PERFORMATIVE BIOMIMICRY: Design for increasingly harsh environments

Dark Ecology by Timothy Morton When a closed loop cycle is disrupted an imbalance occurs within an ecosystem, and it Cradle to Cradle by Michael Braungart & William McDonough History of Biomimicry
can lead to extreme consequences on a global scale.
"From my designer's perspective, | ask: Why can't | design a bullding like a tree? A Timothy Morton argues that "ecological awareness in the present _ . Humanity is not acting as a symbictic part of earth’s ecology. Since the
building that makes oxygen, fixes nitrogen, sequesters carban, distils water, builds sail, Anthropocene era takes the 'f:”'“ of & strange laop or Mabius strip, The most daunting example of ;n} g e e it This book is a manifesta detailing industrial age, humans have setiled on a linear, wasteful cycle of using rescurces.
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changes colors with the seasons and self replicates. This is using nature as a model and because ecological phenomena has a loop form that is also fundamental emitling more greenhouse ' EEEEERTEE > Foth et ot s ¢ _ that transitions from the cradle to 1505 1851 1969 1997 2006 2011 caused imbalances within its ecosystems such as climate change, extreme
a mentor, not a5 an inconvenience. It's & delightful prospect” ta the structure of how things are. The logistics of agricultural society gases than ever before in the v Grywater 2y I' [;_1_ grave pattern towards a cradie to weather events, and nalural resource depletion which Immenently threaten the
(Braungart & McDonough in Cradle fo Cradie) resulted in global warming and hardwired dangerous ideas about Im.e_ history of man. in addition, we b ......... | =SS | .35 a1y L G ,}{, SR AT ] =0 I | e Frﬂdlﬂ system. It Lo 'I:ha:ﬂ. a longevity of a healthy planet.
forms into the human mind. Dark ecology puts us in an uncanny position are taking more and more from e = / linear system has existed since
In order to properly employ performative biomimicry within architectural design, of rnﬂi::_aF sell-hnnwlgdge. iluminating ._:mr place In I.h.e biosphere a_m:l oL uur pianet in the mlme of t ... e B | Exam | B e > 2 i X 1 r \\ ?5‘:. 'Fhe iﬁdl-l.!.'r'[l'lEl' revc::iutlﬂn that is Architects have a responsibility to adapt their design thinking for the well being
humanity must first have a concrete understanding of nature’s general principles and belonging to a species in a sense that is far less chvious than we like to industry and not giving enough e - =~ P immensily damagm_g the natural K 1 = of the people and places alfected by these imbalances. Even more so, they have
functionality. Biologist Shauna Price states that nature functions by following some think. Morton explores the logical foundations of the ecological crisis, back in return. These are some [ S vl - e 5 world and that this is wivy & { ) a responsibility to provide closed-loop, adaptive, and regenerative design
fundamental rules and reguiations which are employed throughout its various which is suffused with the melancholy and negativity of coexistence yet of the resulls & consequernces: “”’“ﬂ;”‘f r;'-'“ ”‘f'l"‘e aEhange \ R e IO N responses that aid in reversing the damage humans have inflicted on the planet
interconnected systems, They include the following: E'.rqlmn.g_ as we explore s loop form, into 51;:-rm.3tl1|ng playiul, anarchic, and 'l[l-_ﬂv-'ﬂf 8 nI-HI i..'rﬂp system. WA DV IMCI
comedic. Ultimately, Morton hopes to reestablish our ties to nonhuman % SUMOTS Specticaly. lonie Leonneda da Vinci writes Josaph Padon bulds the 990.000-squars- Amesican biophysicist Scientst Janine Benyus publishes T Biomimicry knstitute was fourded by Lymin Finases, chiof ncomomist, estabishes the Fortunately architects have an invaluable precedent to better understand haw
1, Nature follows a series of regulations that Shuana Price calls *Ecosystem Princlples” beings and to help us rediscover the playfulness and joy that can brighten towards nature itself as E'_T"‘J'E'E'| o o the Fight of feat Crysial Palace far the Great Exhinition, Dita Schmit imvenis il ek ElTRITRE Y. fRnOATAGR Janine Beryus &3 & nan-prafkd B Winci Indew which alms bo quandily the to solve these functional problems: biclogy. The earth has had 3.8 billion years of
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On earth, these e h ad and diswura.g-e*:- downcycling and e madahed on e glass over & vast, opon fpace. ks insgined elgctical cicil Bigimimeny movament and frames Tor o sy planed. N ukles 8 gloksl 1y i s st 10 eapiode. Blomimicry coudd harshest planetary conditions, The practice of taking a design challenge and then
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trviati o g mp . : 4 : g N Akt el oAl woight in wator of sauids prvronmantal destucton, bryirs] 10 S GLF TR ONmEnt TOROUIES CompeTved behaviors and function is called performative biomimicry. Through the
Ficvimelll T SOy Ft, Today, humanity see itself as masters of the planet. U | E o \ p?'c 't g : s o9 implementation of performative biomimicry, architects can design adaptive and
reltnnanay w1y [ i r.nen i it ks - regenerative ecosystems within increasingly harsh enviranments,
termisen - Terrestrial ecosystem. . d "Man sees himself _ e “1'! r; environment and technical Biomimicry in Architecture
i R TR YR - - i .
« Freshwater ecosystem. - as the cecisan T ' | YR T AR 2:2::;:2;“:;:::?;:“ thlee This investigation tests the role that performative biomimicry might play in
« Marine ecosystem maker for all. P cycle. Citleria Eriical 1o crasting vegeneraths diotad- Joop systaris willin the BulteroHmsht aiding architectural design in the harsh African Sahel region, the location most
threatenad by desertification due to increasing global temperatures. Exploring
Each ecosystem listed above Is composed the reversal of desertification towards the return of & lush, restorative ecosystem
Pesinives of hundreds of sub- ecosystems which 2 via biomimetic principles is a key outcome of the exploration.
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A closed-loop cycle is "a system where nothing is wasted, only returned 1o the thinking of the original industrial era, ¥ el S
cycle itself to sustain and further strengthen it” Life on earth was created-and an era of mechanisiic thinking, to & i i % .. A = £ » -2
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The built environment is the most prominent example of a linear, wasteful cycle of using resources as

T earthy.has had 2.5 bilion years afevalutionsny Through the implementation of performative biomimicry,

When a closed loop cycle is disrupted, an In order to design regenerative building ecosystems which integrate harmoniously with natural

. . = : Humans are NOT independent of that N 2 I i
1 rﬁ:ﬂihm:::::uﬂ ;’:H:::;:'I;g;?i:::t:r:: :::t:i:::::gll: il FPT T 2 ecology. In fact, we are entirely | ===---- imbalance occurs within an ecosystem, and itcan  [SSESSSEEE - - . - - - > 4 di;:::::f;:z::i;?:u; :?% uf::r::r;:s::ﬁini ::k:ut:: ::zg::eiu;l::E{:;:ET:LT:':’:::UI 5 | TR et 5 ecosystems, it is critical that architects look towards the science of Performative Biomimicry MRS AN SRR R - architects can design adaptive and regenerative building
P dependent on that ecology. lead to extreme consequences on a global scale. g S P : which is an approach to innovation that emulates nature's sustainable time tested processes. ecosystems within increasingly harsh environments.

reverse our harmful, linear behaviors and become a part of the earth's healthy ecology.

and longevity. This is its ecology
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Biomimicy Defined by Pioneers in the Field

But in reality, we are a part of the ecology. R aEEg

3. Ecosystem networks thrive via the their ability to maintain, conserve, and reuse :
' “designs the high 28%

three critical and essential resources:

i st aeti Eu-‘-l:hng DpeErations
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a zero carbon " ™ . taking a design “Biomimicry ™ that seeks sustainable solutions to
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Buildings are the largest source of the world's carbon emissions globally. When accounting far the embodied carbon of building Benyus on earth over the long haul "
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that @ réuded the oulput rédowicdd 45 indul mabedbls Crisating A
chysad-loop ecosybiem thit condenaes madedals, enoigy, arsd waler

This type of ecosystem inspired Explorabion Archeteciure 1o design &
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“"those concepts interiors, systems and associated infrastructure, that percentage is substantially higher. (Architecture 2030)

that must be thought
of at the scale of Earth
rather than of the
individual"

Just three materials — concrete.
steel, and aluminum — are
responsible for 23% of total global
emissions (mast of this used in
the bullt environment), There is
incredible opportunity for
embodied carbon reduction in
thiese high-impact materials,

. Achieving zero embodied emissions will

Man made v.s Ecological require adopting the principles of:

« Reuse, including renaovating existing
buildings, using recycled materials,
and designing for deconstruction.

