building
design (Table 1). A comparative case study methodology was
employed to investigate biological inspiration, conceptual
design outcomes, and projected sustainability potentials.
Evaluations are structured around three main parameters
established in the methodology, covering fifteen global
building examples to analyze the conceptual integration of
biomimicry into sustainable practice. To ensure clarity and
systematic legibility across these analytical frameworks,
specific taxonomy alphanumeric codes are introduced, where
"O" denotes the organism level (O1-05), "B" denotes the
behavior level (B1-B5), and "E" denotes the ecosystem level
(E1-ES5).

Table 1: Classification of selected sample projects according to biomimicry levels and imitation dimensions (Note: O denotes Organism, B
denotes Behavior, E denotes Ecosystem).

Levels of Biomimicry

Imitation Dimension

Organism (O) Behavior (B) Ecosystem (E)
Form 01 | Qatar National Conven. Center | B1 | Orquideorama E1 | Zira Island
Material 02 | ZCB Bamboo Pavilion B2 | Hy-Fi Tower E2 | The Eden Project
Construction 03 | Milwaukee Art Museum B3 | Beijing Stadium | E3 | Coral Reef Project
Process 04 | Gherkin Tower B4 | HygroSkin E4 | California Sc Academy Museum
Function 05 | Supertree Grove B5 | Council House 2 | E5 | Masdar City

The case selection rationale is explicitly transparent,
framing the selection of the fifteen pioneering prototypes
based on clear, systematic parameters: literature prominence,
foundational status, representation of diverse functional
typologies, and a systematic categorization across various
climatic zones via the Koppen-Geiger climate classification
system to categorize sites by temperature and precipitation
[32]. During the case selection process, academic databases
(such as Scopus and Web of Science) and architectural
repositories were systematically searched using keywords
including ‘biomimicry in architecture," 'bio-inspired building,’
and 'adaptive facades.' Inclusion criteria were strictly limited
to pioneering projects designed or constructed between 2000
and 2015 that explicitly utilized biological analogies, while
projects lacking verifiable technical documentation or falling
outside this designated 'maturation era’ were excluded. The
coding logic is presented as a reproducible, rule-based
classification framework.

Although biomimicry emerged as a distinct concept in the
late 1990s, the starting year for this study was set as 2000. To
maintain a manageable sample of fifteen projects, the upper
limit of the analysis was set at 2015. This timeframe represents

a critical 'maturation era’ for biomimetic architecture,
featuring pioneering projects that defined the conceptual
transition from purely formal imitation toward functional and
systemic applications. These foundational prototypes offer a
stable taxonomic baseline for examining nature-inspired
engineering strategies. Figure 2 provides a chronological list
of these projects categorized by level and dimension.

Technical data and visual records for the chronological
analysis (Figure 2) were gathered from various scholarly and
digital archives. Visual data for projects 01-05, B1-B5, and
E1-E5 were sourced from established building engineering
references [15, 16, 23, 33-44]. Construction dates and design
specifications were also verified through multiple academic
and professional sources [2, 34, 38-41, 45-50]. The analysis
indicates that organism-level examples cover the widest span
(2001-2015), while behavior (2006-2014) and ecosystem
(2000-2011) levels are more concentrated temporally.

To ensure methodological transparency and a systematic
evaluation, a building identity table (Table 2) was developed
detailing the status, designer, function, height, and climatic
context for each example. These data were then consolidated
into level-specific analysis tables (Appendices A, B, and C) to
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allow for a direct comparison of construction timelines and
theoretical sustainability potentials. Within this framework, it
is important to clarify that this study does not measure
physical, empirical, or real-world sensor performance.
Because the primary objective of this comparative analysis is
to evaluate the conceptual development, biomimetic design
logic, and taxonomic translation during the designated
maturation era (2000-2015), the physical construction status
of a project—whether built, unbuilt, removed, or under
construction—does not compromise its theoretical validity or
structural relevance within this taxonomic baseline.

=

[==

I Organism level

Behaviour level

Final evaluations for the organism level (See: Appendix A,
Table A1), behavior level (See: Appendix B, Table B1), and
ecosystem level (See: Appendix C, Table C1) draw from
diverse data sources for a thorough analysis of conceptual
design strategies. Visual and technical assessments were
cross-referenced with several key references [19, 34, 38-42,
45, 47, 51-65]. These consolidated tables provide the
necessary classification to examine both design
methodologies and projected sustainability potentials based
on the established criteria.

