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Abstract 
Introduced in 2020, the concept of living artefacts encompasses biodesign outcomes that 
uphold the livingness of organisms such as fungi, algae, bacteria, and plants, to enable the 
emergence of novel functions, interactions and expressions within everyday life. This paper 
situates living artefacts at the confluence of the sustainability discourse and more-than-
human ontologies, illuminating the unprecedented opportunities that living artefacts present 
for regenerative ecologies. These ecologies are characterized by a fundamental inclination 
toward mutualism, creativity, and coevolution. In regenerative ecologies, the human-nature 
relationship transcends the binary distinction and it manifests as a single autopoietic 
system in which the constituent members collaboratively engage in the creation, 
transformation, and evolution of shared habitats. The paper outlines five pillars, 
supplemented by guiding questions and two illustrative cases, to aid designers in 
unlocking, articulating, and critically evaluating the potential of living artefacts for 
regenerative ecologies.  
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Introduction 
 
The remarkable capacity of living systems to engender responsive and adaptive behavior in 
material artifacts has ignited discussions across art, product design, fashion and textile 
design, architecture, and human-computer interaction over the last decade1. Situated within 
the field of biodesign2, these dialogues put forth a wide range of ecological design models 
that highlight the significance of collaborative co-creation with living organisms, such as 
fungi, algae, bacteria, and plants. By preserving the livingness of these organisms in design 
outcomes, their multifaceted biological affordances are harnessed, yielding distinctive 
functionalities, expressions, and sustainable material and energy alternatives in everyday 
artifacts.  
 
While the pursuit of scaling up biodesign for sustainable impact remains an ongoing 
research endeavor in both academic and industrial realms, the critical and social 
significance of designing with the living has gained substantial traction within design 
research. This recognition has sparked a reconsideration of the intricate relationships within 
ecosystems and the varying agentive roles that both humans and non-human entities can 
assume within a broader ecological context. One notable development in this discourse is 
the living artefacts framework3. With the objective of facilitating biodesign outcomes that 
are deeply embedded within social and ecological contexts, the authors propose three 
fundamental design principles: Living Aesthetics, Mutualistic Care, and Habitabilities. Living 
Aesthetics calls upon designers to understand and embrace the dynamic nature of living 
artefacts as more than indicators of well-being, but also as catalysts for the development of 
new sensitivities extending beyond the human realm. By doing so, designers can foster a 
deeper understanding and appreciation for the diverse temporalities and aesthetics that 
arise in conjunction with non-human entities. Mutualistic Care highlights the importance of 
nurturing reciprocal, evolving, and mutually beneficial relationships between humans and 
living artefacts. In this principle, designers are prompted to consider how they can 
contribute to the thriving of living artefacts, while also receiving (functional) benefits in 
return, acknowledging the interdependence and shared responsibilities that exist within 
these ecosystems. Habitabilities accentuates the significance of deliberately exploring and 
incorporating the capacity of things to serve as habitats for living organisms throughout 
their life span within living artefacts. Designers are encouraged to develop sensibilities that 
recognize and foster relational and connected elements within these habitats, promoting 
cohabitation between humans and living organisms. By understanding the needs of the 
organisms involved, designers can create artifacts that provide conducive ecologies for the 
flourishing of diverse life forms.  
 

 
1 See, for example: Ginsberg, Alexandra Daisy, Jane Calvert, Pablo Schyfter, and Alistair Elfick, 
Synthetic Aesthetics Investigating Synthetic Biology’s Designs on Nature, (2014); Collet, Carole, 
“‘Grow-Made’ Textiles,” In Alive. Active. Adaptive: International Conference on Experiential 
Knowledge and Emerging Materials, EKSIG 2017 (2017): 24-37; Dade-Robertson, Martyn, Living 
Construction (2020), https://doi.org/10.4324/9780429431807; Camere, Serena, and Elvin Karana, 
“Fabricating Materials from Living Organisms: An Emerging Design Practice,” Journal of Cleaner 
Production 186 (2018): 570-584, https://doi.org/10.1016/j.jclepro.2018.03.081; Pataranutaporn, Pat, 
Angela Vujic, David S. Kong, Pattie Maes, and Misha Sra, “Living Bits: Opportunities and Challenges 
for Integrating Living Microorganisms in Human-Computer Interaction.” In ACM International 
Conference Proceeding Series (2020a): 1-12, https://doi.org/10.1145/3384657.3384783. 
2 Myers, William, Biodesign. Nature, Science, Creativity (High Holborn, UK: Thames & Hudson, 2012). 
3 Karana, Elvin, Bahar Barati, and Elisa Giaccardi, “Living Artefacts: Conceptualizing Livingness as a 
Material Quality in Everyday Artefacts,” International Journal of Design 14 no. 3 (2020): 37-53. 
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This conceptualization of living artefacts invites designers to delve into the intricate 
dimensions of livingness as a biological, social, and ecological phenomenon, tapping into 
their potential to act as catalysts for the emergence of reciprocal practices and sensibilities 
that enable cohabitation and coevolution of humans and nonhumans within shared 
ecologies. Notably, this understanding holds significant promise for facilitating regenerative 
thinking in the realm of sustainable design. Rooted in a living system approach, 
regenerative thinking in design suggests a profound understanding of living organisms, 
encompassing both human and nonhuman entities, and the ecologies they inhabit to create 
human systems that can coevolve with natural systems, replenishing their inherent capacity 
to endure, flourish, and regenerate without depleting the essential life support systems and 
resources they rely on4. By positioning living artefacts at the intersection of the 
sustainability discourse and the ontologies that go beyond human entities, this article 
delves deeper into their potential and explores the unprecedented opportunities living 
artefacts present for designers to contribute to regenerative ecologies. Importantly, the 
article illustrates how regenerative thinking can be manifested at the scale of the artifact, 
facilitating an amplified capacity for emergence, creativity, and coevolution.  
 