« Reduce, including material
optimization and the specification of
lowy to zere carbon materials,

« Sequester, including the design of
carbon sequestering sites and the
use of carbon sequestering materials

Anthropocene photographed by Edward Burtynsky

Biomimicry in Architecture by Michael Pawlyn

Michael Pawlyn is british architect noted for his work in biomimetic
architecture and innowvation. He was part of the principal team of
architects that conceived and designed The Eden Project, is a regular
keynote speaker at events on innovation and environmental sustainability,
and established the biomimic firm Exploration Architecture in 2007

"Cwur planet has borne witness to five great extinction events, and these have been prompted by a varety of
causes: a colossal meteor impact, massive volcanic eruptions, and oceanic cyanobacteria activity thal generated a
q- deadly toxicity in the atmasphere. These were the naturally occurring phenomena governing fife’s ebb and flow,
; P ¢ PR " Mow it is becoming clear that humankind, with its population explosion, industry, and technology, has in a very
* A human is made up of nonhuman components and is directly related to nonhumans” -Morton S Sad IS A BEEaese A0 BORAE L AR lhal ChiREE AFGGRBEY w3 e i of Bibcaiiinio
the perpetrators of a sixth major extinction event. Our planetary system is affected by a magnitude of force as
powerful as any naturally occurring global catastrophe, but one caused solely by the activity of a single
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Humans need to reposition the idea of themselves as central to the natural landscape, and to think
His book Biomimicry in Architecture looks towards nature to find genuinly

Higrancheslly oomrodbed

about the world from an ecological rather than anthropocentric perspective. The natural world is species: us. | have come to think of my precccupation with the Anthropocene — the Indelible marks left by Wasti WIS Akl Sl Alnahia g ek arid Sachindtony iu aeas Layord
Ll ; . - 3 = - . : Er Cradis-1o-Cradis : : o i i
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ick and | believe that an experiential, immersive engagement with our work can shift the consciousness of those - : , applies them to the design of modern green buildings.,
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agents such as cows and lactories and thoughts, agents that can't be reduced to their merely

: who engage with if, helping to nurure a growing environmental debate, We hope to bring our audience to an Bescurce Bitacson  Mardachorng ksrpictising :
" Lt g ¥ : e v
- #’ human use or exchange value. awareness of the normally unseen result of civilization’s cumulative Impact upon the planet. This is what propels Fossit- Fusl Deperdunt Uses solan enegy : > This newest edition of the book attempts to achieve radical increases in
& us to continue making the work. We feel that by describing the prablem vividly, by being revelatory and not b [ - [ resource efficiency, It includes chapters on structures, materials, waste
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Morton's book poses a challenge in which humanity as it currently exists must remove itself from accusstory, we can help spur a broader conversation about viable solutiois, We hope that, through.our iy iR ol s st . - — o water, thermal control, energy, and light. In addition, each chapter contains
s . . f 4 health Th id i d ¢ contribution, today's generation will be inspired to carry the momentum of this discussion forward, so that _ | e A i G gt a multitude of case studies that both explore what trends in blomimicry
the EqUﬂtlﬂﬂ_ to ensure the continuation of a healthy planet. The world is made up of so much more succeeding generations may continue to experience the wonder and magic of what life, and living on Earth, has to Exirachin Regneriftive : e o - I . s exist today and what future trends could exist,
than can be imagined by our human minds, and a deeper understanding of its mystery may lead to offer® -Edward Burtynsky axd MR |e-q A F-- o] B feie] R e
a more positive engagement with that world. s piag ks e e Doncin Manineont pemokion | Musienench



DISCOVER - 5 different microinterventions that begin to define a new ecology

TRADITIONAL BATTERIES HARM ENVIRONMENT

Today, the world is showing a lot of excitement about the
guickening shift towards cleaner electricity. But, if we're to truly
make the leap 1o an electric, solar- powered fulure, there's an
important hurdle 1o overcome; we need genuinely clean batteries,

following three methods

There are many different kinds of batteries and they are made
using a variety of materials, but something they ail have in common
is that they significantly harm the natural environment. The two
primary reasons why they are dangerous to the environment are
the following:

1. Making batteries involves the mining of non-renewable
2. The metaks and the chemicals within batteries are hazrardous,
toxic, and corrosive materials,

manufacturing methods?

MNon-renewable resources

mined to make batteries:
« lead - manganese the material is wasted.
= ZINC = |ithium

= Gilwer = Mercury
= nickal  « cadmium

Toxic chemicals found in batteries: sodium chloride, chioric acid, nitric acid,

Mast subtracthve manufacturing s done via TNC machines, lazer culflers, and water
jet cutters, all machines that are pre-programmed Lo yield a final form.

SUBTRACTIVE MANUFACTURING RESULTS IN EXCESS WASTE
Traditionally, there are three ways of making things that have been used since antiquity. They are the

1. Subtractive (such as carving wood, shaping flint)
2. Moulding (such as clay pottery, cast metal, and moulded plastic)
3, Forming' (such as bending, forging and stamping).

So how much material is actually wasted in subtractive

« Pw analysts used data from the U3, Geological
Survey to determine that American manufacturers
waste almost 174 of the raw materials
they purchase. Sometimes, as much as 90% of

in addition, this waste inflates the cost of production,
lzading 1o higher-than-necessary price guotes,

The primary problem with these manufacturing processes are that they are top-down approaches
which inevitably result in an excess amount of unnecessary waste. When it comes to matenal, human
are masters of overconsumpticn. The goal should be to reduce this unnessesary waste by building
efficient strectures that usae just the right amount of material to accomplish their task both successiully

The mostcommeon building materials used In the construction Industry today incluede
wood, stone, brick, aluminum, steel, and concrete. Wood and stone are two
materiats found in nature and therefore, cause no harm to the environment as wood
decomposes with ime and stone erodes with time, Brick is an environmentally
friendiy material in that can be recycled and reused for hundreds of years, but will
eventually naturally break apart and decopose. Concrete is the most widely used
substance on earth and one of the earth's largest CO2 emitters, but it does actually
break apart and corrode with time. Conserve Energy Future says the following:
“Although concrete is not biodegradable, it is very much recyclable. That means it
can be reusable almaost indefinitely. There always will be applications for old
concrete” Most of the harm concrete has on the environment occurs in making of it
and In 15 inability to allow the absorption of stormwater. Since, it is reusable, | will
speak on the potential of solving concrete’s biggest problems in the next section,
But what about the metals we use in the bullding industry?

HIGH ENERGY BOND MATERIALS BREAK CLOSED-LOOP CYCLE AS THEY CANNOT DECOMPOSE

The most ecofriendly way to-dispose of material is via the process of decay which is
how nature disposes of all it's matter. Biodegradation, also called decay, is “the
process by which organic substances are broken down into smaller compounds
by living microbial organisms.” Decomposers are made up of three categroles:
fungi, bacteria, and invertebrates (worms and insects). 5o what building materials
are most commonly used and which of them naturally decompose with time?

potassium nitrate, hydracholoric acid, sulfuric acid, sedium hydroxide, magnesium

hydroxide, and sodium acetate.

Other cons of subtractive manufacturing technologies include:

atoms. Microorganisms do not consume metal particles for nutrition because of their inability to break apart these high
energy bond materials. in addition, various heavy metals cause detrimental effects on microorganisms due to their high
toodcity. Heavy metal 1oxicity involves the initiation of several destructive mechanisms such as the "breaking fatal enzymatic

5o how do batteries harm the environment?

1. Air pollution: batteries undergo a photchemical reaction as they decompose in landfilis, This
causes emissions of greenhouse gases which result in global warming.

2. Water poliution: The harmful chemicals found in batteries akso find their way into the local

water supply. killing plants and animals, which negatively affect the ecosystems of streams, lakes,
rivers, and oceans. This contaminated water also negatively affects the health of humans.

3. Soil Pollution: Most batteries end up in landfills instead of being recycled or disposed of property.
The toxic elements they contain are absorbed by the soil. killing plants and harming animals,

4. Health Problems: Lead can be absorbed into the body through inhalation and ingestion

and can have permanent effects such as brian damage and impaired hearing. Sulfuric acid is highly
corrosive and can cause permanent blindness or fatally damage internal organs if ingested.
Cadmium is even more dangerous as it is considered a carcinogen.

TRANSITION TO AN ENTIRELY SOLAR ECONOMY AS SOLAR ENERGY IS
INDEFINITE BUT MAKE SURE TO USE GENUINLY GREEN ENERGY STORAGE

A. MAXIMIZE PASSIVE STRATEGIES TO MINIMIZE ENERGY STORAGE.
Always take advantage of a building's site, orientation, climate, and materials to minimize energy use,

A well-designed passive solar home first reduces heating and cooling loads through energy-efficiency

strategies and then meets those reduced loads in whole or part with solar energy.

.;;..__;-._.. My sl

| & Elements of passive solar design

1. Aperture/caliector (south-facing windows)
— e 2. Absorber (usually hard & dark surface of wall or
i floor materiaf)

3. Thermal mass (material that retains and stores heat)

4, Distribution (circulation of heat through natural
conduction, convection and radiafion)

5. Control (roof overhangs, blinds, awnings,
shade trees)

B. UTILIZE BIO BATTERY WHEN NECESSARY

A partnership between UK biotech company Touchlight Genetics and the Minteer Research Group at
the University of Utah has designed a bio-battery with DNA. The Bio-battery is a biofuel cell powered
by enzymes that break down organic compounds for fuel. DNA twms oul to be a good fit owing to its
double helix structure which naturally helds onto enzymes. Besides efficiency, the DNA-based bic-
battery offers several advantages over conventional fuel cells and lithium-lon batteries. First, they
consist of DNA, enzymes, lactate, protein, and water— all of which are blodegradable, non- toxic, and
safe materials. The casing can also be made of biodegradable materials.

PRECEDENT: Self-cooling Eastgate Centre in Harare, Zimbabwe inspired by Termite Maunds

Termites were the primany source of
inspiration for the Eastgate Centre. This
office bullding achieves steady conditions
all year round without conventicnal AC or
heating, and uses only 10 per cent of the
energy of a standard approach, Pearce
based the design of the venltilation system
of termites which appeared to use a
combo of steady ground temperatures
and wind-induced natural ventidlation as
their means of thermo regulation. {($3.5
millicn saved in AC costs)
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1. Cannot alter volumetric density of buitding material,

2. Process planning is a both a laborious and mandatory task that
requires a lol of data input

3. There is a fimited capability in form as enclosed features
cannot be generated,

4. A vEry expensivie process as you pay for excess material,

functions, reacting as redox catalysts in the production of reactive oxygen species (ROS), destructing ion regulation,
and directly affecting the formation of DNA as well as proteins.” In addition, the physiological and biochemical
properties of microorganisms can be altered by the presence of heavy metals, For example, Chromium and
cadmium are capable of inducing oxidative damage and denaturation of microcrganisms as well a5 weakening

the bloremediation capacity of microbes. At best, metals eventually rust and break apart into smaller pleces.

