
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 10, October 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Biomimicry and Biophilia in Micro-Apartment 

Design: Nature-Inspired Frameworks for 

Sustainable and Restorative Urban Living 
 

Inaya Gala 
 

 

Abstract: Urban densification and rising housing demands have intensified the need for sustainable and psychologically restorative 

living environments. This paper explores the integration of biomimetic and biophilic principles in the design of micro-apartments to 

enhance sustainability, resource efficiency, and occupant well-being. Through a qualitative, interpretive analysis of natural analogues 

and architectural case studies, the research identifies how nature-inspired systems, ranging from termite mound ventilation and lotus leaf 

hydrophobicity to honeycomb structural organization, can inform space optimization, thermal regulation, and water conservation in 

compact dwellings. Complementarily, biophilic design strategies such as light diffusion, fractal geometries, and organic materials are 

proposed to mitigate psychological confinement and improve perceived spaciousness. The study culminates in a Biomimetic–Biophilic 

Framework for Micro-Apartments that synthesizes form, function, and sensory design to create low-impact, regenerative urban housing. 

Findings highlight how mimicking ecological systems can reduce energy loads, material waste, and stress levels, offering a replicable 

pathway toward human-cantered sustainable architecture in high-density cities. 
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1. Introduction 
 

The world is on the brink of massive transformations, with the 

20th and 21st centuries being eras of remarkable inventions 

that have altered our perception of what we're capable of 

achieving. This rapid advancement is most evident in the 

urban landscape, which is undergoing profound 

transformations to become what is popularly called a 'high-

tech smart city.' 

 

While many envision flying vehicles and towering 

skyscrapers, the concept of a smart city is much deeper. It 

represents a balancing act between the positives of 

development and the collateral damage to nature. 

Sustainability is a primary objective: development without 

sacrificing nature. While high-speed networks, advanced 

technologies, and real-time data analytics are fundamental, 

the paramount challenge lies in effectively managing urban 

housing. 

 

With rising populations, the creation of sustainable, efficient, 

and adaptable housing is crucial. Micro spaces, also known as 

tiny homes, are a pragmatic and effective manifestation of this 

vision. They operate on the philosophy of maximizing 

efficiency with a minimal physical footprint, generally 

ranging from 200 to 500 square feet. This housing style is a 

fitting solution to urban population density, rising housing 

costs, and the need to minimize resource consumption. 

 

While tiny homes appear sustainable in theory, challenges 

arise in practice due to psychological confinement. Research 

links smaller dwellings with anxiety, depression, and reduced 

well-being. Crowded, confined spaces diminish privacy, 

trigger claustrophobia, and create a “crowded mind.” This 

highlights the need for design solutions that go beyond spatial 

efficiency, reshaping (or actively manipulating) our 

perception of our surroundings through dynamic, visually and 

physically stimulating environments that make micro-living 

more liveable. A revolutionary approach to transforming 

micro spaces in such a manner is biomimicry, that is, not just 

drawing inspiration from, but actively mimicking nature’s 

time-tested methods in architecture. This is applicable in 

aspects of both form and function: fulfilling purposes of 

functionality, while also creating stimulating and pleasing 

environments to live in.  

 

This paper seeks to explore how biomimetic design can 

directly enhance sustainability in micro-apartments by 

improving thermal regulation, water conservation, and 

material efficiency, which are all aspects of sustainability in 

architecture. For instance, principles drawn from termite 

mound ventilation offer insights into passive cooling, while 

leaf-inspired systems suggest efficient ways to channel and 

conserve water. In doing so, the research will also evaluate 

the measurable impacts of such strategies on energy use, 

carbon emissions, and resident well-being, positioning 

biomimicry not only as a design philosophy but as a practical 

framework for sustainable compact housing. 

 

Thus, through this paper, we aim to address three key 

questions when it comes to the application of biomimicry in 

improving micro spaces, both in terms of sustainability, as 

well as the design and aesthetic element: 

• How can biomimetic design principles enhance thermal 

regulation, water conservation, and material efficiency in 

micro-apartment design? 

• What are the measurable impacts of nature-inspired 

compact housing on energy consumption, carbon 

emissions, and resident satisfaction? 