LIVING ARTEFACTS AND MORE-THAN-HUMAN TURN 
 
A growing body of scholarly work in the field of design contends that a narrow focus on 
human needs and a lack of attention to the ontologies of non-human entities have resulted 
in problematic social and environmental outcomes5. From technology6 to animals7 and 
plants8, the agency of non-human actors, their perspectives, temporalities, and 
interdependencies are increasingly discussed and considered in design. This expanded 
universe of design illustrates a move towards more inclusive, relational, and pluriversal 
ideas of what it means to affect change in more-than-human worlds, where agency is 
positioned neither in the human or the nonhuman but in their relations and mutual capability 
for "rewilding"9. This confronts designers with elements of open-ended creativity and 

 
4 Lyle, John Tillman, Regenerative Design for Sustainable Development (New Jersey, Wiley, 1994); 
Wahl, Daniel Christian, Designing Regenerative Cultures (England: Triarchy Press, 2016). 
5 Bennett, Jane, "The force of things: Steps toward an ecology of matter," Political theory 32.3 
(2004): 347-372, https://doi.org/10.1177/0090591703260853; DiSalvo, Carl, Phoebe Sengers, and 
Hrönn Brynjarsdóttir, “Mapping the Landscape of Sustainable HCI,” In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (2010): 1975–84, 
https://doi.org/10.1145/1753326.1753625; Forlano, Laura, “Decentering the Human in the Design of 
Collaborative Cities,” Design Issues 32 no. 3 (2016): 42–54. https://doi.org/10.1162/DESI_a_00398; 
Cielemęcka, Olga, and Christine Daigle, “Posthuman Sustainability: An Ethos for Our Anthropocenic 
Future,” Theory, Culture & Society 36 no. 7–8, (2019): 67–87. 
https://doi.org/10.1177/0263276419873710; Clarke, Rachel, Sara Heitlinger, Marcus Foth, Carl 
DiSalvo, Ann Light, and Laura Forlano, “More-than-Human Urban Futures,” In Proceedings of the 
15th Participatory Design Conference: Short Papers, Situated Actions, Workshops and Tutorial - 
Volume 2, (2018): 1-4, https://doi.org/10.1145/3210604.3210641. 
6 Frauenberger, Christopher, “Entanglement HCI The Next Wave?” ACM Transactions on Computer-
Human Interaction 27 no. 1, ( 2020): 1–27. https://doi.org/10.1145/3364998; Giaccardi, Elisa, and 
Johan Redström, “Technology and More-Than-Human Design,” Design Issues 36 no. 4, (2020): 33–
44. https://doi.org/10.1162/desi_a_00612; Wakkary, Ron, Things We Could Design: For More-than- 
Human-Centered Worlds. (USA: MIT Press, 2021). 
7 Mancini, Clara, “Animal-Computer Interaction,” Interactions 18, no. 4, (2011): 69–73. 
https://doi.org/10.1145/1978822.1978836. 
8 Gabrys, Jennifer, “Smart Forests and Data Practices: From the Internet of Trees to Planetary 
Governance,” Big Data & Society 7, (2020): 1-10. https://doi.org/10.1177/2053951720904871. 
9 Haraway, Donna, Staying with the Trouble: Making Kin in the Chthulucene, (Durham and London: 
Duke University Press, 2016). 
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unpredictability that trouble the boundaries and centers of what is to be considered just 
and sustainable, and introduce ideas of transformation and coevolution that are hard for 
humans to existentially grapple with.   
 
In her book "When Species Meet"10, Donna Haraway advocates passionately for an 
anthropological shift that would recognize the entanglement of species, reject human 
exceptionalism, and foster alternative practices of world building. This perspective, and 
other influential scholars such as Anna Tsing11 and Puig de la Bellacasa12 have influenced 
multispecies considerations in more-than-human design with concepts such as noticing, 
collaborative survival, more-than-human bodies, and care. For example, Liu et al.13 have 
examined the concept of collaborative survival through the lens of mushroom foraging, 
exploring how interactive products can facilitate awareness and engagement with 
entanglements between humans and other species. Similarly, Flanagan and Frankjaer14 
have prototyped devices to enhance empathic experiences of insects in rewilded spaces. 
Clarke et al. (Clarke et al. 2018)have explored participatory urban walks that enable humans 
to empathize with the perspectives of other organisms.   
 
In biodesign, a recent notable contribution to this discourse is the practical guidelines 
proposed by Kim et al.15, which aim to highlight the metabolic changes, scales, and 
temporal dynamics of microbes in the design of living artefacts, with the purpose of 
enhancing their perceptibility to human users. In a similar vein, Zhou et al.16 have 
introduced diverse living microbial artifacts with cyanobacteria that unveil the subtle shifts 
in environmental light conditions within a matter of minutes, providing a suitable time frame 
for prompt care of cyanobacteria, and thus addressing the challenge of temporal 
dissonance between humans and cyanobacteria (Fig 1). These scholarly endeavors, among 
others, provide valuable insights and serve as entry points for nurturing what we broadly 
refer to as more-than-human sensibilities. By providing a tangible manifestation of 
temporalities, scales, and aesthetics that extend beyond human boundaries, such 
endeavors serve to establish human relationships with non-human entities based on 
ecological foundations. 
 