Mature Is is able to utiize decomposition for all of its matter because r&uﬂ:hy 96 percent of all lving mafter is made

ADDITIVE MANUFACTURING HEAVILY REDUCES
MATERIAL WASTE

Designer Geofl Hollington states that new technologies are starting
te challenge the three traditicnal methods of making things that have
been used since antiguity, Specifically, he is referring to "additive
apgroaches” which can apprazimate the molecular, bottom-up,
manufacturing that accuwrs in biology.” He states that "Machines now
exist thatl allow mixed materials, like nancparticles in selution, to be
deposited from a jet that is similar 1o that of an inkjet printer. The very
small scale of the material allows low-energy bonds, such as van der
Waals forces, to assist in assembling the partickes.” This appraoch
resulls in little 1o no waste as only the necessary material is printed”
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Frobably the mast nolable technology that makes addithve manufacturing a possibility today is 3D
printing. 30 printing mimics biolegical processes by creating products layer-by-layer. There are
already various examples of how 30D printing may be wsed in the construction industry te build
entire bultdings. Pair 30 printing with wtilizing local materals, and now we can craate struclures
with a fraction of the embodied energy of conventional approaches, displaying the elegance of
animals ability to bulld with materials that are readily avallable

PRECDENT: TECLA {combination of words technology & clay) by WASP & Mario Cucinella

Cne example of addidive manuufacturing using local materials is the project by Ralian
company WASP who brought a 3D printer range onto the market that could 30 print an
entire home, WASP collaborated with Mario Cucinalla Architacts (o design and build the
first 30 printed all-natural, recyclable, carbon-neutral home using an easily accessable raw
material: earth.

“Acteiive il ectarrg & Subitedties Mamidar g Proa d Comm, Applcaton” fndaprem com, Weks
Prrwiym, Wit haal, ivgrremeicry' m Arcfelechag. Socloed, A Punking, 100

Finkga, Piade. “Tetls Tethnoiogy and Sy 30 Printed House ¢ Mero Cucineln Aichiadts™ ArcfDady AochDesy, 37 Apr. 3031 Wel

from four elements which microorganisms can consume: carbon, oxygen, hydrogen, and nitrogen. Calcium,
phosphorous, potassium, sulphur, sodium, chloring and magnesium make up nearty all the remaining 4 percent.

In other words, nature uses a very limited subset of the periodic table, all which are consumed and cycled by
microorgainsms. in comparison, engineering and the buill emvironment virtually wse every element In existence,
some that are extremely toxic and some that never truly biodegrade. So what materials should we be using to build
If we want to close the loops from material birth to death?

LOW ENERGY BOND MATERIALS RESTORING CYCLE AS THEY CAN DECOMPOSE

Equivalent technology to biological growth processes do not exisl yet,

but thiey are close to becoming a reality, So what should these machines

print with? ideally, the answer is biological raw material which could self-

assemble into polymer chains. We could then assemble those chains in

a controlled way. Perhaps the closest to achleving this has been the

work of Neri Oxman and colleagues at the 'Mediated Matter’ laboratory

at MIT Media Lab, *who have managed to print with chitosan (a

deacetylated form of chitin — one of the substances from which insect

carapaces, prawn shells and crabs shells are made) and functionally

graded materials with spectacular results.” . Mogas-Soldevila et al. have

observed that natural polymers and polysaccharides represent a vast
renewable resource that could be used to build in the future. She

even states that eventually it will be possible to include

interfaces and many levels of hierarchy. This could achieve

a degree of resource efficiency and resifience similar .

to that found in many of the biological sources that will continue to be studied by
collaborative teams of scientists and designers. In addition, this process is carried out at

amblent temperature and pressure and therefore offers the potential for much lower-
energy fabrication than conventional approaches.

BIOLOGICALLY RAW MATERIAL CAN ALSO ACHIEVE GREATER RESOURCE
EFFICIENCY, RESILIENCE, AND ADAPTABILITY.

Al the end of their [ifespan, biclogical materials can be composed and completely
reabsorbed into the biclogical cycle, yielding a net zero waste.
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PRECEDENT: Hi-Fi by The Living Architect

The architect Magnus Larsson pursued a form of microbial material growth with
the intention of forming structures in desert areas, His experimental architectural
practice "The Living™ has explored bacterial growth as a way of literally growing
materials, specifically using fungal mycelia to bind together discarded corn stalks
into bricks with sufficient
compresshve strength o be wsed in
construction, The firm assembled
these into a temporary installation
called "Hy-Fi', The structure was built
from 13,000 living fungal mycelian
bricks that were grown in malas, it
takes them five days to go from
arganic mush to solid brick.

After dismantling, the bricks were composied and completely reabsorbed inta the
biotogical cycle, resulting in net zero waste
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CONCRETE CAUSING C02 & O2 IMBALANCE

Concrete is, the most widely used building material on earth today. It is the
main material that our generation is going to leave behind for new
generations. It also happens to be one of the earth’s largest CO2 emittors
[contributing 8% of all carbon emissions), therefore aiding in the disruption
of thie CO2Z and O2 balance we need in the atmosphere for a healthy
planet. This makes it one of the primarny contributors to climate change.

Baia manm rurendy aveessisie O offbe opemere
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There are few other reasons why concrete production and lifecycle are so
unheatthy for the planet. They are the following:

1. Concrete is made from raw, non-renewable resources, primarily
limestane, clay, gravel, and sand. Their removal also causes axtremes
land degredation,

2. Concrete prevents leads 1o surface runnoff as it prevents the
absarption of stormwater into the ground

3. The process of making
concrele realease an ooty o zeontle
immense amout of mealtasiplet LT
carbon diowide emissions
and clinker accounts for
most of those emissions

e L

Metals are considered “high energy bond materials” because their metallic honds are strong and require a great deal of energy to
break. Therefore, they tend to have high melting points and bolling paints, which is the result of the strong bonds between their

One reason why the carbon emissions ane
50 high is because cement has 1o be
heated to very high temperatures in order
for clinker to form. & major culprit of this is
g alite, a mineral in concrete that cures
within hiours of pouring and is therefore
responsible for much of its initial strength.

The current preduction process of cement

If you look at man's history, the main thing we've left behind is the built environment, If we look at
civilizations 5000 years ago, we see loday, the pyramids, for example, Whean we look at the last
fenw centuries in BEurope, we see thesa massive buildings, bridges, dams, and roadways. When you
go forward & hundred years rom now, you'll sea thal, looking back, thera's been this transition from
wsing stone and ancient mortars that are derived from limestone, to concrete. Concrate is, in fact,
the most-used building material today, The main thing that our generation s golng o leave behind
for new generations is massive amounts of concrete. - Brent Constantz

20 how can concrete be rethought in such a way as to restare the CO2 1o 02 balance needed?

CORAL REEFS & CARBON SEQUESTERING RESTORING CO2 & 02 BALANCE

WORLD Blue Planat is a Silicon Valley company, founded by Brent Constantz in
mi'{i{.w:m- 2012, which has developed a novel carbon caplure and utilisation system
that permanently removes carbon dioside from the air, cost 'E‘ffEf[i\l'Elj'.

Its technology uses CO2 as a raw material far making carbonate recks which are used in place of natural

DRINKING WATER SHORTAGES ARE RAMPANT DUE TO STRESSED
FRESH WATER ECOSYSTEMS

Water covers approximately 70% of our planet, leading humans to think that it will always be
plentiful. However, freshwater is incredibly rare. It makes up only 3% of the world's water, and two-
thirds of that is frozen in glaciers which are unavailable for our use. As-a resull, some 11 billion
peaple worldwide lack access to water, and a total of 2.7 billion people experience water scarcity for
at least one month of the year,

S0 how is the little available freshwater used
around the world? At a whopping 70%,
agriculiure uses most of the worlds sccessible
freshwater. However, It is estimated that about
S0% of this water is wasted due to "leaky
irrigation systems, inefficient application
methods as well as the cultivation of crops that
are too thirsty for the environment in which —

they are grown.” Rivers, lakes and underground

aquifers are drying up due o this wasteful usage of of water and the high demand of fresh water
needed for rising populations. In addition, countries that produce large amounts of food such as
india, China, Australia, Spain and the United States are close to reaching their water resource limits.

Funhermore, population growth has nearly doubled In the last 50 years and is continuing to grow at
alarming rates, particularly in underdeveloped countries like Africa and Asia. This rapid population
growth has transformed water ecosystems arcund the weorld and resulled in-a massive loss of
bicdiversity, The World Wildlife Fund specifically states that freshwater species are declinlng at the
alarming rate of 76 % which is much faster than both terrestrial and marine species. In fact, they
claim that fresh water scarcity is one of "the most pressing threats to the diversity of life on Earth” It
is critical that we find solutions to counter the unsustainable usage of freshwater both for the health
of humans and the natural ecosystem.

REUSING WASTEWATER + RAINWATER HARVESTING + DESALINATION
CﬂH_HEDUCE DRINKABLE WATER SHORTAGES
A REUSE WATER WHEREVER POSSIELE
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Thirty-two billion gallons of municipal wastewater are produced everyday in the United States
- bist less than 10 percent of that is intentionally reusad. This is highly unfortunate considering
that reusing water greatly decreases the demands and stress on freshwater sources
such as groundwater, rivers, and reservolrs.

limestone rock mined from quarries, the principal companent of concrete. The waste COE flue gas from a

local power plant is dissolved into seawater 1o form carbonate, which then mixes with calcium in the seawater
and creates a solid. This is how corals form their skeletons, and how Constantz creates cement. This process is
wihat differentiates Blue Planet from most carbon capture methods as the captured CO2 does not require a purification

step, which is an energy and capital infensive process,

An an expert in biolegical and gedlogical mineralisation, Brent Constantz looked toward biomimicry in his development of
this cement manufacturing process which is equivalent to the biological version found in the natural building of coral reefs,
The process is called "biomineralisation” which means “the sequestering of an alom of carbon with every atom of calcium
in the process of forming calcium carbonate” Cement production, by contrast, releases a molecule of carbon dioxide far
every atom of calclum. Inother words, Blue Planet’s cement production actually sequesters carbon dioxide rather than
rebeasing it into the atmosphene, just like coral reefs in the ocean do!

