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INTRO

Evidence suggests that life on Earth began around 3.7 
billion years ago, evolving from the most basic of microbes into 
an extraordinary array of complexity over time. This evidence 
takes the form of microfossils and ancient rock structures 
called stromatolittes. 

It is generally agreed that all life evolved by common 
descent from a single primitive lifeform [1], but it is still not 
known how this early form came about. 
From a number of theories suggesting different origins, we 
highlight and focus on one directly related to extreme cold en-
vironments. This theory states that ice might have covered the 
oceans 3 billion years ago, as the sun was about a third less 
luminous than it is now. This layer of ice, possibly hundreds of 
feet thick, might have protected fragile organic compounds in 
the water below from ultraviolet light and destruction from 
cosmic impacts. The cold might have also helped these mole-
cules to survive longer, allowing key reactions to happen. [2].
Some of these microbial reactions are recorded in stromato li-
tes as the most ancient devices documenting early life on earth.
 

[1]. Steel, Mike & Penny, David 2010. “Origins of life: common ancestry put to the 
test”. Nature 465 (7295): 168–9. doi:10.1038/465168a. PMID 20463725.
[2]. Choi, Charles Q.. “Seven Theories on the Origin of Life”. LiveScience online. March 
24, 2016. https://www.livescience.com/13363-7-theories-origin-life.html 

Figure A. Marine stromatolites found in Shark Bay, Australia. They tend to form through a 
“trapping/binding” method, where sediment gets trapped into the mocus that cyanobac-
teria produces. Photo from: https://stromatolites.weebly.com/morphology.html
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PROJECT DESCRIPTION
 

Stromatolites are sedimentary structures produced by 
cyanobacteria that form thin microbial films which trap sedi-
ments. Over time, layers of these sediment/microbe mats can 
build up into a laminated carbonate or silicate rock structure: 
the stromatolite. 
These types of structures have been found in distinct climates 
including distant places such as Australia, Argentina, Green-
land or Ecuador, and they are still produced by microbes today. 
Modern and ancient stromatolites have similar shapes and, 
when seen in cross section, both show the same fine layer-
ing produced by thin cyanobacterial sheets. The cyanobacteria 
played a major role in the oxygenation of our atmosphere from 
the Archean eon and on. In fact, it is one of the oldest micro-
organisms surviving through time and space. 

In this project, we propose a fictional interference into 
this scientific pre-historical narrative: ‘the creation of antarc-
tic stromatolites’ based on research on cyanobacterial strains 
found in  McMurdo Dry Valley and Victoria Land, Antarctica [3] 
[4].

across TIME aims the production of artificial stromato-
lites in a framework including notions of exploration, antarc-
tic mythology and reutilization of bio-waste derived from the 
EDEN ISS greenhouse project. * 

01.1

across TIME

Figure B. Cross section of a dome shaped stromatolite. A stromatolite’s lamina-
tion structure is concentric. Because of this, stromatolites cannot start out with 
dome shaped layers and then sprout into a cone shape.

* The EDEN ISS greenhouse is a project co-funded by the European Framework Pro-
gramme Horizon 2020 and led by the DLR. 

[3]. Meenakshi Banerjee, Vidhi Verma. Nitrogen fixation in endolithic cyanobacterial 
communities of the McMurdo Dry Valley, Antarctica. ScienceAsia 35 (2009): 215–219
[4]. Friedmann E. Irme, Ocampo Roseli.  Endolithic Blue-Green Algae in the Dry Val-
leys: Primary Producers in the Antarctic Desert Ecosystem. SCIENCE. 24 September 
1976  1247-1249
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across TIME is an art project conceptualized after re-
ceiving an invitation from the German Aerospace Center (DLR), 
to produce a work in response to their EDEN ISS greenhouse 
project. This experimental greenhouse in the form of a mobile 
container, was first integrated at DLR in Bremen, followed by 
an extensive test period. In October 2017, the complete facility 
was shipped to the German Neumayer III station in Antarctica 
for fifteen months production period. 

“A critical component of future, human exploration to 
worlds unknown, will be the supply of edible food for crew-
members. To develop innovations in cultivating food in closed-
loop systems becomes integral to future missions.” [5].

Research and-
Pre-production
in Ecuador and 

Austria

2017 - Jan 2018 Jan - June 2018 June - Sept 2018

Jan 2019

Development and 
integration in 

Vienna 

First Presentation 
Science Gallery 

Dublin

Eventual  
expedition to 
Neumayer III 

Station in 
Antarctica 

In this context, we propose the first presentation of our 
artificial stromatolites, for the LIFE AT THE EDGES exhibition. 
This work is thought as part of a workshop on biological 3d 
printing and space exploration. We would like to introduce an 
audience ranging from 15 to 30 years old to insights on syn-
thetic biology and architecture in a sci-fi scheme. 

