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Abstract: This article explores the field of biomimicry in architecture, focusing on the 
integration of nature-inspired solutions to enrich the sensory experience of users in built 
spaces. Based on the realisation that nature offers not only aesthetic but also functional 
inspiration, it investigates how architecture can benefit from these principles to create 
environments that promote well-being and inclusion through the senses. Recognising 
architecture as a predominantly visual art, this paper highlights the need for a more in-
clusive approach that engages all human senses, following the perspective of architects 
such as Peter Zumthor and Juhani Pallasmaa, who advocate a multi-sensory architectural 
experience. Using a methodology of bibliographical review and critical analysis, the study 
examines the existing literature that relates the concepts of biomimicry, biophilia and the 
sensory experience in architecture. In addition, it is presented case studies that exemplify 
the application of these principles, demonstrating how built environments can emulate 
and/or integrate the natural world while simultaneously meeting human needs in different 
contexts. The results suggest that the adoption of biomimetic and biophilic strategies can 
lead to the creation of spaces that improve both functionality and quality of life, promot-
ing an immersive and enriching experience for users. Thus, biomimicry, although already 
considerably addressed in the architectural context, shows itself to be a promising field 
when thinking about architecture inspired by nature beyond aesthetics and functionality, 
but with the aim of creating environments that consider interaction and the sensory and 
emotional response of the user. 

Keywords: Biomimicry - Architecture - Biophilia - Design Process - Bioinspired Design - 
Behaviour - Synaesthesia - Sensory Experience - Senses - Bibliographic Analysis

[Resúmenes en castellano y en portugués en las páginas 40-42]

(1) Elton Cristovão da Silva Lima, Architect and Urban Designer from the Federal Univer-
sity of Pernambuco (UFPE) - Brazil and with a recognition of degree as Master in Archi-
tecture by the University of Lisbon. Attended Master’s Degree in Urbanism (Specialty in 
Digital Graphics) at the Federal University of Rio de Janeiro (UFRJ). Currently he is a PhD 
candidate in Architecture at the University of Lisbon (Specialty in Design and Comput-
ing) with double degree agreement with the Federal University of Pernambuco (PhD can-
didate in Design). Attended the Laboratoire Théorie des Systèmes en Architecture at the 

The impact of Biomimicry on sensory 
experience: an analysis of the relationship 

between human senses and nature in the 
design process in Architecture

Elton Cristovão da Silva Lima (1), Luís Miguel Cotrim Mateus (2) 
and Amilton José Vieira de Arruda (3)

Fecha de recepción: mayo 2024
Fecha de aceptación: junio 2024
Versión final: julio 2024



Cuaderno 239  |  Centro de Estudios en Diseño y Comunicación (2024/2025).  pp 23-42  ISSN 1668-022724

da Silva Lima | Cotrim Mateus | Vieira de Arruda The impact of Biomimicry (...)

Université Catholique de Louvain in Belgium, and the Università di Roma “La Sapienza” 
during two academic mobilities through Erasmus Program. He was an intern at BR Petro-
bras Distribuidora SA in the Architecture sector, a teaching assistant at the Department of 
Graphic Expression at UFPE in Graphic Geometry and Architectural Design courses, and 
Scientific Initiation Researcher. Developed research in the field of Biomimicry, Paramet-
ric Design, Shape Grammar, Space Syntax, Digital Fabrication, Graphic Expression, Social 
Housing, Ephemeral Architecture, and Sounds.  ORCID ID 0000-0002-8076-7150. el-
ton.lima@edu.ulisboa.pt