[ Ecosystem level

Taxonomy

Form
Material
Construction
Process
Function

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

Table 2: Information included in the building identity table.

Building Features Biomimicry Features
Status Design / Constr. | Inspired Determinant
year Feature Feature
Year Architect Biomimicry Imitation
Level Method
Location | Function Application Sustainability
Area Contribution
Climate | Height (m)

4. Findings

The chronological mapping of the sample projects,
categorized by biomimicry level, reveals distinct trends in
temporal distribution and design complexity. Organism-level
applications span the widest time period (2001-2015),
indicating sustained interest and theoretical feasibility for
integrating morphological or material inspirations. Behavior-
level projects cluster between 2006 and 2008, suggesting a

Figure 2: Chronological analysis of sample projects according to biomimicry levels [2, 15, 16, 23, 33-65].

period of concentrated focus on conceptually adaptive
systems. Ecosystem-level projects predominantly emerged
between 2008 and 2011, reflecting an interest in systemic
sustainability, although higher implementation complexity
has left several proposed projects unbuilt. The year 2008
appears as a pivotal point where all three biomimicry levels
are represented, indicating a surge in interdisciplinary design
experimentation.  While  ecosystem-level  biomimicry
theoretically holds a high potential for comprehensive
sustainability, organism-level strategies remain dominant due
to their relative taxonomic simplicity. Figure 3 depicts the
temporal distribution of these trends in the Bubble Chart of
Biomimicry Projects.
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Figure 3: Bubble chart of biomimicry projects by year, and level.

A Radar Chart (Figure 4) was developed to compare the
intensity of five core design parameters—form, material,
construction, process, and function—illustrating how
biomimicry levels conceptually engage with different
imitation dimensions. The analysis indicates that organism-
level applications focus heavily on form and material,
reflecting morphological mimicry. Behavior-level examples
demonstrate more activity in the process and function
domains, aligning with interactional strategies and adaptive
methodologies. Ecosystem-level projects exhibit the strongest
engagement with function and process, pointing to a
conceptual integration of systemic operations into building
design. This visualization indicates that each level prioritizes
distinct theoretical strategies based on inherent structural
complexity.

Construction .~

" |—Organism |
Behavior
\—Ecosystem

Function

Figure 4: Biomimicry levels by imitation dimensions.

The comparative analysis highlights both thematic continuity
and structural diversity across the fifteen cases. Projects at the
organism level largely utilize a solution-oriented approach,
focusing on form, material, or construction inspired by
specific flora and fauna. Behavior-level examples integrate
conceptually responsive systems, such as adaptive facades,
which highlight dynamic interpretations and frequently
employ problem-oriented strategies. Ecosystem-level studies,
although less frequently realized as built structures, suggest a
broader theoretical scope of sustainability by conceptually
incorporating urban-scale water, waste, and energy
management methodologies. The ecosystem level indicates a
significant concentration of systems thinking, even though it
presents  substantial complexity  for real-world
implementation. Within this comparative framework, it is
crucial to emphasize that because the primary objective is to
evaluate the conceptual development, biomimetic design
logic, and taxonomic translation during the designated
maturation era (2000-2015), the physical construction status
of a project—whether built, unbuilt, removed, or under
construction—does not compromise its theoretical and
structural validity.

A consistent conceptual emphasis on environmental
integration and theoretical energy efficiency is apparent across
all levels, as summarized in Table 3. This layered comparison
illustrates how biomimicry provides a taxonomic framework
for conceptualizing functional sustainability and aesthetic
innovation across architectural scales.

Table 3: Comparative summary of biomimicry applications by design level.

