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“There’s so much CO2 in the 
atmosphere that planting trees can 
no longer save us.” 1 

“We made plastic. We depend on it. 
Now we’re drowning in it.”2 

1 Rob Ludacer and Jessica Orwig, “There’s so much CO2 in the atmosphere 
that planting trees can no longer save us.” Business Insider, Insider Studio, 
Insider Inc, Oct 26 2018, https://www.businessinsider.com/so-much-co2-
planting-trees-cant-save-us-2017-5?r=US&IR=T
2 Laura Parker, “We made plastic. We depend on it. Now we’re drowning 
in it.” National Geographic, National Geographic magazine, June 2018, 
https://www.nationalgeographic.com/magazine/2018/06/plastic-planet-
waste-pollution-trash-crisis/

“Iceland Thaws: The Glaciers Are 
Melting. What Does It Mean For 
Iceland?” 1 
(Fig.1)

1 John Rogers, “Iceland Thaws: The Glaciers Are Melting. What 
Does It Mean For Iceland?”, The Reykjavik Grapevine, Froken Ltd, 
January 31 2019, https://grapevine.is/mag/feature/2019/01/31/on-
thin-ice-the-glaciers-are-melting-what-does-it-mean-for-iceland/
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Introduction

We here on Earth, find ourselves in an 
environmental crisis. Every day we come 
closer to a point of no return if we want to 
safe our planet from pollution and climate 
change. Not having certainties but only 
opportunities for a better world, in this 
project I try to materialize a tool that can 
improve and shape a futuristic scenario 
and perhaps contribute to find a way for 
solving this global crisis through my final 
conclusions.
Various attempts at sustainability made 
in recent years, such as recycling or green 
economy, have not made any substantial 
change and have therefore failed. Climate 
change is one of the most complex 
issues facing us today. It involves many 
dimensions like science, economics, society, 
politics and moral and ethical questions 
and is a global problem, felt on local 
scales, that will be around for decades and 
centuries to come.
So even if we stop emitting all greenhouse 
gases today, global warming and climate 
change will continue to affect future 
generations. Therefore, the response 
involves a double approach, developing 
“integrated” solutions both to reduce 
greenhouse gas emissions “mitigation”, but 
also to address the consequences of global 
warming that will occur in the future, 
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“adaptation”, with the aim to reduce our 
vulnerability to the harmful effects of 
climate change ( more intense extreme 
weather events or food insecurity )1.
I still think it is our duty as designers 
to demonstrate the possibilities of 
new integrated solutions by studying, 
processing and translating new 
technologies and scientific discoveries 
available to us.
For this reason the project proposes the 
realization of a material through the study 
and use of microorganisms, constituting a 
valid solution of mitigation and adaptation, 
responding to reciprocal environmental 
and physical stimuli from our organism. 
Thanks to the new biotechnologies we are 
able to produce materials incorporating 
living microorganisms inside. In this way 
the material will be able to express the 
characteristics of the organisms according 
to their physiological qualities.

1 Holly Shaftel, “Responding to Climate Change, adaptation-
mitigation”, Global climate change, NASA, April 19 2019, https://
climate.nasa.gov/solutions/adaptation-mitigation/
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Research

I started thinking about an integrated 
biomaterial, a solution to the 
environmental crisis where a biomaterials 
not only beneficial to the environment, 
but is also designed to respond to 
chemical and physical stimuli, bringing 
benefit for future human well-being. 
A biomaterial, unlike bioplastics, is a 
material that interfaces well with biological 
system, living tissue and both micro and 
macro organisms2. The environment of 
biomaterials is physiological, having to 
do with living organisms, or specifically 
the human body, and is characterized 
by biocompatibility. Biocompatibility is a 
general term describing the property of a 
material being compatible with living tissue. 
The materials do not produce a toxic or 
immunological response when exposed to 
the body or bodily fluids. For this reasons 
biocompatible materials are central for use 
in medical implants and prosthetics to avoid 
rejection by the body tissue and to support 
harmonious biological functioning3.

