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Abstract
Biomimetics or Biomimicry refers to human-made processes or systems that
imitate nature. These terms come from the Greek words bios, meaning life
and mimesis to imitate1. The idea of biomimicry is becoming increasingly
popular in the field of Architecture, as we seek sustainable solutions by
emulating nature's time-tested patterns and strategies2. Living organisms
are not perfect but are continually evolving to survive; this provides a
useful model to guide adaptive architecture. This research proposal sought
to learn from and incorporate living organisms into a building to improve
sustainability in architecture and produce sustainable resources.
Here is the question this proposal seeks to solve: 'How can architecture be
created through bio-inspired design involving adaptive kinetic modules?'
The project seeks to create flexible kinetic systems, which when placed
strategically around a structure can enhance the occupants' quality of life
through biophilic principles. This building design provides a means to
collect natural resources like rain water and solar energy and uses these
resources to cultivate microalgae as a sustainable resource. It also sets
out to create a number of by-products including bio-fuel, clean water and
biomass through its collected resources via a closed-loop process.
1. Odile Schwarz-Herion and Abdelnaser Omran, Strategies Towards the New Sustainability Paradigm:
Managing the Great Transition to Sustainable Global Democracy (Switzerland: Springer, 2015), 176.
2. Kim Sorvig and J. William Thompson, Sustainable Landscape Construction, Third Edition: A Guide to Green
Building Outdoors (Washington, Island Press, 2018), 30.

The brief proposes to design a research facility with these design
principles based in Auckland. The design mimics organic systems and
produces an outcome that will benefit people and the environment. One of
the building’s primary objectives is to facilitate the recycling of pollutants
like carbon dioxide to contribute to its sustainability and eco-friendliness.
With kinetic systems placed in or around the building's envelope, the
structure should function as a self-sustaining object. The outcome of this
project is a design which incorporates a number of processes to obtain
a diverse range of organic resources. A key feature of the design is that
the process is demonstrated in a visual manner throughout the building
to inspire and affect its occupants and observers, with a view of teaching
them what can be done with microalgae as a sustainable resource.
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Key Terms
Biofixation: Is a process that photosynthetic microorganisms like Bioreactor: A bioreactor is a vessel which is used to culture organic
microalgae use to convert carbon dioxide into a food source to grow3.
material through a biological reaction8.
Biomimetic (Biomimicry): Human-made processes or systems that imitate Centrifuge Machine: A machine to separate liquid and solid matter from
nature. These terms come from the Greek words bios, meaning life and a mixture. The force inside the machine causes the algae paste to collect on
mimesis to imitate4.
the walls of the centrifuge, while the water gets spun out and leaves through
a port on the bottom of the centrifuge9.
Biomorphic Forms and Patterns: Symbolic references to contoured,
patterned, textured or numerical arrangements that persist in nature5.
Closed-Loop Cycle: In relation to ecosystems a closed-loop cycle is where
the waste or product of one species is food for another, creating a cycle
Bionic Architecture: Relates to an innovative architectural style that takes where one species cannot live without the other10.
cues from nature and combines it with our built environment becoming a
synthesis of nature and modern technology6.
Cold Press Machine: Is a process that separates the fibre from the cells of
the produce, which hold all of the nutrients, live enzymes and oil, without
Biophilic (Biophilia): The concept of biophilic design is that humans have adding any heat11.
an innate biological tendency to connect with nature and other forms of
life7.
Complexity and Order: Rich sensory information that adheres to a spatial
12
3. Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy utilizing CO2: an approach on flue gases utilization hierarchy similar to those encountered in nature .
for third generation biofuels,” Journal of Cleaner Production 98 (2015): 54, doi:10.1016/j.jclepro.2014.03.034.
4. Odile Schwarz-Herion and Abdelnaser Omran, Strategies Towards the New Sustainability Paradigm:
Managing the Great Transition to Sustainable Global Democracy (Switzerland: Springer, 2015), 176.
5. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 23.
6. Yanping Yuan et al., “Bionic building energy efficiency and bionic green architecture: A review,” Renewable
and Sustainable Energy Reviews 74 (2017): 771, doi: 10.1016/j.rser.2017.03.004.
7. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 6.

8. Saurabh Bhatia et al., Modern Applications of Plant Biotechnology in Pharmaceutical Sciences (London:
Academic Press, 2015), 271.
9. Algae Centrifuge, “Industrial Algae Centrifuge - Manual Purge,” accessed March 14, 2018, https://
algaecentrifuge.com/collections/frontpage/products/industrial-algae-centrifuges.
10. Michael Pawlyn, Biomimicry in Architecture (London: Riba Publishing, 2011), 53.
11. Ali Van Putten, “What does Cold Pressed Mean?” Published January 16, 2015, https://www.raleighraw.com/
blog/2015/1/16/what-does-cold-pressed-mean.
12. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 23.

Key Terms
Dynamic and Diffusion of Light: Leveraging varying intensities of light Refuge: A place for withdrawal, from environmental conditions or the
and shadow that change over time to create conditions that occur in nature13. main flow of activity, in which the individual is protected from behind and
overhead18.
Material Connection with Nature: Material and elements from nature
that, through minimal processing, reflect the local ecology or geology to Risk and Peril: An identifiable threat coupled with a reliable safeguard19.
create a distinct sense of place14.
Rotary Union: A rotary union functions by connecting a stationary input
Microalgae: Microalgae are photosynthetic microorganisms capable to (supply) to a rotating part, allowing a moving connection to be preserved
fixate CO2 from the atmosphere15.
and permitting the flow of media (liquids, solids and gases)20.
Mystery: The promise of more information achieved through partially Visual connection with Nature: A view to elements of nature, living
obscured views or other sensory devices that entice the individual to travel systems and natural processes21.
deeper into the environment16.
18. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Prospect: An unimpeded view over a distance for surveillance and
planning17.
13. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 23.
14. Ibid.
15. Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy utilizing CO2: an approach on flue gases utilization
for third generation biofuels,” Journal of Cleaner Production 98 (2015): 54, doi:10.1016/j.jclepro.2014.03.034.
16. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 23.
17. Ibid.

Bright Green llc, 2014), 23.
19. Ibid.
20. Dynamic Sealing Technologies, Inc, “What is a Rotary Union?” accessed March 14, 2018, https://www.dsti.
com/learn/what-is-a-rotary-union/
21. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of Biophilic Design (New York: Terrapin
Bright Green llc, 2014), 23.
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1.0 Introduction
‘Survival of the fittest’ is a phrase which suggests that only the
strongest survive. It originated from Darwinian evolutionary
theory as a way to explain how natural selection works.
The concept of fitness focuses on how suitable an organism
is to survive in its environment22. Climate change and the
depletion of fossil fuels are some of the main concerns we
face right now threatening the survival of our species. A recent
study in the US by Ned Cramer suggests that architecture
plays a major role in climate change. Building construction
is responsible for nearly half of the carbon dioxide (CO2)
emissions produced in the US through materials production,
land development and the burning of fossil fuels such as
coal, oil and gas. Carbon dioxide is proven to be one of the
main reasons solar energy is being trapped within the Earth’s
atmosphere, creating a rise in the planet's temperature.
Cramer's study strongly identifies the need for Architecture
22. Charles Darwin, On the Origin of Species by Means of Natural Selection, or the
Preservation of Favoured Races in the Struggle for Life (London: Murray, 1859), 444.

to take responsibility for its environmental impacts and
look for ways to develop architectural processes to meet the
environmental challenge associated with climate change23.
This explanatory document sets out to integrate living
organisms with architecture. Living organisms are not perfect
but are continually evolving to survive. They provide a useful
model to guide adaptive architecture. This project draws
on examples of biophilic, biomimetic and bionic strategies
that have been used in existing architectural projects. These
strategies are used to inform this study's design outcome in
response to the research question discussed in next section.
23. Ned Cramer, “The Climate Is Changing. So Must Architecture,” published October 04,
2017, http://www.architectmagazine.com/design/editorial/the-climate-is-changing-so-mustarchitecture_o
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1.1 Research Question and Project Aims

1.2 Scope and limitations

How can architecture be created through bio-inspired design,
involving adaptive kinetic modules?

