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Abstract

This article examines contemporary biomimetic strategies in collective housing, showing how the implementation of criteria that define bio­
mimetic architecture affects the form, functioning, and underlying concepts of such projects. The selected case studies are characterized by the 
dominance of megastructures and vertical constructions, mixeduse programs, spatial flexibility, and a drive towards energy self-sufficiency. Biomi­
metics manifests itself in advanced technological systems, biologically inspired processes and materials, and architectural forms referencing natural 
structures. The analysis highlights the potential of biomimetic solutions to improve residents’ quality of life, foster social relations, increase climate 
resilience, and reduce environmental impact. At the same time, it underscores that biomimetic collective housing remains largely conceptual, reflect­
ing both growing interest in the idea and significant challenges to its realization.

Key words: biomimicry, biomimetics, bioinspiration, biophilia, residential architecture

Introduction

The term biomimetics emerged in the midtwentieth cen­
tury and initially referred to medical engineering solutions 
inspired by the structure and functioning of living organisms. 
In the 1970s, Werner Nachtigall and Göran Pohl, in Bau- 
Bionik: Natur – Analogien – Technik, formulated the con­
cept of biomimetic design as a scientific discipline and 
extended it to other fields of human activity, including ar­
chitectural design (2013). From that point on, biomimetics 
began to be referenced in relation to architecture, along­
side the term biomimicry introduced in 1997. In her book 
Biomimicry: Innovation Inspired by Nature (1997), Janine 
Benyus defined biomimicry as the imitation (mimesis) of 
life (bio) in order to seek solutions in nature to problems 
arising in different fields of human activity. Drawing from 
nature can occur at different levels – from the micro scale, 
where sources of inspiration are individual elements or 
functionalities of living organisms, to the most synthetic 

macro scale, that is, modeling based on the overall func­
tioning of ecosystems1.

In the human–nature relationship, architecture is a field 
with a profound impact – both on the natural environment 
and on human beings themselves – by shaping the space 
of human functioning. The dichotomy between the built 
and natural environments is deeply rooted in human con­
sciousness. The concept of biomimicry challenges this by 
advocating for abandoning an anthropocentric perspective 
and returning to nature as a model, measure, and mentor. 
Benyus wrote about achieving true sustainability by mak­
ing cities more like forests, i.e., grounding the functioning 
of civilization in strategies that are the only legitimate ones 
because they have been developed over millions of years 
by nature. The idea of applying biomimicry in architecture 
has gained significant popularity over the past decade and 
a half, fitting squarely within both contemporary needs 

1  The literature most often distinguishes three levels of mimicry in 
biomimetics: emulation of the form and/or function of an organism or 
its elements (Organism Level); emulation of organism behaviour and its 
interaction with the environment (Behaviour Level); and emulation of 
natural ecosystems (Ecosystem Level).
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(ecology and sustainable development) and technological 
capabilities (scientific and technological progress). How­
ever, despite the interest among architects, built works 
are primarily individual buildings, most often public-use 
structures or experimental pavilions and installations that 
demonstrate biomimetic structures or building materials. If 
biomimetic architecture is to have a real impact on the en- 
vironment of human life, it must create the places closest to 
people and their dwellings. The aim of this paper is to pres­
ent examples of biomimetic residential architecture and to 
identify the dominant tendencies and defining characteris­
tics of this type of project.

