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Abstract

Humanity is not acting as a symbiotic part of earth's ecology. Since the industrial age, humans have settled on a linear,
wasteful cycle of using resources. These unsustainable practices have disrupted the earth’s natural order and caused imbalances
within its ecosystems such as climate change, extreme weather events, and natural resource depletion which threaten the  longevity
of a healthy planet.

Architects have a responsibility to adapt their design thinking for the well being of the people and places affected by these
imbalances. An effective way to realize this is to provide closed-loop, adaptive, and regenerative design responses that aid in
reversing the damage humans have inflicted on the planet.

Fortunately architects have an invaluable precedent to better understand how to solve these functional problems: biology. The
earth has had 3.8 billion years of evolution to create closed-loop, regenerative biological systems even within the harshest planetary
conditions. The practice of taking a design challenge and then finding an ecosystem that has already solved the challenge and
emulating its behaviors and function is called performative biomimicry. This thesis posits that through the implementation of
performative biomimicry, architects can design adaptive and regenerative ecosystems within increasingly harsh environments.

To investigate this hypothesis, the thesis tests the role that performative biomimicry could play in aiding architectural design
within the harsh African Sahel region, the location most threatened by desertification due to increasing global temperatures.
Exploring the reversal of desertification towards the return of a lush, restorative ecosystem via biomimetic principles is a key outcome
of the exploration.
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Epigraph

“From my designer’s perspective, I ask: Why can’t I design a building like a tree? A building that makes oxygen, fixes nitrogen,
sequesters carbon, distils water, builds soil, accrues solar energy as fuel, makes complex sugars and food, creates microclimates,
changes colors with the seasons and self replicates. This is using nature as a model and a mentor, not as an inconvenience. It’s a
delightful prospect…” (Braungart & McDonough, 2008)



01 THE INDUSTRIAL REVOLUTION & ITS IMPACT

01.1 Birth of a Faulty Ontology

Before analyzing the potential of performative biomimicry in informing adaptive and regenerative architectural design amongst
increasingly harsh environments, we must begin by understanding when, why, and how our planet grew progressively harsh in the
first place.

About 12,000 years ago, our human ancestors transitioned from nomadic hunters to farmers who began forming sedentary
cultures (Morton, 5). This decision was directly related to the realization that humans could effectively control the way plants grew or
where animals grazed. In other words, this was the beginning of human domestication upon the wilderness. It is also precisely
around this time that humans realized that instead of sheltering in already existing structures, they could manipulate their
environment to create exactly the type of spaces they desired. In fact, staying in one place meant that more time and resources could
be allocated to the manipulation of space than ever before. However, in time, these manipulations got out of hand. What had once
begun as the domestication of the natural world in order to progress as a species eventually manifested into the destruction of the
natural world. It turns out that taking too much without giving back ultimately leads to dismal consequences (William, 1). In order to
reverse the damage we have caused to the planet and move forward symbiotically with it, we must first reevaluate and restructure
our relationship with nature.

In Deep Ecology, philosopher Tim Morton claims that our schism with the natural world began precisely around this time of
human settlement, as it was the birth of a deeper set of assumptions which lead to a faulty oncology. He refers to the logic of this
faulty oncology as the agrilogistics, or “knowledge based on linearity, boundaries, and consistency” (Morton, 43) Agrilogistics ignores
nature’s symbiotic, natural processes. It perpetuates a type of subjective thinking which places humans as central to the natural
landscape, feeding a narrative where the natural world is simply a condition of human existence (Morton, 44).

Morton believes that there are three human-derived axioms which underlie the logic of agrilostics. The first axiom refers to the
idea that opposites cannot be true at the same time, hence emphasizing harmful and rigid boundaries of “otherness.” Examples
include humans versus nonhumans or pests vs productive life forms. In this case, a human would naturally act in their self interest
rather than in the self interest of the opposer even if reality states that the best course of action favors the opposite or lies
somewhere in the middle.The second axiom is the decision to transform dynamic relationships into static, quantifiable data which
only perpetuates the idea that humans exist on a separate plane or realm than animals, objects, and ecosystems. Lastly, the third axiom
focuses on accumulating quantities without the regard for quality of existence. A simple example is people owning multiple cars or an
excessive amount of clothing without considering the toll it took on the environment to create each unnecessary object and the long
term impact that toll will take on the planet. Together, these axioms reinforce human subjectivity to the extent that the individual is
deemed as above and separate from its context (Morton, 48).

In order to establish a healthy relationship with the planet, humanity must reject agrilostics and replace it with Ecognosis, or
the type of knowing akin to ecological awareness and focused on coexistence (Morton, 5). Ultimately, Morton’s Deep Ecology reveals
that human actions have planetary implications, that “a human is made up of nonhuman components and is directly related to



nonhumans,” and that humanity is, in fact, entirely dependent on earth’s ecology (Morton, 18). Therefore, humanity must learn to live
as one with the earth, and not as separate from it.

Figure 1: Structure of the Anthropogenic v.s. the Ecognosis world view (Lopez, Antonio, 1).



01.2 The Development of the Industrial Revolution

Agrilogistcs may be to blame for establishing the initial schism between humans and nature, but the Industrial Revolution solidified
the establishment of linear, wasteful practices at a scale previously unprecedented in the history of our planet.

The Industrial Revolution was initiated in Great Britain around the 18th century as a direct result of the preceding agricultural
revolution which led to a massive increase in food production (Gillaspy, 1). Specifically, the incorporation of new technologies like the
horse-drawn seed press and seed drill transformed agriculture by increasing crop yields and decreasing the amount of workers. This
effectively caused a ripple effect which allowed people who needed jobs to move into cities where there were now sufficient amounts
of food delivered every day (William, 1).

Cities began growing rapidly by the mid-18th century due to this influx of people leaving farms. Consequently, the growth of
cities created a demand for nonessential products and new technologies that would actively assist in the improvement of quality of
life. For example, the cotton gin allowed for the mass production of cloth and increased coal mining paved the way for the creation of
iron and the commercial use of the steam engine. By the 19th century, steam engines were used for both transportation and
powering factories. In addition, communication was made easier via the invention of the telegraph and telephone, creating more jobs.
People could now get to places much faster, communicate despite vast distances, and live amongst a growing plethora of products
(William, 1)

For the first time in history, power driven machinery resulting in mass production and paired with advancing technologies
displayed its immense power to change the world. The human standard of living had never been higher. Opportunity for financial
growth presented itself among every city block as the economy boomed and human life expectancy increased (McDonough, William,
and Michael Braungart, 26) .

However, the Industrial Revolution was by no means devoid of negative consequences. In fact, humans are still dealing with
the repercussions of advancement without consideration for holistic thinking. We have failed to see the big picture, and as a result,
the planet is in grave danger ((McDonough, William, and Michael Braungart, 26- 27).