This project set out to take an alternative approach towards
sustainable architecture in that it would focus on generating its
own organic resources. The scope was to find a solution that can
be readily obtained, allowing the project to minimise the input of
resources while maximising the benefits of a sustainable product.
The intention is to create a closed-loop process that would show its
occupants how zero-waste design can provide a form of pedagogy
towards more eco-friendly architecture. The project also sought to
create an environment within the building that enhances productivity
and supports better working conditions.

The aims of this project are:
●
To introduce a kinetic facade system that is adaptable to the
weather conditions. This will be a dynamic system that can sense the
natural elements to control and improve the building's sustainability.
●
To create a sustainable system with natural and renewable
resources obtained from the environment.
●
To create a building programme which generates organic
resources through a minimal waste process.

The limitations of this project lie in the concept of using microalgae to
produce organic resources and does not seek quantitative outcomes.
However, the building is designed to collect a significant amount of
natural resources such as rain water and solar energy through its site
location and orientation and also facilitates the storage and production
of bio-inspired resources on site.
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1.3 State of knowledge in the field
It is a simple idea to use nature as inspiration to
produce sustainable architecture. It has been done
multiple times before, by using attributes of plants
and animals as a model to help run a building.
For example, a penguin uses thermoregulation
when diving underwater for food. Plants use
photosynthesis to convert light energy to
chemical energy for storage and can convert
carbon dioxide and water into carbohydrates and
oxygen. The environment can also be a resource
to produce energy, e.g. the sun for solar power and
heating, wind for turbine energy and circulation,
water to circulate cooling or heating, earth
for environmental protection and temperature
control. Today's science has converted these
concepts into mechanical technologies such as
solar panels, thermal energy storage and seawater
air conditioning systems24.
24. Aaron Nazareth, “Bionic Architecture” (master’s research proposal,
Unitec, 2015), 4.

Further areas of biomimetic research include
different types of plants like Algae, to filter
pollutants in the air. A publication by Keiun
Kodo, Yasumasa Kodo and Makoto Tsuruoka
on "System for purifying a polluted air by using
algae" claim that this technique can reduce
carbon dioxide (CO2), nitrogen oxide (NOx) and
sulphur oxide (SOx) to purify the air25.

A Unitec Thesis 'Bio-Inspired Research Centre'
by Andrew Looker also provides some valuable
insights into bio-architecture. Looker sets out
to design a building integrated with living
organisms, to prove the positive economic,
environmental and psychological effects it has in
today’s architecture27. This thesis is influential to
my project as it serves as a base point to prove
kinetic modules and similar design principles can
I have found a number of journal article regarding help improve sustainability and create a zerokinetics and bio-inspired design within Journal waste system.
of Civil Engineering and Architecture beneficial
in developing my proposal. The article by Maziar There is a lot of research regarding environmental
Asefi and Aysan Foruzandeh was "Nature and psychology, with the consensus that there is a
Kinetic Architecture: The Development of connection between plants and the improvement
a New Type of Transformable Structure for of a person's mental wellbeing and productivity.
Temporary Applications." Asefi and Foruzandeh An article by Ruth Raanaasa, Katinka Horgen
discussed how bio-inspired kinetic modules help Evensen, Debra Rich, Gunn Sjøstrøm and Grete
reduce environmental waste and pollution due Patil in the Journal of Environmental Psychology,
to its ability to adapt to the current ecological addresses this topic with a connection to
conditions26.
architecture through indoor Hydroponics,
Aquaponics and Aeroponics. There are always
25. Keiun Kodo, Yasumasa Kodo and Makoto Tsuruoka, “System for
purifying a polluted air by using algae” (US6083740A, US Grant, 2000)
debates on topics like this because every person is
26. Maziar Asefi and Aysan Foruzandeh, “Nature and Kinetic Architecture:
The Development of a New Type of Transformable Structure for different. Human beings have a strong connection
Temporary Applications,” Journal of Civil Engineering and Architecture to nature, but it depends on the individual on how
5, no. 6 (2011): 513, doi:10.17265/1934-7359/2011.06.005.
pronounced this connection may be28.
27. Andrew Looker, “Bio - Inspired Research Centre” (master’s thesis,
Unitec, 2013), 8.
28. Ruth Raanaasa et al., “Benefits of indoor plants on attention capacity
in an office setting,” Journal of Environmental Psychology 31, issue
1 (2011): pp.99, https://www.sciencedirect.com/science/article/pii/
S0272494410001027
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2.0 Methodology
This project is to design a commercial building
to accommodate New Zealand based research
on environmental sustainability and zero-waste
solutions within architecture. The primary focus
will be to look into three areas of nature-based
literature such as biophilic, bionic and biomimetic
principles as well as different types of dynamic
systems for improved sustainability. Further
research on sustainability lead to a closed-loop
concept which meant that the material loss from
one scheme was used as a resource for another.
The Biomimicry Institute's Design Spiral
Methodology was a useful guide as it set out
stages towards design development. The first
four out of six stages were a particular help
when focusing this project's vision. Firstly, to
identify the problem around the question, as to
what does the building need to do? Following on
to how would nature solve this issue? The next
step was to find natural models that were related
to the problem. Finally, the last stage was to
conceptualise these natural strategies and convert
them to suit architectural design challenges29.

Research began on global precedence on active
facade systems and bio-inspired schemes to
help improve sustainability. The idea was to get
exposed to as many designs, schemes and systems
about nature-based architecture. Auckland was
chosen to develop this project because it is one
of New Zealand's biggest cities and would also
allow for multiple site visits during the project.
Areas were chosen with the help of Auckland
Council's Geo-Maps to find zones with a higher
acceptable tolerance for pollution like industrial
zones. The site's location was then narrowed
down with the compatibility of specific criteria
like being vacant, having good public access and
visibly exposed to the public. These criteria were
chosen as the building would behave as a form of
pedagogy in regards to sustainability.

29. Biomimicry Institute, “Biomimicry: A Tool for Innovation,” last
modified September 27, 2010, http://www.teacherstryscience.org/sites/
default/files/lessonplan/resources/biomimicryatoolforinnovation.pdf
Figure 2.1 Biomimicry Institute’s Design Spiral Methodology.