State of research

Among the available publications on biomimetics, there 
is a lack of studies devoted specifically to residential ar­
chitecture; however, reference should be made to literature 
addressing the general issues of biomimetics in architec­
ture. Michael Pawlyn (2011) indicated both the features of 
architectural objects and the principles of the design pro­
cess itself, in accordance with the idea of biomimicry. The 
fundamental concept is a shift away from linear systems 
typical of the industrial economy (from cradle to grave) 
towards circular systems, in which every waste product si­
multaneously serves as a resource (from cradle to cradle). 
Guidance for architects includes reliance on renewable en­
ergy sources, use of local resources, and form optimization. 
As with living organisms, buildings should have their own 
metabolism and adapt to change. Siobhan Barry and Greg 
Keeffe (2010) described the concept of Bio-City – a biomi­
metic highrise operating in a closed metabolic cycle, using 
green algae that produce biomass subsequently burned in 
bioreactors. Maibritt Pedersen Zari has addressed biomim­
icry in urban design in several works. According to Peder
sen Zari, the human-built environment must function as 
a living system composed of cooperating organisms, rather 
than a set of buildings lacking interconnections (Pedersen 
Zari 2018). At the core of Pedersen Zari’s theory, further 
developed with Katharina Hecht (Pedersen Zari, Hecht 
2020), is the definition of ecosystem services – what the 
ecosystem provides and produces – and how this can be 
mimicked in technology and design strategies for urban­
ism. At the same time, Pedersen Zari noted that there is no 
clear definition of biomimetics specifically for architects, 
and that only an analysis of different interpretations of the 
concept can help determine which approaches yield the 
most effective results. In Poland, Jakub Onyszkiewicz, in 
his doctoral dissertation Elementy biomimetyki w projek-
towaniu architektury w środowisku zrównoważonym [Ele­
ments of biomimetics in designing architecture in sustain­
able environment] (2019), defined features of a biomimetic 
architectural object – largely consistent with Pawlyn’s cri­
teria – and evaluated around 200 projects accordingly. In 
numerous publications after 2020, biomimicry is posi­
tioned as a tool for sustainable design (Ilieva et al. 2022; 
Borham, Croxford and Wilson 2024; Ali Hussein, Abbas 
Abbood 2024). An attempt to relate biomimetics directly 
to residential architecture was made by Mohamed Reza 
Akbarian and Mahdis Kolivand Salooki (2025, 50, 51), 

who listed key indexes of biomimetic architecture grouped 
into categories: mimicking form and structure, mimicking 
processes, mimicking ecological systems, sustainability 
and energy efficiency, harmony with the environment. In­
dependently of biomimetic concepts, studies of contempo­
rary residential architecture address the affordable housing 
crisis (Fishman 2018), sustainable building (Mazur 2021), 
and issues such as the individualization of multi-family 
housing (Stoiljković, Petković-Grozdanović and Jovanović 
2015), resilience (Paulichen, Leite and Pina 2019), modu­
lar, non-predetermined solutions (Djukanovic, Alegre and 
Bastos 2025), architectural recycling of existing structures 
(Hernández Falagán 2021), and other proposals to adapt 
housing to the needs of a postindustrial and postpandemic 
society (Seruga 2014; Klochko 2022). It should be noted 
that many of these proposals can fall within the criteria of 
biomimetic architecture.

For the purposes of this paper, information on particular 
projects and built works was drawn mainly from websites: 
architectural studios, competitions (e.g., eVolo Skyscraper), 
and individual portfolios.

Methods

The adopted research method is a comparative multi­
ple case study. The set comprises projects with the same 
function – collective housing – albeit in most cases it is not 
their only function. Due to the relatively small number of 
completed buildings, the principal object of analysis is the 
design itself, as the material manifestation of an architec­
tural concept. The selected projects, apart from the func­
tional criterion, share the realization of certain criteria that 
define their biomimetic character. The criteria described 
below were identified based on an analysis of selected liter­
ature that addresses, in theoretical terms, the application of 
biomimetics and biomimicry in architecture. The way each 
project meets the adopted criteria is presented descriptively 
in a table. Based on this comparison, conclusions are drawn 
as an attempt to synthesize the issue in the form of answers 
to the following questions:

1.  What objectives of residential architecture are served 
by the application of biomimetic elements? 

2.  Which characteristics of contemporary collective 
housing projects result from the implementation of criteria 
defining their biomimetic nature?