Biomimicry Built Unbuilt / Dominant Typical Common Sustainability Application
Level Projects Removed Imitation Inspiration Themes Complexity
Projects Method Focus
Organism 5 0 Solution- Form / Material Energy Efficiency, Low
Oriented Solar/Wind Control, Water
Management
Behavior 3 2 Mixed Adaptive Ventilation, HVAC, Zero Medium
Systems Carbon, Structure Efficiency
Ecosystem 2 3 Problem- Urban Systems | Energy & Waste Management, High
Oriented Flexible Design, Ecosystem
Integration
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5. Conclusion

This research indicates that architectural biomimicry
represents a rigorous conceptual engineering framework for
theorizing operational efficiency rather than mere formal
replication. By evaluating fifteen pioneering prototypes within
the 2000-2015 'maturation era’, a taxonomic baseline for
nature-inspired  engineering methodologies has been
established. The diversity observed in these cases—ranging
from the 3-meter HygroSkin to the 180-meter Gherkin
Tower—suggests that translated biological principles remain
scale-independent and functionally versatile across varied
climatic zones.

The findings provide conceptual support for the initial
hypothesis. While structural and behavioral mimicry
frequently dictates building form—evident in the high
frequency of organism-level applications—holistic ecosystem
modeling theoretically presents the highest potential for
comprehensive sustainability gains. The generated data
indicates that 60% of the analyzed cases utilized a problem-
oriented methodology, signaling a potential shift toward
proactive engineering design rather than passive aesthetic
inspiration. To conceptualize a higher degree of circularity in
the built environment, future practices indicate a need to
transition from individual organism mimicry toward systemic
ecosystem modeling.

The technical dimensions of 'material' and 'construction’
appear equally vital to this evolutionary paradigm. These
pioneering prototypes bypass the 'render trap' of purely digital
aesthetics, illustrating how bio-inspired fabrication methods
can foster regional material compatibility and innovative
assembly techniques. Although the ‘functional’ dimension
introduces significant implementation complexity, it presents
a comprehensive conceptual framework for supporting
theoretical efficiency regarding energy performance and
adaptive capabilities. Within this comparative baseline, it is
crucial to reiterate that because the primary objective is to
evaluate conceptual development and biomimetic design logic
during the designated maturation era (2000-2015), the
physical construction status of a project—whether built,
unbuilt, removed, or under construction—does not
compromise its theoretical and structural validity.

The proposed five-dimensional analysis matrix serves as a
systematic baseline for engineers, architects, and urban
planners. These pioneering prototypes provide the theoretical
grounding necessary for bio-fabrication and computational
workflows to advance. Future efforts indicate strategic
pathways to move from descriptive taxonomic analysis to
performance-based simulation, leveraging digital design tools
to map complex ecosystem interdependencies. Substantive
progress in this field will ultimately benefit from empirical
post-occupancy evaluations to capture real-world operational
data, ensuring the long-term viability of biomimetic
methodologies in the built environment.

Information Note: This article is derived from the first
author’s MSc thesis, conducted at the Istanbul Gelisim
University, Institute of Graduate Studies, Architecture Master

of Science Program, under the supervision of the second
author.

Ethics Committee Approval: This research did not require
ethics committee approval as it does not involve human or
animal subjects and is based on the analysis of existing
architectural case studies.

Declaration of Competing Interest: The authors declare that
they have no known competing financial interests or personal
relationships that could have appeared to influence the work
reported in this paper.

Funding: This research received no specific grant from any
funding agency in the public, commercial, or not-for-profit
sectors.

Statement on Al Usage: The authors utilized Al tools (such
as Large Language Models) as technical writing and
translation assistants during the preparation of this
manuscript. Given that the foundational MSc thesis was
originally conducted and written in Turkish, these tools were
employed specifically for linguistic refinement, translation
into English, and academic proofreading to ensure clarity for
an international audience.

However, the authors maintain full responsibility for the
content of the manuscript. The core scientific substance—
including the theoretical framework, data collection
methodology, technical audit of the fifteen architectural
projects, and final scholarly interpretation—was developed
exclusively by the authors. All Al-aided suggestions were
critically reviewed, manually edited, and validated to preserve
technical accuracy and academic integrity.

References

[1] Mazzoleni, 1. (2013). Architecture follows nature-
biomimetic principles for innovative design. Crc Press, Boca
Raton, FL.

[2] lleritiirk, 1. (2016). Mimarlik egitiminde doga ile iliski
baglaminda biyomimikri. MSc. Thesis, Yildiz Technical
University, Institute of Science, Istanbul.

[3] Benyus, J. (2002). Biomimicry: Innovation inspired
by nature. Harper Perennial.