• Which biomimetic strategies best address challenges of 

spatial constraints, privacy, and liveability in micro-

apartments?  

 

 

 

 

 

 

Paper ID: SR251020230540 DOI: https://dx.doi.org/10.21275/SR251020230540 1072 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 10, October 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

2. Literature Review 
 

2.1 Biomimicry 

 

While the term ‘biomimicry’, is recent coinage after a more 

conscious recognition of the concept, taking inspiration from 

nature is hardly a recent phenomenon. Throughout human 

history, the primary source of knowledge and ideas has been 

Earth, our natural environment, its forms, structures and 

functioning having been tested and validated time and time 

again. The formal discipline of biomimicry is however, 

relatively new. 

 

A)   Leonardo Da Vinci: 

Undoubtedly, Leonardo Da Vinci is one of the most popular 

names in the world of art, architecture, and related science and 

engineering. He is most popularly known for his paintings, 

with one of his works, Mona Lisa, being the most famous 

painting in the world, among several others. However, as 

detailed by Ren, 2023, Da Vinci was undoubtedly an 

innovator, a keen observer of the natural world who attempted 

to translate natural phenomena into human made engineered 

innovations. Several notebooks of his which contain 

extensive nature inspired sketches of contrivances, including 

anatomy, architecture, botany, aeronautics and 

palaeontology, distinguish him as one of the earliest pioneers 

of biomimicry. 

 

His fascination with flight, in particular, led him to 

extensively study the anatomy and mechanics of birds and 

bats (Jakab, 2013) His notebooks are replete with detailed 

observations and sketches for various ‘flying machines’, 

including flapping ornithopters and designs for an ‘aerial 

screw’, considered an early conceptual model for a helicopter. 

Although his ambitious designs did not achieve functional 

flight during his lifetime, his detailed notes and meticulous 

analysis served as inspiration for later inventors, most 

notably, The Wright Brothers.  

 

Da Vinci divulged into several other fields as well, (Cerveró-

Meliá, Capuz-Rizo, Ferrer-Gisbert, 2020) reflecting the 

sheer vastness of his observations of nature and what he 

believed we can build from them. In his lifetime, he designed 

submarines, rudimentary scuba diving gear, parachutes on the 

principle of how seed pods and flowers fall from trees, an 

armoured fighting vehicle inspired by a turtle shell etc. 

 

Due to limitations borne out of lack of scientific 

advancement, knowledge of metallurgy and engineering at 

the time, very few of his revolutionary ideas were 

conceivable.  

 

B)   The Ancient Greeks were also inexplicably intertwined 

with nature. However, biomimicry for them was more of 

understanding how nature works, to discover and reveal 

nature’s order. This was often in the context of finding 

solutions to construction and building issues they faced. 

 

The mythological tale of Daedalus and Icarus 

(Chaliakopoulos, 2021), where wings are fashioned based on 

the design of birds, serves as an early narrative of nature-

inspired transport, albeit with a cautionary outcome. 

 

Greek architects famously applied mathematical principles, 

such as the "golden ratio," to achieve visually appealing 

proportions (Hawez, Khoshnaw, 2016) believing that the 

"golden rectangle" represented an optimal aesthetic 

arrangement. This finds parallels with natural growth 

patterns, such as the Fibonacci Sequence. Decorative motifs 

often drew directly from stylized acanthus leaves, lotus 

blossoms, animal figures etc (Kiran, 2021), while temples 

were viewed as natural extensions of natural landscapes. 

 

Thus, contrary to Da Vinci’s functional mimicry of nature, the 

Greeks focused more on abstracting nature’s design 

principles, aesthetics, order and proportion, especially when 

it came to architecture.  

 

C)   Janine Benyus and Modern Biomimicry: Defining 

Biomimicry 

Despite the ideals of biomimicry being an innate part of our 

history in not just architecture but even other spheres of 

development, biomimicry was never formalized as a concept. 

Throughout history, we have had several great inventors such 

as Leonardo Da Vinci, Buckminster Fuller, Frank Lloyd 

Wright, etc. who made evident use of biomimicry in their 

works. However, biomimicry failed to be recognized as a 

separate branch of design and thinking due to a lack of 

consolidated effort towards it. 