Criteria defining the biomimetic character  
of residential architecture

A fundamental issue in establishing criteria that define 
a biomimetic character is the need to clarify the terms “bio­
mimetics” and “biomimicry” in relation to architecture. 
Pohl and Nachtigall (2015) refer to the “classical” defini­
tion of biomimetics, according to which it is a scientific dis­
cipline concerned with the adaptation and implementation 
of biological structures, processes, and principles of devel­
opment in technology. This corresponds to the definition 
formulated in the international standard ISO 18458:2015 
(Verbrugghe, Rubinacci and Khan 2023), which states that 
biomimetics focuses on functional analysis of biological 
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systems, their abstraction into models, and their transfer 
and application in technology. In the light of these defini­
tions, biomimetic products are primarily technological in­
novations reproducing biological systems at the structural 
level (e.g., biomimetic materials) or process level (e.g., 
a ventilation system modeled on termite mounds). Effec­
tive classification of bio-inspired technological solutions 
requires a system that reflects their developmental history 
and the transfer of knowledge from biology to technology 
(Speck et al. 2017). The fundamental indicator of wheth­
er we are dealing with a biomimetic product/object is thus 
the transfer of a selected biological principle. Some authors 
treat “biomimetics” and “biomimicry” as synonyms; others 
distinguish between biomimetics–oriented towards techno­
logical innovation, imitating natural forms and structures 
in a de-contextualized way (Mitxelena, Genua 2017) – and 
biomimicry, which sees in nature primarily normative prin­
ciples of ecological sustainability. In this view, nature is not 
only a source of biological models for technical fields, but 
a source of standards that define the ecological “correct­
ness” of human technological outputs. The aim of biomim­
icry is therefore to emulate natural systems and strategies 
in order to create solutions that meet human needs while 
simultaneously minimising the environmental impact of 
civilisation. In architecture, this means creating a built 
environment that is sustainable and potentially regenera­
tive towards natural ecosystems. As Henry Dicks (2016) 
emphasized, biomimicry cannot be reduced to copying 
nature’s systems without integrating the resulting technol­
ogies into the circular systems characteristic of the biologi­
cal world. Table 1 presents selected definitions of the terms 
biomimetics, biomimicry, bioinspiration, and biophilia that 
have appeared in the literature over the last five years. For 
the purposes of this study, a synthetic definition is adopted: 
biomimetics is an interdisciplinary design process based 
on understanding and abstracting biological principles and 
transferring them to technology. The concept of biomimic­
ry, according to which nature is not only a model but also 
a measure and a mentor (Dicks 2016), adds to biomimet­
ics goals aligned with sustainability and focuses on linking 
technological solutions to environmental challenges. The 
ideological premise of biomimicry is to renew the human–
nature bond by addressing civilisational problems in ways 
that emulate the functioning of ecosystems.

From these definitions of biomimetics and biomimicry, 
the following determinants of biomimetic architecture can 
be identified (Fig. 1):

1.  Transfer of solutions from nature to technology 
through an interdisciplinary design process (collaboration 
among architects, biologists, engineers, chemists, etc.); 
technological innovation creating synthetic counterparts of 
biological structures and functionalities.

2.  Inspiration derived from a specific biological model. 
Structural and functional biomimetics. This includes the 
imitation of the form, structure, or functionality of a living 
organism (animal or plant).

3.  Biomimetic materials (synthetic materials that mimic 
the structure and functions of natural ones); biomaterials.

4.  The purpose of technological innovation – ecological 
functioning of buildings and their complexes:

–  minimizing environmental impact;
–  designing material cycles and building life cycles 

within circular systems, recycling;
–  harvesting energy from renewable sources, energy ef­

ficiency;
–  reducing CO2 emissions;
–  retention and recovery of rainwater;
–  natural ventilation.
5.  Structures exhibiting biological qualities such as op­

timality, resilience, and adaptability. Autopoietic and kinet­
ic systems enabling buildings to respond and adapt autono­
mously to changing environmental conditions.

In the context of concepts related to architecture, it is 
also worth noting the term biophilia, defined primarily as 
the creation of built environments that foster and deepen 
the human–nature relationship. This is crucial because, un­
like biomimetics and biomimicry, it directly concerns the 
user of architecture, aiming at their psycho-physical well­
being. Including biophilic aspects thus seems necessary, 
especially in residential architecture, which constitutes the 
built environment closest to every person. Accordingly, 
the set of indicators is supplemented by biophilic elements 
(Uchiyama, Blanco and Kohsaka 2020), such as:

–  enabling direct contact with nature;
–  introducing plant elements;
–  using natural materials;
–  the presence of water;
–  biomorphic shapes and patterns;
–  ensuring optimal temperature and air quality, access 

to daylight or its simulation.
Contemporary residential projects can be broadly di­

vided into those that respond to current needs and those 
anticipating future needs. Housing – especially collective 
housing – struggles with numerous problems arising from 
urban phenomena such as urban sprawl, dispersion of de­
velopment, and deepening social and spatial segregation. 
Historic centres are emptying, while gated luxury estates 
form enclaves accessible only to the wealthiest. Biomimet­
ic architecture – through its innovative, interdisciplinary, 
and technologically advanced dimension – requires high 
financial outlays for research, materials, and experimental 
implementations etc. Consequently, the few realized resi­
dential buildings that aspire to be biomimetic are typically 
high-end and located in the wealthiest urban centres of the 
world. Dominant, instead, are futuristic conceptual proj­
ects. The underlying idea is to emulate biological systems 
that evolve, adapt, and survive by developing qualities such 
as resilience and regeneration. Hence, biomimetic design 
features numerous visions of habitats for extreme environ­
ments or able to ensure human survival in the face of vari­
ous catastrophes.

Selected biomimetic  
residential projects

The examples of biomimetic residential projects cited in 
this paper are divided into two typological groups: urban 
high-rises and specialpurpose residential habitats. For se­
lected architectural objects, the implementation of individ­
ual indicators is described in Table 2.
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Bioscrapers – Citytrees  
– biomimetic residential high-rises

Population growth and its concentration in urban cen­
tres necessitate the intensification of urban fabric, which 
can essentially be pursued in two ways: by erecting mixe­
duse highrises or mixeduse horizontal structures. While 
garden-city concepts of low-rise development still attract 
supporters and promoters today, high-rises are likely to 
dominate in the future2. As early as 1964, Warren Chalk 
presented the concept of Capsule Homes, i.e., a multi-res­
idential tower grouping modular housing units (capsules) 
around a circulation core. Most biomimetic residential 
high-rise projects remain conceptual today; however, a few 
completed examples can be identified. These include “Ver­
tical Forests” (Bosco Verticale, Fig. 2) designed by Stefa­
no Boeri, which the architect himself describes as “home 
for trees and birds, that also houses humans”. The concept 
behind the Bosco Verticale defines not only the urban and 
technological features of the project but also its architec- 
 

2  The expansion of linear structures (low-rise development amid 
greenery) leads to longer circulation routes, and consequently, higher 
operating costs.

tural design and expressive qualities (www.stefanoboeri­
architetti.net). The first pair of such towers was complet­
ed in Milan in 2014 (Liu 2023). Subsequent towers were 
designed for Chinese cities Huanggang (2017–2021) and 
Nanjing (2016), Dubai (2022), Lausanne in Switzerland 
(The Tower of Cedars, 2015), and Tirana in Albania (2017). 
The concept of a residential high-rise with trees and other 
vegetation integrated into the façade – undeniably striking 
visually – has become popular among designers. Examples 
include Tree Tower Toronto (Penda Design, 2017), Tour 
Végétale in Nantes (Edouard François, 2011), and Riviera 
Tower in Athens (Foster + Partners, 2021–2025). Urban 
“tower – forests”, although they meet some biophilic crite­
ria, beyond the general idea of imitating trees, lack a con­
crete, identifiable biological model.

More biomimetic are the projects of Vincent Callebaut, 
who describes himself as an Archibiotect, pointing to the 
characteristic fusion of architecture, biology, and technolo­
gy in his work. Alongside botanical inspirations (e.g., The 
Rainbow Tree in Cebu, the Philippines), Callebaut has de­
signed structures that mimic a variety of biological struc­
tures – for example, a DNA-chain-inspired construction 
(Agora Garden in Taipei, Taiwan, 2010–2018; Citytrees, 
2014) and honeycomb structures (Honeycomb Towers in 
Paris Smart City 2050, 2014–2015). Notably, Agora Gar­

NATURE

ARCHITECTURE HUMAN

Technical mimesis
Reproducing 

biological structures, processes, 
and systems in technology.

GOAL: 
Creating innovative solutions 

for design challenges

BIOMIMETICS

►Interdisciplinary design process 
based on understanding biological 
systems

►Technological innovation

►Inspiration from a specific 
biological model

►Biomimetic materials 
and biomaterials

►Ecological and sustainable 
operation of buildings based on 
mimicking natural processes: 
energy generation from natural 
sources, water cycling, recycling, 
and designing the building's life 
cycle in accordance with natural 
circular cycles

►Imbuing buildings with 
characteristics of living organisms:
autopoietics, responsiveness, 
resilience, kinetic and adaptive 
systems

Normative Mimesis
Imitating strategies developed 

by nature to create 
a sustainable built environment.