[4] Vincent, J.F.V., Bogatyreva, O., Pahl, A.-K.,
Bogatyrev, N. and Bowyer, A. (2005). Putting biology into
TRIZ: A database of biological effects. Creativity and
Innovation Management, 14(1), 66-72.
https://doi.org/10.1111/j.1476-8691.2005.00326.x

[5] Korkmaz, S. (2022). Biyomimetik tasarim 6rnekleri
tizerinden bigimsel taklidin degerlendirilmesi. MSc. Thesis,
Mimar Sinan Fine Arts University, Institute of Science,
Istanbul.

[6] El-Zeiny, R. M. A. (2012). Biomimicry as a problem
solving methodology in interior architecture. Procedia-
Social and Behavioral Sciences, 50, 502-512.
https://doi.org/10.1016/j.sbspro.2012.08.054

54


https://doi.org/10.1111/j.1476-8691.2005.00326.x
https://doi.org/10.1016/j.sbspro.2012.08.054

INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-UET

Simsek and Yildirim, Vol.11, No.2, 2026

[7] Baumeister, D. (2014). Biomimicry resource
handbook: A seed bank of best practices. Biomimicry 3.8.
Createspace Independent Publishing Platform.

[8] Pawlyn, M. (2016). Biomimicry in architecture.
London: RIBA Publishing.

[9] Reed, B. (2007). Shifting from sustainability to
regeneration. Building Research & Infromation, 35(6), 674-
680. https://doi.org/10.1080/09613210701475753

[10] Kennedy, E., Fecheyr-Lippens, D., Hsiung, B. K.,
Niewiarowski, P. H., & Kolodziej, M. (2015). Biomimicry:
A path to sustainable innovation. Design Issues, 31(3), 66-
73. https://doi.org/10.1162/DESI_a_ 00339

[11] Aziz, M. S., & EI Sherif, A. Y. (2016). Biomimicry
as an approach for bio-inspired structure with the aid of
computation. Alexandria Engineering Journal, 55(1), 707-
714. https://doi.org/10.1016/j.aej.2015.10.015

[12] zari, M. P. (2007). Biomimetic approaches to
architectural design for increased sustainability. Sustainable
Building Conference - SB07, Auckland, New Zealand.

[13] Sommese, F., Badarnah, L., & Ausiello, G. (2022).
A critical review of biomimetic building envelopes: Towards
a bio-adaptive model from nature to architecture. Renewable
and Sustainable Energy Reviews, 169, 112850.
https://doi.org/10.1016/j.rser.2022.112850

[14] Verbrugghe, N., Rubinacci, E., & Khan, A. Z.
(2023). Biomimicry in Architecture: A Review of
Definitions, Case Studies, and Design
Methods. Biomimetics, 8(1), 107.
https://doi.org/10.3390/biomimetics8010107

[15] Boyacioglu, C. (2017). Mimarlikta ¢evreci
yaklagimlarin antroposen kavrami baglaminda tartisilmasi.
PhD Dissertation, Istanbul Technical University, Institute of
Science, Istanbul.

[16] Hammond, V. (2024). Utilizing Biomimicry to
Design Sustainable Architecture. Architecture
Undergraduate Honors Theses. Retrieved from
https://scholarworks.uark.edu/archuht/71

[17] Van der Ryn, S. (2005). Design for life: the
architecture of Sim Van der Ryn. Gibbs Smith.

[18] Othmani, N. I., Yunos, M. Y. M., Ismail, N. A., &
Rahman, K. A. A. A. (2018). Review on biomimicry levels.
American Journal of Humanities and Social Sciences
Research (AJHSSR), 2(8), 55-58.
https://www.ajhssr.com/wp-
content/uploads/2018/08/H18285558.pdf

[19] Contreras, G. S., Lezcano, R. A. G., Fernandez, E. J.
L., Concepcion, M., & Gutiérrez, M.C.P. (2023).
Architecture learns from nature. The influence of biomimicry
and biophilic design in building. Modern Applied Science,
17(1), 58-70. DOI:10.5539/mas.v17n1p58

[20] Ersahin, E., & Cetiner, 1. (2021). Biyomimikriyi
anlamak. Proceedings of the 7th International Congress on
Engineering, Architecture and Design, 170-179. Retrieved
on November 20, 2024, from
https://www.researchgate.net/profile/Esra_Ersahin/publicatio
n/358958790_Biyomimikriyi_Anlamak/links/621f55b13952
9602315afe8a/Biyomimikriyi-Anlamak.pdf