As a design tool, photography helped bring a
clearer sense of the site in regards to site layout,
roads, driveways, viewpoints and proximity to
neighbouring buildings. Pictures have also been
used to help the reader recognise these aspects
of the site as they have influenced the design of
the building. As the development of the design
progressed, different forms of the building were
proposed to fit the site. Designs ranged from
having a single building to a connected bunch of
clusters, different heights regarding surrounding
buildings and forms and shapes that would
facilitate better solar gain.
The development stage of this project took the
most time as building a good relationship between
forms and systems was essential. Sketches and
computer-aided design encouraged pairing ideas
together that would relate back to the project's
vision. To communicate the final design of this
project, this explanatory document would provide
an understanding of each stage of the proposal
combined with a final visual presentation.
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3.0 Precedents
Research for Design
The precedents showcased here have a connection to my design with regards to their background of
being bio-inspired.
Principles that have influenced my design include:
●
●
●
●
●
●

Closed-Loop process.
Kinetic façade treatments that control sunlight.
Natural daylighting through atriums and glass façade.
Energy efficient technology.
Biophilic effects on layout towards enhancing occupant performance and quality of life.
The use of living organisms within architecture, in the form of green facades, roofs and walls.
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Precedence 1- The BIQ House
The BIQ House, a building with ‘Bio-Intelligent
Quotient’, is located in the industrial suburb of
Wilhelmsburger, Germany. The area here is a
platform for architects and engineers to test out
new and innovative sustainable architecture for
Germany’s International Building Exhibition.
The Building is the work of a partnership
between Austria-based Splitterwerk Architects,
International design firm Arup and Germany’s
SSC Strategic Science Consultants.
This building is an exciting concept as it is the
world’s first algae-powered building, featuring
a microalgae bio-reactor facade. This facade
cultivates microalgae within glass panels
providing the structure with algae biomass and
heat. A heat exchanger uses the heat produced on
the façade for warming up resident's rooms and
warm water production while the biomass is used
for energy production30.
30. Colt International, “Solarleaf Bioreactor façade,” accessed
September 18, 2017, https://www.coltinfo.co.uk/files/pdf/UK/
SolarLeaf%20bioreactor%20facade.pdf

Design elements that have supported my project Microalgae facade.
were:
As mentioned earlier, the building uses a bioreactor on its facade to cultivate microalgae. The
Cultivating an organism within the building.
facade system serves multiple roles like solar
This feature has heavily influenced my design shading and a rainscreen. During the period of
as it utilises a living organism like microalgae microalgae maturity, the liquid within the facade
as a resource to provide the building with a changes in colour from transparent to a dark green
range of sustainable solutions. Microalgae translucent colour. This gives the occupants and
is a resilient organism that needs minimal the onlookers a dynamic sense of architecture as
maintenance to survive allowing it to be easily the building changes throughout the week. The
grown and harvested. The building uses the modules on the facade can also rotate on their
matured microalgae to supply other systems vertical axis to track the sun; this allows the
with resources to produce biogas, biodiesel and microalgae to adapt to the direction of the sun
pharmaceuticals.
throughout the day giving it the best chance for
photosynthesis. When the modules on the facade
Utilising water.
returns to their flat position, it creates a seal that
Water is a valuable resource that is needed for the protects the building from the rain.
building to function as it uses water to cultivate
microalgae on its facade. As the water and algae
heat up during the day through solar-thermal
effect, the heat will then be extracted through a
heat exchanger in the plant room and stored in a
geothermal system on site.

Figure 3.1 The BIQ House.
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Precedence 2 - ETSY Headquarters
An example of ‘Nature in the Space’ is present
within the planning principles of this building.
The design was to achieve a regenerative
ecosystem within the building. Closing the loop
whenever possible to create an almost zero-waste
environment. This scheme uses the waste of one
The headquarters is a valuable example of system as a resource for another like rainwater
precedence as it is designed through biophilic cisterns and the composting of food waste33.
principles. The architects wanted to create a
building that pursued the ‘Living Building An example of ‘Natural Analogue’ is also present
Challenge’, giving it a ‘Petal certification’ that within the planning principles of this building.
Minimising straight lines within the interior of the
revolved around biophilic design31.
building gives the occupants a sense of mystery
Design elements that have supported my project when it comes to biomorphic forms and patterns.
By avoiding straight lines and right angles, a
were:
feeling of irregularity connects occupants directly
to nature. Though there are straight walls in the
14 Patterns of Biophilic Design.
The 14 Patterns of Biophilic design is a book that layout of the building, architectural screens like
sets out to improve the health and wellbeing of vegetated walls, planters and green columns are
humans within our concrete jungle. It does this put in to keep that natural ambience34.
by articulating the relationship we as humans 33. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
have with nature and integrating it into the design Biophilic Design (New York: Terrapin Bright Green llc, 2014), 9.
34. Ibid, 10.
of the built environment. The book categorises
the 14 design patterns in three terms ‘Nature in
the Space, Natural Analogues and Nature of the
Space’32.
ETSY Headquarters is an online commercial
marketplace that sells merchandise from jewellery
to toys and art. Its located in the neighbourhood
of Dumbo in Brooklyn, New York, designed by
the architecture and design firm Gensler.

31. International Living Future Institute, “ETSY Headquarters,”
accessed March 20, 2018, https://living-future.org/lbc/case-studies/etsyheadquarters/#beauty
32. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 9.

An example of ‘Nature of the Space’ is evident in
the design which sets out to celebrate the views
the building has. Every seating area has vistas
showcasing outdoor areas, the East River and a
view of other floors of the building. This feature
gives the occupants a sense of calm as they look
out into the vast urban landscape and the fear of
heights is subdued through glass railings35.
35. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns
of Biophilic Design (New York: Terrapin Bright Green llc, 2014), 10.

Figure 3.2 ETSY HQ Interior
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Precedence 3 - Restaurant De Kas
De Kas is a refurbished greenhouse which was
built back in 1926, now one of the top restaurants
in Amsterdam. Gert-Jan Hageman, the founder
of this building came up with the idea to grow
fresh and straightforward vegetables and build a
restaurant around it.
The greenhouse provides precedence because it
revolves around a closed-loop idea. The project
follows a bigger scheme called the ‘Mobius
Project’ which brings together multiple processes
of production while reducing waste. The idea
revolves around material efficiency as it creates
a continuous loop where the waste of one system
becomes a resource for another. The scheme
incorporates elements such as a productive
greenhouse, fish farm, food market, wormery
composting system, mushroom cultivation using
used coffee grains and an artificial limestone
formation from the waste carbon dioxide the
building produces36.

Operation elements that have supported this
project were:
Closed-loop cycle.
The restaurant uses its programme to form a
synergistic cycle and can operate at close to
zero waste. They do this by growing food in the
greenhouse which cuts down on food miles and
a fish farm that gets its feed from the restaurant’s
food waste. Solids from wastewater and food
waste are composted to create fertilizer to be used
in the greenhouse. De Kas's closed-loop scheme
is appealing to this project as it creates a smart
building that maximises the use of its resources.

Figure 3.3 Restaurant De Kas Exterior

36. Michael Pawlyn, Biomimicry in Architecture (London: Riba
Publishing, 2011), 55.

Figure 3.4 Restaurant De Kas Fish Farm
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3.1 Summary of Precedents
The precedents studied earlier have provided a good variety of design
elements from which this project can implement. The BIQ House's
concept of growing organisms within the building serves as a good
focal point for this project. Living organisms like microalgae provide
an excellent resource to create a synergy cycle through the many
opportunities that arise when reaching a zero-waste programme. The
external pipework of Pompidou shows an architectural response to
plumbing that supports a more honest construction for this project.
With regards to the interior, the 14 Patterns of Biophilic Design
provide a guide to balancing open and closed spaces within the
building, allowing for a good connection between the space and the
humans occupying it.

