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Abstract

Kombucha is a fermented drink that has been drunk in Asia for centuries and has recentlybeen popularized in Western cultures. The production of the beverage generates a co-product, a biofilm of Bacterial Cellulose (BC). This biofilm is today at the center of atypology of bio-design practices, ranging from initiation workshops to fermentation topractical and plastic research around shaping objects with this living matter. This paperproposes an overview and initial classification of the current design practices that useKombucha Bacterial Cellulose as the raw material for artifacts. To this extent, westructured a corpus of selected projects in a Principal Component Analysis (PCA) map. Weclassified 38 projects in the field of design made between 1985 to 2022. Each project ispositioned in an orthonormal frame of reference according to its degree of definition ofuse (from the most unrestricted use to the most defined use) and its scale of manufacture(from single experimentation to industrial production). This map tries to bridge the gapbetween the communities.
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Introduction

Current sustainability contexts highlight thecollaborative relationships between humans and livingorganisms. Small and growing organisms feed us andproduce the raw materials needed to make everydayobjects. Kombucha can do both at the same time. Thenature of their two-fold production can be seen either asthe produce or the co-produce. While working with rawmaterials such as wood (cellulose) to create furniture ordomestic objects, designers and makers have recentlyused the (macro) co-produce of living symbiotic (micro)organisms. Among these, the co-produce of Kombuchahas been used to create objects and artifacts.
Kombucha beverages contain a bacteria and yeastsymbiotic culture that grows in a sweet tea solution. Thisassociation between organisms results in a naturalfermentation process that transforms the sweet teasolution into a solution with nutraceutical properties.
One particularity of Kombucha is that acetobactermakes a biofilm or strain of bacterial cellulose on top ofthe beverage. Many communities share strains and forma human-sharing network of kombucha mothers forpersonal use.
At a macro scale, this Bacterial Cellulose (BC) is a rawmaterial that designers can treat and process. In recentyears, Kombucha products and co-product have been ofinterest to many research and design practitioners. Theyoffer a simple and robust living medium forexperimenting with living things, even in a DIY ordomestic setting and urban spaces. More generally, weuse the term biofabricated materials to describe thematerials using living organisms in their production(microbes rather than plants or animals).
The science of "Kombucha" as Bacterial Cellulose (BC) isusually segmented into more or less scattered fields:biology ¹ , medicine ², food ³ , textiles ⁴ , and materialscience ⁵. This ensemble draws a vast potential for useand practice, which are only sometimes put in parallel,and remain most often exclusive. However, it needs tobe determined how the materiality of this researchinfluences design choices and how the designer'scommunities can mobilize them for developing andemploying the best strategies in producing artifacts.
To tackle this issue, we propose an initial mapping thatorganizes these heterogeneous BC-based designs andresearch domains that elaborate an emerging form ofpossible new materiality. To build this map, we rely on38 prior works that their authors classify as "art" or"design" pieces. We focus on works that use either

Bacterial Cellulose as raw material or demonstrate thegrowth process. This collection reflects the applicativeor demonstrative potential of working with livingmaterials.
Our mapping questions and challenges the possiblesymbiotic relationships between non-humans andhumans. Addressing these assemblages through Designoffers a practical and mobilizable prism of appliedbacterial cellulose's state of the art. 
A new take on Symbiotic Design

with the Living

Designing and fabricating new materials or objects usingliving organisms' natural processes of growth orreproduction is a secular process rooted in the humandesire for control over nature. Traditionally, this processis entrenched in arts and craft fabrication. Artisans canunderstand raw materials and grow, select, or shapethem according to their knowledge of the processes,creating a collaborative and synergetic process. "Makingis to growing as being to becoming" ⁶ ; the technicaltransformation of living materials implies nurturing andcultivation: "if things grow, they are also grown" ⁷. Thiscreation is beneficial from a design perspective, as itcreates the serendipity necessary to emerge newshapes and forms. Other practitioners are engaged inthis discipline. This paper will refer to the users involvedin active collaboration with the living to produce goodsas "producers." We identified this process as performedby several people, including Artisans, Designers, orMakers.
This collaborative process has slowly been forgottenover the past decades or taken over by mass-manufactured petroleum-based products. The rise ofsustainability challenges has raised questions aboutdesigning in collaboration with the living and using theco-product of already used processes, and are atchallenges at several scales. On the one hand, at a largeor macro scale, it is often hard for the producer tocontrol the form of the object ⁸. It involves operation atdifferent stages of the organism's life cycle that allowsshapes or final designs to emerge. On the other hand,the fabrication processes can be controlled at a small ormicroscale but are challenging for producers.
The design community used growing materials such asMycelium or Bacterial Cellulose as emerging materialpractice ⁹, leading to the Growing Design movementexploring the emergence of artifacts. Produces use themateriality of the medium to support the creation of



