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Abstract 
 
  Geometric-driven form generation was the 
product of the institutionalised division between form, 
structure, and material that was firmly ingrained in 
modernist design theory and paralleled by a 
systematic segmentation between modelling, analysis, 
and manufacture. This preference for form above 
substance was included into the creation and design 
logic of CAD. As a result of current pressures and an 
increasing understanding of the shortcomings and 
environmental risks of this strategy, modern design 
culture is transitioning to a more material- aware mind-
set. 
 
  Inspired by natural processes, where form 
development is dependent on local variations in the 
material properties to maximise performance while 
using the fewest resources possible. This approach 
assumes that material comes first and that shape 
results from the organisation of material qualities in 
relation to structural and environmental performance. 
Products that are not based on fuel have outstanding 
mechanical and biodegradability properties, 
particularly bio- polymers. Bacterial cellulose has 
proven to be an extraordinarily versatile bio-polymer, 
drawing interest in a wide range of practical scientific 
applications including electronics, biomedical devices, 
and tissue-engineering. Development of bio-
fabrication methods connected to material-informed 
computational modelling and material science is 
required by the introduction of bacterial cellulose as a 
building material. The paper reviews, suggests and 
demonstrates approaches for a material-based strategy 
in exploiting the enormous potential of Bacterial 
Celulose-based bio-materials and their potential to 
have a profound impact on the ideas of architectural 
innovation and sustainability for a better future. 
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I.  INTRODUCTION 
 
 Modern design theories and architectural techniques have indeed created a 
distinction between the interpretation of form, structure and material and ultimately the 
way the three are executed in terms of analysis, modelling and fabrication. The result of this 
process has led to the common practice of form being given precedence over other aspects 
of the design process, for instance- the choice of material and fabrication techniques and 
the final process of assembly. This notion has long governed architectural discourse, 
developed in the sixteenth century by Leon Battista Alberti, draws a clear distinction 
between the responsibilities of the architect and those of the builder, separating the mental 
labor of design from the physical labor involved in materials and construction (Cardoso 
Llach, 2015). 

 

 Understanding how natural systems function, where structure and function, material 
and form, assembly and growth seamlessly combine and evolve over time, adapting to, and 
diversifying according to the prevalent ambient condition, can help one address the growing 
concern over the environmental crisis and adopt sustainability as the primary force guiding 
the current architectural processes. The concept of using living cells that produce matter as 
the central component of the design process can fundamentally alter how design and form-
making are currently defined on both a theoretical and practical level. The issues 
surrounding the maker's agency of form and making are addressed from a novel angle while 
keeping material science at the core of the discussion. 
 
 Cellulose, one of these bio-polymers, is one of the most abundant biodegradable 
materials in nature, and has been the topic of wide investigations in macromolecular 
chemistry (Mohite et al. 2014). Bio- synthetic cellulose has a high water content (99%), and 
combined with its mechanical qualities, it may be made in a wide range of sizes and shapes. 
The high purity, high water retention, hydrophilic nature, tensile strength, thermal stability, 
and biodegradability of bacterial cellulose are only a few of its many distinctive qualities. 
 
1. What is Microbial Cellulose?: The form, structure, and purpose of structures were 

prioritised over the materials throughout centuries in architecture. Building materials used 
in architecture continue to be rigidly traditional despite advancements in building 
technologies and construction techniques (Konarzewska 2017). 

 
Despite the pressing demand for alternatives to fuel-based goods, self-

assembling manufacturing for natural polymers is still in its infancy. The mechanical 
and biodegradability of non-fuel based goods, in particular bio-polymers, is excellent. 
Bacterial cellulose has proven to be an incredibly adaptable bio- polymer, garnering 
interest in a wide range of practical scientific applications including electronics, 
biomedical devices, and tissue-engineering. The introduction of bacterial cellulose as a 
construction material necessitates the development of bio-fabrication techniques related 
to material-informed computational modelling and material science. 

 
The primary component of plant cell walls and vegetable fibres, cellulose is an 

insoluble material that is also used to make paper. A type of cellulose produced by 
bacteria, microbial cellulose exhibits excellent levels of purity, strength, moldability, 
and improved water absorption. The cellulose can be produced from a range of organic 
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raw materials and colours, and once dried, it transforms into a material that can be 
precisely shaped. Additionally, to further strengthen it, the cellulose is grown atop a 
mesh made of natural fibres like jute. Bacterial cellulose, also known as microbial 
cellulose, is a type of cellulose made by bacteria. The cellulose has a high water 
absorption capacity and good mechanical strength. When dried, cellulose has a tendency 
to contract. 