(2) Luís Miguel Cotrim Mateus, is an Assistant Professor at the Faculty of Architecture of 
the University of Lisbon. He teaches the courses of “Descriptive Geometry”, “Generative 
and Geometric Modelling”, and “3D Digitization, Virtual Reality and Animation”. Mem-
ber of the Research Center for Architecture, Urbanism and Design (CIAUD). Develops 
research in the “Design and computation Group” (http://dcg.fa.ulisboa.pt/) and in “ArcH-
C3D” (http://archc3d.fa.ulisboa.pt/). Both research groups can host the present research 
proposal. Additionally, the research can benefit from the teaching environment at the fac-
ulty. Luís Mateus research is focused in two fields: i) the use of parametric modelling to 
architectural design, and ii) the application of reality capture methods to architectural 
documentation and representation. He participated in several projects of fundamental 
research, national and international, and applied research with multiple partners, public 
and private. He has experience in supervision (masters and PhD) and publishes widely. He 
is the head of the 3D Scanning Lab (http://ld3d.fa.ulisboa.pt/). The Faculty of Architec-
ture also has a Digital Prototyping Lab (http://lpr.fa.ulisboa.pt/). Both labs have diversified 
equipment (3D scanners, 3D printers, milling machines, laser cutters) and software that 
can be used as resources for the present research project.  ORCID ID 0000-0002-9492-
8234. lmmateus@fa.ulisboa.pt

(3) Amilton José Vieira de Arruda, Graduation in Industrial Design Product Project by 
UFPE (1982), Master in Design and Bionics by IED in Milan (1992), Doctorate in Ricerca 
in Disegno Industriale - Ph.D by University of Milan Politecnico (2002) and postdoctoral 
in Design and Bionics at IADE European University UNIDCOM Lisbon (2018/2019), 
and postdoctoral in Bionics at University Luigi Vanvitelli Nápoles - IT (2021/2022). Since 
1985 professor of the UFPE Design Course. He is currently associate professor IV. He 
coordinates the Research Group on Biodesign and Industrial Artifacts at UFPE. Organ-
izer together with Edgard Blucher of the [DesignCONTEXTO] series design, culture and 
technology essays from the following books: (2017) 1. Design and Complexity; (2017) 2. 
Design and Social Innovation; (2018) 3. Design, Artifacts and Sustainable Systems; (2022) 
4. Narratives and Languages in the creative process in Modeling and Prototyping. Always 
with Edgar Blucher he organizes the series [designNATUREZA] essays on design, bionics 
and biomimetics with the following book: (2018) Methods and Processes in Bionics and 
Biomimetics: the technological revolution by nature. With the publisher Insigh in (2019) 
we launched the following title: Topics in Design: Biomimetics, Sustainability and New 
Materials; and recently with Blucher (2020) the Book: Design and Bionics. Carmelo Di 



Cuaderno 239  |  Centro de Estudios en Diseño y Comunicación (2024/2025).  pp 23-42  ISSN 1668-0227 25

da Silva Lima | Cotrim Mateus | Vieira de Arruda The impact of Biomimicry (...)

Bartolo and Centro Ricerche IED: esperienze memorabili da 30 protagonisti.  ORCID 
ID 0000-0003-4551-4497. arruda.amilton@gmail.com