 
10 Haraway, Donna, When Species Meet, Vol. 3, (Minnesota: University of Minnesota Press, 2008). 
11 Tsing, Anna, The Mushroom at the End of the World. On the Possibility of Life in Capitalist Ruins, 
(New Jersey: Princeton University Press, 2015), https://doi.org/10.2307/j.ctvc77bcc. 
12 Puig de La Bellacasa, Maria, Matters of Care: Speculative Ethics in More than Human Worlds, Vol. 
41. (Minnesota: University of Minnesota Press, 2017). 
13 Liu, Jen, Daragh Byrne, and Laura Devendorf, “Design for Collaborative Survival,” In Proceedings 
of the 2018 CHI Conference on Human Factors in Computing Systems, (2018): 1–13, 
https://doi.org/10.1145/3173574.3173614. 
14 Flanagan, Patricia, and Raune Frankjaer, “Rewilding Wearables,” In Proceedings of the Twelfth 
International Conference on Tangible, Embedded, and Embodied Interaction, (2018): 611–16. 
https://doi.org/10.1145/3173225.3173316. 
15 Kim, Raphael., Clarice Risseeuw, Edward Groutars, and Elvin Karana, “Surfacing Livingness in 
Microbial Displays: A Design Taxonomy for HCI,” In Conference on Human Factors in Computing 
Systems – Proceedings, (2023): 1-21, https://doi.org/10.1145/3544548.3581417. 
16 Zhou, Jiwei, Raphael Kim, Zjenja Doubrovski, Joana Martins, Elisa Giaccardi, and Elvin Karana, 
“Cyano-Chromic Interface: Aligning Human-Microbe Temporalities Towards Noticing and Attending 
to Living Artefacts,” In ACM Designing Interactive Systems ’23 (2023): 1-19, 
https://doi.org/10.1145/3563657.3596132 
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Figure 1. The Daylight Log is a living artefact that unveils the subtle shifts in light conditions 
within a matter of minutes, providing a suitable time frame for prompt care of cyanobacteria, 
while also allowing individuals to be mindful of daylight variations and their range. (Image 
credits: Jiwei Zhou) 
 
TOWARDS REGENERATIVE ECOLOGIES 
 
In 1992, Edward Wilson anticipated that the 21st century would be characterized as an era 
of ecological restoration of ecosystems17. However, efforts to date are mostly limited by the 
apparent lack of awareness that our anthropocentric perspective is only one of the many 
ecologies in our world18. Emerging from these debates, a systemic vision of ecology has 
come to the forefront, encompassing the notion of regeneration as a pursuit in sustainability 
that transcends equilibrium thinking, embracing a deeper comprehension of the coevolution 
of humans and the ecosystems they inhabit, acknowledging their inseparable 
interdependence.  
 
From Equilibrium to Coevolution   

Initial efforts towards Sustainable Development (SD) aimed to achieve a sustainable 
balance between environmental, economic, and social aspects, primarily by prioritizing 
immediate human needs. Drop-in solutions such as material substitution, as well as 
material efficiency and energy recovery models exemplify the SD perspective. Despite its 
widespread adoption, this approach has been extensively critiqued for its human-centered, 
monocultural, and gender biased perspective on development19, as well as its 
disproportionate emphasis on economic factors resulting in a failure to address the issues 
such as biodiversity loss and climate change20. Importantly, approaches aimed at achieving 

 
17 Wilson, Edwards, The Diversity of Life. (New York: Springer, 1992). 
18 Such as: Capra, Fritjof, and Pier Luigi Luisi, The Systems View of Life: A Unifying Vision 
(Cambridge, United Kingdom: Cambridge University Press, 2014); Escobar, Arturo, Designs for the 
Pluriverse: Radical Interdependence, Autonomy, and the Making of Worlds, (North Carolina: Duke 
University Press. 2018); du Plessis, Chrisna, and Raymond J. Cole, “Motivating Change: Shifting the 
Paradigm,” Building Research & Information 39 no. 5, (2011): 436–49. 
https://doi.org/10.1080/09613218.2011.582697. 
19 See, among others: Gibbons, Leah V., “Regenerative—The New Sustainable?” Sustainability 12, 
no. 13 (2020): 5483, https://doi.org/10.3390/su12135483; Benson, Melinda Harm, and Robin Kundis 
Craig, “The End of Sustainability.” Society & Natural Resources 27, no. 7, (2014): 777–82, 
https://doi.org/10.1080/08941920.2014.901467; Buckingham, Susan, "Call in the 
women," Nature 468, no. 7323 (2010): 502-502. 
20 Zeng, Yiwen, Sean Maxwell, Rebecca K. Runting, Oscar Venter, James E. M. Watson, and L. 
Roman Carrasco. “Environmental Destruction Not Avoided with the Sustainable Development 
Goals.” Nature Sustainability 3, no. 10, (2020): 795–98. https://doi.org/10.1038/s41893-020-0555-0. 
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sustainable equilibrium often overlook the inherent nature of natural systems, which are 
characterized by constant fluctuations and are never in a static state of equilibrium. It was a 
mechanistic worldview that led to the separation of human and ecological systems, with 
nature perceived as a resource to be used and controlled21. Consequently SD fails to 
critique current states of human behavior and experience, specifically perpetuating over-
consumption, social isolation, and disconnection from nature.  

Sustainable resilience has emerged in response to criticisms surrounding equilibrium 
approaches. Here the interconnection between humans and degrading ecosystems 
manifests as a symbiotic relationship centered on adaptive strategies for enhancing human 
wellbeing, economic stability, and social resilience.  Circular Economy (CE) is a widely 
promoted resilience approach defined as an economic system22 with material and energy 
cycles which seek to limit the flow of waste23. Often seeking to decouple economic growth 
from material throughput by separating biological and technical nutrients into two distinct 
closed-loop cycles to enable recovery, CE has been critiqued as techno-centric, overly 
simplified, vague and normative24. To counter these issues, some prominent organizations 
within the domain have attempted to frame CE as restorative by design25. Here the 
emulation of natural (i.e., cyclical) ecosystems, enables the increase of natural capital and 
biodiversity, and the safe return of biological materials to the earth so that the remediation 
of natural systems may be supported by our actions. While such a perspective to 
sustainability can facilitate adaptive responses to the climate crisis, many scholars have 
highlighted the lack of attention toward the worldviews and behavior that produced this 
unstable context in the first place, its tendency toward short-term solutions to immediate 
problems and the low importance given to the rehabilitation of ecological systems. Having 
so far failed to shift the trajectories of the socio-ecological system away from planetary 
emergency, it seems that the deeper question of why we deserve to be sustained and 
saved needs to be considered. This inquiry is examined within co-evolution approaches to 
sustainability.  