GOAL:
A good relationship 

between the built environment 
and the ecosystem

BIOMIMICRY

►Presence of bioactive greenery 
and natural elements in the living 
environment

►Natural materials

►Presence of water

►Biomorphic shapes

►Caring for the quality of the 
building's internal environment 
(air, temperature, natural light), 
striving to achieve optimal 
conditions for people

Creating a relationship between 
humans and nature within 

architecture.
GOAL:  

Human well-being 
and deepening 

their connection with nature

BIOPHILIA

Fig. 1. Determinants of  
biomimetic residential  

architecture based on the features 
of biomimetics, biomimicry  

and biophilia – diagram  
(elaborated by J. Białkiewicz)

Il. 1. Wyznaczniki  
biomimetycznej architektury 

mieszkalnej na podstawie cech 
biomimetyki, biomimikry  

i biofilii – schemat  
(oprac. J. Białkiewicz)
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Fig. 2. Bosco Verticale, Milan, Boeri Studio, 2014 (source: courtesy of Stefano Boeri Architetti, photo by Dimitar Harizanov)

Il. 2. Bosco Verticale, Mediolan, Boeri Studio, 2014 (źródło: dzięki uprzejmości Stefano Boeri Architetti, fot. Dimitar Harizanov)

den is among the few such projects realized3. Callebaut 
has proposed entire ensembles of biomimetic towers as 
solutions for future cities, including the world’s largest 
metropolises such as Paris (Paris Smart City 2050, 2014–
2015) and New York (Treescrapers, 2023). While New 
York’s Treescrapers are primarily based on the concept of 
high-rises with vegetation-covered façades, the Paris proj­
ect shifts away from the primacy of the biophilic factor to­
wards a more technological biomimicry approach, drawing 
inspiration from the structure and functionality of natural 
forms. Among the eight proposed tower prototypes are, for 
example, Photosynthesis Towers with biofaçades covered 
with algae. A similar idea of high-rises using algae to pro­
duce energy appears in the Bioscrapers project for Chicago 
(project by Walter R. Hughes, 2020). Close in character to 
Treescrapers is Mitosis, designed for Amsterdam by GG-
loop. The Cross-Laminated Timber (CLT) panels used by 
the architects appear to be among the most popular mate­
rials (alongside synthetic polymers and nanomaterials) for 
shaping biomimetic residential buildings.

The vast majority of biomimetic projects are futuristic 
visions. Conversely, one may note that a significant propor
tion of visions of future cities are based precisely on bio­
mimetic architecture. An example is “AI × Future Cities” 
– a series of images created by architect and designer 

3  The building’s environmental qualities are confirmed by LEED 
Gold and Low Carbon Building Alliance certification at the diamond 
level.

Manas Bhatia using the AI tool Midjourney. These visions 
are dominated by towers with façades covered in algae or 
trees. Fascinated by how insects and animals build their 
habitats, Bhatia also creates visions of “symbiotic archi­
tecture”, according to which in the future humans might 
inhabit growing, metabolizing structures that look and 
function like trees. In 2013, the U.S. studio B+U Architects 
presented a biomimetic residential tower for Lima (Peru). 
In this project, a reduced presence of biophilic elements 
can be observed alongside a strong biomimetic component, 
namely the concept of replicating natural functionalities in 
a synthetic manner. Among the futuristic visions of biomi­
metic residential architecture, there are also works by Pol­
ish architects, such as the Vertical Oasis project by FAAB 
Studio (Fig. 3). It is a design of an advanced, technolog­
ically driven biomimetic building combining residential, 
office, and commercial functions, whose metabolic func­
tionality is defined by a “green skin” – a designed compo­
sition of plants and microorganisms. Interesting examples 
of futuristic residential architecture concepts are provided 
by projects showcased in thematic competitions, such as 
24H – organized by the portal if – ideas forward. From the 
2017 edition devoted to biomimetic housing comes, for ex­
ample, the commended project A Living Resilience (proj­
ect by J. Francis, R. Beer, E. Savvas, A. Waller) – a tower 
that mimics the structure and function of a pine cone. In 
futuristic visions, residential towers sometimes reach enor­
mous sizes; an early, pioneering example is Bionic Tower 
(project by M.R. Cervera, J. Pioz, E. Celaya, 1997–2001), 
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which could accommodate up to 100,000 residents across 
300 floors (project by Cervera, Carreras-Solanas). A com­
mon feature of biomimetic high-rises is the integration of 
multiple functions, offering residents proximity and easy 
access to offices, shops, and service points. Architects also 
tend to incorporate publicly accessible communal spaces 
that promote social interaction.