 

 
 

Figure 1: Synthesized Cellulose  
(Source : Growth based Fabrication Techniques for Bacterial Cellulose, Derme T.(2019) 

 
2. Physical Properties of Bacterial Cellulose: Bacterial cellulose has a variety of unusual 

characteristics, such as high mechanical strength, high crystallinity, and an ultra-fine, 
very pure nano fibril network structure with stability in the presence of chemicals and 
high temperatures. Bacterial cellulose is more hydrated in its natural condition and can 
hold more than 100 times its own weight in water (Rani, et al., 2011). 

 
While the high mechanical strength is a result of the inter-fibril hydrogen bonds, 

which provide the structure stability, the wide gap between the individual fibres, which 
creates a huge surface area, is responsible for the excellent liquid absorption ability 
(Scionti, 2010). The nanofibers align parallel to one another and create stacked sheets 
when the bacterial cellulose dries. These increase the stability and strength of the dried 
cellulose sheets by forming additional hydrogen bonds between them. 

 
Unique Properties of Microbial Cellulose Among the most important 

properties of microbial cellulose which make this material unique are: 
 

• biodegradability 
• high mechanical and tensile strength 
• hygroscopy 
• material versatility 
• self-healing ability 
• tendency to grow on natural fibers 
• plasticity 
• brittleness 
• different levels of translucency 
• layers 
• bubbles: spaces in between layers 
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• variety of patterns | dots, veins, wrinkles 
 

The various distinctive qualities of cellulose nanoparticles make them suitable 
for a wide range of applications. The key characteristics of cellulose nanoparticles are 
their resilience, rheological characteristics, reactivity, and propensity to form films. 
Additionally, they are made from sustainable natural resources and, to the best of our 
knowledge, are both safe to create and use (Design Driven Value Chains in the World of 
Cellulose, 2014). Its exceptional mechanical capabilities are the result of a highly 
intricate, three-dimensional nanostructure. Bacterial Cellulose exhibits remarkable 
mechanical stability when wet, equivalent to steel, which is particularly noteworthy. 

 
3. Merits of using Bacterial Cellulose as a Bulk Architectural Material: Acetobacter 

xylinum is a cellulose-producing bacterium that, under the appropriate circumstances, can 
self-organise into bacterial cellulose, a nano-structured, textile-like substance. Cellulose 
has the potential to be a super material of the future due to its mix of sustainability, 
biodegradability, recyclability, and novel end-use possibilities. The product's usability, 
aesthetics, and ethics are all impacted by the usage of ethical biomaterials. Due to the 
material's capacity to withstand high temperatures, it is safe to use in lights and even in 
close proximity to light sources, however because of the material's lengthy development 
phase, it has limited economic viability. Cellulose is a substance that occurs in nature in 
large quantities and is primarily created by plants, but it is also feasible to grow it at home 
via a fermentation process using the bacteria Acetobacter. It is a part of the plant's 
structural system. 

 

 
 

Figure 2 : Elasticity of Cellulose in Comparison to Other Conventional Building Materials 
(Source: IAAC Blog - Bio-Fabric| Microbial Cellulose 

 
4. Demerits and Limitations: Due to the lack of appropriate fabrication techniques and 

digital design tools, cellulose is still not taken into consideration as a building material 
despite its attractiveness for a variety of applications, including those in architecture and 
engineering (such as water-retaining structures, architectural components, etc.). It is still 
not possible to produce bacterial cellulose on an industrial scale and control the three- 
dimensional (3D) results using standard manufacturing and digital techniques, despite 
recent advancements in biochemistry and microelectronic engineering that have improved 
knowledge of biological materials (Fernandez et al. 2013). The capacity to model and 
produce with constantly changing material properties is another limitation of current 
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techniques to virtual and physical prototyping with non-fuel-based materials (Oxman 
2011). 