By adopting a co-evolution perspective of sustainability, human actions can contribute 
positively to the ecological systems which in turn nurture us physically and spiritually26. In 
many ways, this harks back to sustainability’s fundamental roots in ancient agricultural 
societies, and ways of thinking that flourish in many indigenous cultures to this day. In 
these contexts, the connection between collective needs of humans are tangibly 
interdependent with and often at the whim of nature. As a result, human exceptionalism is 
challenged, and humans are instead asked to humbly conceive of themselves and all of 
their constructions, as entities within natural systems located on “a mote of dust suspended 
in a sunbeam”27. Such a mutualistic and coevolutionary perspective on sustainability 
resonates clearly with regenerative design approaches.    

 
21 Cole, Raymond J. “Transitioning from Green to Regenerative Design.” Building Research & 
Information 40, no. 1, (2012): 39–53. https://doi.org/10.1080/09613218.2011.610608. 
22 Kirchherr, Julian, Denise Reike, and Marko Hekkert, "Conceptualizing the circular economy: An 
analysis of 114 definitions," Resources, conservation and recycling 127 (2017): 221-232. 
23 Geissdoerfer, Martin, Paulo Savaget, Nancy MP Bocken, and Erik Jan Hultink, "The Circular 
Economy–A new sustainability paradigm?," Journal of cleaner production 143 (2017): 757-768. 
24 Corvellec, Hervé, Alison F. Stowell, and Nils Johansson, "Critiques of the circular 
economy," Journal of industrial ecology 26, no. 2 (2022): 421-432.  
25 “Regenerate Nature,” Ellen Macarthur Foundation, accessed June 5, 2023,  
https://ellenmacarthurfoundation.org/regenerate-
nature#:~:text=The%20third%20principle%20of%20the,room%20for%20nature%20to%20thrive. 
26 Lyle, Regenerative Design for Sustainable Development; Wahl, Designing Regenerative Cultures. 
27 Sagan, Carl, Pale Blue Dot: A Vision of the Human Future in Space, (New York: Ballantine, 1994). 
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Regenerative Design 

Regenerative Design calls for a shift beyond the mere reduction of environmental harm 
towards active engagement with the environment, leveraging the vitality and regenerative 
capacity of ecological systems, i.e., their inherent ability to renew, restore, or regenerate 
themselves, as the foundation for design28 through a deep understanding of ecological 
principles of ecosystems29. In regenerative design, the notion of emergence, which is aptly 
defined by Goldstein30 as the phenomenon of novel and coherent patterns, structures, and 
properties arising through the process of self-organization within complex systems, 
assumes paramount importance. Emergence is considered indispensable for fostering 
wellbeing, resilience, and evolutionary progress within such systems.  

Within this pursuit, a prominent discourse revolves around the need for reevaluating our 
current aesthetic appreciation of the world, transcending culturally dominant worldviews of 
nature31 which contribute to the ecological challenges we face today. Regenerative design, 
instead advocates exploration of new aesthetic models that are interdependent and 
relational, rooted in participatory exploration between humans and nature, which is referred 
to as Ecological Aesthetics by Erzen32. In this participatory exploration, what is commonly 
perceived as beauty is strongly influenced by change and emergence. Regenerative 
approach to sustainability suggests a crucial element in facilitating societal transitions 
towards new aesthetic judgments and ecologically sound practices lies in nurturing a 
heightened level of Ecological Literacy33, which entails a profound understanding of the 
organizational principles governing ecosystems and utilizing these principles to cultivate 
sustainable human communities34. Enhancing our ecological literacy by adopting a 
systemic perspective within the ecological context contributes to an improved capacity to 
empathize with entities other than humans, justifying the imperative nature of the changes 
and evolutions they undergo, and recognizing them as essential for the holistic well-being 
of all entities involved.  