 

“These isolated instances are great examples, but are 

not considered the start of a larger emergence. There 

was no body of work, no scholarship, no cohorts of 

students trained to be nature’s proteges. And so 

biomimicry went dormant again.” - Janine Benyus 

 

The contemporary understanding of biomimicry as a distinct 

discipline can be largely credited to biologist and author, 

Janine Baynus, through her seminal 1997 book, Biomimicry: 

Innovation Inspired by Nature (Benyus, 1997), in which she 

defined biomimicry, and provided a comprehensive 

framework for its understanding and application. 

 

According to her, there are three core aspects of biomimicry 

(Aamer et Al., 2020), which truly encompass what exactly it 

entails and means. 

First, nature is the model and ultimate inspiration for all 

design innovations. It involves gathering an in-depth 

understanding of a particular natural phenomenon, and using, 

or mimicking it, to create something that addresses a human 

requirement or issue. 

 

Second, nature provides the ultimate durability test regarding 

the sustainability of something. In order to survive, 

everything evolves, and what doesn’t adapt to changing 

environment, or cannot sustain itself in the long run, 

ultimately perishes. Thus, after billions of years of evolution, 

nature has rigorously tested and refined what works, what is 

appropriate, and what endures. This provides a robust 

benchmark for evaluating the sustainability and long-term 

viability of human designs. 

 

Lastly, the natural world isn’t a ‘resource to be exploited’. In 

order to fully comprehend biomimicry, it is essential to view 

nature as a ‘mentor’. The Earth has been around for much 

longer than we have, and biomimicry is the stepping stone to 
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a new era of admiring nature’s resilience and undeniable 

perfection, and respectfully emulating its systems to create 

our own. 

 

2.2 Levels of Biomimicry 

 

There are three distinct layers to the application of 

biomimicry: 

 

A)   Form: This is the most common and most visually 

recognizable application of biomimicry, focused on 

emulating physical structures, shapes, form, and aesthetic 

patterns found in nature. Here, designers primarily study the 

external and internal morphology of organisms to understand 

how they contribute to its performance and functioning, to use 

it to their advantage in their designs. For instance, recent 

studies explore how form level biomimicry has been applied 

to buildings around the world. The unique spiral lattice 

structure of The Gherkin Tower ((Verbrugghe, Rubinacci, 

Khan, 2023) has been inspired by the form of a Venus Flower 

Basket Sponge, ultimately creating an energy-efficient 

ventilation system that reduces the need for artificial cooling 

and lighting.  

 

B) Function: This level focuses on a more in-depth 

understanding of how an organism functions, studying its 

biological and chemical functions and behaviours. The aim is 

to find sustainable solutions across various fields. In 

architecture, this entails energy conversation, water 

management, cleaning, etc.  Research studies (Vincent, 2014) 

notes that designers have used principles from nature, such as 

the insulation provided by penguin feathers or the 

construction of birds' nests, to develop better insulation and 

cooling systems for buildings, particularly in hot climates. 

 

C) Integrating Systems: Ecosystem Level Principles: In 

simple terms, this layer gives a holistic view of the impact of 

biomimicry. It involves studying the application of the 

principles, relationships, and interactions that govern entire 

natural systems, such as forests, wetlands, or coral reefs. 

Ecosystem biomimicry aims to design more sustainable, 

resilient, and regenerative human systems, like societies, 

cities, industries, etc. It seeks to integrate human activities 

harmoniously within the broader ecological context, moving 

towards a "net positive" impact rather than simply minimizing 

negative ones. 

 

2.3 Relevance of Biomimicry in Architecture and Urban 

Climate 

 

Construction and building involve several significant 

environmental challenges such as high carbon emissions, 

resource depletion, and the urban heat island effect. 

Biomimicry offers innovative solutions to most similar issues 

(Aamer, H. S. et al., 2020), by integrating natural forms, 

processes, and systems into architectural and urban design.   