 
5. Potential Applications of Bacterial Cellulose: A material with specified ranges and 

gradient conditions, such as hydrophobic or hydrophilic capacity, graded mechanical 
properties over time, material responsiveness, and biodegradability, can be achieved 
through potential applications ranging from small architectural components to large 
structures. Numerous uses and customised products utilising cellulose are possible. The 
produced cellulose is moldable and can be shaped to exact geometrical shapes. We created 
an example of how cellulose could be utilised in a public plaza for events; it offers cover 
and shade, is transient, and can decompose after use. In the process, a structure having 
growth-induced material qualities is described as responding to outside stimuli to produce 
hierarchically structured forms (Soldevila 2015). Production of bacterial cellulose is 
highly dependent on a number of variables, including. 
 

 
 

Figure 3: Application of Cellulose based Material to Create Temporary Deployable Structure 
(Source : Feasability Of Bacterial Cellulose In Furniture Design, bachelor;s thesis, Monika 

Faidi 2011 
 

II.  SYNTHESIS AND FABRICATION PROCESS OF BACTERIAL CELL ULOSE 
 
1. Factors Affecting the Growth: Bacteria, ambient conditions, nutrients, and growth 

media are some of the elements influencing the bio-synthetic pathway of bacterial 
cellulose. These parameters change the mechanical characteristics, tensile strength, and 
thickness of bacterial cellulose. New materials with additional functionality and qualities 
are produced as a result of the bio-synthesis of bacterial cellulose into BC-based bio- 
composite. 
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Figure 4 : Growth Medium for the Synthesis of Bacterial Cellulose 
(source : Feasability Of Bacterial Cellulose In Furniture Design, bachelor;s thesis, Monika 

Faidi 2017) 
 

Cellulose may be customised and used for a variety of things. The produced 
cellulose is moldable and can be shaped to exact geometrical shapes. We created an 
example of how cellulose could be utilised in a public plaza for events; it offers cover 
and shade, is transient, and can decompose after use. 

 
• Growth of Bacterial Cellulose: A polymer called cellulose is present in the cell walls 

of eukaryotic plants, algae, and fungi. Cellulose is also a substantial component of the 
cell walls of bacteria. However, some bacteria are also capable of secreting cellulose. 
Acetobacter xylinum, which is well-known for secreting cellulose as part of its 
metabolism of glucose and other carbohydrates, is a famous example. The symbiotic 
colony of bacteria and yeast (SCOBY) that develops on the drink's surfice is made of 
bacterial cellulose, which when dried has the consistency of leather. A gel-like textile 
surface up to 400 mm thick is produced during the bio- based production process by 
using bacteria like Acetobacter to digest glucose into cellulose. (Peters,2014) 
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Figure 5: Bio-Synthesis of Bacterial Cellulose ; Strikers for Preparation of Acetobacter 
Xylinum Culture 

 
Figure 6: Bio-Synthesis of Bacterial Cellulose ; Microfluidics System to Provide Continuous 

Nutrient to the Culture 
 

Figure 7: Bio-Synthesis of Bacterial Cellulose Growing After 5 Days 
 

(source : Feasability Of Bacterial Cellulose In Furniture Design, bachelor;s thesis, Monika 
Faidi 2017) 

 
Production of bacterial cellulose is greatly influenced by a number of 

variables, including the culture medium and ambient circumstances. A carbon source, 
a nitrogen source, as well as other elements necessary for the bacteria to thrive are 
present in the culture medium (Figure 3). At the surface of the culture media, the 
bacteria will form a pellicle (flake) under typical static and aerobic condition (Figure 
5) The amount of oxygen and nutrients available to the bacteria will limit how much 
this pellicle may thicken. Recent studies have shown that continuous systems of 
nutrient sub-ministration can improve the thickness and strength of BC (Figure 4). 
Due to this, there is a chance that the natural polymer could develop into a structure of 
any thickness and shape (Gateholm et al. 2012). 

 



Futuristic Trends in Construction Materials & Civil Engineering 
e-ISBN: 978-93-5747-479-5 

IIP Series, Volume 3, Book 1, Part 1, Chapter 8 
 BACTERIAL CELLULOSE: MATERIAL SCIENCE DRIVEN ARCHITECTURAL INNOVATION 

 

 
Copyright © 2024 Authors                                                                                                                          Page | 27  

 
 

Figure 8: Drying Process of Cellulose 
(Source: IAAC Blog - Bio-Fabric | Microbial Cellulose 

 
• Fabrication Process of Bacterial Cellulose based Polymers: Designers have begun 

to get involved in the biofabrication processes due to their creative approach to novel 
forms of expression and unique material possibilities. Additionally, due to the limits 
of bio- fabrication, such as the unpredictable nature of it, new elements of design 
practise may emerge (Camere and Karana, 2018). 