01.3 The Industrial Revolution establishes a dangerous precedent

Although the Industrial Revolution did not have a motive to harm the natural world, it did become harmful when it became an
economic revolution fueled by the acquisition of capital gain, accomplished via excess and unsustainable practices. Mass production
and mechanization utilized linear methods of a product lifecycle such as nonrenewable resource extraction, manufacturing, and
disposal (McDonough, William, and Michael Braungart, 6). As Braungart and McDonough put it in their book Cradle to Cradle, “make
the greatest volume of goods for the largest number of people no matter the cost” (21)

Perhaps the greatest example of the dichotomy presented by the Industrial age can be seen in the largest moving object
made by man in 1912: the Titanic. Made from 66,000 tons of steel and sporting two immense steam engines, it reigned as “a
representation of technology, prosperity, luxury, and progress” (McDonough, William, and Michael Braungart, 16- 17). However, it
also represented a metaphor for the industrial infrastructure of the time:



“Like the famous ship, this infrastructure is powered by brutish and artificial sources of energy that are environmentally
depleting. It pours waste into the water and smoke into the sky. It attempts to work by its own rules, which are contrary to
nature. And although it may seem invincible, the fundamental flaws in its design presage tragedy and disaster” (McDonough,
William, and Michael Braungart, 17).

The lack of holistic thinking during the Industrial Revolution created an accepted precedent that pushed forth an industrial
infrastructure with detrimental practices as a byproduct. These practices are listed in Figure 2 and are still extremely prominent today.

Figure 2: Precedent established by the Industrial Revolution (McDonough, William, and Michael Braungart, 18).

In essence, the Industrial Revolution affirmed that humanity has adopted an attitude of domination over nature: conquer the
wilderness in order to build civilizations, display national wealth, and advance technologies (William, 1). Industry and environment
hence become antagonistic with each other, lending to the idea that both cannot thrive symbiotically (McDonough, William, and
Michael Braungart, 6).



Today, humanity is reaping the disastrous consequences of such a faulty narrative. They can be summed up into what is
called the Anthropocene or “the period of time during which human activities have impacted the environment enough to constitute a
distinct geological change” (Morton, 7)

01.4 Consequences of the Industrial Revolution: The Anthropocene

The Anthropocene, or the period during which human activity has been the dominant influence on climate and the
environment, has revealed that humankind has disrupted the planet's ebb and flow to the extent that an imbalance has occurred
within earth’s ecosystems. This has led to extreme consequences on a global scale (Morton, 7).

Edward Burtynsky is an Anthropocene photographer who is concerned with showing how humanity affects the earth in a big
way. Specifically, he “seeks out and photographs large-scale systems that leave lasting marks” in order to “bring awareness of the
normally unseen result of civilization’s cumulative impact upon the planet.” Figure D includes some of his photographs which range
from lithium mining, deforestation, landfill pollution, oil spills, and desertification. Overall, Burtynsky hopes to start a conversation
which will inspire the average person to make changes towards more sustainable practices which integrate well with nature rather
than disrupt it (Photographs: Anthropocene, 1).

Figure 3: Photographs of the Anthropocene by Edward Burtnsky (Photographs: Anthropocene)



Non Renewable resource extraction and pollutants unarguably scar the planet, but the most daunting example of human
disruption in Burtnsky’s photographs are those depicting immense amounts of greenhouse gases released into the atmosphere. The
reason being: they result in climate change which heats our planet and threatens our very existence. We are emitting more
greenhouse gases today than ever before in the history of man. For example, from 1750 to 2019 carbon dioxide concentrations
increased by 47.3 percent, methane by 156 percent, and nitrous oxide by 23 percent. This change is far greater than the cumulative
amount of greenhouse gases emitted between the glacial and interglacial periods which spans a total of 800,000 years and has
resulted in the stratospheric ozone layer decreasing by 2.2 percent between 1980 and 2017 (Intergovernmental Panel on Climate
Change, 5). In other words, it is clear that humanity's unsustainable practices in the name of industry are yielding both rapid and
catastrophic global warming that leaves our planet exposed.

Figure 4: Graph predicting how concentrations of
greenhouse gasses in the atmosphere will change in the future as a result of human activities.



Currently, the global mean temperature in 2021 is estimated to be 1.21 degrees Celsius above pre-industrial levels. However,
this number has been growing at about 0.18 degrees Celsius per decade since 1981. The Intergovernmental Panel on Climate
Change insists that humanity maintain it at 1.5 degrees Celsius or below if we want to “reduce challenging impacts on ecosystems,
human health, and well being” (Intergovernmental Panel on Climate Change, 8)

In order to foresee the potentially catastrophic effect of global warming, the Intergovernmental Panel on Climate Change
provided RCP’s or Representation Concentration Pathways. These are predictions of the future based on how concentrations of
greenhouse gases in the atmosphere will change in the future as a result of human activity. RCP’s are a useful tool for this
investigation in that they provide a reference for the necessary degree of adaptive and restorative architectural design based on
multiple scenarios. Figure A demonstrates two possible RCP’s, or future scenarios, of how the planet will look like due to the effects
of climate change (National Climate Change Adaptation Research Facility, 1). RCP 2.6 is the estimated best case scenario and RCP
8.5 is the estimated worst case scenario.

Figure 5: Extent of global warming on the planet based on two different possible scenarios of human intervention of climate change
(Intergovernmental Panel on Climate Change)



Global warming and unsustainable practices also have an array of cascading consequences that follow. These include, and
are not limited to, the following:

“Sea level rise & flooding, extreme weather events, ocean acidification, droughts, deforestation & desertification, decreased
agricultural yield, death of marine ecosystems, plant & animal extinction, receding glacial ice, and mass migrations (National
Oceanic and Atmospheric Administration, 1)”

Figure C depicts four RFP’s ranging from a low human effort to curb emissions to a high human effort to curb emissions. These future
predictions outline how different human approaches and actions moving forward will have vastly different outcomes.

Figure 6: Representation Concentration Pathway graph exhibiting potential future effects of climate change at different scales of
human intervention (National Climate Change Adaptation Research Facility, 1)



Ultimately, what future becomes reality is up to us. In the words of the Intergovernmental Panel on Climate Change, “The
future will look different no matter what- just how different is our choice because the decisions we make today determines the world
we get tomorrow.”

01.5 Impact of the Built Environment

One of the greatest contributors to the damaging consequences experienced by the natural environment is the building
sector. Although the healing of the natural environment is dependent upon the restructuring of various other sectors in society, this
investigation will specifically narrow in on the building sector, also referred to as architecture.

Buildings emit approximately 40 percent of all human caused carbon emissions on our planet. This number is substantially
larger than all other infrastructural sectors, including transportation. Of that 40 percent, 26 percent are attributed to building
operations and 14 percent to building materials and construction. Furthermore, just three materials used in construction- concrete,
steel, and aluminum- are responsible for 23 percent of total carbon emissions. These numbers are still rising as populations increase
and building life cycles continue utilizing unsustainable practices (Architecture 2030).

Figure 7: Carbon emissions by sector (Architecture 2030)



Buildings come with another long list of impacts on the natural environment. For example, they create an insurmountable
amount of waste during their construction and lifespan. One study by the National Association of Home Builders estimates that
“8,000 pounds of waste material gets sent to the landfill when building a single 2,000 square foot stick-built home” (Next Modular, 1).
In addition, buildings consume about 12% of the world’s drinkable water, account for 35% of resource extraction, and account for
40% of energy use (Multi Comfort UK, 0:50). Ultimately, the list of impacts could be drawn out much further, but one thing is for
certain. Buildings forever change the natural landscapes upon which they are built from and built upon.