ISEA2023 — SYMBIOSIS 625

artifacts. It is mainly the case for Mycelium, which allowsthe creation of composite bio-materials capable ofmechanically structuring the object ¹⁰.
Bacterial Cellulose provides other opportunities. Thesebiological systems can assemble biodegradable andconformable complex structures that can self-repair,sense, and respond to external stimuli. BacterialCellulose is the product of sugar synthesis by aceticacid bacteria –— the interaction with yeast and othertypes of bacteria in SCOBY will not be discussed here.The Bacterial Cellulose grows on the surface of a sweettea liquid aerobically, encouraged by the exchangeinterface between air and the fluid. The overallappearance of fresh (i.e., wet) bacterial Cellulose isslimy. Once dried, it is similar to paper or leather. Thelatter state is most often used as raw material forproduction in textile design. In addition to being able tobe processed artisanally (using leather work, sewing),this state is more prone to speculative and experientialuses — they seek to provoke a question or emotionaldesign through touch, sight, or smell (sour).
The works, pieces, and projects made within thecommunity use different fabrication processes anddesign methods and target different audiences. Whilethey offer a wide range of variability and diversity, it canbe challenging for designers or makers to understandhow the field is structured and how he or they canintervene. Thus, our proposed mapping offers a globaloverview and a practical perspective to the still-growingcommunity of bio designers.

From Design Projects to
Classification

Corpus selection
Based on our observation of the kombucha producers —a community in which we take part—we estimate thatartists and designers have produced around a couple ofthousand design projects with kombucha. To create thismap, we decided to select representative artifacts thatshowcase the main capabilities of the material. Ourchoice rationale was first to pick projects identified bytheir creators as "art," "design," "piece," "objects," or"garment/cloth/textile."
The prism of practice and production was the secondselection criterion. This method excluded most of thetheoretical biology and engineering research projects,drink, and the more known derivatives of the BC.Furthermore, the projects without direct objective

implications in instruments or artifacts were not kept.Furthermore, in the cases of projects with similarprocess, outcome, and look, we opt to merge variousprojects with one representative visible one.
In this collection, we deliberately exclude aestheticismclassification as the reception of works that produceobjects with living matter oscillates between fascinationand disgust— even fear (contamination, slimy, etc.).
Among this list, the projects ranged from social designto product design. Both are between the "doing" and themore or less driven user prescription. The list of selectedprojects in our map can be seen in the Bibliographysection.
Methodology and Visual Representation
The main objective of the visual representation is tosummarize the information in this heterogeneouscorpus. The second objective is to provide a broad,flexible grid of analysis that highlights, at the same time,links and differences and provide a visualization tool tounderstand the variety of use of BC that open up designpotentials.
There are several ways to classify and discriminate theselected works. The choice of factors is motivated bythe desire to characterize the design practices throughthe spectrum of the objects produced and their relativefabrication processes.
We used a two-factor classification, used in the designproject and methodologies. The first factor was toconsider the use and the user, while the second was toevaluate the production scale. It allows us to visualizethe main benefit of BC on a 2-axis graph. 
The horizontal axis represents the production scale. Thespectrum ranges from  manufacturing —closer to art,experimental, or artisanal practice—to industrialproduction. The axis highlights on one side theuniqueness of the lived experience and the questionsraised by observing, experiencing, or interacting withthe artifact, while highlighting the standardization andscale while informing the piece's replicability level on theother side.
The vertical axis represents the orientation of selectedproduction in relation to practice and use, that is, thespectrum from passive contemplation to complex usedefined in a restricted field. Its scope ranges fromexperimental use to defined (prescribed?) use. The toppart of the axis values the material qualitycorresponding to the need, while the bottom describes
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Figure 1. Processes, Fabrication and Design with Kombucha BacterialCellulose: Mapping Practices.

more artistic and experimental practices where the goalisn’t oriented on the quality but on the experience forthe spectator or public.
Each selected project was given by the authors two 0-10 grades on the factors: the fabrication quality and thedesign prescription. This grade was used to position theproject on the 2D axis. It should be noted that wedisplay superimposed works in adjacency for visualrepresentation. After placing the papers on the grid, theauthors extracted clusters of domains.