 
A brand-new technology for controlling the three-dimensional forms and 

material behaviour of BC, as well as in-situ self-assembly fabrication and 
scaffolding procedures. By modifying the mechanical characteristics, tensile 
strength, and thickness of bacterial cellulose, it also makes clear the elements 
influencing the bio-synthetic pathway of bacterial cellulose, such as bacteria, 
ambient conditions, nutrients, and growth medium. 

 
Bacterial cellulose biosynthesis is transformed into a BC-based bio-

composite, which results in the development of novel materials with improved 
functionality and characteristics. A material with specified ranges and gradient 
conditions, such as hydrophobic or hydrophilic capacity, graded mechanical 
properties over time, material responsiveness, and biodegradability, can be achieved 
through potential applications ranging from small architectural components to large 
structures. 
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Figure 9: BC-Induced Growth Over Permanent Scaffold and PVA Immersion 

 
Figure 10: BC-Induced Growth Over Permanent Scaffold- Immersion of Scaffold into 

Culture Medium 
 

Figure 11: BC-Induced Growth Over Permanent Scaffold. Image of the Membrane During 
the Drying Process 

 
Figure 12: BC-Induced Growth Over Permanent Scaffold. Detail of the Resulting 

Membrane 
 

(source : Feasability Of Bacterial Cellulose In Furniture Design, bachelor;s thesis, Monika 
Faidi 2017) 

 
2. Additive Manufacturing: Some recent advancements in direct digital manufacturing, 

such water-based fabrication methods, allow a shift towards a material-centric design 
process (Oxman 2011). Rapid prototyping techniques using additive manufacturing (AM) 
use computer-aided virtual models that are translated into thin horizontal consecutive 
cross-sections to define three-dimensional physical items (Sachs et al. 1993). 

 
AM technologies have emerged as an effective and widespread method for 

producing geometrically accurate functioning prototypes in a short amount of time 
(Oxman 2012). Bio-fabrication techniques in a water medium aim to provide dynamic 
feedback or reciprocity within a given setting, in contrast to AM technologies, which 
pertain to a specific controlled output. In that a substance is formed by interaction with a 
living organism, this technique avoids the drawbacks of bio-mimicry. 

 
3. Self Assembly and Fabrication Techniques: It has been discovered that, as opposed to 

growing freely in the media, the bacteria strains of A. Xylinum preferentially grow on the 
surface of natural fibres (Figures 17 and 18) or specific polymer molecules. Thus, starch, 
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soy resin, or polyvinyl alcohol (Figures 6 and 7) provide the bacteria with the proper 
substrates for growth, which can result in the development of BC-based hybrids or bio- 
composites. 

 

In every situation, procedures for drying, sintering, or solidification are typically 
used to produce consolidation. Particularly BC has the ability to become calcified 
(Figure 10). Tissue solidification using this technique is currently used in medicinal 
applications 

 

 
 

Figure 13: Drying Apparatus 
(Source: IAAC Blog - Bio-Fabric | Microbial Cellulose 

 

 
 

Figure 14: Drying Process – The Shape of the Cellulose Depends on the Different Heights of 
the Holders 

(Source: IAAC Blog - Bio-Fabric | Microbial Cellulose 
 

It was discovered that adding fibres at the conclusion of the growth phase will 
strengthen the material after drying merely the thin layer of cellulose. A strengthened 
organic fabric was the end result. 
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Figure 15: Fibre Reinforcement 
(Source: Iaac Blog - Bio-Fabric | Microbial Cellulose) 

 

 
 

Figure 16: Life Cycle of Bacterial Cellulose as an Architectural Material 
(Source: IAAC Blog - Bio-Fabric | Microbial Cellulose 

 
4. Methods of Fermentation and Scaffolding 
 

• In Situ Self-Assembling (Figures 6–9, 11, 12): Utilizing various scaffolding 
techniques, BC development can be induced across a specified form. Permanent and 
bio-degradable scaffolding techniques were introduced. The development of 
membranes and shells utilising BC as a binding agent is depicted in Figures 6–9 and 
12. The scaffold is still a part of the building. Figure 11 illustrates a scaffold's bio-
degradability (dissolving following the biosynthesis process) using a sodium-alginate 
scaffold. 