Other global precedents that were studied are:
●
Centre Georges Pompidou: Paris, France. By Piano & 		
Rogers
●
Kalundborg Eco-Industrial Park: Kalundborg, Denmark. By
a collaboration of regional companies
●
Plus Pool: Manhattan, New York. By Architizer
●
Bund Financial Centre: Shanghai, China. By Foster + 		
Partners, Heatherwick Studio
●
Stanford University Central Energy Facility: California, 		
United States. By ZGF Architects
●
Centre for Interactive Research on Sustainability: British 		
Columbia, Canada. By Perkins + Will

Figure 3.5 Collage of Other Precendents
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4.0 Site Analysis
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4.1 Site Selection
When selecting a potential site, there were three criteria the location had to Three sites were shortlisted that matched the criteria:
meet such as:
168 Beaumont St, Wynyard Quarter, Auckland
●
To be located on an empty or neglected site
- Currently Team Emirates building.
●
To be within a populated area in Auckland
301 Church St, Onehunga, Auckland
●
To have good exposure to the public
- Currently empty.
32 Patiki Rd, Avondale, Auckland
Empty Site:
- Currently empty.
Firstly, locations were picked within industrial zones as they have a higher
tolerance for pollution and would benefit from being eco-friendlier to its
environment. The idea of using empty or neglected plots of land was to
simulate a real project, where the site would have to be bought, demolished
and the land made ready to be developed. If the site is currently empty it
would minimise the costs for land development.
Populated Area:
The concept of a populated area would be on a larger scale than just a
neighbourhood. People would need to have convenient access to the
building when there are events. It would be located within a close proximity
to a city center or hub.
Exposure:
The location would need good public exposure as the building would serve
as pedagogical architecture. It would either need good foot traffic or be
located near daily traffic zones.
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4.2 Site Location
The chosen site is at 32 Patiki Road in
Avondale, which is in one of Auckland’s larger
'Heavy Industrial Zones'. The previous owners
manufactured resins and gel coats for composite
materials but have now sold the building. The
current state of the site is cleared and ready for
development.

Choosing a site within a 'Heavy Industrial Zone'
allows the design to work with the emissions
produced by the buildings and vehicles in the
area. This approach allows the project to be
designed to reduce the pollution in the area via
material selection or to process the emissions to
fuel a production process within the building.

The area is a peninsula and an industrial suburb
of Auckland City, running diagonally from
the south-east in a northerly direction into the
Waitemata Harbour, across from Whau River
flowing down on the west of the site. Rosebank
peninsula was once a much greener land with
its origins housing market gardens, farms and
orchards, but as the urban sprawl from the
center of Auckland grew the land was slowly
urbanised37. From the early 1950s, the tip of the
peninsula gave way to industrialisation being
regulated by the ‘Industrial Efficiency Act 1936’,
with the residential sector developed closer to the
Avondale township38.

Road networks can be used as a form of media
exposure like a billboard, showcasing the
building to traffic. Patiki Road can use this
scheme as it is an arterial road39 providing good
motorway access via interchanges a short drive
from the property. The North-Western Motorway
is accessed via Patiki Road leading further west
and north and via the adjoining Rosebank Road
leading to the Auckland Ports, CBD and State
Highway One.

37. Kathy Waghorn and Andrew Barrie, Muddy Urbanism (Auckland,
NZ: The University of Auckland School of Architecture and Planning,
2013), 49.
38. Auckland Council, “Avondale Te Whau Heritage Walks,” Accessed
March 20, 2018, https://www.aucklandcouncil.govt.nz/arts-cultureheritage/heritage-walks-places/Documents/avondale-heritage-walks.pdf

39. Auckland Council, “GeoMaps,” Accessed October 18, 2017, https://
geomapspublic.aucklandcouncil.govt.nz/viewer/index.html

The orientation of the site provides good solar
gain as it is exposed on the north and east side,
giving constant sunlight throughout the day. This
orientation also exposes multiple sides of the site
to the rush hour traffic allowing the public to get
a good sense of the overall building.

Figure 4.1 32 Patiki Road
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Figure 4.2 Location of the Site
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5.0 Design Principles
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5.0 Design Principles
This project intended to create sustainable
architecture through bionic design. Regarding
architecture, bionic design relates to an innovative
architectural style that takes cues from nature and
combines it with our built environment becoming
a synthesis of nature and modern technology40.
The concept for this building was to take
sustainability one step further by producing
a renewable resource through the buildings
programme.
40. Yanping Yuan et al., “Bionic building energy efficiency and bionic
green architecture: A review,” Renewable and Sustainable Energy Reviews
74 (2017): 771, doi: 10.1016/j.rser.2017.03.004.

The project started with a broad view of what
the outcome should be, slowly refining the
details of the project with the help of research. It
started with which natural element or organism
would provide solutions when trying to resolve
environmental challenges like climate change.
Research into algae exhibited how this seemingly
useless organism could provide a massive change
in the world's economy and ecosystem through
the results of its by-products. The project then
developed the program to incorporate biophilic
design and a closed-loop model in which internal
systems considered the production of microalgae.

As Michael Pawlyn mentioned in his book
Biomimicry in Architecture that the intention
of biomimicry is not just to copy but to dive
deeper into the importance of biomimicry in
our built environment. He goes on to explain
that everything on earth works with each other
and that there are principles that lie behind the
forms and systems that are produced in everyday
encounters41. Only after understanding these
principles can we look for opportunities to create
architecture and celebrate these patterns as well
as being innovative and more sustainable.
41. Michael Pawlyn, Biomimicry in Architecture (London: Riba
Publishing, 2011), 2.
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5.1 Biophilic Design Principles
Biophilic design is a concept based on the term
‘biophilia’ which became widely used as the
theory about how humans have “the urge to
affiliate with other forms of life”42 by biologist
Edward Wilson (Biophilia, 1984). Following this
approach, this project pursues an overall theme
to reach a sense of connection between nature
and technology within architecture. The concept
of biophilic design is that humans have an innate
biological tendency to connect with nature and
other forms of life. It is the understanding of why
our senses are captivated by crackling fires and
crashing waves and how creativity can increase
with the help of a garden view. The notion also
explains why shadows and heights allure yet
alarms us; and why the companionship of an
animal or a walk in the park can have soothing
and healing effects on us. The use of this design
principle in architecture could also explain why
some recreational parks, plazas and buildings are
more favourable over others43.
42. Stephen R. Kellert and Edward O. Wilson, The Biophilia Hypothesis
(Washington, Island Press, 1993), 416.
43. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 4.

Nature themes in architecture have been used
by various cultures and in various time periods
around the world. For example, Egyptian
architecture used stylised animal characteristics
like the sphinx, Greek architecture with acanthus
leaves on their capitals and even the mysterious
Hanging Gardens of Babylon. The idea of biophilic
design is not a new experience but a time-tested
design principle, proving human beings need a
connection with nature to live happy and healthy
lifestyles in our built environment44.

‘Nature in the Space’ is a direct representation of
nature in a space or place. This principle includes
natural elements like breeze, water, rocks and
fire as well as animals, sounds, scents, plants and
other natural elements. The best way to utilise
this category is creating a connection between
the occupants and these elements through multisensory interactions, movement and diversity
of elements throughout the space. Common
examples cover green walls, vegetated roofs,
potted plants, water features and many more.

The 14 Patterns of Biophilic Design defines the
process in a very systematic way creating three
strategies from which we can incorporate into our
built environment. These strategies are 'Nature in
the Space, Natural Analogues and Nature of the
Space'45.

'Nature in the Space' consist of seven biophilic
design patterns such as:
1. Visual Connection with Nature.
2. Non-Visual Connection with Nature.
3. Non-Rhythmic Sensory Stimuli.
4. Thermal & Airflow Variability.
5. Presence of Water.
6. Dynamic & Diffuse Light.
7. Connection with Natural Systems.46

44. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 6.
45. Ibid, 9.

46. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 9.
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‘Natural Analogues’ covers non-living and
indirect representations of nature. This principle
includes objects, patterns, shapes, colours and
materials found in nature that are converted into
comparable items such as textiles, furniture,
artwork and ornaments. Other natural elements
also include wood and stone converted into granite
countertops and wooden furniture. Though these
features are only mimicking their original natural
element they still provide that indirect connection
to the natural world. The best way to achieve
this principle is to employ processed materials
to create an environment that links back to the
natural element and in turn creates an ‘experience’
within the built environment.