Because architecture will always be a necessity for human safety, stability, and progress, architectural designers have a
responsibility to adapt their design thinking for the health and longevity of both people and planet alike. In his Ted talk My Green
Agenda for Architecture, Norman Foster emphasizes that “The problems of sustainability cannot be separated from buildings which
sprout amongst nature as new components with significant impact” (Foster)

Norman Foster’s statement begs the question: How do architects transition from designing buildings that yield a net negative
effect on the environment toward a net positive effect? This investigation began with this very question. Although an obviously
complex question, architects might be living amongst an invaluable precedent, one which could not only restructure humanity’s entire
approach towards design on the planet, but also save it. This precedent is called biology and the strategy of implementation is called
performative biomimicry.



02 PERFORMATIVE BIOMIMICRY

. 02.1 Performative Biomimicry & it’s Origin

To be one with nature means to design like nature. Fortunately, the earth has had 3.8 billion years of evolution to create time-
tested biological systems and strategies which keep the planet in balance (Pawlyn, 1). The practice of taking a design challenge and
then finding an ecosystem that has already solved that challenge and emulating its behaviors and function is called performative
biomimicry (Benyus, 5). This investigation proposes that performative biomimicry may be one of the best sources of solutions to
make the shift from the agrilogistics into an ecological age.

Design inspired by nature has a long history of being utilized unknowingly. For example, in 1505 Leonardo Da Vinci
speculated in his Codex of Flight of Birds that human air travel could be modeled on the mechanics of avian flight. Then, much later
in the early 1800s, performative biomimicry appeared in architecture when Joseph Paxton built the Crystal Palace structure inspired
by the interconnected ribbing of a water lily.

Figure 8: Crystal Palace inspired by the water lilu (Scobey- Thal, 1).



However, it wasn't until 1969 that American biophysicist Otto Schmitt coined the precursor term “biomimetics” when he invented an
electrical circuit modeled after the neural impulse systems of squids (Scobey- Thal, 1),

Finally, in 1997, the official term “biomimicry” was invented by scientist Janine Benyus when she wrote her book Biomimicry:
Innovation Inspired by Nature. Benyus is accredited with sparking a worldwide interest in the subject. In 2006, she took her next step
by founding the Biomimicry Institute, a non-profit organization dedicated to empowering people to seek nature-inspired solutions as a
means to heal the planet (Scobey- Thal, 2-3). In her book Innovation Inspired by Nature, Benyus states that ”when the forest and the
city are functionally indistinguishable, then we know we have reached true sustainability” (310).

. 02.2 The Biomimicry Design Process

Understanding how to properly apply nature’s design principles to human-made systems is a crucial aspect of successful
biomimetic design. Industrial designer Carl Hastrich knew that this transfer of information could be confusing, Therefore, he decided
to alleviate the confusion by creating the biomimicry design spiral, a “ step-by-step common sense approach to guide designers and
others through nature’s reiterative design process” (Deluca, 1). Today, this design spiral is the foundation for biomimetic design all
over the world (Biomimicry Institute, 1)

Figure 9: The Biomimicry Design Spiral (Biomimicry Institute)



The biomimicry design spiral has six steps a design team should take when seeking a successful transfer between natural
design and man made design. The first step is to clearly define the challenge the designer wants to solve. During this step, it is
important to specify the desired criteria for success and the potential constraints along the journey. The next step is to biologize or to
“analyze the essential functions and context the design solution must address” (Biomimicry Institute, 1) At this point ask the question:
“How does nature solve these challenges” (Deluca, 1)? This leads to the third step, discovery, or the point at which the designer must
seek out examples of natural models which overcome the challenge. These biological precedents must address the same functions
and contexts as those of the desired design outcome. Make sure to delineate the utilized strategies which support the success and
survival of the natural model. What are the fail safes? (Biomimicry Institute, 1)

Midway through the biomimicry spiral, the approach begins the transition from research to application. For example, the fourth
step is to abstract the critical features and mechanisms that make the biological strategies a true success. Then, the designer should
restate these features and mechanisms in non-biological terms. These will become the “design strategies.” Next up is to “emulate,” or
to look for patterns and relationships amongst the strategies. What are the key lessons? How do these lessons inform a potential
solution? It is during this fifth step that a designer should begin developing design concepts based upon these discoveries. Finally,
the sixth step is to evaluate the design concepts for exactly how well they suit the criteria and constraints of the design challenge. Are
these designs truly applicable within earth’s systems and human infrastructure? Now, simply refine until the best viable response to
the challenge becomes clear (Biomimicry Institute, 1).

Carl Hastrich intended for the design spiral to be a fluid process. Steps can be revisited and sequences can be shifted similar
to the cyclical processes of nature. However, he believed it critical for the designer to ensure all steps are taken, regardless of the
sequence (DeLuca, 1). The design spiral served as a guide for this investigation and ultimately culminated into the architectural
proposal presented in chapter three.

.



02.3 Ecosystems Principles

In order to successfully apply performative biomimicry to design, we must first have a concrete understanding of
nature’s general principles and functions. Only then can the biomimicry design spiral be utilized to solve more specific design
challenges. This is because all of nature follows some of the same underlying principles.

Ecosystems are composed of various underlying principles which work together to bring balance and harmony to our planet.
Biologist Shauna Price claims that there are a series of basic principles which ecosystems follow to maintain a healthy ecology
(Mazzoleni, 25). They are the following:

1. Dependent on contemporary sunlight
2. Optimizes the system rather than components
3. Attuned to and dependent on local conditions
4. Diverse in components, relationships, and information
5. Create conditions favorable to sustain life
6. Adapt and evolve at different rates and levels

Importantly, ecologies manifest these principles in a manner that maintains a closed-loop system, a system where nothing is
wasted, only returned to the cycle itself to sustain and further strengthen it. The oak tree is one of nature’s most brilliant examples of
a closed- loop system in that it reuses all of its output resources as input materials. As seen in Figure L, these resources include
materials, energy, and water, all of which function as separate closed- loop systems bonded and strengthened by the various
synergies that coexist between them. Collaboration between these synergies allows the oak tree to grow and sustain itself (Brading,
63-65).



Figure 10: How an oak tree performs like an ecosystem, conserving energy, water, and material (Brading, 64)



The type of ecosystem thinking implemented by the oak tree inspired Exploration Architecture to design The Mobius Project,
a closed-loop biomimetic building that mimics the trees ability to conserve resources. This project exemplifies what architecture could
accomplish when referencing what biological systems have already accomplished (Brading, 65). Water treatment, material
management, and energy generation are the three focal sequences modeled after the oak tree which the Mobius Project references
to establish a closed- loop cycle. For example, waste is turned into either locally grown, carbon nutritious food or methane which is
used to generate electricity for the greenhouse. Since the food is locally grown, the operation cuts down on food miles as well
(Pawlyn, 73). Ultimately, the goal of the project is to create a “replicable urban infrastructure system with the potential to manage a
large amount of a cities production through a closed- loop circular economy approach which yields sustainability” (Iguana Architects,
1)

Figure 11: A conceptual rendering of the Mobius Project by Exploration Architecture (Pawlyn, 72)



Figure 12: How the Mobius performs like an ecosystem (Brading, 66)



Importantly, the Mobius Project also uncovered some flaws in the design of building ecosystems. For example, when any
component in the project’s system fails, the entire system will cease to function. This contradicts natural systems in that nature is
both resilient and regenerative. It has multiple backups in case one component in the system fails (Brading, 67). In addition, the
project lacks longevity in that it is not adaptive. All natural systems are adaptive, meaning that they evolve over time as the
environmental circumstances change. These areas may be lacking today, but they expose an enormous opportunity for rethinking
design in the built environment (Pawlyn, 73).