 

Thus, using Biomimicry, the idea is to explore beyond mere 

aesthetics, and fundamentally transform how buildings 

function and interact with their surroundings. Many 

prominent structures globally demonstrate the application of 

nature-inspired design principles. 

a) Esplanade Theatre in Singapore features a facade 

inspired by the durian fruit's hard, spiky skin. As 

illustrated by Bijari, Aflaki, Esfandiari, 2025 Such an 

exterior adjusts with the sun, utilizing aluminium 

sunshades to reduce reliance on artificial cooling and 

lighting, thereby significantly enhancing the building's 

energy efficiency. 

b) Lotus Temple in Delhi, with its iconic lotus flower form, 

is designed to block harsh sun rays, ensuring that its 

interiors remain cool and well-lit even during extreme 

summer heat. 

c) The Milwaukee Art Museum's Quadracci Pavilion, 

designed by Santiago Calatrava, boasts a movable 

sunscreen (the Burke Brise Soleil) that dynamically 

resembles a bird's wings, adjusting to sunlight conditions. 

(Dikou, 2023) discusses how the Pavilion serves as one of 

the best examples of interactive architecture.  

 

As elucidated briefly by the aforementioned examples, 

biomimicry provides a natural pathway to curb issues related 

to environmental degradation, carbon emissions, high energy 

consumption, etc. 

 

Most notably, biomimicry encourages the use of novel, 

sustainable materials that are non-toxic and biodegradable. 

For instance, synthetic bone-like materials (Goyal, 2024) 

produced at room temperature or Blue Planet Cement 

mimicking coral's carbon use, help reduce construction waste, 

and promote disassembly or ‘re-use’, after deterioration of 

building. 

 

Biomimicry helps create an adaptable, regenerative 

construction ecosystem (Blanco, Zari, Raskin, Clergeau 

2021), enabling buildings to ‘adapt to changing conditions’, 

much like nature withstands environmental stresses such as 

floods, heatwaves, or earthquakes. 

 

Broadly, biomimetic strategies aid in thermal regulation (such 

as through green roofs, and regulating surrounding 

temperature), resource efficiency in terms of resources and 

energy, and reducing carbon emissions and construction 

waste. 

 

Biomimicry profoundly influences spatial design and 

significantly improves urban climate conditions by emulating 

ecosystem functions and services within the built 

environment. The emulation of natural ecosystems, their 

forms and functions, is a cornerstone of this approach. 

Previous research, discusses a few such strategies: carbon 

sequestration and storage through innovative materials and 

technologies, such as bio-cement produced via microbially 

induced carbonate precipitation (MICP) and CO₂-

mineralizing concrete aggregates inspired by coral 

calcification (Rahman, Jumaat, Rahman, Qeshta, 2015). 

Increasing urban vegetation through green roofs, living walls, 

and urban forests also represents a biomimetic approach. Such 

green infrastructures enhance evapotranspiration, provide 

shades and offer wind buffering, all of which actively regulate 

the urban climate (Oberndorfer et al., 2007). 

 

The management of water is another area of concern. Cities 

like Auroville, in India, have implemented water channelling 

systems inspired by natural processes such as ant trail 
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networks for efficient water flow, watershed and contour-

following techniques for rainwater harvesting, and check 

dams that mimic natural retention basins to recharge 

groundwater. Rooftops and surfaces are designed to facilitate 

efficient water runoff and self-cleaning, following principles 

observed in leaf morphology and natural infiltration. In 

addition to such strategies, innovative water filtration systems 

continue to be explored to improve water treatment efficiency 

and reduce energy consumption. 

 

3. Methodology 
  

3.1 Research Design  

 

This research employs a qualitative, exploratory design 

grounded in biomimetic architectural theory and biophilic 

environmental psychology. Rather than empirical testing, the 

study follows an interpretive analytical approach, 

synthesizing knowledge from architectural precedents, 

biological analogues, and sustainability frameworks to 

conceptualize implementable design strategies for micro-

apartments. The study’s objective is to theorize and structure 

a framework that unites functional sustainability with 

psychological well-being. 

 

3.2 Research Questions 

 

1) How can biomimetic design principles enhance thermal 

regulation, water conservation, and material efficiency in 

micro-apartments? 

2) What measurable impacts can nature-inspired compact 

housing have on energy consumption, carbon emissions, 

and resident satisfaction? 