‘Nature of the Space’ links to spatial patterns
within the natural environment. This principle
includes our human instincts to feel a certain
way towards what is in front of us. It is our
fascination with the unknown and the way we
perceive danger in our immediate surroundings.
It is the feeling of how obscured views trigger
curiosity and when phobia-inducing patterns like
heights or getting wet is presented around a trust
component like a railing or stepping stones in
water. 'Nature of the Space' through the creation
of intelligent and appealing features within the
spatial configuration coupled with patterns from
'Natural Analogues' and 'Nature in the Space' will
create an environment that feels natural.

'Natural Analogues' consists of three biophilic 'Nature of the Space' consists of four biophilic
design patterns, such as:
design patterns, such as:
8. Biomorphic Forms & Patterns.
11. Prospect.
9. Material Connection with Nature.
12. Refuge.
10. Complexity & Order.47
13. Mystery.
48
47. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of 14. Risk/Peril.
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 10.

48. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 10.

Using these three biophilic design strategies
together provides an architect with clear
principles to implement within a design. ‘Nature
in the Space, Natural Analogues and Nature of the
Space’ create a right balance between nature and
the built environment as it gives the occupants
a complete mind-body experience through
cognitive, psychological and physiological
stimulation49.
49. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns of
Biophilic Design (New York: Terrapin Bright Green llc, 2014), 11.
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5.2 Zero-waste Design Principles
Waste is a subject that affects us all. As we live in a
materialistic world there are many products which
have a very short lifespan, from raw materials to
processing to manufacturing of the final product.
In his book Biomimicry in Architecture, Pawlyn
steps back and explains how the word ‘waste’ is
seen through two different perspectives, worthless
material to some while others can interpret it as a
lost opportunity50.

A closed-loop approach can be used by architects
to mimic natural ecosystems creating a scheme
that increases output performance with the same
amount of input. The Kalundborg Industrial
Complex in Denmark follows a closed-loop
design where some companies have joined
together to create an architectural ecosystem.
They do this by linking multiple disciplines of
factories and production buildings like a power
plant, chemical works, water purification plants
Learning from nature, specifically an ecosystem and other processes that “in the symbiosis
that revolves around natural food chains and provides mutual economic and environmental
ecological pyramids, waste is not worthless. benefits for all parties.”51
Looking at the jungle as an ecosystem where 51. Symbiosis Center, "Kalundborg Symbiosis," accessed March 18,
predators are on top of the food chain, a lion 2017, http://www.symbiosis.dk/diagram/
feeds on deer, deer feed on plants, plants feed
on bacteria and bacteria feeds on debris in the
soil, which could potentially be the carcass of a
dead lion. A lesson to be learned is that biological
systems use waste as an opportunity. Ecosystems
work together as a whole, a closed-loop where
the waste or product of one species is food for
another.
50. Michael Pawlyn, Biomimicry in Architecture (London: Riba
Publishing, 2011), 53.

Mimicking ecosystems have proven to create
sustainable solutions in architecture achieving
higher resource efficiency within a design. With
the synergy of more than one product or system,
architects can establish innovations that consume
less energy while generating more jobs and
value52.
52. Michael Pawlyn, Biomimicry in Architecture (London: Riba
Publishing, 2011), 55.
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Figure 5.1 Cardboard to Caviar System
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6.1 The Program
This project began with an initial idea to address climate change. As the
earth’s climate continues to change and the use of depleting fossil fuels are
still needed, architecture needs to transition into a more sustainable process
that minimises its environmental impacts. This project sets out to create an
architectural response from nature studies, as natural systems are a timetested model that has adapted through the ages, evolving to survive.
Carbon dioxide is the first element of this program as it is one of the main
reasons for climate change. Architecture today plays a big part in this
subject as processes within the construction of the building prove to be
of great concern. Building construction is responsible for nearly half of
the carbon dioxide (CO2) emissions produced in the US through materials
production, land development and the burning of fossil fuels such as coal,
oil and gas. Carbon dioxide is proven to be one of the main reasons solar
energy is being trapped within the Earth’s atmosphere, creating a rise in
the planet's temperature. Cramer's study strongly identifies the need for
Architecture to take responsibility for its environmental impacts and look
for ways to develop architectural processes to meet the environmental
challenge associated with climate change53.
53. Ned Cramer, “The Climate Is Changing. So Must Architecture,” published October 04, 2017, http://www.
architectmagazine.com/design/editorial/the-climate-is-changing-so-must-architecture_o

The second aspect of this project is moving towards a production-based
building. Using systems in place to cultivate, process and distribute materials
inside a building to helps create an architectural ecosystem within a design.
This approach provided a strategy towards designing Bionic Architecture
as it would become a synergy between nature and technology.
This project proposes to design a research building that would act as a
sustainable pedagogy for the general public. The design would represent a
merger between biology and mechanics, specifically in the field of research
and industry. Consisting of research laboratories opening up into shared
communal space, production areas with supporting plant rooms and pump
rooms, flexible meeting rooms and a cafe that grows indoor produce. The
range of mixed uses inside this building should help promote events and
public exposure towards the synergy this building creates.
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6.2 The Concept
The location of the chosen site is at 32 Patiki Road in Avondale. An empty
lot within one of Auckland’s larger 'Heavy Industrial Zones'. The section
is more or less in the shape of a right-angle triangle allowing visibility to
and from the proposed building. The orientation supports clear solar gain
on the north, east and west of the site while allowing good views towards
Whau River as the land slopes down to the west. Patiki Road is an arterial
road providing easy access to the motorway via interchanges a short drive
from the property, this also provides good exposure as this road is used
frequently.
The use of different tools during the design process like sketches and
computer-aided design helped explore forms and voids within the site.
These different concepts have setup a basis to develop spatial requirements,
height to context and the connection between the interior and exterior of the
building.

Figure 6.1 Cluster Concept

It was evident during site visits that within an industrial zone, flues had a
significant presence throughout the area implementing a design approach
towards cylindrical shapes. With the program of having multiple disciplines
in the building the use of clustered forms seemed suitable towards allocating
them to each cylindrical block. Another approach was a shed concept which
gave a clear connection to the context of industrialisation in the area.
The initial massing focused on allowing the majority of the footprint to be
exposed to solar gain, the underlying reason for this was the need to provide
the building with ample amounts of solar energy to be used within the
building's programme. With the demand to create space for the industrial
process in the building the design moved away from cylindrical forms
to a more box-shaped concept. This form provided a relationship to the
neighbouring buildings which exhibited a flat and spread-out urbanscape
giving the design a more balanced feeling towards incorporating industrial
storage, research labs, car parking and transport around the site.

Figure 6.2 Cylinderical
Concept
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6.3 The Bio-reactor
As mentioned earlier, carbon dioxide is one of the leading causes of climate
change and architecture adds to this issue. A study by Cuellar-Bermudez,
Garcia-Perez, Rittmann and Parra-Saldivar in 2010 has claimed that the
cement industry cause 8% of global carbon dioxide emissions54. This project
set out to address this situation in the form of reducing the carbon dioxide
footprint in architecture. Research was conducted to find what produces
carbon dioxide in cement factories and found that the use of a dry process
kiln was the major cause of CO2 being released into the atmosphere. During
the kiln process, raw material is crushed and conveyed down a giant tube
towards a massive furnace that runs on fossil fuels. The gases produced
during this process is mainly made up of carbon dioxide55. Auckland is a
city that does not have many cement factories that use a dry kiln close to a
city center. Facilities around Auckland would typically store and transport
cement, like the one on Patiki Road.
54. Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy utilizing CO2: an approach on flue gases utilization
for third generation biofuels,” Journal of Cleaner Production 98 (2015): 53, doi:10.1016/j.jclepro.2014.03.034.
55. WHD Microanalysis Consultants, “Understanding Cement,” accessed April 14, 2018, https://www.
understanding-cement.com/kiln.html