Mapping Bacterial Cellulose
Design Practices

The Mapping is represented in Figure 1. The 2D axismapping is divided into four square spaces, with pointsspatially representing the projects. Each point is visuallyrepresented by a bubble containing an image andsurrounded by its title and main authors. The points(bubble) are joined in clusters by distinct colored framesreferring to domains: medical, industrial, machine,product, craft, speculative, social, contemplative,experiential.
Spatial Representation
The general location of the projects draws a diagonalfrom the lower left to the upper right part. Thetypologies of the projects selected can explain this.There is a constant progression between the level ofprescription of the use of the BC towards the usersimultaneously as the complexity of technicalmanufacture increases. Thus, the diagonal representsthe increase in the complexity of the functions of theartifacts.

The upper left and lower right parts contain fewerproject bubbles than the other spaces. The upper leftand lower right half are mainly empty in ourrepresentation. However, some projects could berepresentative. An example from the top left could bethe use of BC kombucha for food production, thusreversing the notion of product/co-product in theindustry (cellulose paste as an additive, for instance, forsauces or ice cream). However, these uses are separatefrom current design practices, as we needrepresentative examples of the industrial production of afood product as artistic or design production. Thus, thisupper left corner is empty because there is hardly anyobject that is both mainly prescribed and, at the sametime, exceptionally technically unspecified.
Similarly, the lower right corner is also empty becausethis space represents artifacts that would be industriallyvery advanced (machine and other compleximplementations needed for production) yet have verylittle prescribed use or even a demonstrative orspeculative use. On the one hand, this map area shouldbe occupied by standardized products resulting from acomplex industrial process, waiting for a noblevalorization use —other than composting ormethanation, for example. Products of this type may notbe design projects, but industrial co-products and havebeen excluded from our corpus. On the other hand,while the realization of a machine or a process is oftendriven by the creation of a specific and precise object,we can cite the works of Bianca Hlywa ¹¹ or StephanSchwabe ¹² that deepen the technical fabricationprocess for artistic purposes with the BC.
Clusters: Domains of Interest for Design
The different clusters refer to different domains. TheMedical cluster gathers projects developed for medicaluse, from cutting-edge research to marketed bandages¹³. The Industrial cluster gathers projects developed byindustrial actors from an industrial perspective. TheMachine cluster gathers projects oriented to themachine that allows the growing process, like bioreactor—more than the result of the growing process.Conversely, the Product cluster cares for these growingresults and gathers objects made with BC. The Craftcluster is oriented to artisanal knowledge. TheSpeculative cluster gathers projects related tospeculative art or speculative design, meaning theiroperating function is intended to develop criticalthinking. The Social cluster gathers projects that arecollective experiences and social forms related to SocialDesign and Relational Æsthetics.¹⁴ The Contemplativecluster gathers mostly art projects that aim to provide
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Figure 2. Division by clusters. Here the projects in the Craft categoryare highlighted.

an æsthetic experience (primarily oriented to visualsense). The Experiential cluster gathers projects thatoffer multi-sense experiential expertise.
From the position of the projects, we defined anddistinct nine overlapping clusters that characterize thetype of practices with BC. Each represents a differentdomain of design that is mainly explored with BC. Whilenot exhaustive, this list allows the viewer or user of themap to position other works not present in the currentmap. 

Some projects are linked to several fields. As anexample, in the "Craft" category (Figure 2), Malai.eco¹⁵ isa company that grows BC from coconut to make leatherproducts—as Kombucha Couture,¹⁶ but with a largerscale and with a real industrial methodology. They growBC in bio lab conditions and produce BC by the meter touse this finished piece as material for sewing bags,shoes, etc. We defined Kombucha Couture as anartisanal production in comparison to Biocoute. Artistssuch as Suzanne Lee,¹⁷ who initiated the engagement indesign for BC and Biocouture, maintain the craftrelationship to production.
Overall, other overlapping communities have beenrevealed in our mapping. For instance, the Medicalcluster is porous with other practices becausepractitioners develop incredibly defined projects withvery robust and rigorous uses and technical productionmethods. On the opposite side, the Speculative, Social,Contemplative, and Experiential clusters share most oftheir points because it is challenging to define theboundaries of their respective projects. Their positionsare less linked to the type of production than to theengagement sought by their creator with the spectator,the user. 
Limitations of the Mapping