10% of the AXy culture was added to the culture medium after it had been 
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prepared in a glass beaker (2 litres). For seven days, the flask was kept at 25 C 
without being touched. During the photosynthetic phase, oxygen was provided to 
guide the growth on the scaffolding. 

 
• Adhesion Growing (Figures 13 and 14): This research demonstrated the possibility 

to develop a target geometry-based three-dimensional morphology. The inversion of 
the bacteria's metabolism under static and anaerobic conditions led to a growth that 
was no longer superficial but rather clung to the morphology of the contained element. 
10% of the AXy culture was put to the culture media that had been prepared in a 1.5 
litre rubber flask. The flask was left at 25 C° for 10 days without disturbance. 
 

• Bacterial Cellulose with Differential Growing Patterns (Figures 1, 15, 16): A 
hypothetical funicular model made of particle springs and BC membranes with 
various developing patterns and thicknesses is used to simulate the behaviour of the 
membrane (Figure 16). 10% of the AXy culture was put to the culture media that had 
been prepared in a glass beaker (2 litres). Without shaking, the flask was kept at 25 C 
for 4 days while nutrients were continually introduced. After then, the flask was kept 
at 25 C for five days. Drying procedure: four days at 10 C. followed by four hours of 
freezing. 

 
• Scaffolding Technique using Sisal Fiber (Figures 17, 18): A scaffolding method 

employing sisal fibres that are 60 cm long that have been sterilised and treated with 
BC (made in an incubation shaker). These were sterilised before being introduced to 
the culture medium. After 3 days of culture, BC-modified sisal fibres were removed 
after AXy was injected into the culture fluid. Initial research was conducted by 
modelling the behaviour of the material in accordance with the pattern of fibre 
deposition. 

 
III.  BACTERIAL CELLULOSE BASED BIO-COMPOSITES 
 
1. Bio-Composites: Bio-composites are composite materials with natural plant fibres or 

specific polymers added for reinforcement (Qiu and Netravali, 2014). Architecture, 
engineering, and product design could all benefit from biosynthesizing the original BC into 
BC-based composites. This could lead to a significant shift in how structures and products 
are found, built, and constructed (Oxman 2011). Better mechanical and thermal properties, 
or extra functionalities, can be obtained by engineering the biosynthesis of bacterial 
cellulose (BC) into BC-based nanocomposites. They could be classified as high-strength 
materials, plant-mimicking materials, electrically conductive materials, catalytic materials, 
antibacterial materials, thermos responsive materials, and a variety of other categories. 

 
In the presence of natural fibres or other polymers, the construction of 3D 

structures and membranes through self-assembly can be compared to a multi-step 
fermentation process. Additionally, this may result in the creation of nanocomposites or 
hybrids based on BC (Qiu and Netravali 2014). 
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Figure 17: Pure Cellulose and Composite Scaffolds of Cellulose Agarose and Chitosan- 
Algina 

 
Figure 18: Sodium Alginate Medium Led to the Creation of Result of a Bio-Film Soluble 

Scaff 
 

Figure 19: BC-Induced Growth Over Permanent PLA Scaffold Led to the Creation of a 
Growth Shell Structure 

 
Figure 20: Three-Dimensional Growth Morphology under Static Conditions, Removal 

Operations from the Containing Boundary 
 

2. Investigatory Prototyping to Test  Strength of the Composite: The feasibility of 
microbial cellulose growth on natural fibres and scaffolds was assessed and tested during 
the procedure using series of prototypes #1 and #2. Prototype #3 was one of many that 
looked into the possibility of biofilm forming three-dimensional elements. Additionally, 
the fourth set of prototypes explored the translucency of microbial cellulose, a crucial 
biofilm characteristic that was selected throughout the experimental phase as the one 
deserving of future investigation. In series #5, natural liquid latex was used instead of 
microbial cellulose to increase the degree of prototyping freedom and abilities, especially 
when considering time, which is a critical factor in the creation of any material grown 
using living organisms. 
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• Prototype 1: Bacterial Cellulose on Fibres: A thin microbial cellulose film has 
developed on the surface of natural fibres added to a growing medium after the 
fermentation process took place for 14 days. 