This project proposes the cultivation of microalgae as a means to consume
carbon dioxide. Biofixation is the biological process that microalgae go
through in using atmospheric carbon dioxide as a fuel source to survive.
Having a fixation efficiency which is higher than the production of carbon
dioxide within a kiln plant makes microalgae a valuable tool towards
reducing CO2 emissions. The cultivation of microalgae is also beneficial
from an architectural standpoint as it has many applications like wastewater
treatment and biofuel production. Finally, microalgae biomass which is also
obtainable through the cultivation process can be used to produce pigments,
fertiliser and food supplements for humans as well as animals56. It is also
important to note the commitments needed when growing microalgae
as they are quite reasonable. The organism grows through the exposure
of solar radiation through photosynthesis, with the introduction of small
amounts of nutrients such as calcium, chloride, iron, magnesium, nitrogen,
phosphorus, potassium, sodium, sugar, sulphur and zinc57. Therefore, the
idea of cultivating algae in this project is justified to be a win-win situation
as it achieves a reduction of carbon dioxide in the atmosphere while
producing a positive resource for the building.
56. Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy utilizing CO2: an approach on flue gases utilization
for third generation biofuels,” Journal of Cleaner Production 98 (2015): 53, doi:10.1016/j.jclepro.2014.03.034.
57. Noboru Sueoka, “Mitotic Replication of Deoxyribonucleic Acid in Chlamydomonas Reinhardi,” Genetics 46
(1960): 83, doi:/10.1073/pnas.46.1.83.
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7.1 Closed-loop System
As mentioned earlier, a closed-loop cycle creates a process that minimises
waste production to as little as possible. The ‘Mobius Project’ uses a scheme
that incorporates elements like a productive greenhouse, fish farm, food
market, wormery composting system, mushroom cultivation using used
coffee grains and an artificial limestone formation from the waste carbon
dioxide the building produces. This project uses microalgae production as
one of its sustainable features and follows the same closed-loop cycle to
achieve a range of derivatives used in others parts of the building. Through
the process of cultivating microalgae, the project attains architectural
solutions for heating, reuse of water and biodiesel-powered electricity. The
building's programme also has the potential to create funds via production
of dried biomass and food while allocating space within the building to
house all the equipment, machines and storage.

How it works:
Resources such as nutrients, carbon dioxide and water are needed to
be obtained and stored in the building. Nutrients for the production of
microalgae are calcium, chloride, iron, magnesium, nitrogen, phosphorus,
potassium, sodium, sugar, sulphur and zinc. These ingredients are readily
available at local plant stores as they are common in fertilisers that are used
to help plant growth in a garden or landscape. Carbon dioxide is another
element needed to be acquired and stored in cylinders within the building.
The proposal is to use Marsden Point Oil Refinery as the supplier. Refining
NZ’s oil refinery is around 140-kilometres north of Auckland in Whangarei.
The refinery has been chosen because of their values towards being more
environmentally friendly through actively collecting their carbon dioxide
gas to either dispose of or to provide factories that make products like
carbonated drinks. The oil refinery has a 170-kilometre pipeline from
Marsden Point to Wiri in Auckland, with a booster pump station at Kumue
15-kilometres west of the site. This pipeline provides an opportunity to
secure carbon dioxide from one of New Zealand’s biggest producers of the
resource58. The last resource needed is water, this is collected and stored in
the building via a water collection system on the roof and the local water
supply if needed.
58. Refining NZ, “Pipeline,” accessed March 20, 2018, http://www.refiningnz.com/environment--community/
environmental-protection/pipeline.aspx

Figure 7.1 Closed-Loop System
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The building will have six pumps for different Pump 5:
Sends matured microalgae to a centrifuge machine
stages in the process.
that will separate the biomass from the water. The
Stage 1. Cultivation of microalgae
Stage 2. Process of filtration
machine separates the mass through a spinning
Stage 3. Process of the final product
process where the centrifuge will spin the liquid
very fast, the water within it will evaporate and
condense into a clean water container.
Pump 1:
Supplies the water from the water collection Pump 6:
tanks to the Main Tank. The Main Tank is used to Sends the clean water to the greenhouse on the
control the mixture of resources.
top floor which supplies the roof cafe with locally
Pump 2:
grown produce.
Supplies the feed from the Main Tank to the
bioreactor on the façade.
Stage three is the process of the final products.
Pump 3:
The biomass from the centrifuge will then
Circulates liquid that can reach around 40°C be collected and sent to a mechanical coldwithin the bioreactor through a heat exchanger press used to extract the oils from the biomass.
and then back into the main tank.
The dried biomass is now a resource for food
Pump 4:
supplements, animal and fish feed and fertiliser.
Circulates liquid through another inlet of the heat The refined bio-oil can now be used to produce
exchanger which is heated and pumped through biodiesel in the research labs. A chemical process
underfloor heating or stored in geothermal storage through adding potassium hydroxide or sodium
under the building.
hydroxide as a catalyst to methanol or ethanol,

will result in a chemical reaction that produces
Glycerol (biodiesel)59. The biodiesel produced
here will supply a generator for backup power
when needed. As the diesel generator produces
carbon dioxide, piping will recapture the gasses
back into the holding cylinders to be reused.
Another proposal not implemented in this project
is a media scheme, where a company car fuelled
by the building’s biodiesel and the sale of the
excess bio-oil to jet fuel manufacturers could
encourage more exposure.
The primary source of power will be through a
two-axis solar tracking system, where energy will
be instantly used or stored in batteries for later use.
A two-axis system is a device that follows the sun
throughout the day with the capability to adjust
right to left and up and down. Through studies,
it has been proven to improve energy output by
as much as 30% but comes with the consequence
of having it being regularly maintained to avoid
failure60.
59. University of York Centre for Industry Education
Collaboration, “Biofuels,” last modified April 5, 2014, http://www.
essentialchemicalindustry.org/materials-and-applications/biofuels.html
60. REUK, “Solar Panel Mounting Angle,” accessed March 5, 2018,
http://www.reuk.co.uk/wordpress/solar/solar-panel-mounting-angle/
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7.2 Development of Bioreactor
A bioreactor is a vessel which is used to culture
organic material through a biological reaction61.
There are many types of bioreactors today as
this technology has been around for a couple of
decades. The technology here allows designers to
use the data collected to create a system that works
for their specific need. Two main typologies are
the open-air reactor and the enclosed reactor,
resulting in three common examples like the
raceway pond (open), a tubular reactor (closed)
and a flat panel reactor (closed). This project will
be using a tubular reactor. As the name suggests
the reactor will be using transparent tubes linked
together to create a circulating system where
microalgae can grow. Growing these organisms
within a tubular reactor is a viable option as
there is no need to develop large portions of land
because the system can be vertical.

A closed system provides various advantages
such as:
●
Less space.
●
Accurately controlled.
●
Minimising evaporation, water loss and
carbon dioxide loss.
●
Accurately reproduced biomass quality.
●
Increase the production rate of biomass.
●
Effective light utilisation.
●
Easier contamination control.
●
Usable in erratic weather conditions.62
62.Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy utilizing
CO2: an approach on flue gases utilization for third generation
biofuels,” Journal of Cleaner Production 98 (2015): 56, doi:10.1016/j.
jclepro.2014.03.034.

61. Saurabh Bhatia et al., Modern Applications of Plant Biotechnology in
Pharmaceutical Sciences (London: Academic Press, 2015), 271.