02.4 Architecture Inspired by an Ecological Model

How can an ecosystem in nature be translated into the built environment when conventionally, man made systems have been
designed in opposition to ecological systems? Architect Michael Pawlyn has spent his entire career looking for solutions to this
question. In his book Biomimicry in Architecture he states the following: “I am looking towards nature to find genuinely sustainable
building design and technology that goes beyond conventional sustainability and instead, towards the truly restorative” (Pawlyn, 12).
Pawlyn believes guiding humanity towards a restorative future begins with mapping the key differences between conventional
human- made systems and ecological systems. These differences are outlined in Figure11.



Figure 13: Man-made v.s Ecological Systems (Pawlyn, 68)

From these ecological systems, Pawlyn identifies that the implementation of a closed- loop flow of resources naturally begs all
other ecological systems to follow. In other words, a closed loop system cannot be achieved if, for example, toxins in water make it
unusable. He refers to the success of implementing a truly regenerative, closed loop system in society as the circular economy, one



with “feedback rich systems” (Pawlyn, 69) Ultimately, this means that the lifecycle of building products needs a restructuring. In their
book Cradle to Cradle, Michael Braungart & William McDonough explain what this restructuring would look like as seen in figure 12
(McDonough, William, and Michael Braungart, 92 )

Figure 14: Cradle-to-Grave v.s Cradle-to Cradle Life Cycle of Building Products

In order to accomplish a cradle-to-cradle, circular economy which becomes symbiotic with nature, a building must follow the
law of resource conservation which states that any resources going into a building will eventually come out of the building. As
researchers for the National Pollution Prevention Center for Higher Education, Kim and Rigdon point out that this is because “in the
long run, any resource entered into a building ecosystem will eventually come out from it.” How they come back out into the world is
the question. (10)

In addition, Kim and Rigdon state that “The three strategies for the economy of principle are energy conservation, water
conservation, and material conservation. Each focuses on a particular resource necessary for building construction and operation.”
Resources flowing into the building ecosystem are referred to as “upstream” and resources flowing out of the building are called
“downstream.” Inevitably, all resources that enter a building will have changed upon exit as a result of both human interference and
mechanical processes. Simply put, those resources can come back out in one of two ways. Either they leave as toxins to the planet,
or they leave as healthy components to the planet (Kim, J.J. and Rigdon B, 10-12).



Figure 15: Industrial v.s. Ecological Resource flow in the built environment (Kim, J.J. and Rigdon B, 12)



03 PERFORMATIVE BIOMIMICRY APPLIED TO ARCHITECTURE IN DESERT ENVIRONMENTS

As discussed earlier, a key principle of ecosystems is that they are “attuned to and dependent on local conditions.”
Consequently, performative biomimicry must always be applied on a situational basis. Since this investigation will examine the value
that performative biomimicry can yield toward truly restorative architectural design, a specific ecosystem had to be chosen as a
control variable. For the purpose of this investigation, a semi-arid ecosystem on the verge of becoming a hyper-arid desert
environment was chosen. Specifics on the exact location and reasoning for choosing the location will come later, but the reason for
mentioning this information now is to clarify that this chapter will primarily focus on performative biomimicry applied to architecture in
desert-like environments. The goal is that the architectural proposal benefits from the discussion and analysis of already established
biomimicry-inspired architectural precedents located in desert-like environments.

03.1 Material

To begin, material for construction in semi-arid to hyper-arid environments is hard to come by as there are a limited amount of
regenerative resources. Material could be imported from far away locations, but that opposes a key characteristic of ecological
systems: that they use local resources (Pawlyn, 68). Fortunately, it so happens that desert-like habitats do have a plethora of one
material with lots of potential. This material is sand.

Traditionally,  sand has not proven to be a very useful material for building because it possesses an open structure which has
little interlock between grains. In other words, without a good binding material, it has little to no strength (Nadu, 1). Architect Magnus
Larsson was faced with the same “lack of a binding material” dilemma back in 2009 when he began his project Dune. The goal
behind project Dune  is to “create climate-conscious, anti-desertification architecture in arid environments created by an increasingly
globally-warmed world.” Larrson proposed that the desert sand itself could be used to create comfortable and habitable spaces for
people living in these environments, but it was not until he asked the question “How does nature bind sand?” that he came across a
binding agent. Turns out bacillus pasteurii, a common microorganism found around wetlands and marshes is that binding agent.
When integrated with sand, the microorganism turns sand into sandstone in a mere 1,400 minutes. In other words, project Dune
displays the potential for architectural design in deserts made from one percent natural, sustainable, and biodegradable materials
(Larsson).



Figure 16: Dune Anti-desertification Architecture by Magnus Larsson

Arguably one of the most distinct characteristics of natural ecosystems is their ability to utilize bottom up, molecular
self-assembly. Essentially, nature only uses the bare minimum material needed to create, resulting in little to no waste (Pawlyn, 48).
Today, the invention of 3D printers have allowed manufacturing to transition from subtractive, wasteful methods to those additive
methods which more-so resemble “the molecular, bottom-up manufacturing that occurs in biology.”. The benefits of 3D printing are
vast. Less material is wasted, greater efficiency achieved, more complex forms are possible, and cost reductions are a certainty due
to less required material (Additive Manufacturing & Subtractive Manufacturing: Pros & Cons, Applications). Nature already
implements all these benefits, so it seems additive manufacturing technologies may be the way of the future. In addition, it just so
happens that sand 3D printers already exist. Maybe, 3D printers have the potential to revolutionize architecture in desert
environments by printing a combination of sand with bacillus pasteurii. Scientist Neri Oxman from MIT Media Lab has already
accomplished something similar when she 3D printed strong and flexible structures made solely from chitosan, a biologically raw
material found in crab and insect shells (Pawlyn, 48- 49).



03.2 Water

Gathering fresh water may be one of the most difficult challenges in hyper-arid environments. Most climate scientists are
already in a consensus that much of the developing world in tropical latitudes will experience an immense reduction in both rainfall
and agricultural productivity due to increasing temperatures. Currently, 1.1 billion people worldwide lack access to water and a total of
2.7 billion people experience water scarcity for a minimum of at least one month per year (Meeker). The good news is that there is a
lot of potential for biomimetic design to alleviate these consequences.