 
28 Mang, Pamela, and Bill Reed, “Regenerative Development and Design,” In Sustainable Built 
Environments, (2020): 115–141, https://doi.org/10.1007/978-1-0716-0684-1_303; Reed, Bill, 
“Shifting from ‘Sustainability’ to Regeneration,” Building Research & Information 35 no. 6, (2007): 
674–680. https://doi.org/10.1080/09613210701475753; Robinson, John, and Raymond J. Cole, 
“Theoretical Underpinnings of Regenerative Sustainability,” Building Research & Information 43 no. 
2, (2015): 133–43. https://doi.org/10.1080/09613218.2014.979082; Cole, Raymond J., Amy Oliver, 
and John Robinson, “Regenerative Design, Socio-Ecological Systems and Co-Evolution,” Building 
Research & Information 41 no. 2, (2013): 237–47. https://doi.org/10.1080/09613218.2013.747130; 
Camrass, Kimberly, “Regenerative Futures,” Foresight 22 no. 4 ,(2020): 401–415. 
https://doi.org/10.1108/FS-08-2019-0079. 
29 Mang, Pamala, and Ben Haggard, Regenerative Development and Design: A Framework for 
Evolving Sustainability (New Jersey: John Wiley & Sons Inc, 2016); Lyle, Regenerative Design for 
Sustainable Development. 
30 Goldstein, Jeffrey, Emergence as a Construct: History and Issues, in Emergence, 1st ed. Vol. 1 
(1999). 
31 Lazrus, Heather, “Risk Perception and Climate Adaptation in Tuvalu: A Combined Cultural Theory 
and Traditional Knowledge Approach,” Human Organization 74 no. 1, (2015): 52–61. 
https://doi.org/10.17730/humo.74.1.q0667716284749m8. 
32 Erzen, Jale, “Ecology, Art, Ecological Aesthtics.” In Ecological Aesthetics- Art in Environmental 
Design: Theory and Practice, ed. Herman Prigann and Heike Strelow, (Switzerland: Birkhauser, 
2004): 22–50.  
33 Orr, David, Ecological Literacy: Education and the Transition to a Postmodern World (New York: 
S.U.N.Y. Press, 1992). 
34 Capra, Fritjof, “Sustainable Living, Ecological Literacy, and the Breath of Life,” Canadian Journal of 
Environmental Education 12 (2007): 9–18.  
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A multitude of regenerative design approaches have emerged in recent decades. It is 
pertinent to highlight two of these approaches in particular, given their association with 
living artefacts. The first one is biophilic design35, which centers around the idea that 
humans possess an innate affinity for nature and natural elements, hence seeks to integrate 
these elements into the design of spaces, such as buildings and urban landscapes, to 
enhance human experience and the human-nature connection. The other concept is 
Bioreceptive design36 which focuses on designing built structures and urban spaces as 
habitats for diverse flora and fauna to thrive within the built environment. These two 
approaches frequently focus on the urban scale (as also observed in other regenerative 
initiatives in recent decades), while overlooking the importance of fostering a relationship 
between human activities and ecosystems, as humans are only passively involved in these 
scenarios. In this regard, there appears to be a notable scarcity of discourse regarding the 
role of human-scale artifacts for regenerative ecologies. This oversight misses the 
opportunity presented by everyday artifacts that exist in close proximity to us for eliciting 
(novel) social practices and catalyzing cultural change. 
 
Regenerative Ecologies  
 
By regenerative ecologies we refer to the contexts and situations characterized by a 
disposition towards mutualism, coevolution, and cohabitation. Within these frameworks, 
humans and nature exist not as two separate systems endeavoring to interact, but as 
constituent components of a single autopoietic system whose members co-perform in the 
making, transformation and evolution of the shared habitats. Regenerative ecologies are 
dynamic and emergent, fostering a higher sense of creativity (hence some level of 
uncertainty and unpredictability that we need to live with) and multiplicity (hence plurality) in 
human activities to enhance the overall well-being of the interconnected system they 
belong to. By surfacing and supporting the diverse cycles, scales and temporalities of 
organisms, materials and energy, regenerative ecologies support biodiversity, while 
cultivating ecological literacy, holistic worldviews, empathy and care towards various forms 
of life that sustains and nourishes the interconnected web of life. The dynamic and 
emergent multiplicity of regenerative ecologies aligns with the tenets of the living systems 
paradigm where all systems exist in interaction and interdependence, and therefore all 
things designed, produced and transformed, regardless of their scale, are part of these 
systems. As such, we propose that the incorporation of living organisms as an inherent 
element in design and use of everyday artifacts, namely living artefacts, holds great promise 
for enabling regeneration across a wide range of ecological scales. 
 
 
FACILITATING REGENERATIVE ECOLOGIES WITH LIVING ARTEFACTS:  
FIVE PILLARS 
 
We outline below five pillars, supplemented by relevant questions, to aid designers of living 
artefacts to unlock, articulate, and critically evaluate the potential of a living artefact for 
regenerative ecologies. By examining two representative cases, we showcase the practical 

 
35 Wilson, Edward O., Biophilia. (Massachusetts: Harvard University Press, 1984); Wolfs, Emmanuel 
L. M., “Biophilic Design and Bio-Collaboration,” Archives of Design Research Vol. 28, no. 1, (2015): 
71-89. https://doi.org/10.15187/adr.2015.02.113.1.71. 
36 Guillitte, Olivier, “Bioreceptivity: A New Concept for Building Ecology Studies,” Science of The 
Total Environment vol. 167 Issue 1–3, (1995): 215–220. https://doi.org/10.1016/0048-9697(95)04582-
L. 
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implementation of harnessing the innate regenerative capacity of living systems for a wide 
range of regenerative design objectives encompassing the five pillars. 
 
Living Artefacts for Cyclical Material and Energy Systems  
The extension of the regenerative capacity exhibited by living organisms to encompass 
diverse temporal and ecological scales is a key consideration in this pillar. We invite 
designers of living artefacts to undertake a critical inquiry into the sourcing and disposal of 
any non-living materials incorporated within these artifacts, while aligning with the 
temporalities of the living organisms involved. Further alignment of artifact/material life 
cycles with the variable temporalities and (multiple) cycles inherent to the living organisms 
necessitates the consideration of living aesthetics as part of this multiplicity in temporality. 
This consideration assumes a significant role in the development of socially and 
ecologically embedded living artefacts that seamlessly integrate into everyday life. Some of 
the key questions to help guide this process are:  
 

- How do we design living artefacts that harness the distinctive biological 
affordances of living organisms throughout the design, (multiple) use, and 
end-of-life of the artifact? 

- How can the temporalities of living and non-living entities within a living 
artefact be attuned to establish cyclical material and energy systems? 

- How do we design living aesthetics to facilitate seamless flow of living 
artefacts across these various temporal and ecological scales?  

 
Living Artefacts for Biodiversity   
Living organisms coexist with other organisms within ecosystems, forming symbiotic 
relationships that encompass interactions, adaptations, energy flows, and the distribution 
of organisms. Such biodiversity, occurring at various levels in ecosystems, is crucial for 
sustaining life on Earth. Living artefacts, when designed as open multi-species ecosystems 
that foster collaborative and creative dynamics, possess the capacity to contribute 
significantly to the preservation and enhancement of life, for example, to facilitate nutrient 
cycles, and the remediation of water and soil systems. Adopting an open approach to living 
artefacts can contribute to the resilience of the artifact and the surrounding ecosystem, 
while facilitating the emergence of novel aesthetic expressions and cultivating a sense of 
interconnectivity that have the potential to nurture holistic worldviews (which we will further 
discuss in the next sections). This pillar raises several critical inquiries: 
 

- How do we design living artefacts that foster multi-species ecosystems cultivating 
collaborative and creative dynamics? 

