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Chapter 5

Urban Intervention

Microalgae can have versatile applications in the urban landscape. Urban parks
are extremely important spaces. They serve as connections to the natural world
and provide places where people can grow food, engage with the community, and
escape the busy traffic of city life. While many of the plants in a park are intentionally grown, water features are commonly populated with microalgae whether it is
intentional or not. Microalgae play an important role in establishing a more positive relationship with people. Microalgae absorb carbon dioxide in the air, allowing them to grow and release oxygen. Through an interactive process such as a
manual air pump, the public in turn learns more about microalgae and its benefits
to the community and the environment. Other unique urban landscapes that can
incorporate microalgae are urban farming and urban agriculture. Microalgae can
be cultivated for consumption. By allowing elements such as climate, public interaction, and digital systems to influence the conditions of the canopy, a dynamic
intervention, shifting with the ever-changing environment of the city, emerges.
Cities are pushing to be more compact and vertical to accommodate population increases, isolating urban dwellers from open green space. Urban green
spaces provide multiple uses such as ecological (e.g., improving biodiversity),
technical (e.g., providing leisure and mitigating urban heat island effect), aesthetic (e.g., enhancing historical gardens), and symbolic (e.g., attaining a symbol
of the city) functions.1 Active interaction with nature provides positive outcomes
of well-being performance gain. There is an inborn human affiliation with nature
and that contact with nature contributes to psychological and physical well-being.
Microalgae technologies can serve as potential natural systems or biophilic elements in urban environments. Integrating microalgae systems with urban spaces
can increase opportunities to interact and learn with nature. They can contribute to
urban life and cultural tradition while enhancing environmental quality such as air
quality, wastewater treatment, and detoxifying contaminants.
With their potential ecological, social, and economic roles, microalgae have
sparked scientific and commercial interest and are an incrementally active and
fast-growing area in the research and global market. Besides high-value bioproducts from biomass production, cultivating microalgae as part of bio-integrated
building systems has gained popularity in niche experiments in the 2010s and
increased various applications in built environments. Adding to the multifunctionality of microalgae, when it is integrated with densified urban environments, they
could serve as a primary sink and phytoremediator for anthropogenic pollutants
in air, water, and soil. Anthropogenic pollutants arise from a number of different
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agricultural activities and manufacturing processes, including in the production
of herbicides, pesticides, chemical by-products, pharmaceuticals, cosmeceuticals,
textiles, plastics, and pigments. Due to high photosynthetic efficiency from the
simple structures of unicellular microorganisms, microalgae effectively use light
energy, fixate CO2, and release O2.
Helix BioReactor Perth2(2009), a public art installation showcased seven photobioreactors based on Origin Oil’s Helix BioReactor featuring microalgae colonies
and LED helix. The bioreactor incorporates spinning microalgae transparent coils
housed inside a polycarbonate shell, generating a dynamic visual effect. The aesthetics are further enhanced by color, luminosity, and space through an LED-integrated
photosynthetic system. By being placed in a public space surrounded by buildings, the polycarbonate shell also has the functioning benefit of providing natural
insulation and shading for the bioreactor, offering good microclimates for growing
microalgae. The system utilizes the available light, CO2, and wastewater to support
the microalgae’s growth process. Once the microalgae are fully grown, they can be
harvested using OriginOil’s Algae Appliance which can then collect the biofuel to
be used within the building or elsewhere, making it a renewable resource. Outdoor
installation is subject to environmental loadings. The longevity of the materials and
reproducibility of the system are important design parameters. Practical issues such
as good cultivating environments and cleaning should also be considered.
Flower Street Bioreactor3 (2009) is a storefront project cladded with an
“aquarium-like” bioreactor for producing biofuel. The bioreactor measures 9 by 19
feet in size and consists of a vacuum-formed transparent acrylic, uniquely shaped
container imprinted with dynamic patterns and covered with a variety of LED lights.
With the use of a biofeedback algae controller invented by the company OriginOil,
LED lights regulate colors and intensity according to the need of growing microalgae for maximum productivity. In return, the storefront provokes visual dynamism
and curiosity about the biology-integrated technology. The LED lights powered
by solar cells complement daylight unavailability and increase the light intensity,
making the operation off-grid and energy independent. The solar energy collected
during the daytime can power the LED light usage at night, animating the nightlife
of the city while the microalgae continue to grow. Through the storefront intervention, the biological system becomes part of the urban elements in a way that adds
to the visual spectacle of cityscapes. The hydrostatic pressure for the flat bioreactor
is one of primary design parameters. The bonds and the compatibility of adhesives
and bioreactor materials will affect the longevity of the system (Figure 5.1).
Ecopods4 (2009) is a concept proposal that suggests that unfinished buildings in cities could be enclosed by modular pods where microalgae can be cultivated for biofuel production. Urban densification with the rise of tall buildings
may have more benefits from decentralized local regeneration systems. This can
minimize infrastructural network and centralized plants powered by non-renewable
resources and. The Ecopod would be installed by on-site robotic arms powered by
microalgae biofuel while providing optimum growing conditions. The Ecopod is
operated with a closed-loop system of material and energy flows between human,
ecosystem, and the built environment. As a living machine, the pods inform the
public about biofuel production while hosting research projects inside the pod.
The plug-and-play nature of the pod can be applied to adjacent buildings through
suspended construction, fostering widespread application. While the modular
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▲ Figure 5.2
A speculative storefront filled with microalgae cultivated with solar cell-powered LED for enhancing biofuel production and
visual spectacle of sustainable cityscapes (image reproduced from Tom Wiscombe).