3) How can biophilic design elements mitigate 

psychological confinement and improve liveability in 

small spaces? 

 

3.3 Data Sources 

 

The study synthesizes three primary categories of secondary 

data: 

• Architectural Case Studies – Global examples of 

biomimetic and biophilic buildings (e.g., Eastgate Centre, 

Esplanade Theatre, Lotus Temple, Milwaukee Pavilion). 

• Biological Models – Natural analogues demonstrating 

principles of thermoregulation, water management, and 

material optimization (e.g., termite mounds, lotus leaves, 

beehives, mycelial networks). 

• Scholarly Literature – Peer-reviewed research on 

biomimicry, sustainable urban housing, and 

environmental psychology (sourced from ScienceDirect, 

JSTOR, and Springer). 

  

3.4 Analytical Framework 

 

Data was analysed through thematic content analysis and 

cross-domain analogues mapping. Each biological or 

architectural example was evaluated on: 

• Level of Biomimicry (form, function, or ecosystem 

system) 

• Sustainability Performance Indicators (energy 

reduction, material efficiency, water conservation) 

• Biophilic Response (stress reduction, comfort, and 

perceived spaciousness) 

 

These themes were synthesized into a Biomimetic–Biophilic 

Design Matrix, correlating each biological strategy with its 

architectural application and its physical and psychological 

benefits for micro-apartments. 

 

Validations and Limitations: While the study does not include 

empirical testing or computational modelling due to scope 

constraints, the framework is grounded in verified case 

studies and published data on energy efficiency and 

psychological response. Future studies should empirically 

validate the proposed framework through simulation-based 

energy modelling and post-occupancy psychological 

assessment of prototype micro-apartments. 

 

 

4. Nature Inspired Solutions for Micro-

apartments:  
 

The following section discusses specific implementable unit 

tactics that integrate both biomimicry i.e. nature’s functional 

efficiency, and biophilia i.e. nature’s sensory comfort, to 

improve the sustainability as well as the liveability of micro 

spaces.  

 

4.1 Thermal Efficiency (Function-Level Biomimicry) 

 

Termite Regulation: The principle of the ‘stack-effect’ is 

utilized here. Warm air naturally rises up and escapes through 

complex mound tunnels due to lower pressure at the top. This 

creates a convection current that draws cooler air in from the 

lower parts of the mound. Thus, there is a continuous, 

unidirectional airflow without the need for fans or electricity   

Fagundes, Ordonez, Yaghoobian, 2020) 

 

Unit Tactic- Application of the stack effect to a micro-

apartment, by installing a short stack vent system. A fresh air 

inlet is placed low on the exterior wall, and an exhaust outlet, 

which is the ‘stack vent’) is placed higher up on the same or 

another exterior wall, combined with mini-louvers. 

 

The warmer air moves out through the high exhaust vent due 

to the pressure difference created, and this escaping warm air 

effectively sucks cooler, fresh air in through the low inlet vent 

(Priyadarsini, Cheong & Wong, 2004) 

 

This system sets up a natural airflow and cooling effect 

without using energy-intensive mechanical air conditioning. 

The tactic is particularly effective in dry climates where 

evaporative cooling naturally enhances the effect. 

 

Leaf canopy shading: A dense canopy of leaves performs the 

following functions: 

1) Solar Filtration- Leaves and branches filter harsh, direct 

sunlight, allowing for softer and diffused sunlight to 

reach the forest floor.  

2) Adaptive control (Heliotropism)- Some plants, such as 

sunflowers actively track the sun through a process 

known as heliotropism to maximize or minimize solar 

exposure as needed through the day. 
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Unit Tactic- Installation of slim drop-down louvers or a 

decorative perforated screen on the exterior or interior of the 

sunniest window. This doesn’t block sunlight, but breaks up 

direct solar radiation, creating the desired diffused light. The 

movable louvers can be adjusted during the day. 

 

Studies (Shaeri, Yaghoubi, Habibi, 2021) show that this 

would significantly reduce the heat absorbed during the day 

and reduce the need for mechanical cooling. The softer and 

varied lighting environment during the day has been shown to 

help improve mood and reduce stress, making the small space 

feel more pleasant and restorative (Payedar-Ardakani, Gorji-

Mahlabani, Ghanbaran, Ebrahimpour, 2023). 