Introduction

Biomimicry is an emerging field of research that seeks innovative solutions to complex 
problems, taking inspiration from nature (Benyus, 2006). Among the various fields in 
which Biomimicry has stood out, architecture and design have been significant ones for 
applying its principles, since the common goal between these areas is to create artefacts 
and structures that are efficient, functional, sustainable, and aesthetically pleasing.
According to Stevens, Laura, et al. (2022, p. 649), Biomimicry is an emerging discipline that 
seeks nature’s advice and brings diverse stakeholders together to create designs that emu-
late the way nature functions, not just the way it looks. From this definition, it is possible to 
understand that Biomimicry seeks more than just to imitate the appearance or shape from 
nature, but also to understand its evolutionary processes, strategies, and mechanisms in 
order to find sustainable, and efficient solutions that can be applied to the human context.
Architecture, even though it is an art that involves many senses and stimulates total syn-
aesthesia1, is still considered a visual art (Granata, 2019, p. 78). Thus, sight is generally the 
most stimulating sense, and it is very important to be able to see the built environment in 
order to understand architectural materiality. In this sense, Finnish architect Juhani Pal-
lasmaa, in his book The Eyes, questions why, when there are five senses, only one, sight, 
becomes so predominant in architectural culture and design (Farr & Macruz, 2020, p. 724).
However, existing literature has emphasised the importance of considering the sensory ex-
perience of users when designing spaces, since the human senses are responsible for trans-
mitting information about the surrounding environment, allowing for a more complete 
understanding and apprehension of the world. It is therefore important for architecture 
to be in tune with nature and the human senses, so that the experience of being in a space 
becomes meaningful and immersive.
In this context, it is also important to address the concept of Biophilia. This term was 
coined by Edward Wilson in 1984 and describes an evolutionary approach from a phy-
logenetic perspective on the human connection to nature (Wilson, 2002, p. 134), and this 
connection can be incorporated into architecture to improve users’ quality of life. Thus, 
biomimicry can be seen as a way of materialising this connection, using solutions inspired 
by nature to create more harmonious and beneficial environments for people.
Analysing the relationship between the human senses and nature in architecture is im-
portant for creating spaces that add value to users’ sensory experience. As Pallasmaa states 
(1996, p. 50 as cited in Spence, 2020, p. 2), “Architecture is the art of reconciliation between 
ourselves and the world, and this mediation takes place through the senses “. In this con-
text, Biomimicry can be an effective tool for architecture, because by imitating the pro-
cesses and structures found in nature, it is possible to develop architectural structures that 
are also in tune with the human senses.
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This connection between human-being and nature was also an important theme addressed 
by Peter Zumthor (2005) in his book “Atmospheres”, in which he argues that buildings can 
create a unique sensory experience that provides a feeling of comfort and well-being. He 
also argues that in order to achieve this goal, it is necessary to pay attention to all five 
senses.
In addition, Zumthor (2005, p. 17) highlights the importance of sensitivity in architecture, 
addressing the sensory qualities of materials, texture, colour, temperature, and acoustics 
as fundamental to the architectural experience. In other words, in addition to the sense of 
sight, the other human senses are also important in the perception of architectural spaces.

While architectural practice has traditionally been dominated by the eye/sight, 
a growing number of architects and designers have, in recent decades, started 
to consider the role played by the other senses, namely sound, touch (including 
proprioception, kinesthesis, and the vestibular sense), smell, and, on rare occa-
sions, even taste (Spence, 2020, p. 3).

Based on this, given that some of the production of architecture far distanced from bio-
mimicry already seeks this integration of the senses both in the design process and as a 
purpose of post-construction stimulation, it can be said that architecture developed with 
the aid of biomimicry can also be designed to stimulate all the senses, not just sight. The 
only thing that would change is the design method, and perhaps also the construction 
method, which with the help of biomimicry is always linked to a natural inspiration, be it 
visual, functional, or of any other nature. In this way, projects would have the possibility 
to incorporate sounds, textures, and aromas to create a complete and immersive sensory 
experience for users. For example, a project may use moving water to create soft, relaxing 
sounds, as well as reflecting light in a way that is pleasing to the eye.
An example of a project that integrates nature with the built space while providing the user 
with an immersive, multi-sensory experience through sound is the Living Chapel, located 
in the Botanical Gardens of Rome, Italy (Cipolla 2020; Sciortino, 2020) (See Figure 1). The 
project was conceived as a living sanctuary, combining plant elements with architectural 
structures, where the local flora is integrated to create both a visually and acoustically 
rich environment (See Figure 2). The user’s experience is influenced by the sounds that 
permeate this living chapel; from the murmur of vegetation as it is touched by the wind 
to the sound of water flowing through its installations. These natural sound elements are 
amplified by the acoustic structure of the space, which creates an atmosphere of tranquil-
lity and reflection.
In this way, it is clear that architecture may establish an intimate connection with the 
human senses and nature, and thus promote an interesting sensory experience. The ap-
plication of biomimicry principles in architecture also has the potential to improve the 
built environment in both a functional and emotional sense, creating healthy and pleasant 
spaces for people to use and stay in.
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Methodology