Our stromatolites play with the idea of being objects emboding 
past and present regardless of its artificial creation. These ob-
jects, assumed as living fossils, will be produced by a 3d printing 
procedure that replicates the layered-like building performed 
by organic stromatolites.  For this objective, we plan to cons 
truct a custom bio – 3d printer fed by two principal compo-
nents: cellulose made out of biological waste and strains of 
cyanobacteria. 

Brief schedule

across TIME

EDEN ISS Greenhouse, photo credit: Antarctica DLR, 2018
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across TIME

Outside and inside of 
the EDEN ISS greenhouse

EDEN ISS Greenhouse, Inside, photo credit: inside: Bruno Stubenrauch, 2017

Ground Demonstration of Plant Cultivation Technologies
for Safe Food Production in Space

The goal of the EDEN ISS project is to advance controlled environ-
ment agriculture technologies beyond the state-of-the-art. It focu- 
ses on ground demonstration of plant cultivation technologies and 
their application in space. EDEN ISS develops safe food production 
for on-board the International Space Station (ISS) and for future hu-
man space exploration vehicles and planetary outposts.

EDEN ISS is a 4-year project under the European Union‘s Research 
and Innovation Action program Horizon 2020, within the topic of 
‘Space exploration / Life support.’  The project started March 2015 
and will conclude February 2019  [5].

Barbara Imhof works in this project as Project Manager for her part-
ner company Liquifer Systems Group. 
 

[5]. From the project’s website: http://eden-iss.net/
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PRODUCTION PROCESS

1. Stromatolite 3D Model Data Base
First, we are conforming a data base of stromatolites found in 
marine and non-marine environments. In across TIME, our spe-
cial focus is on stromatolites found in high altitude like those in 
Salta, Argentina and Antisana, Ecuador because of its climate 
relation to Antarctica. 
There is two main forms in stromatolites: dome shaped and 
column shaped. During the Proterozoic stromatolites within 
each of these two forms would range from low relief mounds, 
bulbous masses or long slender columns with branching struc-
tures. Stromatolites reached their peak of diversification during 
the Proterozoic before decreasing their numbers. Modern stro-
matolites are not this diverse.

2. Digital Models Bank
Our models bank is in process of developing by applying differ-
ent image-gathering methods: video, photogrammetry and 3D 
scanning of existing stromatolites. In this sense, the resultant 
digital models might be merge distinct shapes in a speculative 
process of imagining a possible “antarctic stromatolite”.  

01.2

Figure D.  3D scan model. Digital image. Reference of an underwa-
ter laser scanner method. 

Figure C.  3D scanning process - 360 degrees image-gathering

360 o

across TIME
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Figures E, F. Survey of different ways that stromatolites develop and 
acquire distinct shapes. 

across TIME
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3. Cellulose production 
Cellulose is an organic compound of polysaccharides. It is an 
important structural component of the primary cell wall of 
green plants, many forms of algae and the oomycetes. 
The EDEN ISS has designed a cultivation recipe for fresh food 
crops such as tomatoes, lettuce, cucumber, spinach, red mus-
tard, among others. It is intended to produce 10 kg / week of 
eatable veggies. The leftovers of this production form a com-
post that will help us as a primary source for the fabrication of 
cellulose. 

By washing this compost with Sodium hydroxide (NaOH), it is 
viable to clean up the bio-waste. This process allow us to get a 
different aesthetics, as well as, at some extent, it prevents the 
proliferation of undesired bacterial strains. 

  

01.3

across TIME

Figure G.  The EDEN ISS Greenhouse illustration.

Figure H.  Processing EDEN ISS bio-waste. Leaves, branches and trunks from 
the aeroponic crops will be transformed into transparent cellulose by using 
NaOH.
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4. 3D Printing  
After washing cellulose with Sodium hydroxide (NaOH), we look 
for a certain viscosity in order to get a type of gel. This mate-
rial is contained in a tank and it is pumped out by an air-pump. 

A prototype of a DIY Biological Robotic Arm (BRA) is designed 
as part of the fabrication process. This machine will be shipped 
to the Neumayer Station III in Antarctica to set up our labora-
tory next to the existing one in the station.      

01.4

Figure I. Prototype of Biological Robotic Arm (BRA) fed by cellu-
lose and strains of cyanobacteria.

across TIME
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across TIME

Figure J. Rotten Shale Hilltop - (9” x 5” x 3” high) Reference of aesthetics.

5. Outcome - Installation  
The outcome of this project would be a series of living 3D prin- 
ted sculptures, grown with bio-waste material from the EDEN 
ISS greenhouse. These sculptures talk about re-cycling and the 
presence of pre-historic living organisms in our daily live. 

01.5 11



across TIME

Figure K.  Sketch. Installation view. Science Gallery Dublin. across TIME. 
version I. Materials: stromatolite made out of cellulose, cyanobacteria 
and volcanic sediments, dome shaped glass container, custom plexiglass/ 
silicone/resin table, stainless steel, air pump, LED lamp.
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across TIME

Figure L. Anish Kapoor, Ga Gu Ma, 2011-2012. Gladstone Gallery
Concrete, 22 parts, dimensions variable.