 

4.2 Water Management (Function Level Biomimicry) 

 

Lotus Self Cleaning: The "lotus effect" is a natural process 

where a plant's surface microstructure minimizes the contact 

area for water. This causes water droplets to collect dirt as 

they roll off, providing self-cleaning, anti-microbial, and anti-

fogging capabilities (Ensikat et Al., 2011). 

 

Unit Tactic: Apply a hydrophobic coating to high-humidity 

surfaces such as shower walls, tubs, or glass partitions. This 

minimizes water and dirt build-up, reducing maintenance and 

helping the surfaces stay clean. 

 

Fog/Condensate Harvest Tactic: Nature uses specialized 

surfaces (meshes, bumps, etc.) to efficiently collect small 

condensed water droplets that would otherwise be lost. 

 

Creatures like the Namib Desert Beetle (Parker, Lawrence, 

2001) use their specialized exoskeletons, which feature 

microscopic bumps, to capture tiny water droplets from fog 

and wind. When moisture hits their cool backs, the vapor 

condenses into droplets and rolls down the beetle’s surface to 

its mouth. 

 

Unit Tactic- Installation of a simple, small collection system 

like a tray, or mesh/radiative surface) to capture AC 

condensate water or steam from a shower. This harvested 

water can be used for non-potable uses like watering indoor 

plants or cleaning. The tact is especially viable in humid 

climates.  

 

4.3 Space and Materials: (Form Level Biomimicry)  

 

Honeycomb packing: The hexagonal pattern of beehives is 

mathematically optimized (Hales, 2002) for maximum 

storage capacity and structural efficiency. This form 

minimizes the amount of material needed for building while 

remaining structurally sound and lightweight. 

Unit Tactic- Installation of hexagonal modular shelves, 

cubbies, or storage units onto a wall. By using hexagons, the 

tightest possible packing density can be achieved on the wall. 

This maximizes the usable storage area (storage capacity) 

without creating wasted dead space between the units. The 

modular nature means the arrangement can be customized to 

fit the specific wall size and storage needs, much like a natural 

hive grows. 

 

As a result, it concentrates storage vertically, freeing up 

precious floor space in the micro-apartment. 

Branching Networks: Fungal Mycelia grow as highly 

interconnected, branched networks, a strategy which is 

optimized to efficiently transfer resources (like nutrients and 

water) over large distances while consuming the minimum 

amount of biological material to build the network itself 

(Bebber, Hynes, Darrah, Boddy, Fricker, 2007). Additionally, 

damage to the network or patchy resources can be dealt with 

since the flow can be redirected through alternate branches. 

 

Unit Tactic- Routing of the apartment's internal utilities, such 

as plumbing pipes, electrical conduits, data cables etc., in 

branched clusters rather than in parallel disorganized lines. 

The branching network concentrates the main ‘trunk’ of the 

utilities to a small, common area, and then branches out 

efficiently to fixtures like outlets or faucets only when 

necessary. This minimizes the space occupied by utilities 

inside the walls, reducing the wall thickness required and 

avoiding wasted wall space. Additionally, it makes repairs 

easier and less disruptive, enhancing system resilience. 

 

Bone/Shell Structures: Materials like bone and shell use 

minimal material and are lightweight, remarkably strong. 

This is due to their internal ribs, voids or thin interconnected 

structures rather than being solid throughout (Kumar, Kumar, 

Uniyal, Ramalingaiah, 2020). Thus, material is placed only 

where maximum load bearing is required, achieving strength 

while using minimal raw resources. 

 

Unit Tactic- Usage of materials and designs that employ thin 

panels, internal ribbing, or tube frames for partitions and 

furniture. This could involve thin plywood with strategically 

placed ribs, or furniture frames made of lightweight tubing. 

Thus, the volume the furniture occupies could also be 

drastically reduced. In a micro-apartment, where furniture is 

repurposed, like in folding devices, lightness and ease of 

mobility of the furniture would enhance comfort. 