Microalgae are microorganisms that use
photosynthesis to convert sunlight, water and
carbon dioxide into algal biomass. They are
a robust organism that needs simple growing
requirement which can be acquired at a local plant
yard and can even survive on low-quality water
supply63. Sunlight and temperature control are
essential for efficient growth of microalgae with
an optimal temperature range of 20°C to 24°C,
they can also flourish using artificial lighting64.
A study that was conducted between multiple
species of microalgae like Chlorella,
Chlorococcum Littorale, Spirulina, Anabaena
and many more, compared the growth rate and
carbon dioxide fixation ability of the organism.
Chlorella sp. has proven to be one of the best
in biomass production and carbon dioxide
consumption within a tubular reactor and is the
reason to be chosen for this system65.
63. Saumen Barual and Ujjwal Kumar Deb, “Hydrodynamics of
Microalgae and CO2 flow in a Tubular Photobioreactor and consequent
effects on Microalgae growth,” Rajshahi University Journal of Science &
Engineering 44 (2016): 76, doi:10.3329/rujse.v44i0.30390.
64. Ibid, 77.
65. Sara P. Cuellar-Bermudez et al., “Photosynthetic bioenergy
utilizing CO2: an approach on flue gases utilization for third generation
biofuels,” Journal of Cleaner Production 98 (2015): 56, doi:10.1016/j.
jclepro.2014.03.034.

Figure 7.2 Early attempt of Algae Bio-reactor Design
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Early attempts of designing a bioreactor started
with identifying significant constraints such as:
●
A closed system.
●
A minimal amount of solids settling.
●
Maintenance friendly.
●
Ability to have gassing input and output
points.
●
Ability to mix gas within each tube.
The design of the bioreactor began with the idea
to create a system that would stand alone and
be located around the building or on the roof
to gain the most amount of sunlight (fig. 7.2).
A design with a cylindrical form minimised
floor area but allowed space in the center for
regular maintenance. Features included a water
collection system, helical wind turbine, a motor
and a rotary union mechanism to rotate the
system while allowing the flow of liquid and gas.
The design would rotate to control temperature
and sun exposure. By applying a vertical scheme
to the tubular system, multiple advantages
presented themselves like minimising the settling
of debris as compared to a horizontal tube and
having the ability to insert carbon dioxide gas
from the bottom that could travel up the length of
the tube. As microalgae creates oxygen through
photosynthesis, there is an opportunity to capture

this resource and pump it back into the building as
a fresh air supply. Lastly, the helical wind turbine
would not be designed to rotate the module
using the wind because it would only work when
significant airflow hits the fins. Instead, an electric
motor would rotate the module while the turbine
would provide a form of energy reduction as it
would lower the output from the motor during
windy days.
As the development of the building continued so
did the design of the bioreactor. It moved away
from an independent structure to an integrated
module. Using the same principles as earlier,
the new design would use an adaptive kinetic
facade system. This facade system would provide
a dynamic feature to the overall concept of the
building. The current design takes the form of
a smaller module with vertical tubing around a
square frame. This design allows for enough
space to place a rotary union in the middle of the
frame, allowing the ability to pump liquid and
gas into the tubes while rotating the unit. One
module is sized to be a maximum of 1500mm3,
housing a total of 28, 100mm diameter tubes
around a metal frame. This displacement was
designed with the benefit of allowing diffused
and direct sunlight through the gaps into the

building, thus creating a dynamic show of light
and shadows throughout the interior. Two rows
of the following modules are displayed on the
first, second and third level, wrapping around
the west, north and east facade of the building.
The modular system was designed to maximise
the exposure of the algae to sunlight while also
providing a visual demonstration of the process
across the building. An exterior frame holds up
the complete system splitting the units into six
modules per sections, with a perforated walkway
between the system and the interior glass. The
material of this frame is a metal finish painted
with titanium dioxide. When sunlight saturates
titanium dioxide a chemical reaction occurs that
breaks down the composition of carbon dioxide
in the air, purifying the polluted area around the
building66. It is also designed to act as a shading
system that filters the afternoon sun with the help
of louvers and the perforated walkway. Finally,
the plumbing of this system takes cues from the
Pompidou Centre and displays the piping across
the exterior walls leading to the back of the
building. Pumping gas through coloured pipes
and liquid through transparent tubes, it links to
the dynamic features of the modules as well as
symbolising veins of a biological form.
66. Lori Zimmer, “Mexico City’s Manuel Gea Gonzalez Hospital Has an
Ornate Double Skin that Filters Air Pollution,” published on March 26,
2013, https://inhabitat.com/mexico-citys-manuel-gea-gonzalez-hospitalhas-an-ornate-double-skin-that-filters-air-pollution/
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7.4 Urban Strong Kinetic Green Canvas

7.3 Current Design of Bio-reactor Module
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7.3 Spatial Layout
The Program:
David Patterson’s research paper on How to Build
a Bad Research Centre has influenced the program
of this project. As a member of the University of
California, Berkeley, Patterson writes this paper
with years of experience in research centres.
Through being a Director of around a dozen
research centres he shares what works and what
does not. He comes up with 'bad commandments'
on what not to do and then counters with how
to create something that benefits its students and
the vision of the centre67. Some commandments
have been chosen to suit the aims of this project
and used to develop a working arrangement for a
floor plan.
“Thou shalt mix disciplines in a centre”, talking
about how psychological support of a collective
can encourage a team to be bolder and aim for
more significant results. With a diverse group
of individuals, a team can gain experience from
one another allowing different fields to work
together to create something unique68. Patterson’s
theory proposes a valuable strategy as different
67. David A. Patterson, How to Build a Bad Research Center, (2013): 2,
https://www2.eecs.berkeley.edu/Pubs/TechRpts/2013/EECS-2013-123.
pdf
68. Ibid, 3.

disciplines working together have a higher
probability to come up with a solution than if
they were collaborating by themselves. This
theory provides a necessary approach towards
integrating three disciplines within this research
centre like algae cultivation, biofuel production
and water filtration using algae. To successfully
integrate different disciplines, common areas
with seating modules have been created as well
as laboratories for each discipline.
“Thou shalt build a centre wide prototype”,
creating a prototype or a working example
of the centre's vision. Patterson talks about
compatibility with different disciplines and how
they can potentially work together. Working
towards building a prototype helps to visualise
the process and the result of a successful team69.
The way this project incorporated this precedence
is as a design pedagogy through creating a source
of inspiration by cultivating microalgae on a
facade system. The team would be able to have
a point of reference by learning from a life-size
example of what a combination of multiple fields
of study could achieve.
69. David A. Patterson, How to Build a Bad Research Center, (2013): 6,
https://www2.eecs.berkeley.edu/Pubs/TechRpts/2013/EECS-2013-123.
pdf

“Thou shalt disturb thy neighbour”, interactions
with different people in different fields invites
new conversations. Patterson talks about how
researchers have found that when working
in an open space less than 50 metres across,
participants become more creative because of
natural interactions between disciplines70. With
having open spaces in this research facility, this
project hopes to create areas where people can
come and interact with one another allowing for
these impromptu ideas to flow.
“Thou shalt talk to strangers”, improving ideas
with the help of feedback from outsiders. With
the help of an alumni poll that Patterson used for
his paper, outside influence has been regarded
as an extremely helpful tool to develop ideas in
specific fields71. This project supports this concept
by creating flexible meeting rooms and enough
open space to host events. Using the concept
of involving people who have an interest in the
building's vision can hopefully bring new ideas
to the table all while improving the exposure of
the building.
70. David A. Patterson, How to Build a Bad Research Center, (2013): 6,
https://www2.eecs.berkeley.edu/Pubs/TechRpts/2013/EECS-2013-123.
pdf
71. Ibid, 52.
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Ground Floor and Parking:
There are two accessways to enter the site from
Patiki Road, with the northern entrance for the
general public and staff while the southern
entrance is a service way for delivery and
service vehicles. Staff and public have vehicle
parking spaces on site designed for 20 car
spots and two disabled spots in total. The City
of Auckland - Operative District Plan was used
when developing the layout for parking. Parking
spaces include 45° and 90° lots with 2.5m width,
4.9m from the wall and a 17.5m total depth for
two rows and 8m total depth for one row. Parallel
parking with 6.1m length, 2.5m width and an
aisle width of 3.7m. The service lane has been
designed to accommodate the 99 percentile of
trucks when they have entered the delivery area72.