 

A prototype demonstrates the possibility for completely biodegradable 
biocomposites made of microbial cellulose and other natural fibres. Therefore, 
microbial cellulose has a significant advantage over composites made of non-
biodegradable materials, such as carbon fibre composites that cannot be disassembled 
once they have been joined. 

 

 
 

 
Figure 21: Top View of Microbial Cellulose Growing on the Surface of Fibres Located in 

the Cultivation Medium 
 

Figure 22: Front View of Microbial Cellulose Growing on the Surface of Fibres 
 

Figure 23: Top View of Microbial Cellulose Grown on the Surface of Fibres 
 

Figure 24: Sample of Microbial Cellulose Grown on Surface of Fibres 
 

Figure 25 : Dried Sample of Microbial Cellulose Grown on the Surface of Fibres 
 

(source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 
Karolina Bloch 2019) 
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• Prototype 2 : 3D Woven Fibres: No discernible growth of microbial cellulose was 
seen after 14 days of continuous application of cultured media containing the 
symbiotic culture of bacteria and yeast on the 3D weaved fibres. However, the use of 
a cultivation medium improved the stiffness of the fibres. 

 

Prototype #1.2 demonstrates that the fibres must be added to the cultivation 
medium with a symbiotic culture of bacteria and yeast in order to achieve the growth 
of microbial cellulose. Furthermore, simply applying the medium to the fibres and 
allowing them to dry is insufficient. Additional tests examining the spacing between 
the fibres must be carried out to investigate the potential of microbial cellulose 
development on natural fibres. 

 

 
 

Figure 26: Elements Prepared for the Prototype #1 
 

Figure  27: Close-Up of Fibres Woven on the 3D Structure 
 

Figure 28: Close-Up of Fibres the 3D Structure and a Very Thin Bio-Film 
(Source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 

• Prototype 3 – Bacterial Cellulose with Various Fibres: A thin microbial cellulose 
film was developed on the surface of several natural fibres added to a growing medium 
after the fermentation process took place for 14 days. 

 

The possibility for creating biocomposites made of microbial cellulose and 
other natural fibres that are 100% biodegradable is demonstrated by prototypes #1.1 
and #1.3, respectively. Therefore, microbial cellulose has a significant advantage 
over composites made of non-biodegradable materials, such as carbon fibre 
composites that cannot be disassembled once they have been joined. 
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Figure 29 : Bacterial Cellulose with Various Fibres 
 

• Prototype 4 – Cotton Gauze: A thin microbial cellulose film has developed on the 
surface of cotton gauze that was added to a growing medium after the process of 
fermentation lasted for 14 days. Prototype #1.4, like the earlier models in Series #1, 
demonstrates the possibility for creating biocomposites made of microbial cellulose and 
other natural fibres that are completely biodegradable. Therefore, microbial cellulose 
has a significant advantage over composites made of non-biodegradable materials, 
such as carbon fibre composites that cannot be disassembled once they have been 
joined 

 

 
 

Figure 30: Bacterial Cellulose on Cotton Gauze 
(Source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 
 

• Prototype 4 – Growth on Wooden Scaffolding: As a result of the medium being 
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soaked in the wood, a thin biofilm has grown on the surface of the wooden cube 
above as well as where the wooden cube was in contact with the media. The potential 
of employing wooden scaffoldings as moulds to directly biofabricate 3D parts in the 
mold's shape is demonstrated via a prototype. 

 
 

Figure 31: Bacterial Cellulose on Wooden Piece 
 

• Prototype 5 – Biofilms + Wooden Molds: The application of wet microbial 
cellulose to the wooden moulds produced 3D elements. Following that, all of the 
components were dried in an oven at a temperature of 70°C. The employment of 
microbial cellulose in the synthesis of elements led to the fabrication of stiff and thick 
components. The prototype demonstrates the possibilities of 3D formations that might 
be put together to construct larger structures 

 
• Prototype 6 | Biofilm + Wooden Molds + Cotton Gauze: In contrast to prototype 

#3, 3D pieces were created by applying wet microbial cellulose first to cotton gauze 
and then to wooden moulds. Following that, all of the components were dried in an 
oven at a temperature of 70°C. The employment of microbial cellulose in the 
synthesis of elements led to the fabrication of stiff and thick components. The usage 
of cotton gauze led to the construction of more rigid parts as compared to prototype 
#3. The prototype demonstrates how different natural fibres can be used to create three-
dimensional parts that can be combined to make larger structures. 
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Figure 32 : Bacterial Cellulose on Wooden Piece and Cotton Fabric 
(Source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 

• Prototype 7 | Latex: Material Substitute Latex + Plastic | Elements: Cells: Liquid 
latex was selected as an appropriate material because, after drying, its materiality 
resembles the dry biofilm that was the subject of the study. The development of the 
prototype had an impact on the design of the system, which changed from a flat 
surface intended to be covered with microbial cellulose to a three-dimensional skin 
made of the system's tiniest components, the cells. 