2 Sumrita Bhat and Ashok Kumar, “Biomaterials and 
bioengineering tomorrow’s healthcare”, PMC US national library 
of medicine, National Institute of Health, NCBI, April 1 2013, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3749281/
3 Fa-ming chen and Liu Xiaohua,“Advancing biomaterials of 
human origin for tissue engineering”, PMC US national library 
of medicine, National Institute of Health, NCBI, feb 1 2017, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4808059/
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I started to studying how to make an 
integrated biomaterial using a particular 
type of micro algae called Haematococcus 
Pluvialis. This micro-algae feed on CO2 
and are the main producers of oxygen on 
the planet, producing more than 80% of 
oxygen on Earth. Furthermore, they serve 
to filter pollutants providing an excellent 
tool for mitigating the environment.
For this reason, producing a biomaterial 
that expresses the mitigating 
characteristics of algae allows us to 
improve air quality only by providing the 
survival of the algae within the material. 
But this particular alga has the ability to 
change colour, from green to red, producing 
a pigment called astaxanthin, the best 
antioxidant there is when subjected to 
environmental stress such as temperature 
changes, food shortages and polluted 
environments4 (Fig.1). The production of 
antioxidants by algae has led me to study 
a biomaterial that can not only clean the 
environment, but also provide chemical 
and physical stimuli for the well-being of 
our body, constituting an instrument of 
adaptation.

4 Jacoby Zoldan Rachel, “Meet this under the radar, super 
antioxidant that can save your skin”, Well Good, NAXA natural 
algae astaxanthin association, march 8 2018, https://www.
wellandgood.com/good-looks/astaxanthin-antioxidant-skincare/



16 17

To implement our physical-chemical 
condition to prepare us for future pollution 
conditions, where the forecast of oxygen 
and nutrient shortages for the right 
livelihood of our organism caused by 
pollution, must come from organisms 
capable of changing their physical-chemical 
morphology. In order for algae to express 
their characteristics in biomaterial, I used 
tissue engineering and biotechnology 
techniques5.
Tissue engineering is a biomedical 
engineering discipline integrating biology 
with engineering to create tissues or 
cellular products outside the body. 
Advanced tissue technologies allow for the 
treatment of damaged tissue using human 
cells in a sort of porous architecture called 
scaffold, imitating the human extracellular 
matrix (Fig.2). These scaffolds essentially 
act as a template for tissue formation 
and are typically seeded with cells and 
occasionally growth factors. 

5 Joseph D Bronzino, John Enderle, Introduction to biomedical 
engineering: academic press series in biomedical engineering: 
7march,2011.
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Many materials have been tested for 
scaffolds in different ways with the aim 
of the most varied choice of fabrics and 
organs, having some basic features in 
common: Biocompatibility, biodegradability, 
mechanical and porosity structure6.
The production of a biomaterial made 
from algae is dependent on the 
survival of the algae, For this reason, 
incorporating algae into a biocompatible 
material such as alginate allows survival 
and the consequent expression of 
their characteristics. An alginate is a 
biopolymer, a natural fibre extracted from 
seaweed, commonly used for engineering 
biomaterials compatible with human 
organisms and tissue (Fig.3). The alginate 
is biodegradable, antibacterial and gas 
permeable which makes it an excellent 
material for the survival of the biomaterial 
as well in relation with our body7.

6 Fergal J.O’Brien, “Biomaterials and Scaffolds for tissue 
engineering”, RCSI, Science Foundation Ireland, Enterprise 
Ireland. European Research Council, Dublin, 2011, https://epubs.
rcsi.ie/cgi/viewcontent.cgi?article=1038&context=anatart
7 Muri, J & Brown, P. “Biodegradable and sustainable fibres”, 
England: Woodhead Publishing 2008, 104-105.
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Process

