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As wearable technology has seamlessly become an 
integral part of our daily lives, HCI research continues 
to provide innovative solutions that intersect multiple 
disciplines [22,41]. Significant effort has been made 
toward developing devices such as smartwatches 
[1,56], earbuds [26,43], and armbands [40] that enable 
individuals to monitor their health, ensuring hands-free 
communication and streamlined notifications for 
safety. Beyond these efforts, wearable technology has 
expanded its applications to include fashion items 
worn daily, such as rings [38], shoes [2,47], and 
jackets [10,39]. 

A more recent trend includes fashion items worn for 
aesthetic enhancements, such as artificial nails, 
eyelashes, hair, and makeup, collectively referred to as 
beauty technology [53]. Embedding electronics, 
beauty technology adds functionality to the typical 
cosmetic use [52]. FX e-makeup [51], for example, 
embeds electronics to sense and use facial muscle 
movements as inputs for performing commands (e.g., 
turning on a TV). iSkin [54] and DuoSkin [24] apply on-
skin smart tattoos that utilize touch as input.

Similarly to fast fashion, beauty technology presents 
sustainability challenges influenced by factors such as 
material composition, production processes, and end-
of-life disposal, with the added caveat of e-waste. For 
instance, the wearables for beauty technology 
integrate electronics or conductive coatings, posing 
difficulties for proper recycling due to the challenges 
in separating the electronic components from the off-
the-shelf cosmetics.

Concerned as well with sustainability, recent HCI 
research shows a growing interest in biobased 
materials, such as mycelium skin [50], mycelium 
composites [19,30,49,55], bioplastics [6,27,57], 
biofoams [28,29], bioclays or biopastes [8,12,42], and 
bacterial cellulose [7,18,34-36]. This interest is driven 
by the ability of these materials to break down in a 
home-compostable environment enabling the reuse or 
recovery of electronic components at the end of the 
wearable or interactive artifact's life.

Bio-e-Nails illustrate our commitment to fostering 
sustainability in beauty technology by exploring new 
biomaterial formulations tailored to make artificial nails. 
Our sustainable design approach includes low-tech 
fabrication, to enable customization, and flexibility in 
design as important design values when prototyping 
biobased nails.

To address any disposal challenges of our Bio-e-Nails, 
we intentionally chose the substrate material based on 
its sustainable qualities. Taking inspiration from 
existing attempts to make nails out of biobased 
materials [9,14,33,45], we explore two different 
bioplastics, one that we formulated drawing from 
open-source algae-based recipes and cookbooks 
[6,17] and another developed based on existing 
literature on chitosan biofilms [16,48]. We iterate 
through various formulations to create a biodegradable 
material that emulates artificial nails. Our fabrication 
process includes aesthetic customization and 
embedding interaction through color-changing 
pigments and Near-Field Communication (NFC) chips. 
While biodegradability is a key feature, our approach 
also offers opportunities for reusing nails embedded 
with electronics or photo- and thermochromic 
pigments.

The nail/art industry faces sustainability challenges, 
including frequent replacement of nails, microplastics 
from filing down acrylic nails, and various health 
concerns affecting both professionals and wearers 
[20]. For instance, the methyl methacrylate in the 
acrylic powder can be inhaled and produce aerosols 
that irritate the eyes [4]. Solvents like acetone and 
toxic glues further exacerbate these health and 
environmental problems. The nail industry is currently 
clouded by concerns over the choice of materials, 
such as plastics that can be ingested through nail 
biting, and the respiratory issues associated with 
breathing toxic chemicals and particles in the air.

Being aware of these concerns, our project explores 
the potential of biobased materials in beauty 
technology through Bio-e-Nails. Despite limitations like 
the short lifespan and specific mechanical properties 
of some biobased materials, we leverage their 
potential to introduce more sustainable alternatives.

Beyond the specific application of aesthetic nails, our 
explorations eliminate the reliance on off-the-shelf 
products and showcase bioplastics’ potential for not 
only biodegradation but also customization and low-
tech fabrication. Bio-e-Nails aim to unlock a unique 
design space in beauty technology by embracing 
bioplastics' suitability for temporary use cases such as 
artificial nails, and by exploring three end-of-life 
strategies to extend Bio-e-Nails' lifecycle, or to enable 
the reuse of materials or electronic components when 
desired. Readily available ingredients and low-tech 
fabrication methods contribute to Bio-e-Nails' design 
versatility in terms of aesthetics (color, shape, and 
size) and interactivity. 

Sustainability Challenges in Wearable and Beauty Technologies
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Material Exploration
Our material exploration process followed a material-driven design approach [25], iterating through 
multiple bioplastic formulations specifically to achieve a nail form factor, starting with agar-based and 
expanding to chitosan-based recipes. We focused on six key properties we considered important for 
artificial nails: functional (hard to break, holds shape, and water resistance) and aesthetic 
(smoothness, homogeneity, and thinness), recognizing that some properties may fall into both 
categories. Furthermore, we adapted low-tech crafting methods to support the accessibility and 
replicability of our fabrication process. In this section, we present the specific material 
formulations that led to functional and aesthetic Bio-e-Nails. Our exploration included more than 20 
iterations, as well as experimenting with potato starch and glucose syrup, which did not lend a 
material able to hold its shape. See Supplemental Material for bill of materials for Bio-e-Nails; 
biomaterials exploration, iterations, and annotations; low-tech fabrication of clay molds; and 
biodegradability test of chitosan-based nails.

Agar is a jelly-like 
polysaccharide 
biopolymer extracted 
from the cell walls of 
certain red algae species. 
It is commonly used as a 
gelling agent, thickener, 
and vegan substitute for 
gelatin.