Nature utilizes water in a cyclical pattern, meaning that water is always filtered via natural processes and then reused.
Wastewater should never be seen as waste, but as a precious resource. This principle is most important in arid climates where
rainfall is limited (Wastewater? From Waste to Resource). When this first option no longer suffices, two biological organisms can be
looked at for biomimic inspiration. The first organism, the Namibian Darkling beetle, uses microsized grooves on it’s hardened
forewings to help condense and direct water toward its mouth. In addition, a combination of hydrophilic and hydrophobic bumps
increase fog and dew harvesting (Mazzoleni, 173). This beetle inspired the Warka Water Tower located in Cameroon which mimics
the beetles ability to harvest water from the atmosphere and as a result, provides clean drinking water to its people (Warka Tower). In
arid places where water is scarce, this biomimic inspiration could truly make a difference.

Figure 17: Warka Water rainwater harvesting inspired by Darkling beetle



The second organism, the mangrove tree, utilizes a transpiration process which desalinates water. Project Hydrousa was able
to reference the process in order to create their very own Hydrousa Mangrove Still System for the Mediterranean coastal regions
where fresh water becomes scarce each summer (Mangrove Still System Presented in Dubai Expo).

Figure 18: Hydroussa Still System inspired by Mangrove Tree

Ultimately, the solution to bringing fresh water to arid regions may be a combination of reusing wastewater, rainwater
harvesting, and desalination.

03.3 Energy

Whereas water would be one of the most difficult resources to come by in desert environments, energy may well be the
easiest resource to find as deserts are almost always blazing hot and sunny. Michael Pawlyn argues that “biomimetic principles to
energy planning inevitably lead to the solar economy as a critical goal.” Furthermore, he states that there are four key principles for a
biomimicry solution to solar energy. They are the following:

1. Demand reduction through radical increases in efficiency as the first priority
2. A source of energy that will last indefinitely
3. Resilience through diversity and distributed networks
4. Resource flows that are non-toxic and compatible with a wide range of other systems (115)



Before seeking technical solutions for energy capture, biomimetic designers should always seek passive systems that take
advantage of the surrounding ecosystem. This includes orientation, site, climate, and materiality that minimizes energy use.
Biological organisms naturally adapt based on these characteristics. Once this information is gathered, it can be applied to
architecture via the 5 elements of passive solar design:

1. Aperture/collector (south-facing windows)
2. Absorber (usually hard & dark surface of wall or floor material)
3. Thermal mass (material that retains and stores heat)
4. Distribution (circulation of heat through natural conduction, convection and radiation)
5. Control (roof overhangs, blinds, awnings, shade trees)

The Eastgate Center office building in Harare, Zimbabwe, inspired by how termite mounds function, is an example of how
performative biomimicry naturally aids in passive design. Termites build gigantic mounds inside of which they farm a fungus that is
their primary food source. This fungus must be kept at exactly 87 degrees fahrenheit, while the temperatures outside can range from
between 35 degrees fahrenheit at night to 104 degrees fahrenheit during the day. In order to achieve this remarkable feat, the
termites constantly open and close a series of heating and cooling vents throughout the mound over the course of the day. With a
system of carefully adjusted convection currents, air is sucked in at the lower part of the mound, down into enclosures with muddy
walls, and up through a channel to the peak of the termite mound (Passively cooled building inspired by termite mound- Innovation
Asknature, 1).



Figure 19: Eastgate Center in Zimbabwe inspired by Termite Mounds

When passive systems are not enough, desert systems may take advantage of the immense amount of solar energy via
photovoltaics. There are also exciting upcoming technologies, still in the research phases, which may someday revolutionize the
battery industry. One example is the bio-battery, a biofuel cell powered by enzymes that breaks down organic compounds for fuel.
Essentially, a battery may one day be made from one-hundred percent biological material and hence, be truly biodegradable
(Caballar).



04 DESIGN INVESTIGATION:

04.1 Why the Sahel, Region in Africa

Nature’s responses are always dependent upon the specific ecosystem in which they inhabit. As a result, the implementation
of performative biomimicry must always be situational. For the purpose of this investigation, the city of Sokoto, Nigeria located within
the Sahel Region of Africa was chosen as the architectural proposal site location due to a few key reasons.

Firstly, one goal of this investigation is to design an architectural proposal within an environment increasingly threatened by
the effects of human ensued climate change. Desertification, or the process by which dryland becomes degraded permanently,
happens to be  one of the most catastrophic results of climate change. Its effects include, and are not limited to,  persistent droughts,
decreases in agricultural yield, famine, conflicts over dwindling natural resources, loss in natural biodiversity, increased poverty, and
death. As of 2021, 38 percent of the 42 percent of dry land on the planet is threatened by desertification (IPCC, 4-10). The UNEP
estimates that approximately one billion people live in areas vulnerable to desertification and 135 million people may be displaced
due to this environmental crisis by the year 2045. However, no location is more plagued by oncoming desertification than The Sahel
Region in Africa. Currently classified as a semi-arid region, it becomes more and more threatened in transitioning toward a hyper arid
region as the Sahara desert just north of it ventures south (Thelwell, 1-3).



Figure 20: Desertification Vulnerability in Africa (Thelwell)



Secondly, the Sahel Region was chosen in this investigation as a result of its clearly definable threatened border which spans
the entire width of Africa, along the southern edge of the Sahara desert. In other words, this location is an opportunity for design that
not only halts the spread of desertification across the entire continent, but regenerates this increasingly harsh ecosystem. Nature has
solved complex functional challenges for over 3.5 billion years. Within that time frame, biological organisms  have continuously
adapted to survive amongst even the harshest planetary conditions. Therefore, performative biomimicry may be the most reliable and
beneficial tool when seeking to design restorative architecture in what is quickly becoming an increasingly harsh ecosystem
(Coffman).

Figure 22: The Sahel Region (Thelwell)

Lastly, the chosen site peaks interest as attempts to restore the Sahel region have already begun. The group behind these
attempts is called The Green Wall Initiative, an African-led movement whose aim is to reduce the effects of desertification in Africa. It



intends to do so by creating a wall of plants along the Sahel region. As of 2020, the organization has already restored about 15
million hectares of degraded land in Ethiopia alone. Additionally, 12 million drought resistant trees have been planted in Senegal.
Their goal is not only to rehabilitate the land, but to create a symbol of sustainable environmental practices in the region (Great
Green Wall Initiative, 1-3). The proposed design will be weaved within the Green Wall Initiative, not only to strengthen its efforts, but
to pay homage to humanity coming together to solve an environmental crisis.

Figure 23: The Green Wall Initiative (Thelwell, Green Wall Initiative)

In conclusion, the finalized architectural proposal is intended to be a kit of parts which could be replicated in various similar
locations along the width of Africa along the northern border of the Sahel region and within the Green Wall Initiative. The reason
being that the application of similar system integration and spatial principles could unanimously create a force which first prevents
further desertification, and then restores the harsh ecosystem along the threatened Sahel border.



04.2 Landscape Restoration

In order to design a restorative architectural proposal in the Sahel Region, the landscaping from which the architecture will
grow must be addressed first. The reason for this approach is to mimic the design of ecological systems. Nature always designs
biological organisms as a symbiotic part of the surrounding environment. A building should, therefore, be thought of as an organism
which gains its characteristics, form, and behaviors from the land upon which it is built (Mazzoleni, 3-4). In the case of this
investigation, a restorative architectural proposal cannot grow from land that is permanently degraded. Therefore, the proposed
landscaping techniques provide a guideline as to restoring the landscape over a set period of time. The overall goal is that by
establishing a foundation of restored land, a healthy and integrative building ecosystem will grow from it, hence, allowing the Sahel
Region to prosper.