[21] Giindogdu, E., & Arslan, H. D. (2019). Evaluation of
the use of biomimesis in building shell design through

examples. Ulusal Cevre Bilimleri Arastirma Dergisi, 2(4),
159-168. https://dergipark.org.tr/tr/pub/ucbad/article/738618

[22] Peters, T. (2011). Nature as measure: The
biomimicry guild. Architectural Design 81(6).
https://doi.org/10.1002/ad.1318

[23] Masmas, Z., & Imert, H. (2024). Biomimetic based
office buildings; investigation of adaptable facades. Insanat:
Journal of Art Design and Architecture Research, 4(2), 547-
571. https://dergipark.org.tr/tr/pub/insanat/article/1546685

[24] Aydin Yazicioglu, B. (2020). Yap1 kabuklarinin
termoregiilasyonu: Biyomimetik bir yaklasim. MSc. Thesis,
Gazi University, Institute of Science, Ankara.

[25] Sommese, F. (2026). Biomimetic Climate-Adaptive
Building Envelopes: Mapping Research Trends and
Assessing Technology Readiness Towards Real-World
Implementation. Buildings, 16(15), 2970.
https://doi.org/10.3390/buildings16152970

[26] Basak, H., & Avcioglu, B. C. (2026). Biomimetic
Design of a Climate-Responsive Building Envelope Cell
Performing Under Both Hot and Cold Weather
Conditions. EI-Cezeri, 13(2), 254-

270. https://doi.org/10.31202/ecjse.1786255

[27] Mallahnia, T., & Both, P. (2024). Biomimetic
Adaptive Building Envelopes: Multifunctional Adaptations
For Multi-Regulation Environments. Conference: SIGRADI
2024: Biodigital Intelligent Systems. Retrieved on May 30,
2025, from
https://papers.cumincad.org/data/works/att/sigradi2024_76.p
df

[28] Stefanska, A., & Kurcjusz, M. (2025). From Nature
to Neutral Networks: Al-Driven Biomimetic Optimization in
Architectural Design and Fabrication. Sustainability, 17(24),
11333. https://doi.org/10.3390/su172411333

[29] AlAli, M., Mattar, Y., Alzaim, M. A., & Beheiry, S.
(2023). Applications of Biomimicry in Architecture,
Construction and Civil Engineering. Biomimetics, 8(2), 202.
https://doi.org/10.3390/biomimetics8020202

[30] Badarnah, L., & Kadri, U. (2015). A methodology
for the generation of biomimetic design concepts.
Architectural Science Review, 58(2), 120-133.
https://doi.org/10.1080/00038628.2014.922458

[31] Sun, L. (2024). Biomimicry as an Approach to
Sustainable Architecture. International Journal of High
School Research (1JHSR), 6(1), 87-94.
https://doi.org/10.36838/v6i1.15

[32] Arnfield, A. J. (Dec. 29, 2025). Koppen climate
classification: World distribution of major climatic types.
Encyclopaedia Britannica. Retrieved on January 10, 2026,
from https://www.britannica.com/science/Koppen-climate-
classification/World-distribution-of-major-climatic-types

[33] Destek Cizim. Convention Centre, Qatar. Retrieved
on May 12, 2025, from
https://www.destekcizim.com/referanslar/convention-centre-
gatar/

[34] ArchDaily. ZCB Bamboo Pavilion / The Chinese
University of Hong Kong School of Architecture. Retrieved
on May 12, 2025, from
https://www.archdaily.com/800173/zch-bamboo-pavilion-
the-chinese-university-of-hong-kong-school-of-
architecture?ad_medium=gallery