Agar-based solution
8g agar-agar
250ml water

6g glycerin
2g pigment

Chitosan is a biopolymer 
from chitin in seashells, 
often used in drug 
delivery for its 
biocompatibility and 
biodegradability, and has 
superior mechanical 
properties compared to 
agar.

Chitosan-based solution
2.38g chitosan

10ml water
22ml vinegar

0.07g pigment

Comparison of Bio-e-Nails
Material Properties 

Comparison of the Bio-e-Nails Fabrication Process
The two formulations described in this pictorial for creating 
Bio-e-Nails use distinct techniques, equipment, procedures, 
and finishing methods, as detailed in the table below. Both 
were customized for aesthetics and functionality, with 
interventions during material formulation, core fabrication 
(procedure), or finishing steps.

Aesthetics
- 3D nail jewels
- Water-based food coloring
- Metallic pigment

Additives used to customize Bio-e-Nails for:

Functionality/Interaction
- NFC chips
- Photochromic and thermochromic pigments
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Exploring Interaction Beyond Aesthetics
Call Emergency
Contact or 911

Open navigation to a 
pre-programmed 
location

Send a customized 
text to a friend

5mm x 5 mm NFC
20mm range
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End-of-Life Strategies for Biobased Nail Interfaces
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Mold making
To create the mold for the chitosan-based Bio-e-Nails, we firmly secured 
the model nail against clay and then, shaped a pouring well around it. Our 
first explorations were led by playfulness, and a hands-on direct 
engagement with the material. While the process is simple to understand, 
and accessible to designers at large, we noticed several technical 
considerations that improved our results.

The aspect ratio of the clay mold impacts significantly how the nail cures. 
If the mold is too shallow, there is not enough solution to cure, so we 
obtain a very thin and transparent nail. If the mold is too deep and narrow, 
the sides cure slower and pull over the surface of the nail (see top 
image).

Viscosity and Homogeneity
Adding pigments to the solution changes its viscosity and homogeneity. 
Our nails improved significantly in terms of smoother surface, and 
homogeneous pigment distribution, once we learnt more about each 
pigment’s physical and chemical properties. To keep a consistent 
viscosity of the solution, for the agar nails, we used water-based food 
coloring, and for the chitosan nails, we used pigments that have a heavier 
density, such as metallic makeup pigments.

Embedding Electronics
When embedding electronics, keeping them in place can be difficult (see 
bottom image). For the chitosan-based nails, we used a little bit of clay to 
hold on the NFC chips to the surface of the model nail. We also 
experimented with layering (first pouring a thin layer, waiting for it to 
solidify but not dry completely, then sticking the chip and pouring the final 
layer on top.

Flexibility in End-of-life
When embedding electronics (such as an NFC chip), ending the life of a 
Bio-e-Nail becomes a combination of mechanical, chemical and biological 
processes. For example, for the agar-agar Bio-e-Nails we first recover the 
electronics by removing mechanically the layers and then we choose the 
path for the bioplastic material: dissolve to re-use or biodegrade. The 
chitosan bioplastic sticks to the surface of the electronic and cannot be 
mechanically removed without leaving residues, so we start by 
biodegrading the nails, and once the electronics get revealed (around day 
21), we mechanically harvest them.

deep
and

narrow

desired Technical Considerations

Too 
shallow

Embedded NFC  chips

Iterative low-tech fabrication process of Bio-e-Nails 
using hand-crafted clay wells for chitosan-based nails.



Accessibility and replicability
By prioritizing accessibility and replicability, our approach to Bio-e-Nails 
reimagines beauty tech design, enabling both designers and wearers to create 
temporal, customizable objects using a material-led framework. Accessible 
materials and low-tech methods not only democratize beauty technology 
design space but also encourage users to engage with the artifact's lifecycle. 
However, they might also raise trade-offs. Does replicability limit performance 
or aesthetics, or open new pathways for innovation? Embracing qualities 
traditionally seen as flaws, such as variations in homogeneity in the nails, 
challenges norms and redefines beauty tech standards. This shift from 
uniformity and high performance to systems balancing usability, creativity, and 
sustainability positions accessibility and replicability as catalysts for rethinking 
beauty tech and opening new design possibilities for sustainable interactive 
systems more broadly.

Broader Implications and Lessons from Bio-e-Nails
Integrating a material-led [13,25,44] and Intimate Making [8] approach in our 
design and fabrication processes afforded the materials to guide our 
exploration, informing design decisions that range from functional to aesthetic. 
This attunement to materiality—encompassing various felt experiences [5,36] 
—was central to our design process. Observations of material behavior—such 
as agar's inherent flexibility and chitosan's ability to provide rigidity—informed 
both functional and aesthetic choices. These insights guided the development 
of accessible, low-tech fabrication techniques tailored to Bio-e-Nails.

Previous work [35,50] has emphasized lifecycle considerations for sustainable 
wearables focusing on end-of-life options like compostability and recyclability. 
While these approaches highlight sustainable materials, the end-of-life is 
framed as a static conclusion. In contrast, our approach to end-of-life in this 
work, was drawn from observing how biomaterials interact with solvents. 
Attuning to the process, we identified an opportunity for three dynamic end-of-
life strategies for Bio-e-Nails. These strategies encourage wearers to engage 
with the material’s lifecycle beyond its use phase, while also prompting 
designers to rethink possibilities for keeping materials in a closed-loop, 
fostering a more interactive and thoughtful engagement with temporary beauty 
technologies.

The insights from this pictorial—on bioplastics, accessible fabrication, and end-
of-life options—can inform the design of devices with limited lifespans, such as 
food-safe interfaces or smart packaging. By prioritizing material agency and 
lifecycle considerations, designers can foster more sustainable and 
contextually thoughtful design practices across various fields.

Discussion

that's why we mention the 

embellishments

varying levels of homogeneity



Limitations
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