B. RAINWATER HARVESTING

In places where resusing wastewater is still not enough, you can collect
rainwater. This is particularly useful in arid climates. For example, Warka
‘Water is a group that is helping impoverished communities in Cameroon,
Haitl, 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 inspined by the Dakling beatie which uses micro-
sized grooves an i's hardened forewings to help condense and direct
water toward it's mouth. In addition, a combination of hydrophilic (water
altracting) and hydrophoblc {water repelling) areas on these structures
increase fog- and dew-harvesting efficiency.
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The company Carbon Cure utilizes the same carbon sequesiration
process developed by Brent Constantz. Specifically, they are using it for
Amazon's HO2 metropolitan project which will become an urban campus
for 25000 Amazon employees. By using Carbon Cure, the CO2 saved

SECuUesters carbon.

C. DESALINATION WHEN NECESSARY

PRECEDENT: HYDROUSA Mangrove Still System

Each summer, fresh water becomes scarce in Mediterranean coastal
regions. This company called HYDROUSA aims to change that by
implementing a wide-scale demonstration of nature-based solutions
that create an antire closed-loop water system, one of which is the

Mangrove Still System,
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BEROKEN LOOPS IN BUILDING ECOSYSTEM CLOSING LOOPS IN BUILDING ECOSYSTEM

HNan- local Lacal Concrete
materials R materials Sequestening
) High Emergy Low Energy
Mining non- Bond Materials Renewable Bond Materials
renewables Resources
MATERIAL MATERIAL
e Subtractive . Additive
Toodc DISSASSEMEBLE M- Toxic :
LAMDFILL Materials manufacturing CREATE FOR REUSE/DECAY  Materials manufacturing CREATE
One time
Harmiful batteres S Bia - Battery Reyusable
Maon- adaptive Adaptive
ENERGY Mon- resilient WATER ENERGY = [Tl at WATER
Sysiems systams
Active ; Fresh wates Passive y Water
Dresign scarcity Dasign - 1 Harvesting
MAINTAIN MAINTAIN

Any resource entered into a building ecosystem will eventually come out from it. This is the law of resource conservation. Nature

reuses the output resources as input materials, creating a closed loop ecosystem that conserves materials, energy, and water. The
material, energy, and water cycles within nature are separate closed loop systems within the bigger picture closed-loop ecosystem,
They are critical in that they collaborate together to form an ecosystem that is able to continuously grow and sustain itself. It is vital

that the building ecosystem mimic nature's ecosystem principles if it is to become a healthy part of the planet,

DESIGN APPROACH: DOMAIN TO DOMAIN TRANSFER

The five microinterventions mentioned define a set of general criteria which align with the systems in which nature functions and

hence, begins to define a healthier, symbiotic ecology that integtrates man-made design within natural design rather than

in opposition to it. However, in order to adequately apply this research to a design proposal, it is essential that a specific situation

and environment be chosen as a key principle of ecosystems is that they are "attuned to and dependent on local conditions.”
Only then can the application of performative biomimicry truly yield restorative architectural responses. The biomimicry design
spiral serves as a tool to begin this process.
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RESEARCH METHODS

DARK ECOLOGY BY TIM MORTON
Theoretical Argument

K The fundamental premise of Dark Ecofogy is precisely the idea that there is a
1{ dmnnu:lng between humanity and ganhqf or the continuation of a culture of

; distnru:rng between the human being and their natural envirenment. The beginning
of this book is the end and the end is the beginning. This formal experimentation
reflects the loop-like eco-logic that must be cultivated if we care at all about the
future of humans and nonhumans on this earth. (pg 152)

LIVING BUILDING CHALLENGE

Regulations/Standards in Practice

Anthropocene Agrilogistics
The periad of time during Morton's designation for the past 12,000 years. It denctes the g T ® =
which human activities have | | perlod beginning with Mesopotamia and agriculture in the Fertile g . . <
impacted the environment Crescent and the logic produced by this shift from nomadic to. g : | y
enough to constitute a place-based living. This is when knowledge based on linearity, -
distinct geological change boundaries, and consistency came ta be, .

Morton seeks to replace the Agrilofistics logic of the past 12,000 years with Ecognosis

WATER

intent of the Water Petal: to

E":ﬂg"nnslﬁ Morton refutes short-term explanations of how and why humans
caused the Anthropocene, claiming that they are merely
A type of knowing akin 1o symptomatic of a deeper, older, set of assumptions that are based
ecological awareness, logic |  aon a faulty entology. According to Morton, the “logistics® behind
~ of coexistence this agricultural venture are what eventually determined and
"Knowing in a loop—a weird |  required the invention of the steam engine. It is agrilogistics, not
knowing,” [5) merely capitalism, that is "the smoking gun behind the smoking

THREE AXIOMS THAT MUST BE ADRESSED TO COUTERACT ANTHROPOGENIC THREATS

The Law of Noncontradiction  Existing means being
constantly present

_Opposites cannot be true at

the same time. This has This system requires and
resulted in a system of perpetuates an essentialism
thoughts based on harmful ~ based on the second axiom:
“and rigid boundaries: *a metaphysics of presence”
humans vs. nonhumans, that transforms dynamic
‘productive’ life forms vs. relationships and beings into
pests ' statlc, quantifiable data. (48)

Martan seeks to show how human actions have planetary implications.
and how computational power has opened our frame of reference to inc

lude “the task of thinking at temporal and spatial scales that are
unfamiliar, even monstrously gigantic”™ (25).

chimneys responsible for the Shxth Mass Extinction Event” (43)

‘Object-Oriented Ontology Hyperobjects
Q00 believes that reality Those concepts that.
is mysterious and magical, because must be thought of at
beings withdraw and because beings the scale of Earth
linfluence each other aesthetically, which| | rather than of the
is to say at a distance, individual

Morton's emphasis on the perception of distance between
things is presented as an opporiunity to let go of human
assumptions about power and supremacy. The notion that
nature Is ocutside of us also means that nature fs beyond our
control, and this sense of the tangible otherness of nature is in
fact at the heart ud'whntMm:rn means by the terms rnysluri‘nus
and magical.” which underlines the importance of humility,

KEY MESSAGE

If there is one key message to be gleaned from Deep Ecology it is
that “a human is made up of nonhuman compenents and is directly
related to nonhumans™ (18). Humans need to reposition the idea of
themseives as central to the natural landscape. The natural world is
not merely the condition of our existence,

Citation
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realign how peaple value water:
to address the enargy and
chamicals invobhsmead in
transporing, purifying and
pumping water; and to redefing

Existing Is always better

than any quality of "wastewater™ as a precious
existing. nutrient and resource, Closed
loop systems based on the
The focus on resources available, with
a:wmulaﬂrm quantities localized treatment, can help
without regard for the mitigate environmental issues
resulting quality of and create a more resilient water
existence future.

Environmental Impacts; The scarcity of water
% 8 SeroUs ISSUe, a5 many countries around the
world face severe shortages and compramised water
guality due to global climate change, Even regions that
have avoided the majority of these problems to date due
to a historical presence of abundant fresh water are at risk:
the impacts of climate change, highly unsustainable water use
patterns, and the continued drawdown of major aguifers suggest
significant problems ahead

05 RESPONSIBLE WATER USE

The intent of this imperative s to encourage projects to freat
water like a precious resource, minimizing waste and the use of
potable water, while avoiding downstream impacts and pollution,

06 NET POSITIVE WATER

The intent of this imperative s for project water use and
release to work in harmony with the natural water flows of the
site and its swrroundings. All projects must supply ene hundred
percent of the project’s water needs through captured
precipitation or other natural closed-loop water systems, and/or
through recycling used project water, and all water must be
purified as needed without the use of chemicals.

The Living Building Challenge is an altempt to, in the words of Buckminster Fuller, "make the
world work for 100% of humanity in the shorest possibie time though spontaneous cooperation
without ecological offense or the disadvantage of anyene” [t is in essence a unified tool for
transformative thought that allows humanity to enwvision a future that is socially just, culturally
rich, and ecolegically restorative, The Living Building Challenge is organized inte the following
seven performance areas, place, energy, water, health! happiness, equity, beauty'spirt, and
inspiration/education. It has been refered to as the most rigorous benchmark of sustainability in
the bullt environment and an exceptional model for the future of architecture,
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Intent of the Energy Petak
o create few sources of
renewable energy that
allow projects to operate
year-round in a resilient,
poliution-free manner, In
addition, the Energy Petal
prioritizes energy efficiency
4% 8 means 1o reduce
wasteful spending, of
eergy, resources, and
capital.

Environmental Impacts
Teday, buildings consume
moTe energy than any
other final use. Most of the
energy generated for these
buitdings is from
ecologically destructive
and often palitically
destabilizing sources that
include caal, gas, oil, and
nuclear power,

I-07 CARBON REDUCTION

The intent of this imperative
is to treat energy as a
precious resource and
minimize energy related
carbon emissions that
contrbute 1o climate
change.

[-08 MET POSITIVE CARBON

The intent of this imperative
is-to foster the development
and use of carbon-free
renewable energy
respurces,

HOW TO CRETE ZERO WASTE SYSTEMS? (Chap. 3)
Correlational Research
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"The main objectives of sustainabile design are 1o reduce, or completely avoid, depletion of critical resources like energy, water, land, and
raw materials; prevent environmental degradation caused by facilities and infrastructure throughout their life cycle; and create built

envirgnments that are livable, comfortable, safe, and productive.”
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Research Statement

Dark Ecology by Timothy Morton is a deeply theoretical argument
for how humans came to be so removed from nalure. This source
is a form of psychological analysis of the human psyche and i1 will
require analyzing human behaviors, patterns, and social
interaction via both historical evidence and psychological
principles of the mind.

| claim that that the entire reason why my thesls focuses on
transitioning from a linear model towards 8 closed-ioop model is
because humanity has become extremely removed from it's place
i mature, and therefore had caused repeated harm to the planet.
In order (o make any shift towards harmony with nature, we must
understand how the human mind got us here in the first place.