Biomimetic special-purpose habitats

In addition to residential architecture whose main goal 
is to provide comfortable and healthy living environments 

and social functioning, another thread relevant to biomi­
metic solutions is special-purpose housing. These are resi­
dential projects that also respond to challenges and threats 
such as natural or climate-related disasters or global armed 
conflict. The guiding idea is resilient and regenerative ar­
chitecture capable of ensuring human survival. Another 
desirable natural quality in the built environment is adapt­
ability–the ability to adjust to any, even extreme, living con- 
ditions. Hence numerous projects of habitats in “hostile” 
ecosystems, e.g., in hot arid climates.

Among futuristic visions of future human settlements, 
a recurring concept is floating or on-water housing units. 
This responds to threats from climate warming and the risk 
of significant sea-level rise. These visions may take the 
form of vertical ecosystems, such as The Corallite (proj­
ect by CannonDesign, 2023), whose structure is modeled 
on coral. More frequently, however, we see onwater settle
ments composed of modular housing units. Examples in­
clude Lilypad by Vincent Callebaut (2008–2017) and In 
Absentia by DADA – Deo Alrashid Alam Design Architec­
ture (Fig. 4). A prototype on-water settlement already in­
tended for implementation is the Oceanix for the South Ko­
rean port city of Busan (2022, BIG – Bjarke Ingels Group, 
SAMOO) (Fig. 5).

The eVolo Skyscrapers competition entries demonstrate 
a striking variety of specialpurpose habitats. They include 
residential buildings for war refugees, e.g., Honeycomb Re
fugee Skyscraper (project by N. Badr, N. Maestro, H. Elah
mar, 2017); desert-region habitats, e.g., Skyscrapers Forest 
for Desert Regions (project by Daffonchio & Associates 
Architects, 2019); and earthquakeresistant buildings in 
seismic zones – Mega-Bio-Cell (project by M. Fazel, 
S. Adnan Almousa, M. Safari, 2018) and Coral Reef (proj­
ect by V. Callebaut, 2011). As nature adapts to any con­
ditions through evolution, resilient residential buildings of 
the future are conceived as evolving–responsive to change, 
easy to reconfigure (which modular construction enables) 
or relocate – for example, Xerophyte Tower (project by 
A. Lillystone, S. Mills, 2015). Also relevant are the con­

Fig. 4. In Absentia, concept rendering, DADA (2021) (source: courtesy of DADA – Deo Alrashid Alam Design Architecture)

Il. 4. In Absentia, wizualizacja koncepcji, DADA (2021) (źródło: dzięki uprzejmości DADA – Deo Alrashid Alam Design Architecture)

Fig. 3. Vertical Oasis, project: FAAB (source: courtesy of ©FAAB)

Il. 3. Wertykalna Oaza, projekt FAAB (źródło: dzięki uprzejmości ©FAAB)



	 Defining biomimetic residential architecture: indicators and selected projects	 51

cepts of capsules and various mobile modular units. These 
are portable homes designed for the scenario in which so­
ciety, due to catastrophe, reverts to a nomadic lifestyle. An 
example of such a concept is the Adaptive Cell project by 
Karolina Kosmowska, Beniamin Walecki, and Anna Woj
tynia (2022), developed under the supervision of Roman 
Czajka. It presents a capsule inspired by the structure of 
a plant cell, designed to serve simultaneously as a shelter 
and a means of transport for humans. As the authors ob­
served, the pandemic experience, along with the rise of 
remote work, has prompted reflection that one’s dwelling 
could be mobile. An interesting concept for floodprone Af­
rican areas is Puffer Village (project by S. Navidi, 2021) 
–  a set of houses that inflate as water levels rise. Among 
biomimetic dwelling units one should also mention the work 
of Terreform ONE, e.g., Home Alive and Fab Tree House, 
described by their creators as “multispecies living struc­
tures”. The essence of Terreform ONE’s projects lies in en­
gineer-designed “living” materials – built from living cells, 
self-sustaining, and capable of growth and self-regulation.

