Xeric Environments
Exploring designs of cyanobacterial micro and macro habitats

PROJECT OVERVIEW

Cyanobacteria are photosynthesising microorganisms which are ubiquitous
on earth. Biological crusts of deserts are home to these organisms in
the region. The project explores ways to house the microorganisms on
untouched surfaces of buildings in xeric environment. Cyanobacteria
isolated from desert crusts can be introduced within microcosms of
sand and hydrogel over building surfaces. The project tackles design
of co-occurrent micro and macro habitation. Design at the small-scale
constituted design for robotic fabrication of the habitancy for multitude
of cyanobacteria. The larger scale design encompass design for surfaces
of human habitation in deserts. Architecture in the hot and arid regions
are proposed to be altered such that the building is a shell that holds
cyanobacteria in its substrate on the outside. Laboratory experiments
helped identify a hydrogel and sand substrate suitable for proliferating
cyanobacteria. The substrate aids in creation of microbiotic crust over the
building surfaces. This research is the primary step on the road to bring
about novel ‘breathing’ roofscape and other built surfaces in xeric urban
environments. The photosynthesising microorganisms on the building
exteriors will aid in sequestration of carbon dioxide and in turn, the
mitigation of heat caused by global warming. Furthermore, such treatment
of the building shells can help forestall erosion of the built surfaces and
enhance living inside buildings in deserts.

CYANOBACTERIA

Microscopic View of Cyanobacteria

Cyanobacteria are photosynthesising microorganisms, extant in diverse environments. Cyanobacteria
are the predecessor of green plants on earth. Cyanobacteria is considered better than plants for fixing
carbon dioxide in air as cyanobacteria grow at a faster rate (Ross et al., 2015). Singh et al. (2016) also
points out that the rate of carbon dioxide absorption by cyanobacteria is 10-50 times quicker than
terrestrial plants. Fuhrman (2003) states that half of photosynthesis occurring globally is done by
phytoplankton and cyanobacteria constitute a majority among phytoplankton. Despite being important
producers of oxygen from millions of years ago, cyanobacteria do not seem to be widely known or
used for its photosynthetic ability in the present time.
The Intergovernmental Panel on Climate Change (IPCC) in its Second Assessment Report, states that
biological agents could help mitigate 10-20% of the predicted pollution, caused by fossil fuels, by 2050
(Watson et al., 1995). It is surprising that plants are the organisms majorly considered for bioremediation
of polluted air till date and not much has been done using the photosynthesising microorganisms.
Schipper et al. (2019) elaborate on the potential of cyanobacteria species, found in desert climate, for
sequestration of carbon dioxide. Thus, cultivating and introducing more cyanobacteria into the desert
environment for assimilation of carbon dioxide is assuring.

Natural environment of cyanobacteria in
deserts is composed of sand. The desert crust
is made by cyanobacteria. Cyanobacteria in the
crust, native to the region adapts and thrives in
the desert climate.
The section drawn below shows the activity of
cyanobacteria in sand over 24 hours.

The cyanobacteria adapt to heat in deserts in more than one way. Developing biological crust support
cyanobacteria endure the hot and arid environment. The filamentous characteristic of cyanobacteria
are beneficial for trapping and binding sand particles, along with the exopolysaccharide (EPS)
produced (Whitton & Potts, 2000). The cyanobacteria are motile. The microorganisms move inside
sand. The movement happens upwards in the early hours of the day for absorption of moisture from
dew (Oren et al., 2017). The movement becomes downwards at noon in search of cooler regions.
The small particles of desert sand scatter light at large angles and thus, facilitate photosynthesis
even in the depths of sand. The exopolysaccharide secreted hold moisture and avert diffusion as
well. This facilitate photosynthesis in the cyanobacteria through the dry phases (Whitton & Potts,
2000).

PROJECT IDEA

Natural Crust

An ideal way to introduce cyanobacteria on surfaces of the built environment would be to first source cyanoba
preparation of the cyanobacterial starters that are to be put back in the nature. The next steps include prepp
for the start of desert crust formation and installation onto building surfaces. It is expected that there will th

The below graphic illustrates the varied components of this project.

Induced Crust

acteria from the desert by isolating it in a laboratory. The cyanobacteria is to be grown in liquid for subsequent
ping the three materials for fabrication and deposit the three materials of sand and hydrogel composite, allow
hen be a continuity of cyanobacterial propagation and carbon dioxide sequestration.

GROUNDS

Very little life are thought to exist in
deserts due to the harsh environmental
conditions and also because not many
living beings can be seen in the region.

Deserts make up one-fifth of land on earth
(Boudreau et al., 2012).

The heat is increasing in the already hot deserts due to global warming (Climate Change
Evidence: How Do We Know?, 2020).

Several urban areas exist in these areas, seen here as black dots in this map (A Report of the
Millennium Ecosystem Assessment, 2005). The number of xeric urban centres may have increased
by now.

One-sixth of the global population lives
in desert environment (Boudreau et al.,
2012).

The idea of creating such new roofscape is in
accordance with the present-day inactive use of roofs
in desert urban settings

Creating cyanobacteria-rich sandy rooftops can be considered as a parallel to the installation of
green roof in other climatic zones. Installing the conventional green roof in desert isn’t sustainable
due to scarcity of water, which is expensive - both ecologically and economically - in deserts.

LABORATORY WORK
LAYERS OF MICROHABITAT

Cyanobacteria need creation of apt environment for the microorganisms.
				