Research Statement

The Living Buliding Challenge will be analyzed as a
starting referance 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 sustinability.

| claim that because my thesis seeks to transition from a
linear way of using resources 1o a closed-loop madel, |
must look at current architecural standards of practice that
have already attempted to define what regulations and
standards would halp yield closed-toop, regenerative
solutions.

"Regardiess of the size or localion of the projedt, the Living Budding
Challerge provides a framework for design, constriction and the
symbiotic relationship between people, our community, and nafure, The
Livimg Building Challenge calls for action ta restare the relationship
betweaen peaple and nature in an increasingly urbanmized world as

we become more and mone disconnected from the world with

wihich we ovolved, It is a chalfenge to immerse oursehes in

suel & pursiil—and many refer o the ability 1o da 50 85 4

paradigm shift. Whether the profect is restorative,

reganerative, or opérales with a net zero impact, it has
a home in the construct of the Living Building

Chalvenge.”

Biclogical systems have evolved to thrive In closed-loops, in which the :cru:entnf
waste does not exist and mnﬂnm is nutrient. Ecosystems are

regenerative, resilient and run entirely on solar energy. We could do the same with
our bulldings and cities. To start, waste is an area that is largely ignored by
designers as it is typically seen as "worthless” material. In addition, much more
value can be made from the same resources, while moving towards zero waste.
Biological systems teach us to see waste as an opportunity: a vital lesson. In
regards to energy, Michael Pawlyn states that il is critical we transition towards
relying primarily on solar energy just as ecosystems do. Lastly, water systems
should be recycled in closed-loop ﬁystems

Michael Pawlyn defines the ecosytem as a
system which, at its simplest, depicts elements
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THE MOBIUS PROJECT

Architectural Precedent at Ecological Level

Humans design with a linear system whereas nature creates
a closed-loop network, utlizing all of it's products in some
form, The Mobius Project takes inspiration specifically

from the oak tree's closed-loop network. As a

madel, the oak tree achieves everything an

architect should follow while designing
buildings and cities. Kim and Rigdan point
out that "in the lang run, any resource

This project draws its inspiration from the way in which "ecosystems in nature work, where the waste of one organism
becomes the input of the next, maintaining nutrients in a perpetual closed cycle with zero wasie.” For example, it is
dedicated to revolutionising the food production industry by taking what humanity needs less of (waste) and turning it
in to what we need a great deal more of {locally grown, low carbon nutritious food,) The overall goal was to create

a replicable urban infrastructure system with the potential to manage a large amount of a cities production through a
closed-loop circular ecanomy approach which yields salf-sustainability.

THE BIOMIMIC OFFICE BUILDING

Architectural Precedent

The Biomimetic Office represents a new paradigm as the first office building
that has ever been comprehensively designed with biomimicry, The team
worked through all the key functional aspects of office design and found
Inspiration from spookfish, stone plants, and britthestars in devising
daylighting solutions; bird skuils, cuttiebone, sea urchins and giant amazon

water lilies for the structure; termites, penguin feathers and polar bear fur for

energy office buildings in the world.

the environmental control; and mimosa leaves, beetle wings and hnn'lh!iﬂn
leaves for the solar shading. The environmental engineer on the team has
predicted that, when built, the Biomimetic Office will be one of the lowest:

SOLAR SHADING

Blomimic Inspiration

A. Mimosa leaves/beetle
wings: a shading system that
lets in exactly the right

- amount of fight and converts

surface light to electricity
learned from curved forms
leaves, and shells to produce
new glazing system 50
‘percent saving in glass

and interconnections, hamessed to a e e
function ar ms-i-m chart befow e — P —— entered into a building ecasystem will eventually come out from it. This is the law of resource
s S et | = : e ———— conservation” The oak tree reuses the output resources as input materials creating a
human-made systems and m:nldgll:'all T S : closed loop ecosystem that conserves materials, energy, and water. The material,
: B P Ecosystems energy. and water cycles of the oak tree are separate closed loop systems, Howewer,
Wﬂ ecosystem models to cities, or parts vl N have the further there are many synergies that coexist between them that collaborate together,
of cities, s a much more appropriate starting T ——— advantage that they Maximizing these synergies permits the oak tree to grow and sustain itself.
point than the metabolism of a single organism . — have evolved to minimise
because the source s one that comprises. —_— . — the amount of energy and HOW AN OAK TREE PERFORMS
MATERIALS a wide variety of different actors with a = resources they have to draw 'I:'l o LIKE AM ECOSYSTEM Interior Courtyard
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TRANSLATING BIOLOGY INTO TECHNOLOGY

Technical

STRUCTURAL EFFICIENCY: reduction in material guantity
Precedent; 3D Printed Bricdge by Joris Larman Lab

Bicenimic Insmiration: Trees

Matenal
efficient
results of
designing
with SKO
software.

.

A further seven elements constitute nearly all of the remaining 4 %:
calcium, phosphorous, potassium, sulphur, sedium, chlorine and
magnesium. There are then a small number of trace elements that
are used in absolutaly minute guantities. 50, nature uses a very
limited subset of the periodic table, whereas we use virlually every
element in existence, including some that really would be better left
in the laboratony.

MOLECULAR SELF-ASSEMELY

Mang-scale self-assembly is crucial to how nature operates, A major
apportunity to mimic this is the prospect of growing materials for
buildings by accretion or 5elf-aﬂﬁemhly thiat mimics natural
processes, 30 printing” or ‘additive manufacturing’ (AM], s the
closest we have to self assembly today. It allows 10 approximate the
bottom-up manufacturing that goes an in nature, in the way that
material can be positioned exactly where it needs to be.
Consequently, it offers the ability to achieve efficiency of materials
through complexity of form at no added cost , simply by using less
material, What should these machines print with? "What we ideally
want is to be able to use a biological raw material, get it to self-
assemble into polymer chains and then be able to assemble those
chains in a controlled way.” Machines now exist that allow mixed
materials, as nanoparticles in solution, to be deposited from a jet that
is similar to thal of an inkjet printer.

RESPOMSIBLE MATERIALS: non-toxic elements

What elements should be used? The differences
between engineering and nalure become even
clearer when one looks at which elements of the
periodic table are used in the bwo approaches,
Roughhy 96 % of all living matter is made from four
elements: carbon, oxygen, hydrogen and nitregen.
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Research Statement

The Biomimicry in architecture book has chapters on water, energy,
and material. After much reading, it is clear that In order to
implement biomiimicry into the build enviomment, we must have
technologies that can emulate nature's functions. This source looks
at what we can learn from nature's closed-loop use of water, enargy,
and material in order to implement closed-loop systems in all threa
areas within the built environment. In addition, it specifies
technologies that would serve those funclions.

| claim that in order to create closed-loop systems in the Buil
emvironment, we need to create and utilize technolegies that do not
harm the enviornment, but rather, aid the environment in achieveing
self-sufficiency and that is this sources functicn,

Energy is one of our greatest challenges, partly due fo the
increasingly urgent realities of climate change and partly due to a
failure of strategic planning. Michael Pawlyn argues that appiving
bigmimetic principles 1o energy planning inevitably leads to the solar
ecanomy as a critical goal. This has significant implications for
architects and urban designers. A ‘solar econamy’ is one in which "all
our energy needs are met with renewable foerms of generation.” There
are four principles for a biomimicry scluticn to enengy:

1. Demand reduction via radical increases in efficiency as the priority
2. & source of energy that will last indefinitely

3, Resilience through diversity and distributed networks

4. Resource flows that are non-toxic and compatibde with a wide range
of octher systems,

The energy received from the sun every year represents
approximately 10,000 times as much as we cufrently use, This
bountiful source of energy has sustained life on earth for billions of
wears and could supply all of our needs indefinitely. & nuclear-
powered future is not our only option. For example, building
concentrated solar power plants over roughly 5 per cent of the
world's deserts would be enough to provide all of our energy needs.,
A salar econamy is one [hat is
powered entirely by forms of
- renewable energy:

1, dire<t solar energy: principally
photovoltaics and concentrated
solar power

2. Indirect solar energy: wind,
wave and biomass

A related natural-source: tidal and
gedthermal energy

Howe nature stores energy: Haow humans store enengy:
oy-

Y-

SMART SYSTEMS & SYSTEM COMPATIBILITY

The other way in which nature manages fluctuations in energy
supply is by simply doing more growing or metabolising when there
is energy available, and less when there isn't. We can apply the
same principles by using smart contrals that switch equipment off
during short-term peaks or varying the cost of electricity to
redistribute demand,

DEMAND REDUCTION

What levels of energy saving are realistically achievabbe? Using only
current technologies and malntaining or iImproving the average
Eurcpean’s guality of life, David MackKay186 shows that we could
reduce our energy demands fram 125 kWh per day per person down
to 68, Many of these savings involve the built environment,

Precedent: Eastgate Centre in Harare, Zimbabwe
Eiornimic Insperaticer Temmibe Maunds

The consensus amongst climate scientists predicts that much of the
develaping world in ropical latitudes will experience a substantial
loss of agricultural productivity doee to temperature increases and a
reduction in rainfall. Other parts of the waorld, genarally temperate
regiens, are likely to experience increased precipitation, Agriculture
will change under these pressures. Rethinking our waste-water
treatment methods could help to restore the ferdility of our soils and
re-plumbing bulldings and cities with energy. This new context
should be viewed as a challenge to design: we can ameliorate both
lack of water and its excess using biomimetic design.