The first proposed step is to mold and form the natural environment to prevent the spread of traveling desert sands. To do so,
this investigation first proposes the implementation of a mass which acts like a natural blockade or divide. This mass, shown in figure
C, would be made from the local desert sands and face north toward the Sahara desert in order to prevent sands from moving south.
In regards to form, the desert scorpion provided biomimic inspiration as it has a unique undulating exoskeleton microstructure which
serves as a protection mechanism from the erosive sand in harsh desert winds. In other words, the sand is pushed off the scorpion
exoskeleton as a result of its form, hence preventing its erosion (Zhang, 3). The proposed mass would function in the same way. To
solidify the form of the sand, the microbe Bacillus pasteurii will be integrated as it can turn sand into sandstone in a mere 1,400
minutes (Larsson).



Figure 24: Anti-Desertification Structure

All the necessary sand to build the form would be acquired from the digging of both terraces and crescent shaped bunds
located behind the mass. Consequently, no sand will need to be imported from vast distances. Terracing will aid in the prevention of
water runoff and soil erosion, establishing a base for future vegetative growth. Crescent shaped bunds will be dug out and
incorporated as rainwater harvesting techniques. This is critical for soil establishment because in the Sahel Region the hard top layer
of dried out soil is so tough that it causes most of the rainwater to wash away instead of penetrating the surface of the land. As a
result, the land experiences erosion, loss of soil fertility, and flooding downstream. Ultimately, these bunds create catchment areas
that help the soil absorb rainwater and become fertile. Organic matter, like manure from local livestock, can be placed in the center of
these bunds to speed up initial plant growth. Overall, it is important that phase one, molding of the natural landscape, takes place
during the dry season so that the landscape has enough time to settle into its new form (Kiogora, 1-3).



Figure 25: Crescent-Shaped Bund by Justdiggit

The second step for landscape renovation is to begin phase one pioneer planting to stabilize and add organic material to the
sand. Essentially, this is the first step in soil creation and when referencing nature at the ecological level, it is clear that water is
necessary to do so. This investigation proposes the integration of Driwater wells for soil hydration and Jute Mesh for further soil
stabilization as they can be both locally sourced. Driwater wells are dug into the soil and then driwater capsules are inserted inside
them. Driwater capsules are a gel form of water. When the gel comes in contact with naturally occurring enzymes in soil, the
enzymes slowly break down the gel, releasing the moisture directly into the soil. One gel pack delivers moisture to plants between 40
and 90 days. Currently, “it is the only technology that can deliver moisture directly to a plant's roots for an extended period of time
with virtually zero water waste and in the absence of a permanent water source nearby” (Dunn).



Figure 26: DriWATER Capsules

Secondly, jute mesh, an organic, flexible, and loose-woven 'cargo-net' mesh made from the Jute plant can be integrated over
the soil for erosion control and seed establishment. Fortunately, the jute plant is native to Africa where it is widely cultivated, meaning
that the mesh can be made locally by the people (“Jute Matting, Netting & Mesh: Erosion Control Pricing.”). Lastly, this phase would
include the planting of native drought resistant plants. Most of these plant species utilize spiky leaves which make the plants poor
absorbers of heat by day and good emitters of heat at night. It is critical that this entire phase starts during the wet season to promote
a strong initiation of plant growth and erosion control.



Figure 27: Jute Mesh

Finally, the last proposed step in the landscape restoration process is to begin phase two pioneer planting. By this point, soil
conditions should support a larger root zone and much larger trees should be able to take hold. This phase would yield the return of
both biodiversity and crop cultivation to the region. In addition, the restored landscape should provide an opportunity to incorporate
truly regenerative architecture which integrates symbiotically with the newly restored landscape.



Figure 28: Landscape Restoration Sections



04.3 Architectural Proposal

The goal of the investigation is to design an architectural ecosystem that restores the depleted environment along the Sahel
region using biomimetic inspiration. In order to speculate, I have come up with a series of critical infrastructural elements that must be
incorporated within the Sahel region in order to restore the harsh environment. They are water collection and storage, material
handling, and energy generation and storage. These are three resources that are maintained via closed-loops in natural ecosystems,
but that are broken in the Sahel Region due to desertification and human mismanagement. Each resource management is
accompanied by a biomimetic inspired proposal at the residential scale and the industrial scale. Preferably the systems are passive,
but as the scale increases so may the need for technological equivalents. Lastly, the proposed serial investigations are intended to
be viewed as a kit of parts which could integrate, somewhat in a modular fashion, to the southern edge of the anti-desertification
structure presented earlier. It is important to clarify that each proposal represents a general design which would be tailored more
specifically to the needs and culture of the community implementing it. For example, the people would first determine what spaces or
systems are missing within their communities. Then, they would implement the desired design from the kits of parts while
simultaneously incorporating their cultural aesthetics within the design. This kit of parts hopes to help close ecosystem loops in what
is one of the most harsh environments of the world not only to restore the landscape but to support both the existing architecture and
the people living within these harsh regions.

The first proposal is water collection and storage at the residential scale. As seen below, the habitable space would have
access to a storage tank of water thanks to a rainwater harvesting technology inspired by the Darkling Beetle. Every morning, this
desert beetle raises its back legs and harvests water from the atmosphere using micro-sized grooves on its hardened forewings
which help condense and direct water toward its mouth. The technology I propose uses a series of mesh discs which acts similar to
the grooves on the Darkling Beetle to capture moisture from the morning fog. Each disk is set on a pivot and tilts when enough water
has accumulated upon the mesh. The water is then directed and stored in a tank built into the anti-desertification structure, where it is
kept cool. The water can be used for indoor cooking and sanitation, outdoor water access, and the growth of a small garden. In
addition, this proposal integrates a series of passive systems such as a raised roof for ventilation, long overhangs for shading,
shuttered windows, and a thick south facing wall for thermal heating and cooling.



Figure 29: Section of water collection and storage at residential scale

This technology could really make a difference because freshwater is extremely scarce in the Sahel region. Specifically, the
average household needs to send a family member to walk about 4 miles a day to get to a groundwater well or spring that may or
may not be clean and only provides them with between 3 and 5 gallons of water a day (Montgomery). I compared my proposed
rainwater harvester with a much larger rainwater harvester designed by a company Warka Water which also uses mesh to capture
dew. The surface area of their mesh is exactly 862 square feet and gathers about 20 gallons of water a day in the Sahel region
(Engineering for Change, 1). If a single of my mesh disks measured 4 by 3 inches, it can gather 0.87 gallons of water per day,
meaning that only 6 disks are required to meet the current average water acquisition per household without any travel needed.
However, The United Nations states that 6 gallons of water is recommended per person to satisfy all their needs (United Nations, 2).



Therefore, in a 4 person household, 24 gallons are needed per day, meaning 28 discs would suffice all water needs. This is an
astounding 380% increase in water acquisition per household.