ALGA(e)zebo6 (2012) is a public pavilion located in Euston Square Gardens
in London. Similar to the English tradition of a jewel surrounded by filigree, the
Alga(e)zebo offers a space for social gathering and a viewing point toward natural
settings. The leaf-like double-curved metalwork evokes delicacy and relevance of
traditional metalwork in gates, fences, and fountains in the U.K. cities. The bioreactor hugged by the leaf-like structure augments social and environmental potentials.
The organic metal structure and organic lifeforms are interrelated and influence
each other. The microalgae strains demonstrated in the system include Chlorella
vulgaris, Chlorella sorokiniana, and Pyrocystis lunula, showcasing the promise of
microalgae for all kinds of environmental and social value. People have affinity with
nature and get inspired by nature. Interaction with nature raises awareness about
a multitude of environmental and social values. The reproducibility of the project
can facilitate widespread awareness in other public spaces and contribute to social
interaction and integration. It serves a social gathering and art installation with ecological systems, attracting people to interact with each other (Figure 5.4).
Urban Algae Canopy7 (2014) is a 1:1 scale prototype presented at 2014 Milan
Design Week that integrates microalgae culture with real-time climate response
digital control. The bioreactor consists of multilayered ETFE (ethylene tetrafluoroethylene) tubing with CNC (computer numerical control) in which aeration and
water flow are controlled and regulated according to weather characteristics and
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▲ Figure 5.6
A microalgae canopy prototype installed at an exhibition fair with automatic controlling cell concentration based on climate
conditions and visitor interactions (image reproduced from Polleto and Pasquero).

Algae Dome11 (2017) is a food-producing pavilion in Copenhagen, Denmark.
It consists of continuous flexible bioreactor tubing attached to a plywood dome
structure. As a future nutrient-rich food source, the pavilion grew 450 liters of
Spirulina during the three days of the exhibition fair. The installation raises the
awareness of the role of biology in alleviating pressing global warming and anthropogenic pollution. The coiled bioreactor shields direct sunlight and filters the
ambient air, creating comfortable microclimatic conditions. The tapered shape
of the dome maximizes the solar exposure to the bioreactor. The dynamic appeal
of the green dome encourages visual curiosity and interaction with visitors. In
1974, the UN declared Spirulina a super food for humans with a higher nutritional
content than carrots, wheatgrass, and spinach combined.12 It also contains more
protein than soybeans and meat per unit weight. As a future for bioresources
and high-value bioproducts, the project also sparked a sustainable development
plan for using protein-rich microalgae for animal feed because soybean meal, the
world’s largest animal feed, causes impacts on agriculture land, water, and soil
contamination from fertilizer (Figure 5.8).
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▲ Figure 9.7
Prototyping of X-module made by rotational casting (left); principal stress of FEM structural analysis under hydrostatic pressure
(middle); integrating CFD simulations to verify aerodynamic behaviors of the configuration and study an optimum air distribution
mechanism to maximize microalgae growth.