55


https://doi.org/10.1080/09613210701475753
https://doi.org/10.1162/DESI_a_00339
https://doi.org/10.1016/j.aej.2015.10.015
https://doi.org/10.1016/j.rser.2022.112850
https://scholarworks.uark.edu/archuht/71
https://doi.org/10.5539/mas.v17n1p58
https://www.researchgate.net/profile/Esra_Ersahin/publication/358958790_Biyomimikriyi_Anlamak/links/621f55b139529602315afe8a/Biyomimikriyi-Anlamak.pdf
https://www.researchgate.net/profile/Esra_Ersahin/publication/358958790_Biyomimikriyi_Anlamak/links/621f55b139529602315afe8a/Biyomimikriyi-Anlamak.pdf
https://www.researchgate.net/profile/Esra_Ersahin/publication/358958790_Biyomimikriyi_Anlamak/links/621f55b139529602315afe8a/Biyomimikriyi-Anlamak.pdf
https://doi.org/10.1002/ad.1318
https://doi.org/10.31202/ecjse.1786255
https://www.researchgate.net/profile/Tahereh-Mallahnia-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.3390/su172411333
https://doi.org/10.3390/biomimetics8020202
https://doi.org/10.1080/00038628.2014.922458
https://terra-docs.s3.us-east-2.amazonaws.com/IJHSR/Articles/volume6-issue1/IJHSR_2024_61_87.pdf
https://www.britannica.com/science/Koppen-climate-classification/World-distribution-of-major-climatic-types
https://www.britannica.com/science/Koppen-climate-classification/World-distribution-of-major-climatic-types
https://www.destekcizim.com/referanslar/convention-centre-qatar/
https://www.destekcizim.com/referanslar/convention-centre-qatar/
https://www.archdaily.com/800173/zcb-bamboo-pavilion-the-chinese-university-of-hong-kong-school-of-architecture?ad_medium=gallery
https://www.archdaily.com/800173/zcb-bamboo-pavilion-the-chinese-university-of-hong-kong-school-of-architecture?ad_medium=gallery
https://www.archdaily.com/800173/zcb-bamboo-pavilion-the-chinese-university-of-hong-kong-school-of-architecture?ad_medium=gallery

INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-UET

Simsek and Yildirim, Vol.11, No.2, 2026

[35] Wikipedia: Featured picture candidates/Santiago
Calatravas' Quadracci Pavilion. Retrieved on May 12, 2025,
from
https://en.wikipedia.org/wiki/Wikipedia:Featured_picture_ca
ndidates/Santiago_Calatravas%27_Quadracci_Pavilion

[36] Biomimétisme: des espaces d’expérimentation pour
les bdtiments inspirés de la nature. Retrieved on May 12,
2025, from https://www.lemoniteur.fr/article/biomimetisme-
des-espaces-d-experimentation-pour-les-batiments-inspires-
de-la-nature.821649

[37] Gardens by the Bay. Retrieved on May 12, 2025,
from https://en.wikipedia.org/wiki/Gardens_by the Bay

[38] Hy-Fi. Retrieved on May 12, 2025, from
https://urbannext.net/hy-fi/

[39] HygroSkin: Meteorosensitive Pavilion. Retrieved on
May 14, 2025, from http://www.achimmenges.net/?p=5612
[40] BIG — Bjarke Ingels Group. Zira Island Master
Plan. Retrieved on May 16, 2025, from https://www.world-
architects.com/fr/big-bjarke-ingels-group-valby-

copenhagen/project/zira-island-master-plan

[41] Callebaut, V. Coral Reef. Retrieved on May 14,
2025, from
https://vincent.callebaut.org/object/110211 coral/coral/proje
cts

[42] Diinyanin en yesil miizesi. Retrieved on May 14,
2025, from https://www.yesilodak.com/dunyanin-en-yesil-
muzesi

[43] Mesa, F., Bernal, A., Restrepo, C., & Restrepo, P.
(2007). Orquideorama: Medellin, Colombia. ARQ, (67), 74-
77. http://dx.doi.org/10.4067/S0717-69962007000300012

[44] Shen Y, Yang P, Zhang P, et al. (2013).
Development of a Multitype Wireless Sensor Network for
the Large-Scale Structure of the National Stadium in
China. International Journal of Distributed Sensor Networks,
9(12). https://doi.org/10.1155/2013/709724

[45] Turgut Alton Mimarhik. Katar Ulusal Kongre
Merkezi. Retrieved on May 14, 2025, from
https://www.turgutalton.com/yapilar.php?yapi_id=165&ref=
selected

[46] Inhabitat. Calatrava’s Soaring Pavilion Spreads its
Wings to Create Shade. Retrieved on May 14, 2025, from
https://inhabitat.com/amazing-calatrava-shade-pavilion-for-
the-milwaukee-art-museum/1-photo-timothy-hursley/

[47] ArchDaily. Orquideorama / Plan B Architects +
JPRCR Architects. Retrieved on May 16, 2025, from
https://www.archdaily.com/832/orquideorama-plan-b-
architects-jprer-architects?ad_medium=gallery

[48] Worsley, G. (2007). Inigo Jones and the European
classicist tradition. London: Paul Mellon Centre.