This article provides an initial classification of designprojects utilizing Kombucha as a base material. With thismap, we contribute to a better understanding of thepossibilities and enlarge the scope of existing projects.
This cartography is a tentative way to structure theartwork from our observation and reflect our opinionthat is open to discussion and debate within thecommunity. We acknowledge some limitations of ourmapping. The classification, according to the position,simplifies the positioning of the selected project andoffers a look and a perspective on a very heterogeneoustaxonomy. The selection criteria are related to projectswhich can show a new potential use of the fabricationprocess for BC. Or, we sometimes select one work tobest figure for a tiny cluster of practices, or we pick themost popular and referent work as seen by thecommunity. Although some projects could have beenincluded, the artifacts resulting from biology papers didnot have direct "objective" implications in the instrumentof production and are not seen as design artifacts bytheir creators and not mobilizing enough by thedesigners. In an attempt to overcome this limitation, wecreated an updatable interactive map¹⁸ that providesflexible classification choices. The interactive map alsoallows us to easily integrate proposals from thecommunity.
Similarly, some objects/artifacts/instruments weredifficult to categorize strictly into a field. Often, thepossibility of classifying the objects in two dimensionsfacilitates decision-making. Most often, the gap andsimilarities between the project types define the positionof the object in the frame. Thus, it is a look at the wholeproduction and their characteristics in relation to eachother that positions the projects in a morecomprehensive and coherent view.
Conclusion: Statement about the
Importance of Kombucha based

Design Practices

New Forms for Design: Slow Growth Monitoring
The design practices of Kombucha BC can be applied tothe challenges of today's world. With our dependenceon energy, it is important to come up with solutions thatare local and meaningful. Choosing to work with livingorganisms to maximize production is a skill thathumanity has mastered. With the help of(bio)technologies, we are able to have greater controlover the production of living things, leading to new waysof creating materials through programming or simulation.
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However, the process is slow and challenges ourunderstanding of resources, their availability andarrangement.
Our map shows that monitoring biological activity iscrucial in redefining how we use living things. We canuse scientific measurement methodologies andbioengineering tools such as thermal imaging, graphsand optimization techniques to control, analyze andadapt our productions at a slow rate of growth.Monitoring is an essential part of all the projectspresented, providing expertise and control to producers,enabling them to anticipate production or even designwithout material. This reinforces the sociotechnicalregimes through design, linking human beings and non-humans through machine mediums. 
Emerging Role of Process engineering
The impact of digital manufacturing tools and DIYchemical processes on design has now been followed bythe impact of biology and synthetic biology tools andprocesses.¹⁹ To design and manufacture with livingorganisms, Process Engineering is crucial. Byunderstanding the biology of living organisms,producers can interact with and mobilize them inproduction.²⁰ This understanding allows producers toaccess dedicated tools and engineering technologies ofproduction that redefine the relationship with emergingthings. These technologies include programming livingmatter (modification of the environment or geneticreprogramming) and programming material behaviors(4D printing, programmable matter, structures withauxetic behaviors, soft-robotics, digital fluid mechanics,etc.).
Our analysis of the corpus shows that thesetechnologies arise from a design valorization ofbioengineering methods combined with DIY fabricationtools.²¹ The combination of living organisms withinproduction machines challenges the link betweenparasitism and symbiosis, resulting in machine-organicproducers of "bio-artifacts."
Evolving Role of the Designer
This practice can profoundly transform our relationshipwith living materials that can now be easily shaped andtransformed in a DIY. Beyond the design with non-human living forms, the fusion between materialsscience and synthetic biology is playing out at a newcrossroads of ecology that is neither scientific noranimistic. Working with the living has existed since thedawn of humanity. The rise of these processes can beseen as a renewal or update in manufacturing anddesign thanks to the knowledge of the biological matter.

Working with biological processes also questionsdesigners' intention to collaborate with living matter torepair their practices. They can seek to improve the linkbetween everyday objects and the modern world we livein, because they could be partly responsible for thisunsustainable environment.
While incomplete, we hope this map will fosterdiscussion and generate new ideas in the designcommunity. More generally, we argue that Design withKombucha Bacterial Cellulose is a way to connect andre-contextualize the modern (bio)technologicalconvergence through æsthetics and design. 
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