																	
The below diagram shows the varied layers of the microhabitat.
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Sand Coating Benefits

MICROHABITAT LAYERS

Introducing cyanobacteria need creation of apt environment for the microorganisms.
				
																	
The below diagram shows the varied layers of the microhabitat.

Sand and hydrogel composite is the solid material of the panel that contains the other componen
microhabitat. This material is also considered to become a secondary substrate for the microbes ove
Sand is the most important component as it is the natural substrate. Scattering of light by sand
cyanobacteria. The adherence of sand to hydrogel help delay its desiccation.

The next layer of the microhabitat is an extruded layer of hydrogel. This layer of hydrogel is designed
of hydration, if needed. Coating this “Maintenance Hydrogel” with calcium chloride solution after extr

The subsequent layers of hydrogel extruded would contain the starter set of cyanobacteria along with
with the material outside this temporary encasing of hydrogel. The cyanobacteria can thus gradually
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er time.
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h nutrients and sand. 20-30% sand is needed in this layer of hydrogel for familiarising cyanobacteria
y spread into the loose sand around it.

DEMONSTRATOR PIECE FABRICATION

The Making
The panel was printed using the
robot UR10.

The line path given to the robot to
print the panel can be seen below.

The sand deposition and hydrogel printed over the sand piles can be seen below
alongside the path on the left.

Sand over printed hydrogel was
dispensed in the same pattern as the
hydrogel with higher speed.

This first demonstrator piece has
one layer of each of the materials
for making the cyanobacterial
microhabitat panels.

MACRO-HABITAT CONDITION
The main intent is to introduce cyanobacteria in panels on
rooftops to make up for the sandy cover that could have been
rich in cyanobacteria, which naturally absorb carbon dioxide
during photosynthesis and help mitigate global warming.
Cyanobacteria can be introduced on existing rooftops – creating
a new kind of “breathing roof” over old buildings in the xeric
urban settlements.

The exterior of the building is also designed to overcome problems due to sand in the desert
surroundings. The components will ensure utilisation of local resource of the desert sand – adding
to the sustainability factor. The design is ideated to allow dust stabilisation on surface via natural
agents of cyanobacteria, reduce the infiltration of sand indoors and also evade erosion of building
surface. Such building surface modification can hypothetically aid in safeguarding living spaces
from the unwanted effects of frequent sandstorm in the region, in addition to apt orientation and
form-design of a building.

Facade has chambers for containing cyanobacteria along with the substrate of sand and hydrogel.

This project inquired into different aspects, that needed to be understood for introducing
cyanobacterial microhabitats within the built environment. Understanding the biological
features of the cyanobacteria was crucial to explore the design possibilities. Letting
layers of sand on built surfaces in deserts would be the first step to allow habitation
of cyanobacteria on these surfaces. The project has helped think of living in hot and
dry regions of the world in a renewed manner. People in deserts ought to stop trying
to avoid the commonalities of their natural environs. Humans can adapt to sandy
environments in new ways, following research. The brittle crusts of the desert are not
weak parts of ecosystem. Rather, biological crusts of deserts play strong roles in nature.
It is important to generate awareness that rebuilding desert crusts help mitigate effect
of global warming. Modification of the building shells in these regions is necessary to
accommodate the microorganisms. The gradual build up of biological crusts is also a boon.
The factor of graduality adds to the feasibility of installing cyanobacterial microhabitats
on existing rooftops. Furthermore, the possibility of cashing on the multifunctionality of
cyanobacteria other than carbon dioxide sequestration, such as nitrogen fixation makes
use of these photosynthesising microorganisms a significant approach in bio-integrated
design.

This project was done while pursuing Bio-Integrated Design MArch
degree at The Bartlett School of Architecture, University College London.
It couldn’t be done without
Prof Marcos Cruz
Dr Brenda Parker
Anete Salmane
Dr Bastian Beyer
Sofoklis Giannakopoulos
Javier Ruiz Rodriguez
Shogo Suzuki
John Cruwys
Guillem Perutxet Olesti
Zheyang Yao
Prantar Mahanta Tamuli
Vincent Hughes
David Shanks
Marialena Papandou
Sarah Lever

REFERENCES
Boudreau , D., McDaniel, M., Sprout, E., Turgeon, A., 2012. Desert [WWW
Document]. National Geographic Society. URL https://www.nationalgeographic.org/
encyclopedia/desert/#:~:text=Deserts%20are%20found%20on%20every,percent%20
of%20the%20world’s%20deserts. (accessed 3.25.20).
Climate Change Evidence: How Do We Know? [WWW Document], 2020. [WWW
Document]. NASA. URL https://climate.nasa.gov/evidence/ (accessed 6.29.20).
Fuhrman, J., 2003. Genome sequences from the sea. Nature 424, 1001–1002.
Oren, N., Raanan, H., Murik, O., Keren, N., Kaplan, A., 2017. Dawn illumination
prepares desert cyanobacteria for dehydration. Current Biology 27.
(publication), 2005. , A Report of the Millennium Ecosystem Assessment.
Rossi, F., Olguín, E.J., Diels, L., Philippis, R.D., 2015. Microbial fixation of CO2 in
water bodies and in drylands to combat climate change, soil loss and desertification.
New Biotechnology 32, 109–120.
Schipper, K., Muraikhi, M.A., Alghasal, G.S.H.S., Saadaoui, I., Bounnit, T.,
Rasheed, R., Dalgamouni, T., Al Jabri, H.M.S.J., Wijffels René H., Barbosa, M.J., 2019.
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