Figure 30: Proof of concept on proposed rainwater harvester

The second  proposal is water collection and storage at the commercial scale. Greenhouses are a good option for industrial
scale agriculture. However, in the Sahel region there is typically not enough water to sustain them (Elings, 19). As seen below, the
same rainwater harvesting technology proposed above could be utilized to sustain greenhouse, kitchen, and composting needs. The
larger tank and greater roof square footage could gather greater volumes of water which would in turn be given to the greenhouse to
support agricultural production. The grown agriculture would then be utilized for cooking and its eventual waste could later be
composted and returned back to the cycle as fertilizer for the greenhouse.



Figure 31: Section of water collection and storage at industrial scale

While greenhouses are a good option for industrial scale agriculture, there is typically not enough water to sustain them in the
Sahel Region. On average, a greenhouse needs 0.3 to 0.4 gallons of water per square foot of growing area per day. A simple 8 by
12 greenhouse would need between 28.8 and 38.4 gallons of water a day (Elings, 19-22). If the rainwater harvester is implemented,
a greenhouse of this size would require 44 mesh discs to satisfy its daily water needs. Between the mesh disks and standard water
acquisition practices, the greenhouses could easily be doubled in size, resulting in at least 100 percent expansion.



Figure 32: Proof of concept for greenhouse expansion

Now, let's take a look at how material handling can be reimagined in the harsh Sahel Region using performative biomimetic
principles. Figure 33 focuses on material handling at the residential scale. This research begins by looking at how nature breaks
down material. There are four ingredients required for biodegradation: Nitrogen, carbon, air, and water. Together, these items feed
microorganisms, which begin the process of decay. This process can be emulated by man via fast-cooking composting techniques. In
order to do so, carbon rich and nitrogen rich material needs to be gathered. Carbon rich materials include dead leaves, branches,
sawdust, and wood chips and nitrogen rich materials include manure, food scraps, and living plants all of which can be locally
sourced (Freudenrich). Soil in the Sahel Region has inherently poor fertility due to poor land management, desertification, and
extreme heat. Specifically, there is a lack of living organic matter within the land to sustain large scale plant and agricultural
production (Doso, 1-2). However, the proposal below claims that a solution to this problem may lie in the waste that humans create
and so easily ignore.These residential bathrooms collect urine and feces in order to compost them so that they may become fertilizer
for small-scale agriculture. Food scraps can serve the cycle by enhancing and speeding up the compost process. In other words, all
waste is conserved and treated as a resource that can be input back into the system. This strategy mimics nature’s closed-loop
system at the ecological level in that every stage of material is treated as a precious resource.



Figure 33: Section of material handling at residential scale

Composting in desert environments has proven to increase crop yields by approximately 10 to 15 percent (Hitchings). At the
residential scale, it allows the individual to become self-sustainable by growing a majority of their fruits and vegetables from the
compost they create. In addition, the United States Environmental Protection Agency states that composting can decrease
purchasing food from outside markets by about 20% to 60% (2-4).

At the industrial scale, there are greater opportunities for material handling. One such example is that composting can be
taken up a notch by storing heat. Compost heat is produced as a by-product of the microbial breakdown of organic material. The heat
production depends on the size of the pile, its moisture content, aeration, and Carbon/Nitrogen ratio. Additionally, ambient (indoor or



outdoor) temperature affects compost temperatures (Freudenrich). Approximately 50% of the 340 million people living in the Sahel
region do not have access to electricity, representing one of the lowest modern electricity consumption rates for any region on Earth.
In addition, approximately 80% of them living in the region do not have access to resources such as hot water and the ability to
control indoor air temperatures (Thelwell). The section below proposes that not only could the compost heat be stored for later use,
but it could be directly used for hot showers, greenhouses, cooking, and potentially charging stations. If done correctly, a compost
pile will heat up within 24 to 36 hours to the ideal temperature of 160 degrees fahrenheit (Freudenrich). The potential energy
generation and storage is 1,000 BTU per hour per ton of compost which is more than enough to bring some power back to the region
(Gordon).

Figure 34: Section of material handling at industrial scale



Finally, the next series in the kit of parts focuses on energy generation using solar. As mentioned in prior research, nature has
adopted an entirely solar economy which Michalyn Pawlyn himself states should be a critical goal for designers as a solar economy
is one in which “all our energy needs are met with renewable forms of generation (Pawlyn, 67).” Figure 35 proposes both energy
generation and protection from intense solar heat. In regards to sun protection, prickly or ridged bodies are poorer absorbers of heat
by day and good emitters of heat at night. A prickly form is exactly what the cacti developed in order to disperse the hot desert heat
(Cactusway). The pavilion covering below mimics this form so as to disperse the sun rays and keep the covered space as cool as
possible. The more pieces to the cover and the sharper the angles, the greater the deflection. Another method of heat protection in
nature is burrowing, commonly adopted by desert animals (Mazzoleni, 11). The pavilion is intentionally designed tucked into the land
to take advantage of the cooling properties accomplished by such borrowing. In regards to energy generation, there is currently a
newer technology called dye-sensitized solar cell textiles which may present an opportunity for residential scale energy storage.
Because a majority of women in the Sahel Region work in the textile industry, there is an enormous opportunity to develop these dye-
sensitized solar cells. Natural photosensitizer dyes can be locally extracted from parts of plants to create the energy. Testing is
currently happening on implementing these technologies in arid environments, where they are expected to make the most difference
(Kim, Ji-Hye, 4-8).



Figure 35: Section of energy generation and storage at residential scale

Ultimately, there is no better location than a desert environment to take advantage of sunlight, as there are 12 hours of
sunlight almost every day of the year. Not only does this present a tremendous opportunity for large scale electrical generation and
storage, but also for agriculture. Plants can experience heat related sickness often referred to as heat stress which is the result of
extreme heat damaging photosynthetic tissues to the point that the plant often dies. Desert plants have specifically evolved to protect
themselves from extreme heat, but as temperatures continue rising, they too are experiencing death via heat stress. Crop producing
plants are even more susceptible. As of 2020, heat stress related plant deaths have increased by 10% (Irmak, 1). Solar panels are
an exceptional way to gather and store energy, but they also have the ability to simultaneously alleviate the effects of heat stress by
being placed above agricultural farms. This helps support nutrient production, recharge of degraded lands, water use reduction, and
it extends growing seasons (Simon, 1). The company Solvoltaics claims that the optimal distance between solar panels when
growing agriculture beneath is between 3 and 6 feet (Sol Voltaics Corp). Figure 36 proposes this use of solar panels and large scale



agriculture working in symbiosis. The blue boxes are indicative of the amount of shade the plants can get from the sun at a given
time.

Figure 36: Section of energy generation and storage at industrial scale

Considering that approximately 50% of the 340 million people living in the Sahel region do not have access to electricity, solar
panels could make a huge difference in their daily lives, although it is a more expensive option (Thelwell). To be exact, Solvotiacis
states that it can result in a 20% increase in crop yield and 100 MW of energy per square mile (Sol Voltaics Corp).