In this part of my project I collaborated 
with Haraldur Garðarsson, manager 
of Algalíf, a company that produces 
astaxanthin. There I was given an 
opportunity to expand my biological 
knowledge by using samples of H. Pluvialis 
to observe and experiment with. I carried 
my tests out under the supervision of Jon 
Hallsteinn testing algae by identifying a 
favourable environment for the survival of 
algae in our organism, in order to replace 
or implement tissue with biomaterial.
Initially, the tests consisted in observing 
and reproducing algae in a bioreactor with 
light, temperature and nutrients suitable 
for their multiplication. Once more algae 
were reproduced, I started to test different 
stress stimuli and observe the changing 
morphology and pigmentation.
After that the tests involved the cultivation 
and observation of the biomaterial in three 
different environments reproducing three 
physiologies of our organism (heart tissue, 
alveolar lung and epithelial tissue) through 
ph, light and nutrients (Fig.4). I identified 
a favourable environment for the survival 
of the H. Pluvialis; the human skin. In this 
particular test the algae morphologically 
demonstrate that they have adapted 
to the environment, not changing their 
pigmentation too much.
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This is a place where light, water and CO2 
can be found in abundance, three key 
factors for the alga’s development.
Finally, the same morphology of the skin 
led me to use textile techniques to create 
filaments of the biomaterial, hoping to 
produce a fabric that could come into direct 
contact with the skin.
By exploiting the permeable characteristics 
of alginate in the form of microfibre, 
the algae will have greater surface area 
of gaseous exchange, exploiting the 
permeable characteristics of alginate and 
the absorbent properties of our skin in a 
reciprocal exchange of gaseous chemical 
nutrients. In addition, a network structure 
of a fabric imitates the skin conformation 
of pores to bridle and condense gases 
and volatile substances also from the 
surrounding environment. 
Textiles as a discipline offers a way to 
create scaffolds due to its unique ability 
to be able to mimic natural structures 
in the body, using various textile 
techniques such as dyeing, tanning and 
weaving8.

8 Roseanne Durnford, “Human Microorganism Textiles 
Questions and Developmental Ideas”, Textile Innovation, 
January 7 2015, https://rosiedurnfordtextileinnovation.wordpress.
com/2015/01/07/human-microorganism-textiles-questions-and-
developmental-ideas/
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Based on my research, process the 
biomaterial from a liquid state in filiform 
without compromising the alga inside, it is 
possible by using alginate charatteristics. 
If the alginate solution is combined 
with a calcium solution, the alginate 
polymerizes into fibres. As a results I used 
‘wet spinning’9, a technique used for the 
manufacturing of nylon microfibers by 
replacing and modifying some elements, 
I build a machine capable of polymerizing 
alginate in microfibers (Fig.5). This 
technique is used in tissue engineering 
for the production of tubular microfibers 
to reproduce small blood vessels and 
capillary networks. It consists of processing 
a continuous flow of alginate through a 
needle in a calcium solution with rotary 
flow, so that the alginate in contact 
with the calcium solution will instantly 
polymerize into a filiform form thanks to 
the continuous flow.
Once dried and observed under a 
microscope, the fibres look extremely thin 
but it is still possible to distinguish the 
living alga within the alginate (Fig.6).

9 You Yang, Jing Sun, Xiaolu Liu, Zhenzhen Guo, Yunhu 
He, Dan Wei, Meiling Zhong, Likun Guo, Hongsong Fan, 

and Xingdong Zhang, “Wet-spinning fabrication of shear-
patterned alginate hydrogel microfibers and the guidance of cell 
alignment”, PMC US national library of medicine, National 
Institute of Health, NCBI, oct2017, https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC5633694/
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I have conducted many tests to observe 
the material’s strength and flexibility, but 
in particular it has been interesting how 
the green algae microfibers, subjected to 
intense light, change colour to red. For 
this reason, studying the red pigment 
like atmospheric sensor, astaxanthin, I 
wanted to look for a way to implement the 
range of colors that the algae can express 
depending on different atmospheric 
stimuli. For example if, through genetic 
modification, we succeed in having the 
crustacyanin protein produced by the 
algae H.Pluvialis, we can observe that 
astaxanthin will link with this protein, 
expressing a blue pigment. As crustacyanin 
is a protein, in situations of drought or 
too high temperatures, it will decompose 
showing again the color red astaxanthin. 
This phenomenon “bathochromic shift 
mechanism” is responsible for the blue 
coloration of lobster shell10.
This fascinating material experiment lends 
itself very well to translations in the field 
of speculative design.