Conclusions

The presented compilation of selected projects that meet 
the criteria defined in the study for biomimetic architecture 
allows for drawing synthetic conclusions regarding this 
type of residential architecture.

What purposes in residential architecture  
are served by the use of biomimetic elements?

The following goals of residential architecture can be 
achieved through the application of biomimetic forms and 
ideas:

1.  Creating a comfortable and healthy living environ­
ment for humans. These qualities are achieved by providing 
residents with thermal comfort, clean air, access to sunlight, 
a space that can be arranged and adapted according to indi­
vidual needs, as well as direct contact with nature through 
the presence of plants and trees within the building’s space.

2.  Building community and creating spaces for interper­
sonal relationships. This is achieved through the arrangement 
of shared spaces that foster neighbourhood interactions.

3.  Positive impact of human habitation on the natural 
environment. A shift away from buildings that drain natural 
resources and produce waste towards habitats that gener­
ate energy from renewable sources, operate in closed loops 
based on recycling, and are capable of independently puri­
fying the air and adapting to external conditions.

4.  Protecting people from the consequences of natural 
and anthropogenic disasters; ensuring survival in extreme 
situations.

5.  Adapting residential environments to unfavourable 
and extreme climatic and geographical conditions.

6.  Enabling the development of society by ensuring de­
cent living conditions for all social groups.

What characteristic features  
of contemporary collective housing projects result 
from the implementation of biomimetic criteria?

The presented biomimetic residential architecture proj­
ects exhibit the following characteristic features:

1.  In collective housing, a dominance of megastructures 
and vertical constructions that occupy limited ground area 
yet can accommodate very large populations.

2.  Multifunctional buildings, combining residential, of­
fice, and commercial functions, often with cultivated gar­

Fig. 5. OCEANIX Busan, concept rendering, BIG & SAMOO (2022) (source: courtesy of BIG-Bjarke Ingels Group)

Il. 5. OCEANIX Busan, wizualizacja koncepcji, BIG & SAMOO (2022) (źródło: dzięki uprzejmości BIG-Bjarke Ingels Group) 
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dens. This reflects the changing lifestyle in a post-industrial 
society, where the boundaries between residence and work­
place are blurring.

  3.  Flexible solutions enabling customization to indi­
vidual needs and arrangements of personalized spaces.

  4.  Designing residential buildings as autonomous, en­
ergy-self-sufficient structures, capable of producing energy, 
using mechanical ventilation, water recovery and waste re­
cycling systems, with the model assumption being a build­
ing functioning analogously to a living organism – metab­
olising, reacting to changing environmental conditions and 
adapting to them.

  5.  The use of technologically advanced solutions sup­
porting or controlling the functioning of a building, enabling 
the transformation of its structure and adaptation of param­
eters to external conditions, including the development of 
parametric design and modern methods of fabricating build­
ing elements (e.g., 3D printing), as well as the search for ex­
perimental, innovative solutions, often going beyond current 
technical possibilities.

  6.  Use of synthetic materials exhibiting properties of 
living organisms; integration of biological structures and 
forms in the building process (growing trees, algae); popu­
larity of wood in the form of CLT panels.

  7.  Inspiration from nature, most often expressed by 
imitating specific biological functionalities, primarily in 
structural and façade systems; morphological imitation is 
less common.

  8.  Morphology shaped by two dominant tendencies: 
on the one hand curvilinear, irregular, non-geometric forms 
(since right angles and straight lines scarcely occur in na­
ture) and structures imitating organic growth; on the other 
hand regularity based on repetitive patterns (modules), ref­
erencing the cellular and atomic structure of the universe.

  9.  Adapting the functionality of the building to envi­
ronmental conditions, with an emphasis on resilience to 
climate and natural hazards (e.g., floods, earthquakes).

10.  Emphasis on biodiversity. The presence of bioactive 
greenery serves a dual purpose: plants incorporated into the 
building’s structure regulate interior temperature, absorb 
CO2 and pollutants, and, by enabling people to directly 
interact with nature in their living environment, positively 
impact their mental well-being and health.