sequester CO2 generated by three occupants and provide an output of 500 g per
day (~200 kg per year). The mock-up provides a feasibility study of retrofitting
existing windows with a microalgae system. It also allows for the evaluation of
the economic and environmental potentials of the microalgae window compared
to traditional windows. The outcome of this prototyping is an enabled technology demonstration, verifying technical and practical challenges in a real-world
application and evaluating economic and environmental benefits. The mock-up
is intended to run for a minimum of one year to document seasonal energy efficiency and long-term performance in building applications. Technical challenges
still remain, such as operation and maintenance issues in real-world application.
When it comes to selecting a fabrication technique, one of the primary
requirements is low cost, quality control, and scalability of microalgae panel
production. A rotocasting technique was utilized to fabricate modular units in a
cost-effective and time-efficient manner. The full-scale mock-up consists of four
different modular parts (Figure 9.6). Each unit was made of a quarter-inch-thick
polyurethane-based resin, and structural analysis was carried out to secure a safety
factor of 10 to account for long-term performance under gravity load and hydrostatic pressure. Hydrostatic pressure in a liquid is determined by P = ρgh where,
P = hydrostatic pressure, ρ is liquid density, g is gravity, and h is the height of
the liquid. 20 CFM (cubic foot per minute) of room air was circulated to supply
CO2 for biomass productivity. The environmental factors affecting algae growth
include light, nutrients, and CO2 levels. Bubbling air into the system is important
for not only supplying CO2 but also simultaneously providing uniform temperature,
light exposure, and nutrients. Because CO2 is essential for microalgae growth, the
larger interfacial area (i.e.., higher surface area-to-volume ratio) of a bubble, with
slow bubble velocity, results in a high CO2 residency time in the growth media.
Computational fluid dynamics (CFD) analysis can be used to verify aerodynamic
behaviors of bubbles in the media and their velocities to minimize hydrodynamic
stress that causes reduced growth (Figure 9.7). Full-scale prototype installation
consists of interlocking the modular photobioreactor facing the western orientation. The microalgae mock-up provides view-out and daylighting for better occupant satisfaction. Figure 9.8 shows the installation and operation of the microalgae
mock-up for performance monitoring and verification. Table 9.2 summarizes microalgae building research found in scientific publications.
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▲ Figure 9.8
Color and density of the microalgae provide summer shading, passive solar heating, daylight illumination, affecting cooling,
heating, and artificial lighting load.

Summary
The building sector accounts for approximately 40% of U.S. energy use and 39% of
anthropogenic CO2 emissions from building operations. Due to increasing construction activities and stringent environmental protection policies, the building industry
176
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▲ Figure 10.1
Patent-pending microalgae curtain walls: the Divided (a), the Inflated (b), the Stranded (c), the Suspended (d), and the Woven (e).