10 Michele Cianci, Pierre J. Rizkallah, Andrzey Olczak, James 
Raftery, Naomi E. Chayen, Peter F. Zagalsky and John Helliwell, 
“The molecular basis of the coloration mechanism in lobster 
shell: β-Crustacyanin at 3.2-Å resolution”, PMC US national 
library of medicine, National Institute of Health, NCBI, jul 23 
2002, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC125020/



38 39



40 41

Translation 

Through the development of the alga 
biomaterial filaments I started to think 
about possible future uses of such a 
material and which characteristics of the 
H. Pluvialis could be useful to the human 
body. 
I was guided by the notions of 
transhumanism, that are often 
concerned with physically, chemically and 
cognitively improving our organic abilities. 
Transhumanism is a way of thinking about 
the future that is based on the premise 
that the human species in its current 
form does not represent the end of our 
development but rather a comparatively 
early phase. “Transhumanism is a 
class of philosophies of life that seek 
the continuation and acceleration of 
the evolution of intelligent life beyond 
its currently human form and human 
limitations by means of science and 
technology, guided by life-promoting 
principles and values”11.

11 Max More, “The Overhuman in the Transhuman”, Journal 
of evolution and technology, Institute of Ethics and Emerging 
Technologies, January 2010, https://jetpress.org/v21/more.pdf
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In that reflection the production of a 
biological tissue through the weaving 
and woven of the algae thread acquires 
transhumanistic value because the 
material enters into symbiosis with our 
skin providing for an exchange of nutrients 
and mutual information improving and 
adapting the organism to future pollution 
conditions (Fig.7). A reciprocal symbiosis of 
nutrient exchange is therefore established 
for a common benefit where our organism 
acquires antioxidants, oxygen, protection 
and environmental information with colors, 
while the tissue, through its geometry, 
is able to condense and process cO2 
and water vapor from our skin and the 
surrounding environment as nutrient for 
algae. As well the basic properties of the 
alga should allow the tissue to change 
colour, from green to red and yellow, 
depending on environmental conditions 
constituting a visual environmental sensor. 
Color change occurs for astaxanthin 
production due to environmental stresses 
including lack of light or nutrients from a 
polluted, elevated or low temperature area.
What is configured is an extrasensory 
experience, “dressing” a second living skin 
composed of green algae. Skin protection 
and oxygen absorption is the first step 
that the membrane takes care of, filtering 
the air and nourishing itself with CO2.
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But it is in metropolises, cities and 
areas with a high level of pollution that 
the membrane activates its properties. 
Undergoing environmental stress due to a 
lack of nutrients from the surrounding air, 
we can observe a change in pigmentation 
in a few hours, informing us visually of the 
quality of the air. At this time the algae will 
begin to produce astaxanthin, antioxidants 
that our body will take through the skin 
to rebalance chemically our body. Only a 
healthy environment can restore the algae 
to a stable condition, returning to a green 
pigmentation. 
I am keen on communicating my 
speculations using multimedia techniques 
and artefacts. Such representations also 
allow me to understand and compare 
results. Mainly artifacts are characterized 
initially in processing and testing the 
threads in different forms in relation to the 
skin, in membranes and textures (Fig.8). 
Equally effective are digital software for 
graphic representation as a illustration or 
parametric video modelling (Fig.9), in which 
it is possible to observe the fabric and wire 
moving and knitting.
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As for the theme of symbiosis, I found 
very interesting the use of liquid crystal 
thermochromatic paints to produce 
membranes responsive to the touch12.
It has been important to observe and 
reflect on the chromatic change of the 
paint in relation to the skin, where the 
gaseous heat exchange of the skin 
imitates the symbiotic condition of the 
algae. Therefore they are not only related 
to the communication of my project to 
an audience, but are also integral to 
my creative process. What I want these 
representations to do is to extend as 
much as possible our notions about the 
relationship nature, man, environment 
and technology. An eco-sustainable and 
ethically correct solution for the benefit of 
both nature and man, looking to the future 
of materials towards a reality of mutual 
respect and coexistence, sensibilizing not 
only to a cleaner world, but in caring for 
the whole natural sphere.