The good news is that many comparable problems have already
been solved by organisms that have had to adapt to environments
in which water is scarce, intermittent or excessive,

MINIMIZING WATER LOSS: HARVESTING & STORAGE

All ereatures adapted o fiving in arnd conditions have some maans
af reducing water loss. This often involves using non-living matter to
create shade, trapping a layer of air next to the organism’s surface
to reduce the evaperative gradient, or a combinalion of the two,

Precadant: The Seawater Greenhouse
Biamarmic inspratkon: Mamitlan fog-basiong boetio
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CLOSING WATER LOOPS: HYDROUSA

European Union funded project that |s using nature-based systems
to close water loops, feed the soll, and promote local econamies.
Each summer, as temperatures climb and & crush of tourists
descends, fresh water becomes scarce in Medilerranean coastal
regions, This ambitious project called HYDROUSA aims to change
that by implementing a wide-scale demonstration of nature-based
solutions that create an entire closed-loop water system. The goal is
to use wastewater, rainwater, humidity, and seawater (o create a
regenerative system that will produce fresh water for agriculiural
and household use, plus create jobs in the region.

Precedent: HYDROUSA Biomimic Inspired Technologies
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CONTEXT: How biomimicry can inform architectural design in harsh desert environments

ANTI-DESERTIFICATION ARCHITECTURE

BY MAGNUS LARRSON

T

Desertification is major threat on some continents. It affects

PRINTED WITH DESERT SANDS

Chinese designers Qui Song, Bal Ying, Ren Nauya, Kang Pengfei and
Gug Shen thowght of wtilizing deserts to provide more Rouwsing as the
world population increases and deforestalion makes deserts Increass
in number and size,

Their desert skyscraper dubbed Sand Babel is a twisting, solar
powered, 30 printed skyscraper bullt frem desert sand. With the Sand
Babel, Ihe dosighers envisioned makng Sahara a rosidential colamny
with a network of skyscrapers across the heart of the desert.

The Sand Babel will be manufactured wsing a solar powered 30 printer
and would be constructed using almast entirely sand. Designed in
shape of twisting skyscrapers, Sand Babel will have a network of
underground wbes, swhich would comprise of residential spaces,
faciities built for tourism, and sosces for carrying oul research

The forward thinking Sand Babel has two chief sections- one is
approximately 110 countries and baout 70 percent of the word's
ﬂwlfull { drvisnds. B o érﬂly fects hl:irlJl'I Africs and Ching ard underground and the other above ground. The skyscraper upper
leads to I:I'BEI‘IH'IEfD‘-';d and water systems, forced migration, section is a Kind ol spiral skeleton, while the treelike lower structure is
pﬂllﬂtﬂl I-rlﬂl-ﬂh"‘ty' !I'IH'I'IHl Eﬂﬂﬂﬂﬂﬂﬂ m I;IEHHHIIEIINI! nr m mada (o HE'E'F:' the hul]di“g siabde and 1o l.'I'IE"!'E'm sarnd fram lh:""l"ﬂﬂ'g in

ecosysiems.

Desert habitats created using microbe

Dune Anti-0 irtification its mushroom-shaped roof, which uses temparature differences 1o

i Qppﬂlﬂ :;TI “ﬂl s mll aa wiould run akeng the entire building and keep the interiors cool during

Magnus Larsson has proposed creating habitable spac

solidified using bacilius pasteurii, a microorganism with which professor Jason DeJdong can turn sand into sandstone
In a mere 1,400 minutes. In other words, organically cementing networks of sand dunes can become habitable
barriers that stop the desert from spreading. By cutting through the sand dunes and diffing down to find water and
sahda, an anificial oasis can be formed underground for people to live In, This sandstone habitable space further
provides a physical structure to which trees can be planted, reducing deserirfication even more 80. Sand stopping
devices made of sand could become a poetic proposal for desert reglons and simultaneously works n a sustainable

way by using local materials and renewable resources.

"Sand stopping architecture made from sand”

SYNTHESIS: DOMAIN-DOMAIN TRANSFER

:ﬂd? » :I':I‘Imil |l.l: ﬁ:tlﬂh'nlh wiards, this design is inlended (o be a seres of towers thal creates a

: ; livable human emvironment (City-scape) and increases the bio-diversily
responas io the £ of the desert area
ervifonments of tomomow's

glebally-warmed world, The scheme
aims to find innovative solutions to
combat desertification in the Sahel
region of Africa, where sand dunes

The underground section as menticned, acts as the roat of the
structure and comprises of all communication facilities. Interestingly,

The spiral skeleton would have a water generating system located on
generate water through condensation, Dual funnel cress ventilation

the day. One of the key aspecls of this praject is multiplicity. In other

The spiral section of the skyscraper will have a mushroom shapad rood
with & water genarating system, The roof would use temperslure
difference in the structune fo generate waler through condensation,
The building also boasts a Dual funnel cross ventilation system, which

are currently wonild keep the Interors of the structure cool all day. For its
nw.i-mg southward futuristic design, the desert skyscraper earmed an honorable
at a breathtaking pace mention af the annual eVolo skyscraper design competition,
of around 600 mm per

year, ruining the land and " oy . :

meking Ht impossitie for the Additive Manufacturing - using
inhabitants of this area to make desert sand

a living or even stay in their homes. itself "

The forced migration of desertification

refugess is perhaps mong threatening in
Nigeria than anywhere else. With-a
population of over 140 millien people, Nigeria
Is the most populous country in Africa, with
serious deserification ssues throughout its
northern states,

es from the desert sand itself, The desert sand can be

SAND BABEL: SOLAR- POWERED TWISTING SKYSCRAPERS 3D

How do we build in deserts in order to prevent

Architecture as a discipline inherently has knowledge that is found inside and desertification?

outside of the domain. In Phillip Plowright's bock “Revealing Architectural Design:
Methods, Frameworks, and Tools" he states that "Qutside knowledge cannot be
used directly in architectural processes and proposals. There will always need to
be a form of translation which mediates non architectural knowledge into an
architectural response. This is called domain-to-domain transfer. The following
precedents did just that. The sketches to the right have begun isolating the

- Layering, layered building envelopes (shadows
allow for creation of a microclimate)

- Multiplication (an architectural ecosystem
similar to a forest)

- Inversion (bigger at top than bottom)

- Vegetation (Also called "desert greening,” it

knowledge from the source domain (nature) found in the precedents and has the potential to help solve global water,
reapplied them to achieve other taget domains (architectural designs). energy, and food crises by altering the natural
ecosystem via the reclaiming of biodiversity]
Example: "A tree, as an object, is part of the biological domain, but if reduced to - 3D printing with the local sand itself or sand-
its operational factors, such as the nature of its shading function or a system for stone habitats via sand solidifying bactena
conducting nutrients, these fundamental principles can be accessed by other - tall buidlings to prevent sand spread

domains, such as architecture or engineering.” -Plowright

Termites were the primary source of Inspiration for

the Eastgate Centre, an office buliding located in
Harare, Zimbabwe, Termites in Zimbabwe bulld gigantic
mounds inside of which they farm & fungus that is their
primary food source. The Tungus must be kept at
exactly 87 degrees F while the temperalures outside
range from 35 degrees F at night to 104 degrees F
during the day, The termites achleve this remarkable
feat by constanily opening and closing a series of
heating and coolling vents throughout the mound over
the course of the day. With a system of carefully
adjusted convection cumments, alr is sucked in at the
lower part of the mound, down into enclosures with
muddy wakls, and up through a channel fo the peak of
the termite mound. They essentially make use of stack
effect, convective airflow from cool to warm, The
termites are constantly tweaking these openings for
optimum performance, sometimes adding wet mud that
aids cooling with its evaporative effects.

The complex is actually two bulldings that shelter an
Interior atrium. Heat gain is reduced by fimited glazing,
deep overhangs, and the bullding mass, and the
archilect took advantage of night ceoling, thermal
storage, and convective air currents to moderate
temperatures. During the day the heavy bullding mass
and rock storage in the basement absord the heat of
the environment and human activity. At night, cool air s
allawed into the bottom of the building and starts the
comvective flow that vents the hot daytime air through

and baseboard vents,

el
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These passive techniques, although not able to supply all of the climate contral for the building,
contribute 1o some impressive building conservation statistics. The 32,000 square meter
bullding was built with 10 percent of the typical ventilation costs for the area, 35 percent less
energy costs, and 10 percent fewer typlcal capital costs, translating to a savings of $3.5 million
for a $36 million. The building does not have nor require an air conditioning system.

BLL AROUT LAYERING

Utilizing the earth beneath

Bt LEmn prosecia
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The ground provides significant
protection from the balring desert
heat. A building partially beaneath
the ground is not only cooler but it

Is also more structurally sound as
sand is not the most stable. There is
also an
opportunity
to overlap the
different levels
and create
additive shade
above ground.
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EASTGATE CENTRE IN HARARE, ZIMBABWE INSPIRED BY TERMITE MOUNDS WARKA WATER RAINWATER HARVESTING

Warka Water 15 group that |5 helping impovenshed communitves in
Cameroon, Haiti, and Togo attain clean drinking water. Specifically, they
designed the Warka Tower which harvests waler from the atmosphera
(raim, fog, dew), The design was In part inspired by the Darkling Beetle
which uses micro-sized grooves on it's hardened forewings to help
condense and direct water toward it's mouth. In addition, a combination
of hydrophillic (water attracting) and hydrophobic (water repelling) areas
an these structures increase fog and dew harvesting efficiency,

4

The tower not only provides a fundamental resource for life- water- but also
creates a social place for the community, where people can gather under the
shade of its canopy for education and public meetings. The cycle does nol

w T 0 N

raaf vents. This cool air is also stored and then Eiﬂl'!'li‘mft Inspiration: Termites Mounds utilize a series stop there though. Warka Sanitation provides safe water for parsonal hygiene
distributed the next day into offices via hollow floors of heating and coaling vents throughout the day and adequate latrines. With a dry system, human waste is turned into useful

compost, The urine, diluted, is used as a natural fertilizer. The human waste
preduced (feces and wring) is turned into useful compost and recycled to support
agriculture and reforestation, In other words, human feces helps support vegetative
grawth which could e wseful in restoring desert biodiversity.