[49] Errico, M. G. (2019). Le azioni intraprese da alcune
citta virtuose: Come ¢ possibile intervenire attraverso la
creazione di nuovi sistemi paesaggistico-ambientali e di
sistemi che sostituiscano i combustibili fossili. Acer, 2, 82-
85. Retrieved from
https://independent.academia.edu/GabryLi%C3%B9

[50] Arkitektuel (n.d.). Kaliforniya Bilim Akademisi
Miizesi / Renzo Piano. Retrieved on November 20, 2024,
from https://www.arkitektuel.com/kaliforniya-bilim-
akademisi-muzesi/

[51] VerduraCare. The majestic Sidra tree: A natural
wonder. Retrieved on May 14, 2025, from
https://myverduracare.com/blogs/news/the-majestic-sidra-
tree-a-natural-wonder

[52] Grown Wallpaper. TM-592. Retrieved on May 14,
2025, from https://www.grownwallpaper.com/product-
page/tm-592

[53] Pinterest. Santiago Calatrava’s Quadracci Pavilion.
Retrieved on May 14, 2025, from
https://tr.pinterest.com/pin/3025924742605173/

[54] Evrim Agaci. Diinya isindik¢a agaglar nefes
almakta zorlaniyor. Retrieved on May 14, 2025, from
https://evrimagaci.org/dunya-isindikca-agaclar-nefes-
almakta-zorlaniyor-16695

[55] ArchDaily. Art or architecture? 13 projects that blur
the boundary. Retrieved on May 14, 2025, from
https://www.archdaily.com/868877/art-or-architecture-13-
projects-that-blur-the-boundary

[56] Evrim Agaci. Gelecegin malzemesi. Retrieved on
May 16, 2025, from https://evrimagaci.org/blog/gelecegin-
malzemesi-18596

[57] Derinin fonksiyon/ar:. Retrieved on May 16, 2025,
from
https://www.vuvu.com.tr/blogs/2018/deri% CC%87ni%CC%
87n-fonksi%CC%87yonlari

[58] Sabun kopiigii. Retrieved on May 16, 2025, from
https://tr.wikipedia.org/wiki/Sabun_k%C3%B6p%C3%BC%
C4%9F%C3%BC

[59] Eden Project: The Latest Architecture and News.
Retrieved on May 16, 2025, from
https://www.archdaily.com/tag/eden-project

[60] Mercan resifi. Retrieved on May 16, 2025, from
https://tr.wikipedia.org/wiki/Mercan_resifi

[61] Al-Kharabsheh, B. (n.d.). Qatar National
Convention Centre (QNCC), Qatar: Location, architect,
completed, category, area, capacity. Retrieved on November
20, 2024, from
https://www.scribd.com/presentation/519062489/case-3

[62] Crolla, K. (2017). Building indeterminacy modelling
— the ‘ZCB Bamboo Pavilion’ as a case study on nonstandard
construction from natural materials. Visualization in
Engineering, 5(15), 1-12. https://doi.org/10.1186/540327-
017-0051-4

[63] Mehta, A., Thakur, A., & Atha, C. (2019). Case
Study on Beijing National Stadium: Bird Nest Olympic
Stadium. International Research Journal of Engineering and
Technology (IRJET), 6(3), 3161-3163.
https://www.irjet.net/archives/V6/i3/IRJET-V613612.pdf

[64] Maglic, M. J. (2012). Biomimicry: Using Nature as a
Model for Design. Masters Thesis, University of
Massachusetts Amherst, Department of Architecture.

