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Introduction

The burgeoning field of biofunctional architecture is reshaping our understanding
of the built environment by proposing novel principles that seamlessly integrate
biological systems and functions into architectural design. This innovative ap-
proach harnesses the power of living materials and dynamic biological processes
to create structures that are not merely static but are responsive, self-sustaining,
and adaptive to their surroundings. By moving beyond traditional inert materials,
architects and designers are exploring ways to imbue buildings with qualities pre-
viously exclusive to living organisms, such as self-healing, waste valorization, and
active participation in ecological cycles. This paradigm shift promises a future
where architecture actively contributes to environmental well-being and resource
efficiency.

One of the key areas of exploration within biofunctional architecture involves the
development and application of mycelium-based composites. These bio-based
materials offer a promising avenue for low-embodied energy construction, char-
acterized by excellent thermal insulation, fire resistance, and inherent biodegrad-
ability. The ability to grow mycelium into complex shapes further enhances its
versatility, making it a sustainable alternative to conventional building materials
and suitable for a wide range of architectural applications.

Further expanding the potential of biological integration, research is delving into
the application of photosynthetic microorganisms in building facades. These liv-
ing systems, often in the form of algae and cyanobacteria housed within bioreac-
tor panels, can generate electricity through photosynthesis, sequester atmospheric
carbon dioxide, and improve air quality. Such bio-integrated facades offer a dual
benefit, contributing to energy generation while simultaneously enhancing urban
microclimates and ecological performance.

Complementing the integration of living organisms for functional purposes, bio-
integrated structural systems are being developed with a focus on self-healing
capabilities. A notable example is self-healing concrete, which utilizes bacterial
agents to precipitate calcium carbonate and seal cracks. This microbial-induced
repair mechanism extends the lifespan of concrete structures, leading to more re-
silient and sustainable infrastructure with reduced maintenance requirements and
a lower environmental footprint.

The concept of a 'living architecture’ is also being realized through the integra-
tion of engineered microbial communities for sophisticated waste treatment within
buildings. Systems incorporating microbial fuel cells and bioremediation pro-
cesses embedded in architectural elements can efficiently process greywater and
organic waste. This not only generates energy but also significantly reduces a
building’s overall ecological footprint, moving towards more self-sufficient and cir-

cular building systems.

The ability to engineer microbial consortia specifically for building materials repre-
sents a significant advancement. This approach allows for the controlled microbial
synthesis of materials with tailored properties, such as enhanced strength, flex-
ibility, and biodegradability. Genetically engineered bacteria can be utilized to
produce functional construction components like self-assembling biopolymers and
bio-cement, heralding a new era of bio-based material production with minimal
environmental impact.

Bio-responsive facades are emerging as a critical component of adaptive archi-
tecture. These facades integrate living materials and systems that dynamically
respond to environmental conditions, such as humidity and temperature. By em-
ploying materials like hydrogels that change shape or permeability, and incorpo-
rating bioluminescent organisms for ambient lighting, these facades can actively
regulate indoor climate, harvest solar energy, and enhance aesthetic qualities.

Synthetic biology is opening up unprecedented possibilities for creating novel bio-
materials for architectural applications. Engineered cells can be programmed to
produce complex structural components, self-assemble into intricate architectures,
or exhibit advanced sensing and signaling capabilities. This integration of syn-
thetic biology promises to design buildings that are not only functional but also
inherently alive and capable of complex interactions with their environment.

The exploration of fungi, particularly mycelium, for construction is gaining momen-
tum. Mycelium-based materials, such as bricks and insulation panels, offer a sus-
tainable alternative due to their biodegradable nature and structural integrity. The
production process requires low energy, and the end-of-life biodegradability aligns
with circular economy principles, making fungi a highly promising resource for the
future of construction.

Finally, the concept of bio-integrated building skins leverages living organisms to
achieve sophisticated environmental control and energy generation. By integrating
phototrophic microorganisms into facade systems, buildings can efficiently cap-
ture solar energy, sequester CO2, and produce oxygen. These dynamic, living
envelopes contribute significantly to building performance and urban sustainabil-
ity, addressing critical environmental challenges through architectural innovation.

Description

Biofunctional architecture introduces a novel paradigm by proposing principles that
integrate biological systems and functions into the very fabric of architectural de-
sign. This involves harnessing living materials and dynamic biological processes
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to create built environments that are responsive, self-sustaining, and adaptive,
moving away from the static nature of traditional construction. The focus is on
creating architecture that actively participates in its ecological context, utilizing
capabilities such as self-healing in structures, valorizing waste through integrated
microbial consortia, and generating energy via bio-photovoltaic systems. This rep-
resents a profound shift from inert materials to living, evolving components that
redefine the relationship between buildings and their environment [1].