Warka Sanitation allows safe and convenient urination and defecation in an accessibie, and
dignified setting. With separated rooms for men and women, each toilet has 2 cutlets! for urine,
and excrement (lkguid’ solid waste). [ provides safe water and facilities for washing {sanitation and
personal hygienel Itis desigred 10 E'HDﬂ".'E'I'f captura human waste 0 a sale compartment and
store it A dny system operates without flush water, The soll is added so that the excrement diies
out quicker, This is useful because waler is not easy to come by in desert climates. It also supparts
a cycle where excrement has a purpose, s5een as a nuirient rather than as waste to be dispoed
af or to poliute an already healthy environment.

Heating/Cooling

This model is essentially
a reimpretation of the
techniques employed
above, but this time on

a smaller scale (a home
or small dwelling.) In
additon, other differences
include a fluid form and

a reflective facade which
ts modeled after butterfly
wings. The stacked
multiple surfaces which
reflect also result in an
iradescent facade.

SOLAR ADAPTIVITY: SELF-REGULATING HOMEOSTATIC
FACADE SYSTEM BY DECKER YEADON

Inspired by the compression of human muscles and homeostasis in biological systems.
the Homeostatic Facade System regulates a building's climate by seif-shading. It was
designed by the architectural material technologist firm Decker Yeadon.

S50 how does it work? The homeostatic Facade System has a doublé-skin glass facade

system that opens and closes itsell in response to the intermal temperature of the bullding.

Smart materials regulate the bullding's climale, Just as many crganisms maintain their own
temperatures through homeostasis.

The facade looks like a window with swirling lines. Those are ribbons of an elastomer
wrapped over a flexible polymer cone. A silver coating on the elastomer can be polarized
by applylng an electrical current. The ribben then distributes that elecirical charge across
s surface causing it to deform. When sinlight warms the intenor of the bullding during
part of the day, the elastomer expands, creating shade inside the bullding. When the
Interior cools, contraction occurs allowing more light to penetrate the building's interior.

WATER REACTION FACADE INSPIRED BY PINECONE

Water Reaction is an attempi by architect Chao Chen to create 8 material that reacts to
external rainfall conditions with no himan input required. Chen was inspired by a
pinecane, knowing that pinecones naturally open and close ol protect their seeds from
wel weather and allow them 1o be spread when it's dry. interested in how this could be
replicated,

Chen discovered that pinecones were actually made up of two layers, one of which is
more porous than the other. When wet, the outer layer expands more than the other
layer, causing the scale to bend and close the cone, Using fabric, a thin fil and a layer of
venear wagere the fibres expand across the grain , he created a tile where the outer layer
elongates and curves the material away when wet. While not yet implemented. this tile
has the patential to create a highly responsive facade,

PROPOSED SITE

Mature's responses are always dependent upan the spedific acosystam in which they inhabil. As a rasull, the implamentation of perfarmative biomimicny must ahways be situational. For the purpose of this investigation, the
city of Sokoto, Migerla located within the Sahel Region of Africa was chosen as the architectural proposal site location due to a few key reasons,

REASOMS FOR PROPOSED SITE

1. Desertification: A goal of this investigation is to design an architeciural propasal within an
envirenment increasingly threatened by the effects of human ensuad climate change.
Deserification, o the process by which dryland becomes degraded permanantly, happens (o

------------ = SITE be one of the most catastrophic results of climate change. In addition, the Sahel Regien is one of the
Along the Green Wall mast threatened Iocations in the world by oncoming desertification, Currently classified as a semi-
Initiatove arid region, it becomes more and more threatened in transitioning toward a hyper anid region as the

Sahara deserd just north of i ventures south,

Effects of desertification: persistent droughts, decrease im agncultural yield, resutting in famine,
conflicts over dwindling natural resources, Mass migration, Loss in natural biodiversity, Increased
owerty throughout continent, Stunted physical & cognitive devalopment, premature death

- - -

2. A clearly definable threatened border: The Sahel region spans across the entire width of Africa,
alang the southern edge of the Sahara desaert. In other words, this location is an opporunity for
design that not only halts the spread of desedification acress the entfire continent, bul regenerales
this increasingly harsh ecosystem,

3. Mature has solved complex functional challenges amaongst even harsher planetary conditions
than those in the Sahel: In other words, nature most certainly has adapted solutions and evolved
responses for living in areas like the Sahel Reglon, This makes itan (deal location for the
implementation of performative biomimecry 1o aid in architectural design

4. The Green Wall Initiative: In addition, 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 desartification in Africa. [t imtends to do so by creating a wall of plams along the Sahel region. As of 2020, the arganization has already restored about 15 million
hectares of degraded land in Ethiopia alone, Additienally, 12 milllon drought resistant trees have been planted in Senagal, Thelr goal ks not only 1o rehabdlitate the land, but 1o create o symbol of sustainable
environmental practices in the region, The proposed design will be weaved within the Green Wall Initiative, not anly 1o strengthen its effers, but to pay homage te humanity coming together 1o solve an
environmental crisis.

THE SAHEL REGION AS PHOTGRAPHED BY SEBASTIAO SALGADO

Rainwater Harvesting system

- — which can create vegetative biodiversity
= - within desert buildings, maybe even grow
—— food. This technology has the potential to
— o . maybe even deviate the water in two
g ' streams, one for the collection of drinking
water and one for the planters to grow food
solving the lack of food and water problem.

Adaptive facades could be the
future of thermoregulation and

' | ' x g, A building envelope that uses a series of light entry regulation,
™ discs to capture mositure from the morning =
e S desert fog similar to how the Nabibian beetle This panel was designed with the
b N perfoms its “fog basking” ritual. Each disc is intent of using solar sensors. During .
' e set on a pivot and tilts when enough water the day, the panel slides in position = e
iy has accumulated. It then runs down a roof to allow an air pocket within and |
N '.- membrane and into an inverted planter deviate direct sunlight entry. The . =q

interior result is both cooler indoor
temperatures and diffused light. At
night, the panel (which also doubles
as a thermal mass), slides in such a
way as to maximize sunlight entry.

It also releases the heat sotred in
the thermal mass to heat at night.
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DESERTIFICATION PREVENTION & LANDSCAPE RESTORATION

YEAR 0-2 Mold and form the natural environment to prevent the spread of traveling desert sands. Start this phase during the dry season.

Desert Scorpion: The desert scorpion microstruciure was designed by
nature as a protection mechanism from the harsh desert winds which camy
erosive sands. The undulating form pushes the sand particles off the
exoskelton, hence preventing it's erosion.

Microbe Bacillus pasteurii: When integrated, turns
sand into sandstone in a mere 1,400 minutes. Useful
for hardening the form facing the desert and therefore,
aiding in the prevention of spreading deser sands.

Terracing: To
2| prevent water runoff
and soil erosion

Land removal and reusal:
All land removed to make
bunds is used to to make
desert sand blockade.

out soil causes most of the seasonal monsoon rain to flow away rather than penatrate the
surface of the land. As a result, the rain washes away the lop layer of fertile soil, causing
erosion, flooding, and loss of soil fertility. These bunds are dug into the ground in order to

Organic matter (manure] from
livestock to aid in plant growth

YEAR_?,-& Begin phase one pioneer planting to stabalize and add organic material to sand. This is the first step in soil creation. Integrate Driwater Wells for soil hydration and Jute Mesh for further soil stabilization. Start this phase during the wet season.

DriwATER capsules: When the gel comes in contact with naturally occuring enzymes in
soil, the enzymes slowly break down the gel, releasing moisture directly into the soil, One
gel pack delivers moisture to plants between 40 and 90 days. 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 abscence of a permanent water source nearby.

Therefore, the mesh can be made locally by the people.

Jute Mesh: An organic, flexible, and loose-wovan ‘cargo-net’ mesh
made from the Jute plant and used for arosion controd and seed estab-
lishment. The jute plant is native to Africa where it is widely cultivated.

Mative drought resistent plants:
Poor absorbants of heat by day and
good emitters of heat by night.

Nitraria Retusa: Helps
stabalize sand

Acacia tree; 132 species capable of living in Sahel region

[
|
|
|
|

¥

Return of animal biodiversity
I

5.1{}1- Begin phase two pioneer planting now that soil conditions can support a larger root zone. This phase includes larger plants such as trees and the beginning of the return of biodiversity and healthy crop cultivation. Start this phase during the wet season.

Soil condition supports a larger root zone

I
|
|
|
I
|
|
|

Crescent- shaped bunds as a rainwater harvesting technigue: The hard top layer of dried

create catchment areas which help the soild absorb rainwater and once again, become fertile,

TOOLBOX FOR SUCCESSFULL IMPLEMENTATION

‘Sand stopping form and bund integration The earth dug up to make bunds is utilized to build undulating form.

Undulating form deflecting samd .o oo iioiaianas

Catchment 8réd . coeeeas o
....... = Trrganic matter
from local livestock

Earth subtracted to ey T —

make bunds is addedto ceceeaa= T » Oniy required if

make undulating farm: . land is shoped

Met zero waste
The majority of sand from the Sahara desert travels to the Sahel region at an elevation of 0 to For a fairly flat surface like that of the Sahel region, the recommended bund spacing is 32 feet between each bund
40 feet. Therefore, a 30 foot height is recommended with plant and tree growth above 1o make with a following row of bunds every 40 1o 50 feel. They should each be dug about 3 feet deep and arganic matter, such
up the remaining 10 feel as livestock waste, should be incorporated to promote plant growth,

Driwater EﬂﬁEUEEandJu’teMEshintegfaﬁﬂn Both are critical for soil stabilization and successful plant growth.