11. Designing biomimetic residential buildings as a re­
sponse to the specific needs of wealthy metropolises in high­
ly developed countries, cities with high population density 
or for particularly neglected areas (e.g., in Africa), with the 
simultaneous dominance of conceptual designs often creat­
ed by students and novice young architects, which demon­
strates the simultaneous interest in the idea of biomimetic 
architecture and the real difficulties in its implementation.

The presented conclusions can be further dissected and 
formulated separately for urban architecture and architecture 
designed outside urban areas. The analysis of biomimetic 
housing can be further deepened by studying a larger number 
of cases, enriched by considering the concept of local context 
and its impact on biomimetic designs. In the field of urban 
construction, an interesting issue is the relationship between 
contemporary biomimetic architecture (including futuristic 
urban concepts) and the existing architectural fabric of cities, 
including historic buildings. Another crucial issue, open to 
further research and analysis, concerns the problems of con­
temporary collective housing in a social context and how to 
address them through the use of biomimetic elements.

Summary

The first observation that comes to mind after analyzing 
the presented material is the clearly visible discrepancy be­
tween the scope of the concept and the impossibility of its 
implementation. The presented designs are visionary and fu­
turistic in nature. The architects propose technological and 
material innovations that require advanced interdisciplinary 
research. Even if these technologies were developed, the cost 
would likely be so high that their implementation on a larger 
scale would be impossible. The ecological functioning of the 
designed structures also remains in the realm of plans and 
assumptions. We lack any specific figures that would allow 
us to properly assess the actual energy and water consump­
tion, carbon footprint, or life-cycle costs of these buildings. 
It seems, therefore, that biomimetics remains a concept that 
is definitely capturing the imagination of architects, which is 
a positive development, but we are still a long way from the 
actual implementation of biomimetic residential architecture.

The fundamental challenge facing contemporary archi­
tects is making comfortable and healthy living spaces acces­
sible to everyone. Therefore, housing, especially multi-fam­
ily housing, should be treated as the most important tissue 
of the urban organism. Architectural solutions for affordable 
housing are urgently needed. In this search, we can certain­
ly draw on some of the ideas emerging from biomimetic 
designs, such as modular, prefabricated housing units man­
ufactured using 3D printing. For economic reasons, it is 
crucial to implement sustainable solutions in multi-family 
housing, including energy efficiency, water management, 
and material recycling, while for the health and well-being 
of residents, it is crucial to incorporate the elements that 
comprise the concept of biophilia. Architects should also 
focus on urban recycling, i.e., the revitalization of existing 
architecture and the regeneration of damaged areas, such 
as post-industrial areas. This is a broad topic that requires 
further in-depth analytical and comparative research.
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 Streszczenie

Definiowanie biomimetycznej architektury mieszkaniowej: wyznaczniki i wybrane projekty

W artykule podjęto temat współczesnych projektów wykorzystujących elementy biomimetyczne w architekturze mieszkalnictwa zbiorowego. Au­
torka ukazała, w jaki sposób realizacja kryteriów definiujących architekturę biomimetyczną wpływa na kształt, funkcjonowanie i ideę tych obiektów. 
Przedstawione przez nią koncepcje charakteryzują się dominacją megastruktur i konstrukcji wertykalnej, wielofunkcyjnością, elastycznością przestrzeni 
oraz dążeniem do energetycznej samowystarczalności. Biomimetyka przejawia się w nich zarówno w zaawansowanych systemach technologicznych, 
inspiracjach biologicznymi procesami i materiałami, jak i w formach architektonicznych nawiązujących do struktur naturalnych. Na podstawie przepro­
wadzonej analizy autorka wskazała na potencjał biomimetycznych rozwiązań w poprawie komfortu życia mieszkańców, budowaniu relacji społecznych, 
zwiększaniu odporności budynków na zmiany klimatyczne oraz w ograniczaniu negatywnego wpływu na środowisko. Jednocześnie podkreśliła, że bio­
mimetyczne mieszkalnictwo zbiorowe pozostaje w dużej mierze w sferze projektów koncepcyjnych, co odzwierciedla zarówno rosnące zainteresowanie 
tą ideą, jak i istotne wyzwania związane z jej realizacją.
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