- Within these ecosystems, what is the appropriate role for humans to assume? When 
and to what degree could/should humans intervene? 

- How can we cultivate open mindsets that embrace emergence and unpredictability 
in living aesthetics, arising from the intricate dynamics among multiple species?   
 

Living Artefacts for More-than-human Sensibilities  
Living artefacts offer a unique opportunity to facilitate mutually beneficial relationships 
between humans and other-than-human species, promoting an understanding and 
appreciation of their diverse needs, scales, agencies, and temporalities. By skillfully crafting 
these living artefacts, designers can create situations that encourage creative assemblages, 
where humans actively participate and coevolve with non-humans within a dynamic 
ecology of interconnected living and non-living entities. This pillar prompts a reevaluation of 
the agental role of humans and non-humans within these complex assemblages, 
encouraging a more nuanced understanding of our interconnectedness and responsibilities 
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within ecological frameworks. Designers who aim to cultivate more-than-human 
sensibilities through the development of living artefacts should pose critical questions to 
guide their design process, such as: 
 

- How do we design living artefacts that help humans to be sensitized and attuned to 
the needs, temporalities, scales, and aesthetics of non-human species? 

- How do we enable creative assemblages and reciprocal practices in everyday 
interactions with living artefacts that foster interconnectedness, interdependencies, 
and mutualism? 

- How can we foster a comprehensive understanding of (and design for) mutualistic 
care practices that extend beyond the human realm to encompass more-than-
human entities? 

 
 
 
Living Artefacts for Ecological Literacy  
Drawing upon the foundational operational mechanisms of living systems, living artefacts 
possess the capacity to cultivate awareness and facilitate knowledge building in individuals 
and broader society pertaining to ecological principles and phenomena, such as 
photosynthesis, nutrient cycles, and the metabolic intricacies of diverse species. By 
prompting deeper contemplation, ecological literacy nurtured by living artefacts, in part by 
virtue of their scale and proximity to us in our everyday lives, enhances one's 
understanding of the intricate dynamics and relationships within everyday life. This 
heightened comprehension holds the potential to catalyze the development of sustainable 
social practices and a greater admiration for the intricacies of living aesthetics. Designers of 
living artefacts who aim to cultivate ecological literacy may consider engaging with the 
following inquiries:  
 

- Which living system principles and metabolic activities exhibited by organisms are 
effectively harnessed and manifested in the functions and expressions of the 
artifact? 

- In what ways can these underlying principles and activities be more effectively 
communicated and expressed through the living artefact? 

- What role can the organism-specific care practices play in enhancing the capacity of 
living artefacts to facilitate knowledge building within ecological contexts? 
 

Living Artefacts for Culture Change and Holistic Worldviews 
When situated within our lives as part of our everyday practices, living artefacts offer an 
opportunity to mend the longstanding cognitive separation of humans from nature. Unlike 
regenerative design practices primarily applied to agriculture and the built environment at 
an urban scale, the human-scale dimension of living artefacts engenders a closer 
connection to nature, characterized by intricate relationships, diverse temporalities, varied 
scales, and emergent qualities. Through this relatability, a profound understanding and 
heightened admiration for the intricately interwoven complexities intrinsic to the natural 
world develop. Within this context, living artefacts not only allows for the resolution of 
significant semantic dilemmas in societies, such as the prevailing stigma associated with 
microbes as unclean and repugnant, but also transcends the boundaries of the human-
organism relation, towards engendering transformative shifts in everyday practices for the 
wellbeing of all. This pillar raises several critical inquiries: 
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- How do we design the living artefact to challenge prevalent societal stigmatizations 
associated with living organisms and foster appreciation and transformative shifts in 
perspectives?  

- To what extent can the dynamic, unpredictable, and emergent nature of its living 
aesthetics effectively operate as a conduit for new aesthetic judgements that align 
with regenerative ecologies (i.e., ecological aesthetics)?   

- How do we design living artefact that propose novel ways of doing and living, that 
prioritize sustainability while facilitating the transformative shift in both individual and 
collective perspectives? 

 
TWO CASES 
Below we provide detailed elaboration on two cases of living artefacts that exemplify 
elements of the five pillars, thereby fostering the facilitation of regenerative ecologies. 
 

 
Figure 2. Loop, a living coffin designed by Bob Hendrikx, is cultivated using fungi. (Image 
Credits: Bob Hendrikx & Loop Biotech) 
 
Loop37 (Fig. 2), a living coffin designed by Bob Hendrikx, is cultivated using fungi within a 
remarkably short span of 7 days, utilizing a process that requires no external energy or heat 
sources (Pillar 1). Once interred, the coffin undergoes a natural decomposition process and 
transforms into nutrient-rich compost within a 6-week timeframe (Pillar 1). This 
decomposition process continues to enrich the surrounding soil and ecosystem for up to 3 
years (Pillar 2), presenting a sustainable alternative to traditional burial methods that often 
contribute to soil degradation and groundwater contamination. Design considerations, such 
as the preservation of organisms in a dormant state rather than subjecting them to 
deleterious high temperatures, reflect a conscious effort to uphold the desired nutrient 
cycling dynamics and multi-species interactions when the coffin is buried, which ultimately 
bolster the regenerative potential of the artifact. The alignment between human needs and 
the temporal qualities of organisms and material decomposition in this example, dissolves 
the boundaries between production, use, life and regeneration (Pillar 1 & 3).  
 