[65] ArchDaily (Sept. 28, 2008). California Academy of
Sciences / Renzo Piano Building Workshop + Stantec
Architecture. Retrieved on November 20, 2024, from
https://www.archdaily.com/6810/california-academy-of-
sciences-renzo-piano

56


https://en.wikipedia.org/wiki/Wikipedia:Featured_picture_candidates/Santiago_Calatravas%27_Quadracci_Pavilion
https://en.wikipedia.org/wiki/Wikipedia:Featured_picture_candidates/Santiago_Calatravas%27_Quadracci_Pavilion
https://www.lemoniteur.fr/article/biomimetisme-des-espaces-d-experimentation-pour-les-batiments-inspires-de-la-nature.821649
https://www.lemoniteur.fr/article/biomimetisme-des-espaces-d-experimentation-pour-les-batiments-inspires-de-la-nature.821649
https://www.lemoniteur.fr/article/biomimetisme-des-espaces-d-experimentation-pour-les-batiments-inspires-de-la-nature.821649
https://en.wikipedia.org/wiki/Gardens_by_the_Bay
https://urbannext.net/hy-fi/
https://www.world-architects.com/fr/big-bjarke-ingels-group-valby-copenhagen/project/zira-island-master-plan
https://www.world-architects.com/fr/big-bjarke-ingels-group-valby-copenhagen/project/zira-island-master-plan
https://www.world-architects.com/fr/big-bjarke-ingels-group-valby-copenhagen/project/zira-island-master-plan
https://vincent.callebaut.org/object/110211_coral/coral/projects
https://vincent.callebaut.org/object/110211_coral/coral/projects
https://www.yesilodak.com/dunyanin-en-yesil-muzesi
https://www.yesilodak.com/dunyanin-en-yesil-muzesi
https://doi.org/10.1155/2013/709724
https://inhabitat.com/amazing-calatrava-shade-pavilion-for-the-milwaukee-art-museum/1-photo-timothy-hursley/
https://inhabitat.com/amazing-calatrava-shade-pavilion-for-the-milwaukee-art-museum/1-photo-timothy-hursley/
https://www.archdaily.com/832/orquideorama-plan-b-architects-jprcr-architects?ad_medium=gallery
https://www.archdaily.com/832/orquideorama-plan-b-architects-jprcr-architects?ad_medium=gallery
https://www.arkitektuel.com/kaliforniya-bilim-akademisi-muzesi/
https://www.arkitektuel.com/kaliforniya-bilim-akademisi-muzesi/
https://myverduracare.com/blogs/news/the-majestic-sidra-tree-a-natural-wonder
https://myverduracare.com/blogs/news/the-majestic-sidra-tree-a-natural-wonder
https://www.grownwallpaper.com/product-page/tm-592
https://www.grownwallpaper.com/product-page/tm-592
https://tr.pinterest.com/pin/3025924742605173/
https://evrimagaci.org/dunya-isindikca-agaclar-nefes-almakta-zorlaniyor-16695
https://evrimagaci.org/dunya-isindikca-agaclar-nefes-almakta-zorlaniyor-16695
https://www.archdaily.com/868877/art-or-architecture-13-projects-that-blur-the-boundary
https://www.archdaily.com/868877/art-or-architecture-13-projects-that-blur-the-boundary
https://evrimagaci.org/blog/gelecegin-malzemesi-18596
https://evrimagaci.org/blog/gelecegin-malzemesi-18596
https://www.vuvu.com.tr/blogs/2018/deri%CC%87ni%CC%87n-fonksi%CC%87yonlari
https://www.vuvu.com.tr/blogs/2018/deri%CC%87ni%CC%87n-fonksi%CC%87yonlari
https://tr.wikipedia.org/wiki/Sabun_k%C3%B6p%C3%BC%C4%9F%C3%BC
https://tr.wikipedia.org/wiki/Sabun_k%C3%B6p%C3%BC%C4%9F%C3%BC
https://www.archdaily.com/tag/eden-project
https://tr.wikipedia.org/wiki/Mercan_resifi
https://www.scribd.com/presentation/519062489/case-3

INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET
Simsek and Yildirim, Vol.11, No.2, 2026

Table Al: Analysis of biomimicry case studies at the organism level (The table is reproduced from the first author's thesis)
[33-37, 45, 46, 48, 51-55, 61, 62].
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Appendix B.

Table B1: Analysis of biomimicry case studies at the behavior level (The table is reproduced from the first author's thesis) [23,

38, 39, 43, 44, 47, 56-58, 63].
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Appendix C.

Table C1: Analysis of biomimicry case studies at the ecosystem level (The table is reproduced from the first author's thesis)
[40-42, 49, 50, 59, 60, 64, 65].
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