area for growing microalgae and vision area for allowing view-out and daylighting
transmission. The flat bioreactor is made up of a network of micro flat bioreactors and micro bioreactors that are separated for view-out yet connected to each
other with watertight connectors. The placement of flat bioreactors encourages
microalgae growth while the vision area allows occupants to connect with outside
and daylighting penetration. The bioreactor of the Divided system is made of thin
glazing sheets (e.g., bioplastic, UV-resistant polymer, glass), where a nutrient-rich
liquid and culture are contained. Maximum cultivation needs uniform daylight penetration across the bioreactor. Flat systems like the Divided are less susceptible to
dark zones due to their constant depth and because they have a larger illuminated
surface area to unit volume than a tubular counterpart.
The Divided bioreactor is suspended between glass panes, and the media
cavity is approximately 6 mm to 12 mm thick depending on overall building dimensions and engineering of biotechnical/performance requirements. Its geometry
and layout of bioreactors in elevation reflects a balance between solar exposure
for microalgae growth and view-out for occupants. All the edges of the bioreactor provide a continuous seal against water leakage. The top and bottom of
the system is connected with growing apparatus and operation systems. Carbon
dioxide (room air) is pumped through check valves at the bottom into a network
of bioreactors. Young microalgae are gravity-fed from the top of the system, and
grown microalgae are withdrawn from the bottom using gravity. Oxygen generated
by the system is collected at the top and transported to a centralized mechanical
room for good indoor air quality.
The operation system consists of PVC pipes, check valves, manifolds, pumps,
storage tanks, and so on tied with an automatic monitoring and controlling system
that can be set to a semi-continuous production mode. All the pipes and valves are
housed in a glazing frame where maintenance access can be performed from the
outside or inside. The vision area offers visually unobstructed view-out and leftover
area after bioreactors are populated within the Divided system. The geometry and
combination of bioreactors and vision area provide the multiple functionalities of
view-out, daylighting, building energy efficiency, thermal comfort, and acoustic
insulation. Figures 10.1.1–10.1.4 shows an overview of a Divided microalgae building enclosure system.
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▲ Figure 10.1.1
The Divided curtain wall consists of a network of flat bioreactors and clear vision areas; the automatic monitoring and control
system further enhances energy efficiency, indoor air quality, and occupant satisfaction; the solar energy stored in the system
can be reclaimed for space and water heating while the integration of a heat exchanger mitigates excessive temperature ranges
in the culture especially during summer.
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The top of the deformed extrusion needs to be deeper to provide structural
rigidity against a later load such as wind pressure. The sinusoidal geometry of the
bioreactor in elevation adds dynamic aesthetics. The viewing glazing bounded
by the Stranded bioreactor is made of clear glass and/or an ETFE pillow (vision
system). The Stranded bioreactor grows microalgae and, in the meantime, acts as
a structural framing system to support the glazing/ETFE vision pillow. The glazing/
ETFE vision pillows between the Stranded bioreactor provide view-out, daylight
transmittance, waterproofing, airtightness, an acoustic buffer, thermal insulation,
and natural ventilation when necessary.
Similar to other typologies, the microalgae growing devices of the Stranded
system consist of distribution and mechanical systems. The distribution system is
directly connected at the top (for young algae intake and oxygen outtake) and
bottom (for CO2 intake and grown algae outtake) of the Stranded bioreactor and
linked to the pumps, storage tank, and control/monitoring systems. The distribution systems consist of PVC pipes, valves, and sensors to transport air, media,
nutrients, and cultures. Aeration helps maintain mixing of the culture with homogeneous illumination, temperature, pH, nutrients, and CO2. Excessive aeration
causes shear stress and deters productivity while increasing energy consumption. The distribution system is contained in horizontal metal frames which can
be accessed for maintenance either from the inside or the outside through access
panels. Figures 10.3.1–10.3.4 show an overview of a Stranded microalgae building
enclosure system.

(4) Suspended Typology©
The Suspended microalgae enclosure consists of a network of interlocking modular
units encapsulated between glass panels. Individual X-shaped modules are connected to each other to generate an aggregate bioreactor. The modular construction allows for partial or full coverage of a window area, and various configurations
could be devised for functional needs and aesthetics. They could be screen types or
louver/fin types and regulate energy transfer between indoor and outdoor spaces
by controlling solar reduction, daylighting, view-out, microalgae growth, and aesthetics. Each X-module is around 1 feet by 1 feet and 1-inch thick (around 1 L),
made of UV-resistant polymers (e.g., polycarbonate, biopolymer) or glass material.
The connection of X-modules incorporates double defense lines of anti-leak
details. The X shape of the module allows for interlocking multiple layers of bioreactors, and different microalgae can be grown separately in each layer. The top of
the suspended system is connected to intake pipes for supplying young algae and
outtake pipes for collecting oxygen generated from photosynthesis. The bottom of
the suspended system is connected to intake pipes for CO2 aeration and outtake
pipes for grown algae withdrawal. These distribution components are concealed
within horizontal glazing frames and maintenance access is possible either from the
outside or inside. A centralized system automatically controls inflow and outflow of
media, air, and cultures for maximum productivity. Temperature, air flow rate, pH,
and optical density are monitored to maximize production. Long-term creep of the
polymer under sustained hydrostatic pressure needs attention.
Controlling the environmental growth conditions is important for microalgae survivability and maximum productivity. Key environmental conditions include
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▲ Figure 10.3.1
The Stranded system grows microalgae within a vertical framing system that is deformed in two axes along with in-plane and
out-of-plane relative to the vertical glazing in response to structural requirements and microalgae growing environments.

illumination strategy, temperature swings, aeration and mixing, pH, and dissolved
O2-to-CO2 ratio. Controlling the irradiance level from the sun is challenging, and,
therefore, microalgae enclosures need optimization in system design and operation protocol. The density and color of microalgae respond to sun intensity, and a
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