 
37 “About us”, Loop, accessed July 7, 2023, https://loop-biotech.com/about-us/  
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The Loop coffin also serves as a conduit for multifaceted ecological enlightenment (Pillar 
4). Firstly, it imparts awareness regarding the remarkable capability of fungi to thrive on 
organic matter and adapt it into a solid material structure. Secondly, the coffin accentuates 
the inherent composting-ability of fungi, thereby stressing the importance of nutrient cycles 
within the natural ecosystem and the vital role fungi play in facilitating such processes. The 
designer’s provocative and humorous motto, “Are you waste or compost?” serves as a 
potent agent in challenging human-centered notions of our bodies as sacred in death (Pillar 
3), and elicits further awareness and curiosity about such natural processes in society 
(Pillar 4). The sociocultural context of funerals serves as a valuable platform for amplifying 
the intended message conveyed by the designer, offering substantial opportunities to 
surpass conventional perspectives on sustainability (Pillar 5). During an informal interview 
conducted with Bob Hendrikx, we obtained crucial insights regarding the dilemma faced by 
the designer in addressing the limited shelf-life of the coffin, attributed to its open design 
rendering it susceptible to contamination and the subsequent emergence of mold 
blemishes. Hendrikx has observed that such manifestations of living aesthetics are 
explicitly disfavored by clients, primarily due to the prevailing perception of uncleanliness 
and repulsion. In order to confront this prevailing societal stigma associated with mold, the 
designer is encouraged to expound upon the concept of living aesthetics and envision a 
coffin design that actively embraces such emergent occurrences, thereby facilitating a 
transformative shift towards ecological aesthetics (Pillar 5).  
 

 
 
Figure 3. Biogarmentry by Roya Aghighi, is a living garment that combines natural fiber based 
textile and living photosynthetic microalgae cells. (Image creidts: Roya Aghighi) 
 
Roya Aghighi's Biogarmentry38 (Fig. 3) represents a unique garment that amalgamates 
textiles derived from natural fibers with living photosynthetic microalgae cells. The designer 
envisions a lab-grown garment that is entirely composed of natural materials and 
possesses complete compostability, while facilitating the removal of deleterious airborne 

 
38 Aghighi, Roya, “Biogarmentry: Photosynthetic Living textile for an alternative everyday,” Material 
Incubator, accessed July 7, 2023, https://www.materialincubator.com/biogarmentry.  
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toxins in its use time (Pillar 1). This endeavor is driven by the aim to mitigate the detrimental 
impact caused by the textile industry, in particular fast fashion. Notably, the garment 
necessitates a distinct set of care-practices, exemplified by the act of gently spraying water 
onto the textile. This act serves the dual purpose of sustaining the vitality of the embedded 
microorganisms for maintaining its air purification function, as well as cultivating 
understanding of microalgae needs and aligning with its living aesthetics (such as color 
change) (Pillar 3). While purposefully developed textile tags provide guidance to end-users 
regarding the perpetuation of its livingness (Fig. 4), the organisms' responsiveness to 
external factors present within an ecosystem, including sunlight and humidity, will stimulate 
the emergence of creative configurations, assemblages, and social practices in everyday 
life (Pillar 3). For example, one might opt to accompany the living garment during a nice 
outdoor stroll on a sunny day, while some may leave the living garment in their bathroom 
periodically to maintain a suitable level of humidity. These practices, which will change and 
evolve in alignment with the dynamic changes in the living garment, aim to establish an 
optimal shared habitat quality between microalgae and humans, facilitating their 
coexistence and mutual well-being (Pillar 3). 
 

 
Figure 4. Living textile tags developed by Roya Aghighi to instruct the novel care practice. 
(Image credits: Roya Aghighi) 
 
This active engagement with the living textile will elicit curiosity and increased 
understanding of the natural processes behind photosynthesis (Pillar 4). Aghighi's visionary 
approach entails a paradigm shift in human actions associated with conventional textile 
care instructions typically observed with relation to textiles and garments (Pillar 5). While 
implying reduced water consumption for cleansing, Biogarmentry boldly challenges 
preconceived and deeply entrenched notions of cleanliness in a context which is both 
personal and public - garments worn on the body - thereby instigating the possibility of 
cultural transformation within societies (Pillar 5). Although not overtly expressed by the 
designer, it is worth noting that Biogarmentry inherently holds the potential to enrich soil 
fertility when composted, owing to its composition rich in highly nutritious algae (Pillar 2). 
This characteristic presents a promising avenue for end-of-use that warrants further 
exploration within the realm of regenerative ecologies. 
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REFLECTIONS 
This article delves into the potential of living artefacts for regenerative ecologies, and it 
outlines five pillars for practical implementation in biodesign. These pillars serve as an initial 
framework to delineate the design space available to biodesigners of living artefacts. Next, 
we will briefly address specific design issues across the five pillars that illuminate what the 
designers of living artefacts might have to let go of, and what they may have to embrace, to 
foster regenerative ecologies.   
 
Troubling Boundaries between Humans, Technologies, and the Natural World  
As design seeks more holistic approaches "to address the expanding universe of 
algorithms, forms of intelligence, and forms of life that are entering design practice"39, 
concepts such as hybrid living materials40, engineered41 and programable42 living materials, 
living technology43, living bits44, and living media interfaces45 exemplify the vast potential of 
a hybrid world where the boundaries between biological, chemical, and algorithmic 
materials dissolve in biodesign outcomes. Within these intricate entanglements, digital 
technologies have the capacity to play crucial roles in the design of living artefacts, across 
the five pillars presented. At the same time, it is important for designers to resist the 
inclination to technologize every aspect of the interaction, because the primary objective in 
the design of living artefacts should be the creation of a holistic and interconnected system 
supporting regenerative ecologies. This system should express a deep understanding of 
and care for the living organisms involved and the broader ecologies they inhabit. By 
transcending a narrow focus on the technology itself46, we may avoid outcomes that 
reinforce and perpetuate the binary and hierarchical perception of humans and nature as 
discrete and disconnected elements.  
 