 
• Prototype 8| Latex: Material Substitute Latex + Plastic | System of Cells: The 

experiment number three, which examined the effects of changing the physical state of 
the growth medium from liquid to solid on the formation of microbial cellulose, was 
directly inspired by the use of prototype number 5. It also had a significant impact on 
how a tube system was developed. 

 

 
 

Figure 33 : Latex: Material Substitute 
(Source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 

 

 

IV.  CASE STUDIES 
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Figure 34:  Hierarchically Structured Form 
(source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 
 
1. Concept - Structural Integrity Across Scales Hierarchically Structured 

Form: It was advantageous to work with living organisms that produce microbial 
cellulose during the research forming design in order to build a hierarchically structured 
form with a high level of integrity across micro, meso, and macro sizes. The macro scale, 
or design of a tube feeding system supplying nutrients for the symbiotic culture of bacteria 
and yeast producing a biofilm on the surface of produced elements - cells - is the designer 
intervention space. Bio-manufacturing of microbial cellulose fibers is the micro scale, or 
the design space of microbes. 
 

To examine and clarify the part microbial cellulose can play in integrating 
structure, shape, and material at the micro, meso, and macro dimensions to produce 
ecologically friendly constructions. The most important growth factors in all of the 
investigations were the symbiotic culture of bacteria and yeast, medium, source of sugar, 
and oxygen; their make-up is similar to that of the fiber-based "feeding" system intended 
to promote the growth of microbial cellulose. 
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Figure 35: Flamingo Observation Tower 
(source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 
 

 
 

Figure 36: Flamingo Observation Tower - Structure 
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Figure 37: Flaming Observation Tower A) Plan B) Elevation C)Section 
(source : Design Potential of Microbial Cellulose in Growing Architecture, Maters’ thesis, 

Karolina Bloch 2019) 
 
V. DISCUSSION 
 
 Experiments specifically demonstrated that BC is moldable during cultivation. By 
carefully controlling the input of fermentation media with the aid of a microfluidic device, BC 
can expand to a thickness and form that is theoretically limitless. Furthermore, additional 
research supported the idea that BC prefers natural fibres like sisal to grow on. It has been 
highlighted that the development of BC-based bio- composites improves the bio-mechanical 
polymer's characteristics, opening the door to the construction of structural and graded 
features. The ability to develop BC around a predetermined form has finally been 
successfully demonstrated; throughout the fermentation process, the oxygen addition forced 
the cellulose to adhere to particular surface conditions. Despite the findings, all of the 
studies are still a long way from being applied in a large-scale real world, and further 
research is needed to determine how accurately material-driven computing approaches 
compare to prototypes that have grown. 
 
VI.  SCOPE FOR FUTURE 
 
 It is crucial to create bio-fabrication approaches connected to computational 
modelling with a materially informed perspective in order to introduce cellulose as a building 
material. The improvement of the polymer's mechanical properties, such as its strength and 
stiffness, is a crucial area for potential future growth. a variety of structural BC bio-
composites can be created by calcifying 3D membranes with hydroxyapatite, chitosan, or 
lining. Engineering, building, and architecture have traditionally been research hotspots for 
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lightweight structural materials with high mechanical performance. deployable lightweight 
structures. 
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ABBREVIATIONS 
 

1. BC – Bacterial Cellulose 
2. Et. Al. - And Others 
3. ANF – Aranid Nanofibre 
4. CS – Cellulose Scaffold 
5. BBL – Bio-based Laminate 
6. HSC – High Strength Composite 

 
UNITS 
 

1. mg/dL - milligrams (mg) per decilitre (dL). 
2. GPa - Gigapascal 
3. MJ/m3 - Megajoule per cubic Meter 
4. MPa - Megapascal 

 