This article aims to explore the impact of Biomimicry on the architectural sensory experi-
ence, analysing the relationship between the human senses and nature through a critical 
and bibliographical analysis.
The methodological path of the article presents a systematic mapping of concepts and 
ideas discussed in the literature that relate Architecture and Biomimicry, and Architec-
ture and the human senses. Subsequently, strategic readings were carried out in order to 
outline the panorama of integration between architectural spaces, sensory aspects and 
Biomimicry.
To this end, it was sought to explore case studies that directly relate these three approaches, 
such as the Sagrada Familia Cathedral-Barcelona / Spain, the United Kingdom Pavilion 
“Seed Cathedral” - Shanghai / China, and the Eastgate Centre - Harare / Zimbabwe; as for 
other case studies, although biomimicry is not directly associated, it is possible to see a 
biophilic approach, in the sense of bringing nature into the built space, such as the Sound 
of Wind Chapel-Moriyama / Japan, the Bosco Verticale Building - Milan / Italy, and The 
Edible Schoolyard - New York City / United States; on the other hand, we also seek to dis-
cuss the temporal dimension as a sensory aspect, addressing the possibility of transience 
in both nature and architecture, and thus the Kolumba Museum - Cologne / Germany.

Figure 1. Top view of the Living Chapel, in Rome, Italy (Source: Picture 
of R. Cappelli retrieved from Sciortino, 2020, available at https://metro-
politanmagazine.it/living-chapel/). Figure 2. Metal mechanism Where 
the water drops fall and produce the sound (Source: Picture of Con-
suelo Fabriani retrieved from Cipolla, 2020, available at https://www.
artribune.com/arti-visive/2020/06/the-living-chapel-installazione-ec-
ologia-orto-botanico-di-roma/)
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Thus, by presenting Biomimicry as an evolving discipline, both methodologically and in 
its intersection with various fields of study, we highlight the opportunity to broaden the 
spectrum of the relationship that already exists between Architecture and Biomimicry, 
also considering the human senses in order to provide sensory and synaesthetic experi-
ences to the user of the built space.

Results and Discussion

The application of biomimicry principles in the field of architecture has emerged as an 
innovative approach promising optimised architectural solutions inspired by the shapes 
and processes of natural resources, often coupled with ideas of sustainability and resource 
efficiency.
This article sought to explore the discussion of how biomimicry can be used to enhance 
the sensory experience of users, as can be seen in table 1 below, emphasising a deeper syn-
ergy between human beings and natural environments. It was identified that, in addition to 
contributing to the sustainability and energy efficiency of buildings (Jamei & Vrcelj, 2021, 
p. 3), biomimicry –and biophilia– has significant potential to enrich the sensory quality of 
architectural spaces, positively impacting the well-being and satisfaction of users.

Table 1. Association of sensory aspects with the relationship between nature and architecture (Source: 
Author, 2024).
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Figure 3. Sagrada Familia Cathedral in Bar-
celona, Spain (Source: Author, 2023). Figure 
4. Schematic plan and section of the project 
(Source: Architect, n.d., available at https://
www.r-a-architects.com/prj/2013/sound-
ofwind.html). Figure 5. External (left) and 
internal (right) views of the Sound of Wind 
chapel (Source: Architect, n.d., available at htt-
ps://www.r-a-architects.com/prj/2013/sound-
ofwind.html). Figure 6. The United Kingdom 
Pavilion for Expo 2010, known as the Seed Ca-
thedral, in Shanghai, China (Source: Archello, 
n.d., available at https://archello.com/project/
shanghai-expo-2010-british-pavilion). 
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