the floor in front of them. As guests look straight
ahead the ‘Mystery’ pattern presents curiosity
through the obscured views towards the pump
room and the delivery area. Green walls, wooden
furniture and the bioreactor all share a pattern of
‘Visual and Material Connection with Nature’
through their direct representation of nature in
the space. There are three other entrances on the
ground floor via the west, east and south side of
the building. An entrance for staff on the west
and east end of the building gives the sense of
‘Prospect’ as views to either end is presented.
An entrance to the delivery area with stairs and
a ramp lead to a platform with service elevators,

this exhibits a pattern of ‘Complexity & Order’
as a hierarchy of levels gives a purpose of
loading goods on to trucks without the need to
be lifted. The main tank on the northeast of the
site represents the heart of the building, painted
in red the public see an obscured view of the tank
as the slatted wooden panels enclose it. As this
feature displays ‘Biomorphic Forms & Patterns’
in nature it also connects to the bionic vision this
project seeks to create.

This project follows the 14 Patterns of Biophilic
Design to reach a natural balance within the
interior of the building. There are four entrances
to the building with the main entry on the
north via the public carpark. When entering the
building the pattern presented is ‘Risk and Peril’,
as occupants are confronted with an atrium above
their head while shadows from the bioreactor hit
72. Auckland Council, “Part 9 - Transportation,” last modified September
2, 2008, http://www.aucklandcity.govt.nz/council/documents/central/
pdfs/part09b.pdf
Figure 7.5 Preliminary Ground Floor Plan
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First Floor:
The first floor is a transitional level between
guests, researchers and the production staff
creating a space where they can correspond. With
the dynamic modules of the bioreactor on the
west, north and east facade the communal space
expresses an energetic ambience of light and
shadow that appear in nature. This movement
of light within the interior space reinforcing the
concepts of ‘Dynamic and Diffusion of Light’,
‘Visual Connection with Nature’ and ‘Biomorphic
Forms & Patterns’. The positive influences these
biophilic patterns have on occupants support
stress reduction, cognitive performance and
positive emotions that increase the overall morale
of the workspace73.

The bridge over the atrium and the floating
platform to the service elevators adds a connection
from one end of the building to the other. These
forms of connections evoke a pattern of ‘Risk
and Peril’ as it feeds the phobia of heights while
protecting the user by a glass railing. With the
use of different heights and shape of furniture the
space creates a sense of ‘Complexity and Order’
through its hierarchy of levels.

The perimeter seating nooks invite occupants to a
space of ‘Refuge’, a semi secluded area from the
open plan. Flexible meeting rooms and offices
positioned on the edge of the floor plate offers
people the pattern of 'Prospect' with views into the
pump room, delivery area and to the bioreactor.

73. William Browning, Catherine Ryan and Joseph Clancy, 14 Patterns
of Biophilic Design (New York: Terrapin Bright Green llc, 2014), 12.

Figure 7.6 Preliminary First Floor Plan
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Second Floor:
The second floor provides the staff with a
workspace designed to help improve productivity
and support better working conditions. Through
the complex arrangement of the laboratories,
staff are presented with obstructed views to the
open plan in the communal area. The laboratories
are placed on the southern end of the building
because of the ease of access to the plumbing
of microalgae, water and the service elevators,
improving workplace efficiency. Natural lighting
in this area is achieved through the offices being
translucent and allowing in light from the north,
east and west facades of the building. The quiet
spaces and kitchenette are designed to be a

refuge from the distractions of the workplace
which is accessible from any area of the floor
plan. 'Biomorphic Forms and Patterns' as well
as 'Mystery' are patterns produced through the
irregularity of the diagonal walls of the quiet
rooms. The axis created from east to west allows
access to the outdoor green spaces, creating a
‘Prospect’ towards vistas of terraces and scenic
views.

Figure 7.7 Preliminary Second Floor Plan
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Roof:
The design of this level creates a space for a roof
cafe that will provide a broader sense of refuge
from the lower levels of workspaces. Work
functions and events can also take place on this
level as the bioreactor system opens up in areas
providing views into the Waitemata Harbour
to the north and the Whau River to the west.
A greenhouse on the top floor provides ample
sunlight for the plants while the recycled water
from the bioreactor keeps the vegetation hydrated.
The same concept of having the laboratories on
the south side of the building has been established
here to adequately supply the greenhouse with
water while the service elevators provides
vertical circulation to the delivery area for goods.

Finally, the outdoor space on this level has been
fitted with solar panels as an automated louvred
system on the canopy that performs two different
functions. Firstly, it is a system that adapts to
the direction of the sun to provide efficient and
effective solar energy collection and secondly, it
retracts to a horizontal plane when it rains. As the
system retracts to a sealed plane it still allows the
solar panels to collect energy as well as create a
shelter for the occupants below.

Figure 7.8 Preliminary Roof Floor Plan

47

8.0 Design Presentation

48

49

50

51

52

53

54

55

56

57

58

59

60

9.0 Conclusion

61

9.0 Conclusion
This project set out to design a research centre that
sought non-traditional solutions to sustainability.
The main direction was to follow an approach that
encompasses bio-inspired architecture influenced
by biomimetic, biophilic and bionic principles.
It was through these strategies that this project
developed a building that improves quality of life
for its occupants and acts as a tool for learning
about eco-friendly architecture.
With the adaptive kinetic facade, the building
operates as a dynamic form that features the process
of growing organisms within its architecture.
Modules on the facade rotate, demonstrating
movement through light and shadows within the
interior space. This movement gives the sense
of a more natural environment which supports
stress reduction, cognitive performance and
positive emotion in the workplace. The other
kinetic feature is the two-axis solar tracking
system designed to keep its effectiveness as it
adapts to the position of the sun. In the form of
a louvred system, the solar panels incorporate a
secondary feature that retracts to a flat horizontal
plane providing shelter to the occupants when out
on the deck.

As the building was designed to be a sustainable
structure, it incorporates systems that would
collect natural resources for the use of the building.
As mentioned earlier, placing solar panels on the
roof for maximum sunlight exposure provides a
valuable scheme to generate solar energy, while
a water collection system on the roof and green
spaces creates a supply of fresh water. The use
of the bio-reactor on the facade provides an
opportunity to collect heat as temperatures in the
reactor rise to required levels to circulate through
a heat exchanger. The process uses the heat
collected from the facade and cycles it through
underfloor heating and geothermal storage under
the building. Finally, the production of biodiesel
can be used to power generators recharging the
battery system.
As the building design focused on the notion of
sustainability, a closed-loop system was introduced
to minimise waste production within the building.
Starting with the cultivation of microalgae as a
means to consume carbon dioxide, a range of
other possibilities to produce resources like heat,
recycled water, biodiesel, dried biomass and food
supplements were identified. These products

are considered sustainable resources as there is
a positive balance between the raw materials
needed and the production of the final product.
The programme of the building allows the goods
created to be sold to recuperate any costs, making
this scheme economically beneficial to operate
for the building owners.
Ultimately this project provides a valuable starting
point in terms of developing non-traditional
approaches to sustainable architecture. It has
shown there is scope to use natural organisms
that are not typically considered in architectural
projects to solve environmental challenges.
As this project demonstrates, it is possible to
cultivate microalgae within architecture and
utilise the natural by-products associated with
its cultivation to assist the sustainability of
a building. To sum, this project encourages
architects to continue the search for sustainable
solutions that go beyond traditional approaches
to meet the major challenges facing humanity in
a time of climate change.
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