  

4.4 Biophilic Design (Biophilia- Sensory Strategies)  

 

Canopy Layering: Tree canopies create dynamic and diffuse 

light, a biophilic pattern which is visually pleasing and 

conducive to cognitive well-being (Payedar-Ardakani, Gorji-

Mahlabani, Ghanbaran, Ebrahimpour, 2024). This layered 

light reduces stress and is more comforting than harsh, direct 

light.  

 

Unit Tactic- Usage of a light diffusing shelf or a semi-closed 

bamboo screen at the window to scatter sunlight, combined 

with a small planter strip to introduce greenery could soften 

light and improve indoor environment. 

 

Natural Patterns/Materials: Biophilic design intentionally 

incorporates natural materials like wood and stone, and non-

threatening geometries. Such geometry includes: 

1) Fractal Patterns: They are complex, repeating patterns 

that look similar whether you view them up close or far 

away. They are found everywhere in nature, such as in 

the branching of a tree, the veins of a leaf etc. Studies 

(Hagerhall et Al., 2015) show that viewing such patterns 

is known to reduce stress and improve and improve 

relaxation.   

2) Curved lines are linked to higher positive effect and 

lower psychological arousal (Vartanian et al., 2013). 
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Essentially, our visual system is naturally tuned to recognize 

and process such patterns efficiently. When the brain 

processes something efficiently, it requires less mental energy 

and leads to a feeling of calm. 

 

Unit Tactic- The idea of calm complexity comes into play: 

Incorporation of subtle fractal or curvy, organic patterns into 

the micro-apartment, perhaps on a rug, an accent wall, or a 

textured cork panel. Viewing such patterns provides visual 

complexity, but doesn’t cause mental stress. Rather, it triggers 

a psychological resonance in the eyes, reducing mental stress 

and improving mood. 

 

By providing the visual richness and order of the outdoors, 

these patterns help to counteract the claustrophobic or 

confining feeling of living in a small, simple, box-like space, 

making the apartment feel more restorative and connected to 

nature. 

 

5. Proposed Framework for Micro-

Apartments 
 

This framework integrates biomimetic and biophilic 

strategies to improve sustainability, spatial efficiency, and 

liveability in micro-apartment design. It merges form and 

function, focusing on energy efficiency, water management, 

material optimization, and psychological comfort through 

nature-inspired design. 

 

Under thermal regulation, a termite-inspired stack ventilation 

system with micro-louvers at windows enables passive 

airflow and cooling, while slim adjustable louvers or 

decorative perforated screens, modelled on leaf canopies, 

provide solar control and diffused light. For water 

management, hydrophobic coatings inspired by the lotus leaf 

are applied to shower and glass surfaces to reduce 

maintenance, and condensate capture systems collect air-

conditioning or shower steam for reuse in non-potable 

functions such as watering plants. 

 

Spatial optimization is achieved through honeycomb 

structuring, where modular hexagonal shelving serves as 

vertical storage or room dividers, and through branching 

utility networks that cluster plumbing and electrical services 

to minimize wall space use. Material innovation employs 

mycelium- or natural fibre-based acoustic panels for 

lightweight, sound-dampening construction, and thin, ribbed 

or tube-framed furniture inspired by bone and shell structures 

to conserve space and reduce weight. 

 

Biophilic strategies enhance psychological well-being and 

connection to nature. Layered light-diffusing shelves or semi-

closed screens integrated with planter strips recreate dynamic 

natural lighting and greenery, while natural materials such as 

wood or cork, combined with subtle fractal and curved pattern 

accents on walls or textiles, promote relaxation and improve 

mood. 

 

The efficacy of this framework lies in the synergy between 

biomimicry and biophilia. Biomimicry addresses efficiency 

and structure, while biophilia focuses on emotional well-

being and sensory connection. Together, they create compact 

spaces that are both sustainable and restorative. For example, 

combining adaptive shading with biophilic light diffusion 

provides optimal daylighting that enhances well-being while 

reducing energy load. Similarly, integrating honeycomb 

shelving with natural materials and fractal patterns maximizes 

space efficiency while reducing visual clutter and 

confinement. 