The development of mycelium-based composites is a significant advancement in
bio-based building materials, offering a sustainable path for construction with sig-
nificantly lower embodied energy. Research in this area delves into the material
properties, fabrication methods, and performance characteristics, including ther-
mal insulation, fire resistance, and biodegradability. These bio-composites are
being explored for their potential to be grown into complex architectural forms,
providing excellent acoustic and thermal performance as a viable alternative to
conventional building materials [2].

A promising application of biological integration lies in utilizing photosynthetic mi-
croorganisms within building facades to generate electricity and enhance air qual-
ity. Algae and cyanobacteria, integrated into bioreactor panels, are being studied
for their photosynthetic efficiency, biomass production capabilities, and potential
for CO2 sequestration. This approach leads to bio-integrated facades that not
only contribute to energy generation but also actively improve urban microclimates,
adding a functional and ecological dimension to architectural design [3].

The field of bio-integrated structural systems is advancing with the development
of self-healing concrete, a material that incorporates bacterial agents to induce
calcium carbonate precipitation. This microbial process effectively seals cracks,
thereby extending the lifespan and enhancing the resilience of concrete structures.
The integration of living organisms into construction materials like this is presented
as a feasible strategy for creating more sustainable infrastructure, reducing the
need for frequent maintenance and mitigating environmental impact [4].

Within the framework of 'living architecture,’ the integration of engineered micro-
bial communities for on-site waste treatment is being actively explored. Systems
featuring microbial fuel cells and bioremediation processes are designed to be
embedded within architectural elements to process greywater and organic waste.
This not only generates usable energy but also significantly reduces a building’s
ecological footprint, paving the way for more self-sufficient and environmentally
responsible built environments [5].

The use of genetically engineered bacteria to produce functional construction ma-
terials is a frontier in bio-based building. This research focuses on creating materi-
als such as self-assembling biopolymers and bio-cement, where controlled micro-
bial synthesis yields components with specific properties like strength, flexibility,
and biodegradability. This approach is poised to revolutionize material production,
enabling the creation of novel bio-based building components with substantially re-
duced environmental consequences [6].

Bio-responsive facades represent a key area of development for adaptive building
envelopes that can dynamically adjust to environmental conditions. These facades
often incorporate hydrogel-based materials that respond to changes in humidity
and temperature, altering their shape or permeability, and may include biolumi-
nescent organisms for ambient lighting. Such biofunctional facades are designed
to dynamically regulate indoor climate, harvest solar energy, and contribute to the
aesthetic qualities of buildings [7].

Synthetic biology is a powerful tool being employed to create entirely novel bio-
materials for architectural applications. This involves engineering cells to produce
structural components, self-assemble into complex architectural forms, or even ex-
hibit sophisticated sensing and signaling capabilities. The implications for sustain-
able construction are substantial, enabling the design of buildings that are not only
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functional but also possess living qualities and exhibit adaptive behaviors [8].

Fungal materials, particularly those derived from mycelium, are being investigated
for their potential as biodegradable and structurally sound building components.
Research examines the growth processes, material properties, and scalability of
mycelium-based bricks and insulation panels. The sustainable advantages, includ-
ing low production energy requirements and end-of-life biodegradability, position
fungi as a critical material for the future of construction [9].

Bio-integrated building skins represent an advanced concept that employs living
organisms for environmental control and energy generation. These systems in-
tegrate phototrophic microorganisms into facade designs to capture solar energy,
sequester CO2, and produce oxygen. The development of these dynamic, living
building envelopes addresses key design principles and technical challenges as-
sociated with enhancing building performance and promoting urban sustainability
through biological integration [10].

Conclusion

This collection of research explores the integration of biological systems into ar-
chitecture, a field termed biofunctional architecture. Studies highlight the use of
living materials to create responsive, self-sustaining, and adaptive buildings. Key
applications include mycelium-based composites as sustainable building materi-
als, the use of photosynthetic microorganisms in facades for energy generation
and air quality improvement, and self-healing concrete utilizing bacterial agents.
The concept of 'living architecture’ is advanced through microbial waste treatment
systems and the production of novel bio-materials via synthetic biology and ge-
netically engineered bacteria. Bio-responsive facades that adapt to environmen-
tal conditions and bio-integrated building skins for environmental control are also
discussed, emphasizing a shift towards ecological participation and reduced en-
vironmental impact in construction.
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