Overall, these proposals present only a few biomimetic inspired responses for regenerating the border between the Sahara
desert and the Sahel region while also increasing quality of life for the people living within these harsh environments. Architectural
designers should remember that nature has many fail safes, many responses to the same problem. This is what makes nature
resilient even when facing the most extreme of situations and it is this very principle that should prompt us designers to continue



seeking inspiration within the vastness and complexity of nature. It is also by looking within nature that humans develop greater
consideration for the land and the planet in which we inhabit.

In conclusion, this research validated that through the implementation of performative biomimicry, architects can most
certainly design adaptive and regenerative ecosystems within increasingly harsh environments, but it is also unveiled that it is clear
that there are limitations in translating biological systems into man-made systems. For example, it is unlikely that we will get to a point
where everything is biodegradable or where solar storage does not require some form of battery. Even if we can get close,
technological equivalents may need to support their biological equivalents. Ultimately, this is okay because every step we take as
designers in understanding and applying how our planet functions is one step toward a more ecological and restorative future.



APPENDIX A: LITERATURE REVIEW

Architecture Follows Nature by Ilaria Mazzoleni

Architectural designer Illaria Mazzoleni works in close collaboration with biologist Shauna Price to develop a methodology for
architectural design incentives inspired by biology, also called biomimetics. The book also hopes to encourage the process of how to
search for undiscovered biological inspirations which can be applied to the world of man-made design. To do so, the book is
organized to first analyze a specific organism and its adaptations and to then apply the findings to a hypothetical situation within the
built environment.

This source provided a framework for applying biology to architecture which aided in the speculative design proposal not only
in the creative process, but also in the reflection of the proposed designs' success and limitations. It also provided significant
clarification to the research as it looked at specific biomimetic examples from both the lens of a biologist and architect which allowed
a smoother understanding of domain to domain transfer both linguistically and in practice.

Biomimicry in Architecture by Michael Pawlyn

Biomimicry in Architecture by architect Miachael Pawlyn is a search for genuinely sustainable building design and technology
that surpasses the conventional and replaces it with restorative design based upon nature’s 3.5 billion years of evolution. Pawlyn
believes that performative biomimicry could be one of designers greatest assets when seeking modern green design. More
specifically, his chapters on water, energy, and material reveal how the conservation of these critical resources could yield a truly
restorative building ecosystem.

This source is relevant to the argument because it provides examples of how to take nature’s solutions and transform them
into applicable building technologies. In addition, the source delineates what humanity can learn from nature's closed-loop usage of
resources and how those closed-loop systems can be implemented within the built environment. Overall, it is an exceptional source
for teaching self-sufficiency based on nature’s ecological principles.

Dark Ecology by Timothy Morton

Dark Ecology by philosopher Timothy Morton is a deeply theoretical argument for what led humans to develop such a toxic
relationship with nature, to the point that humanity repeatedly harms the planet. Morton’s argument is that humans developed a faulty

https://www.routledge.com/search?author=Ilaria%20Mazzoleni


logic during the time of human settlement, and that this logic initiated a distancing between humans and geology. Ultimately, Morton
believes that in order to transition toward an ecological age, humanity must reposition the idea of themselves as central to the natural
landscape.

This source is relevant to the argument because prior to analyzing the potential of performative biomimicry in informing
adaptive and regenerative architectural design amongst increasingly harsh environments, it must be understood when, why, and how
the planet grew progressively harsh in the first place. In other words, performative biomimicry is dependent upon finding coexistence
with nature, and coexistence with nature cannot be accomplished with a d subjective and linear human logic.

The Living Building Challenge

The Living Building Challenge was analyzed as a starting reference point for current regulations and standards in practice for
the design of sustainable architecture. This source is a form of disciplinary research in that it adopts a standard of precedent and
norm for rating the level of building sustainability.

Because this investigation seeks to transition from a linear way of using resources to a closed-loop model, the Living Building
Challenge presented an opportunity to look at current architectural standards of practice that have already attempted to define what
regulations and standards would help yield closed-loop, regenerative solutions.

APPENDIX B: PRECEDENT LIST

Dune: Anti-desertification architecture by Magnus Larsson
Dune Anti-Desertification Architecture investigates “adaptive (as opposed to mitigatory) strategies leading to the creation of a

climate conscious architecture that responds to the extreme environments of tomorrow's globally-warmed world.” The scheme aims
to find innovative solutions to combat desertification in the Sahel region of Africa, where sand dunes are currently moving south at an
unprecedented pace. Specifically, Magnus Larsson proposed creating habitable spaces from desert sand itself using a bacteria which
turns sand into sandstone.

This source was utilized toward the investigation of biomimetic inspired architecture specifically within arid environments on
the African continent. Referencing biomimetic architectural design in a similar situation and environment as the one chosen for the
proposed design allowed a greater understanding of what kind of adaptations are developed in desert-like environments.



Self-Cooling Eastgate Center in Harare, Zimbabwe by Mick Pearce

Termites were the primary source of inspiration for the Eastgate Center, an office building located in Harare, Zimbabwe.
Termites in Zimbabwe build gigantic mounds inside of which they farm a fungus that is their primary food source. The fungus must be
kept at exactly 87 degrees F while the temperatures outside range from 35 degrees F at night to 104 degrees F during the day. With
a system of carefully adjusted convection currents, air is sucked in at the lower part of the mound, down into enclosures with muddy
walls, and up through a channel to the peak of the termite mound. The termites are constantly tweaking these openings for optimum
performance.

This source was utilized toward the investigation of biomimetic inspired architecture specifically within arid environments on
the African continent. Referencing biomimetic architectural design in a similar situation and environment as the one chosen for the
proposed design allowed a greater understanding of what kind of adaptations are developed in desert-like environments.

The Mobius Project

The Mobius project is an architectural precedent that utilized the ecological model of the oak tree as inspiration for the design
of a closed-loop architectural system. Like the oak tree, the system focuses on conservation and symbiosis of the following
resources: water, energy, and material. The source uses correlational analysis, indicating that analyzing patterns, statistics, and
variables was an essential component of applying the research to the argument.

This investigation claims that because the thesis is looking toward performative biomimicry as inspiration for closed-loop,
adaptive, and regenerative building ecosystems, then specific projects which have already applied performative biomimicry to
building design must be analyzed in order to reveal their findings and allow this thesis to build on those findings. As a source, the
Mobius Project provides evidence, guidelines, and precedents of both obvious overlap and limitations between nature and the built
environment.

Warka Water

Warka Water is a group that is helping impoverished communities in Cameroon, Haiti, and Togo attain clean drinking water.
Specifically, they designed the Warka Tower which harvests water from the atmosphere (rain, fog, dew). The design was in part



inspired by the Darkling Beetle which uses micro-sized grooves on its hardened forewings to help condense and direct water toward
its mouth. In addition, a combination of hydrophilic (water attracting) and hydrophobic (water repelling) areas on these structures
increase fog and dew harvesting efficiency.

This rainwater harvesting tower was utilized as a reference and starting point for the rainwater harvester designed within the
investigations proposal. Specifically, the Warka Water rainwater harvester provided the necessary rainwater capsure statistics to
determine the potential rainwater capture of the newly designed harvester presented in this investigation.
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