 

Table 1: Biomimetic and Biophilic Framework for Sustainable Micro-Apartment Design 

Category 
Biological 

Inspiration 
Architectural Application Functional Outcome 

Human or Environmental 

Benefit 

Thermal 

Regulation 

Termite  

mound 

Vertical vent and inlet system with micro-

louvers at windows 

Passive airflow and natural 

cooling 

Reduced energy use and 

improved thermal comfort 

Thermal 

Regulation 
Leaf canopy 

Slim adjustable louvers or decorative 

perforated screens at sunny windows 
Solar shading and diffused light 

Enhanced daylight quality 

and reduced heat gain 

Water 

Management 
Lotus leaf 

Self-cleaning hydrophobic coating on 

shower and glass surfaces 

Reduced water use and 

maintenance 

Improved hygiene and 

surface durability 

Water 

Management 
Desert beetle 

Condensate capture from AC or shower 

steam for reuse 

Water recycling for non-potable 

use 

Resource conservation and 

sustainability 

Space 

Optimization 
Beehive 

Modular hexagonal shelving as vertical 

storage or room divider 

Maximized storage and efficient 

wall use 

Reduced clutter and 

increased usable area 

Space 

Optimization 

Mycelial 

networks 

Compact clustered routing for kitchen and 

bathroom utilities 

Reduced wall thickness and 

improved system efficiency 

Easier maintenance and 

space efficiency 

Material 

Innovation 

Bio- 

composites 
Mycelium or natural fibre acoustic panels 

Lightweight, sound-dampening 

construction 

Renewable, biodegradable, 

and quiet interiors 

Material 

Innovation 
Bone or shell 

Thin ribbed interior panels and tube-

framed furniture 

Structural strength with minimal 

material 

Space-saving and  

lightweight furniture 

Biophilia Tree canopy 
Layered light-diffusing shelf or semi-

closed screen with planter strip 

Dynamic natural light and 

greenery 

Stress reduction and 

improved well-being 

Biophilia 
Fractal and 

curved forms 

Wood or cork surfaces with subtle fractal 

and organic patterns 

Visual harmony and sensory 

comfort 

Enhanced mood and 

psychological restoration 

 

This framework demonstrates how natural systems can be 

translated into architectural strategies that balance 

engineering precision with human emotion. The integration 

of biomimetic efficiency and biophilic design transforms 

compact urban housing into environments that are 

ecologically sustainable, psychologically restorative, and 

spatially optimized. 
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6. Conclusion 
 

This study synthesized nature’s time-tested evolutionary 

strategies, drawn from the principles of biomimicry and 

biophilic design, into a unified framework for sustainable 

micro-apartment architecture. By examining biological 

analogues and architectural precedents, the research 

identified functional and sensory design strategies capable of 

addressing the intertwined challenges of resource efficiency, 

environmental performance, and psychological well-being in 

compact urban dwellings. 

 

The proposed Biomimetic–Biophilic Framework presents 

actionable strategies that merge functionality with emotional 

resonance. Functional biomimetic tactics such as termite-

inspired stack ventilation and leaf-canopy shading enhance 

passive thermal regulation; honeycomb structures, branching 

utility systems, and bone or shell-inspired materials optimize 

spatial and material efficiency; and lotus-effect coatings and 

condensate harvesting systems promote water conservation. 

Complementing these, biophilic interventions such as 

dynamic light diffusion, organic materials, and fractal 

geometries alleviate confinement anxiety, creating spaces that 

feel psychologically expansive and restorative despite their 

compact size. 

 

Together, these systems embody a shift from minimizing 

environmental damage to actively regenerating liveability and 

connection within the built environment. While the 

theoretical framework demonstrates strong potential for 

reducing energy consumption, material waste, and stress 

levels, empirical validation through simulation studies, 

prototype testing, and neurophysiological assessments is 

essential to quantify performance outcomes and occupant 

responses. 

 

Ultimately, this research contributes to the growing discourse 

that redefines sustainability beyond efficiency alone. It 

advocates for a bio-integrated urban design approach, in 

which architecture learns from nature’s resilience, 

adaptability, and restorative capacity to create dwellings that 

are ecologically intelligent, emotionally nurturing, and 

human-centred. 
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