Attuning to Biological Rhythms and Ecological Scales 
The intrinsic capacity of living organisms to regenerate, renew, or restore themselves has 
been harnessed within living artefacts predominantly to support specific functionalities or 
use scenarios. This failure to fully integrate or open ourselves to the regenerative potential 
of living artefacts has limited the diversity of usage scenarios and so-called "end-of-life" 
contexts possible. Designers aiming at developing living artefacts should not perceive their 
responsibility as simply fashioning objects that employ living organisms for defined times 

 
39 Giaccardi and Redström, “Technology and More-Than-Human Design,” International Journal of 
Design: 44 
40 Smith et al., “Hybrid Living Materials: Digital Design and Fabrication of 3D Multimaterial Structures 
with Programmable Biohybrid Surfaces,” Adv. Funct. Mater., (2020): 30, 190740. 
41 Nguyen, Courchesne,  Duraj-Thatte,  Praveschotinunt,  Joshi, “Engineered Living Materials: 
Prospects and Challenges for Using Biological Systems to Direct the Assembly of Smart Materials”. 
Adv. Mater., 30 (19) (May 2018).  
42 Gilbert and Ellis, “Biological Engineered Living Materials: Growing Functional Materials with 
Genetically Programmable Properties,” ACS Synth. Biol., 8 (1) (Jan. 2019), pp. 1-15.  
43 Bedau, Mark A., John S. McCaskill, Norman H. Packard, and Steen Rasmussen, “Living 
Technology: Exploiting Life’s Principles in Technology,” Artificial Life 16 no. 1, (2010): 89–97. 
https://doi.org/10.1162/artl.2009.16.1.16103. 
44 Pataranutaporn, Pat, Angela Vujic, David S. Kong, Pattie Maes, and Misha Sra, “Living Bits.” In 
Proceedings of the Augmented Humans International Conference, (2020b): 1–12. 
https://doi.org/10.1145/3384657.3384783. 
45 Merritt, Timothy, Foad Hamidi, Mirela Alistar, and Marta DeMenezes, “Living Media Interfaces: A 
Multi-Perspective Analysis of Biological Materials for Interaction,” Digital Creativity 31 no. 1. (2020): 
1–21. https://doi.org/10.1080/14626268.2019.1707231. 
46 Webber, Sarah, Ryan M. Kelly, Greg Wadley, and Wally Smith, “Engaging with Nature through 
Technology: A Scoping Review of HCI Research,” In Proceedings of the 2023 CHI Conference on 
Human Factors in Computing Systems, (2023): 1–18, https://doi.org/10.1145/3544548.3581534. 
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and ecologies, but rather as designing for the regenerative capacity of the artifact itself. 
They should learn to reconcile their expectations with the different biological rhythms and 
ecological scales that living artefacts can afford. This honest and open approach to 
biodesign transcends the limits of human time and scale, and embraces the design of a 
living artefact as an ongoing process without a definitive design, use, or end-of-life time. By 
prioritizing the regenerative capacity of living artefacts, the idea of designing artifacts for 
humans to use (up) for a particular purpose is superseded in favor of a renewed and 
collaborative design capacity that challenges agency as solely and exclusively human. 
 
Navigating the Dilemmas of Open versus Closed Systems 
When the regenerative capacity of living organisms is only harnessed for isolated 
functionalities or limited lifespans, there exists a disregard for the agency of organisms and 
their emergent qualities, favoring instead a focus on control, precision, and predictability of 
outcomes. Such closed systems fail to foster creative interactions among human and non-
human living entities, hinder the cultivation of coevolution and novel ecological aesthetics, 
and impede the promotion of biodiversity. It is imperative, therefore, to critically evaluate 
the contexts in which precision and predictability in design outcomes are required, and to 
identify instances where a living artefact can be conceived as an open system, or as 
capable of being opened at various stages of its lifespan. The concept of "open systems" 
within the realm of living artefacts comprises two distinct facets. Firstly, it denotes the 
capacity of the artifact to facilitate creative assemblages of various living and nonliving 
elements within an ecosystem. Secondly, it pertains to the physical embodiment of the 
artifact's habitat, characterized by its literal openness, for example, through the inclusion of 
components that can be opened, facilitating the unimpeded flow of energy and nutrients 
not only within the artifact itself but also across multiple species, fostering interactions that 
extend beyond human-nonhuman relations.  
 
When adopting open approaches in the design of living artefacts, it becomes crucial to 
embrace the foundational qualities that are inherently present within living systems: the 
ability to undergo change, to exhibit emergence, and to undergo evolutionary processes. 
Nature, with its dynamic and fluid characteristics, seldom adheres to fixed, flawless, or rigid 
states. Therefore, fostering perspectives that respond to this dynamic understanding of the 
ecosystems with which we coexist becomes indispensable for the development of artifacts 
that evolve in tandem with us. As aptly posited by Wahl: “If we stop wanting to control 
change and shift to a responsive dance with change, we will become more effective change 
agents capable of facilitating positive emergence.”47  
 
IMPACT STATEMENT  
 
In response to the mounting ecological concerns arising from the detrimental impacts of 
conventional design practices, there is an urgent imperative to embrace innovative 
approaches that fundamentally challenge our conventional notions of time, scale, 
aesthetics, and use in design. Living artefacts offer a promising avenue for transcending 
these prevailing human-centric perspectives, thereby unlocking unprecedented 
opportunities for regenerative ecologies characterized by creativity, mutualism, and 
coevolution. This article aims to provide the readership of Research Directions: 
Biotechnology Design with a comprehensive design space that delves deeper into this 
untapped potential of living artefacts for regenerative futures.  
  
 

 
47 Wahl, Designing Regenerative Cultures,138. 
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