ART REFERENCES13



across TIME

Figurest M. N. Pakui Hardware. Lost Heritage, 2015. Hyperconnected. MMOMA, Moscow. 
Plaster, resin, silicone, studio-grown grass, water, plexiglass, ceramics
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Figure O. Anish Kapoor, Void Field, 1989. Venice Biennale 2011. 
Cumbrian sandstone and pigment

Figure P. Anna Maria Maiolino, Continuous, 2010, Camden Arts 
Center. Clay.

across TIME
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across TIME

From left to right 
Figure Q.  Julius von Bismark, Boulder, 2017, ArtDuseldorf. Rock 

Figure R. Rock Print by Gramazio Kohler Research, ETH Zürich hat, and Self-Assembly Lab, MIT. Ars Electronica, 2017
Figure S. Anish Kapoor, It ’s a man, 1988-1990, Museo Reina Sofia. Cumbrian sandstone and pigment

Figure T. Installation view of Anna Maria Maiolino, 2017 at MOCA Grand Avenue, photo by Brian Forrest. Clay
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across TIME

EXPEDITION GEOGRAPHY

02.

The Antisana Ecological Reserve is the location in Ecuador, where 
we found stromatolites of volcanic origin. For the LIFE AT THE 
EDGES exhibition, we will use 3D models of these stromatolies.

FIRST EXPEDITION

Antisana Volcano, Ecuador         
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across TIME

SECOND EXPEDITION

Neumayer Station III, Antarctica. 
Laboratories and facilities needed in or-
der to 3D print our living sculptures in-situ. 
Once, here we will be able to integrate de 
whole process in real-time. 
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across TIME

Figure U.  Survey of different topographies 
and locations around the world, where stro-

matolites have been found so far.
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across TIME

Paul Rosero Contreras has received his Master’s in Cognitive Systems 
and Interactive Media from Universitat Pompeu Fabra in Barcelona, 
as well as a Postgraduate Diploma in Technologies of Communica-
tion from FLACSO, Argentina. Further, Rosero studied a MFA in Art 
and Technology at the California Institute of the Arts. His cross-disci-
plinary interests include photography, experimental sound, electron-
ics, bio-philosophy and a/v performance.  His work has been displayed 
widely at the 57th Venice Bienale, at the Moscow Biennale for Young 
Art, Musee Quai Branly, Paris, Museo de Historia, Zaragoza, Galeria 
Virgilio, Sao Paulo, Cuenca Biennial, Cuenca- Ecuador, 1st. Antarc-
tic Biennale and SIGGRAPH Los Angeles, 2017, among other venues.  

Barbara Imhof is a space architect, design researcher and ra-
dio journalist. Imhof is a managing director of LIQUIFER Sys-
tems Group and the EDEN ISS project manager for LIQUIFER. 
She works across disciplines and has exhibited her collabo-
rative artistic work in the Kochi Biennale 2016, India, Natu-
ral Science Museum Vienna, 2016, in various galleries in Ger-
many, Austria, the US, Australia, Hong Kong and Denmark.

Her publications include two books in the field of artistic re-
search: Built to Grow: Blending Architecture and Biology, Jan-
uary 2016, Edition Angewandte, Publisher Birkhäuser Verlag, 
Editors: Barbara Imhof, Petra Gruber, ISBN978-3-0356-0920-2
What is the architect doing in the jungle? Biornamet-
ics., Architecture defined by natural patterns, January 
2013, Edition Angewandte, Publisher Springer Verlag, Edi-
tors: Barbara Imhof, Petra Gruber, ISBN 978-3-7091-1528-2
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LOGISTICS

03.1

Needed logistics and other support
- To prepare the living organisms and to prepare the 3D 
printing material we would need to use the laborato-
ry and facilities of the Neumayer Station III in Antarctica.
- To harvest the leaves, branches and other leftover material from 
the EDEN ISS greenhouse as one of the components of the 3D print-
ing process, we would need access to the EDEN ISS greenhouse.
- Overall duration of the project on site: 1-2 months.

Impact
how will it presented during the expedition and afterwards
videos and photos of the sculptures will be shown in galleries 
world-wide the project will be shown on its own website and will 
be communicated through social media already during the making

across TIME

Paul Rosero Contreras and Barbara Imhof were invited to the 1st An- 
tarctic Biennale expedition. They travelled together to the Antarctic 
Peninsula in March 2017. Since then ,they have been collaborating to 
conceive art projects related to space exploration and future ecologies. 

across TIME, is a project planned to be covered through sponsor-
ships and research grants.
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p a u l r o s e r o . c o ml i q u i f e r . c o m

http://www.liquifer.com/