12 Marianne E. Prévôt, Senay Ustunel, and Elda Hegmann, 
“Liquid Crystal Elastomers—A Path to Biocompatible and 
Biodegradable 3D-LCE Scaffolds for Tissue Regeneration”, 
PMC US national library of medicine, National Institute of 
Health, NCBI, march 2018, https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5872956/
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For this reason, the possible applications 
of the material can be proposed in various 
areas, not only membranes to be worn in 
fashion design, but also for architectural 
covers that can clean the air and change 
color, as in outdoor furniture design, 
objects in close contact with humans in 
search of a symbiosis.
The contrast and opposition of our 
anthropocene reality with the speculative 
one in the use of natural materials such 
as algae, takes shape in the design of the 
exhibition. 
Being our reality more and more artificial, 
where the action of man is disfiguring and 
consuming the last resources of the planet, 
I wanted to communicate this discomfort 
through a minimal environment, devoid of 
life and natural elements. The use of steel 
rods, a classic material for the production 
of reinforced concrete, emphasizes this 
concept of cementing at the expense of 
the natural sphere, and takes shape for 
the display of exhibition samples.
The samples on display tell the story of 
the production process of microfibers, from 
algae to spun of yarn. To communicate 
the living nature of the material I used 
greenhouse lamps, which not only 
illuminate but heat the area with bright 
light, focusing all expectations and hopes 
on the project on display.
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Not far away in a screen a knot of threads 
in continuous movement, weave a colored 
membrane giving shape to a human 
hand. Here the project finds its final 
translation and possible application. The 
microfibers, transformed into fabric, act as 
a second membrane, where the chaotic 
movement of the threads communicate a 
living material in continuous growth and 
symbiotic relationship of exchanges and 
stimuli, taking forms depending on the use.
 The material is ideal for a future reality 
projected outside our geological era, where 
the anthropocene is only a memory, a 
fossil.
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Conclusion

I see my speculations as sustainable and 
ethical solutions that benefit both nature 
and humans.
The production of an integrated biomaterial 
that benefits both the environment and 
man represents new possibilities in the 
production of materials, demonstrating 
how solutions for eco-sustainability 
can be translated through the natural 
sphere. In fact, the study of biomimicry, 
observing, mimicking and reproducing 
characteristics of the natural and animal 
world, can be processed through new 
technologies for transhumanist materials, 
suitable for implementing and elevating 
the human condition. This project attempts 
to demonstrate a possible solution 
towards the production of sustainable 
materials through the use of technologies 
to process and translate scientific and 
technological discoveries. What we need 
for a sustainable reality is provided by the 
latest scientific discoveries in every field, 
from biology to medicine, and it is our task 
to translate them to be usable by all. 
But using technologies to implement the 
human condition has not always been 
successful, especially at the expense of the 
environment and the animal world. Many 
ethical factors are found in the modification 
of the natural sphere, including the 

modification and implementation of the 
human being. “If the progress of the 
sciences and the arts has contributed 
to corrupt customs or to improve them”. 
This is how Jean Jacques Rousseau, in 
his discourses, criticises the effective role 
of technologies and scientific discoveries, 
not as a means of improvement, but 
as a means of intellectual decay. Hence 
there are many examples of the misuse 
of technologies, just think of the use 
of plastic, invented to replace ivory, an 
environmentally sustainable solution that 
has been poorly managed in subsequent 
years. For this reason, my confidence in 
technology becomes irrelevant only in 
relation to the use made of it by man. 
Filoskin represents a speculative reality 
in which ethics and coherence developed 
over the years by human beings ensure 
that technologies are used in the best 
possible way, without discrimination of 
species to the detriment of ecosystems. A 
reality of coexistence of natural and human 
sphere in a hypothetical near future, where 
the application and use of filoskin finds 
different uses in every field. 
For this fundamental reason, it is 
important to raise awareness of the use of 
technologies in a correct, ethical and moral 
way. 
I believe, that it is curiosity and willingness 
to immerse ourselves in the fiction of a 
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new, sustainable world that give us the 
ability to really undergo the change we 
need.
A transhumanist biomaterial, syntetizyed 
and tested today, awaits a near future 
ethically consistent to be used, precursor 
of the next geological era. Filoskin tries 
to influence today’s lifestyles in a more 
sustainable and symbiotic mood with 
the natural sphere, speculating about 
a possible reality in which this radical 
change is taking place, facilitating common 
well-being. The return to respect the 
environment and the natural things at the 
intellectual and ethical level, will conceive 
the end of a grey and unhealthy era for 
the birth of a new era.
The end of the anthropocene and the 
beginning of a intellectual, scientific, 
technological, ethical post contemporary 
new enlightenment. By Enlightenment 
we therefore mean a greater tendency 
towards positive thinking, a return to 
appreciate the sciences and the arts and 
the whole natural world after a long period 
of darkness.
A radical change that has evolved thanks 
to new technologies for the beginning of a 
new transhumanistic Enlightenment. 
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