Break open gel pack and NSertinto .. ccccs s cassssnsma s m s s b s s
PYC piping. One pack delivers i
moisture between 40 and 90 days L
with virtually zeqo water waste,

Jute mesh can be made in various sizes. However, the

recommended opening size has to do with finding a balance

between maximum s$oil stabilization and open area for vertical *======ssssssccsmscccnns
plant growth. it is generally 70-75 percent of the plant full -
grown size, The mesh itself should be 0.25 inches thick ;

Plants in arid regions have
adapted to grow very deep
roots (o both tap into deeper
groundwater and to prevent
from erosion caused by
spreading sands. Therefore,
PWC piping should be dug inta
the ground at a depth of about
3 feet for the smaller plams in
phase 1 pioneer planting and
and 7 feet for trees in phase
two pioneer planting as these
are the average root lengths
for desert plants and trees
respectively.

The Jute mesh plant is
native to the Sahel region
where it is widely
cultivated, Therelore, it Is
recommended that locals
are confracted o create
the Jute mesh required
for soil stabilization. This
is an excellent opportunity
for the women of the
region, who often have a
difficult time finding jobs.

F’f&ﬂi andanimal SHEEEEEfEFI‘E'-]mEQTHﬁﬂn All species are local to Sahel region and thrive in arid environments.

Ephedra Alata Acacia Tree Nitraria Retusa Wild Desert Gourd Lapperine Olive Tree
(medicinal plant) (drought resistant) (erosion control) (fruit Bearing) (erosion cantrol)

Red Fronted Gazelle Yellow Breasted Barbet Arubian Bustard African Buffalo Cut Throat Finch



SERIAL INVESTIGATION: ARCHITECTURAL PROPOSAL

ANTI-DESERTIFICATION STRUCTURE: Anchor for all serial investigations INTRODUCTION

o o Undulating form deflecting sand .....cccueumarmsmenens
Biomimic Inspiration:

Blomimic Insf The serial investigations shown below are intended to be viewed as a kit of parts which could integrate, somewhat in a modular fashion, to the southern edge of an anti-desertification structure. The anti-desertification structure is central to all of the serial investigations. Specificall, the
esert Scorpion

structure would span the width of the African Sahel with the purpose of preventing further desertification going south. What | theorize would make the structure effective is the physics behind its northern face. Designed as an undulating mass, it emulates the microstructure of the desert
scorpion exoskeleton which was designed by nature as a protection mechanism from the harsh desert winds that carry erosive sands. In other words, the form of the scorpion's microstructure pushes incoming sand particles off its exoskeleton, hence preventing erosion. As seen in this
Image to the left, | believe the proposed anti-desertification structure would act in a similar fashion.

(_____

Physics of exoskeleton

microstructure . - It is important to specify 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

The majority of sand from the Sahara desert trafSls but to support both the existing architecture and the people living within these harsh regions.

to the Sahel region at an elevation of 0 to 30 feet.
Therefore, a 30 foot height is recommended.

WATER COLLECTION MATERIAL HANDLING ENERGY GENERATION

Hqt Air Vent Pipe Door for mainteneance &
ch|n|1ney organics addition

Indoor  Raised roof  Rainwater
water for natural Harvester
access  ventilation

Dye-Sensitized Burrowing as
Solar Textile protection from
extreme heat
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- F;E_SI_DE_N;I;L_SEA_LE' Br?n;in_g ______ i PROOF OF CONCEPT e T 7 PROOFOFCONCEPT | PROOF OF CONCEPT 55% sun perLecTION
: RESIDENTIAL SCALE: Bathrooms, supports RESIDENTIAL SCALE: Large scale

The roof uses a series of mesh discs to capture moisture from the morning fog. Each disc is set on a pivot and tilts when enough water

| | | | | |
I ) . I I I I I : : : : ) ' _
| water, cooking, sanitation, small | has accumulated. The water is then stored in an underground tank, where it is kept cool until later use. - - oo oo cccoooooaaoo » | . o | There are four ingredients are required for fast-cooking hot compost: Nitrogen, carbon, air, and water. Together, these items 10-15% INCREASE | . | Smooth bodies are better at absorbing heat and poor emitters of heat at night where as prickly or ridged bodies are poorer absorbers 12% SUNLIGHT CONVERTED
| scale gardening/agriculture | | small scale agncu[ture’ sanitation | feed microorganisms, which speed up the process of decay. Carbon rich materials include material such as dead leaves 0 INC S I agr|cultural support_ large scale energy | of heat by day and good emitters of h_eat gt night. A prickly form is exactly what the cac_t| developed in order to c_hsper;e the hot desert 10 USABLE ELECTRICTY
| | WATER ACCESSIBILITY AND USAGE IN SAHEL REGION: The average household living in the Sahel Region needs to send a family | | branches, sawdust, wood chips, and hay. Nitrogen rich materials includes manure, fruit and vegetable scraps, and living plants. IN CROP VIELD | generation | E:sitl‘“’;’;Oat:grr?s‘?g;‘r’ig‘;nhceoar;g;gid'°” is burrowing, commonly adopted by desert animals. These are two tactics which both the
| BIOMIMIC INSPIRATION: Darkling Beetle | Lnetmber go \5Nalltlaboutfb mtlles adday to get to a groundwater well or spring that may or may not be clean and only provides them with ® I BIOMIMIC INSPIRATION: Burrowing | N ' . N | | ' # 3
I I etween 3-5 gallons of water a day. 380 % norcse | Nature as a closed-loop system, Termite LACK OF MATERIAL: Soil in the Sahel Region has inherently poor fertility due to land overuse, poor land management, 20%= 60% pEcrEASE | BIOMIMIC INSPIRATION: Cacti fractal I MISSED OPPORTUNITIES: The textile industry is enormous in the Sahel Region, with it encompassing 50% of female jobs. About 50% of Y ""'\L". i il f
I . I ) ! ) IN WATER ACQUISITION I Mound | desertification, soil erosion, and extreme heat. SPecifically, there is a lack of living organic matter within the land to sustain IN PURCHASING FOOD FROM | li L I people in the Sahel Region do not have access to energy. This percentage is especially higher in the more remote areas. At the ALY | "-.:". Liry
| TECHNOLOGICAL EQUIVALENT: Rainwater | POTENTIAL DEW CAPTURE WITH RAINWATER HARVESTER: Based on comparing proposed technology with a prior study done by the PER HOUSEHOLD | Mounds | large scale plant and agricultural production. However, the solution may lie in the waste that humans create and so easily OUTSIDE MARKETS | cooling, solar economy | residential scale. there mav benew technologies that take advantage of the sun to power indvidual residences ‘tﬁ i
| Harvester I company Warka Water which gathered 20 gallons of water a day in the Sahel region. (Surface Area: 862 ft"2, 20 gallons/day) | | ignore. | | ' Y 9 9 P '
H - . . . . . . . . . | \
[ | ik Shape Surface Avea of Elpse Proposed Disk Dimensions 20 gaons/862 -2 x galons/ 311 nches2  However,according o the Unted Nations, & galons I TECHNOLOGICAL EQUIVALENT: Passive | CEUSING WASTE AS AN INPUT MATERIAL Composting in desert environments has proven to increase crop yields by : TECHNOLOG.I CAL EQUIVALENT: Solar | USING TEXTILES AS ENERGY CAPTURE: A majority of women in Sokoto, Nigeria work in the textile industry which presents an b I'l. 'L"'l" J
I I RS a=4inches b= 3inches x= 0.87 gallons water per disk of water is recommended each day per person to I Ventilation, Manure Composting I ) h o - - . P storage textile, form I enormous opportunity to develop dye- sensitized solar cells. Natural photosensitizer dyes can be extracted from parts of plants to \\I. | L i
| | sy Disk Surface Area Therefore, a standard household would only satisfy proper drinking, cooking, cleaning, and I ' | approxmaltely 10to15 percent in Qe§ert environments. At the residential scale, it allows the individual to become I I create energy. These dyes can absorb wavelengths between 450 and 580 nm from the visible light spectrum. Testing is currently l"l'!' L%
I I '-\H_ ) iy zfeji':grh:;’fja’;jlsl?hdr:zﬁsra‘seﬁ:;Ife‘f“"”s ;2”9':{;‘;”5gig":eg';jgegg[z;;";n‘e;’:{:g"” housefold. I | self-sustainable by growing a majority of their fruits and vegetables from the compost they create. I I happening on implementing these technologies in arid environments, where they are expected to make the most difference.
L e — —=r -finches 28 mesh discs would suffice all water needs. T T T T e — L e e e = — —
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INDUSTRIAL SCALE: Livestock manure,
supports phase 2 pioneer planting,
agriculture, water & interior heating

PROOF OF CONCEPT

INDUSTRIAL SCALE: Greenhouse,
Agricultural Support

INDUSTRIAL SCALE: Large
agricultural support, large scale energy
generation

1,000 BTU rer

HOUR PER TON COMPOST

Greenhouses provide a controlled environment which aid in cultivating agricultural production, specifically in harsh environ- EXPANSI 0 N
ments which have a difficulty growing crops on their own, such as that of the Sahel Region.

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.

Nature has evolved to become a fully self-sustainable and solar dependent economy. There is not better location than a desert environment 20% INCREASE
to take advantage of this sunlight, as there are 12 hours of sunlight almost every day of the year. Not only does this present a tremendous IN CROP YIELD
opportunity for electrical generation and storage, agriculture.

BIOMIMIC INSPIRATION: Darkling Beetle, GREENHOUSE STATISTICS: A rule of thumb is to have 0.3 to 0.4 gallons per square foot of growing area per day as a peak-use ,
rate for the warmest day. For example a 30-by-100-foot greenhouse with 2,400 square feet of bench area would require a BIOMIMIC INSPIRATION: An entirely solar AGRICULTURAL PRODUCTION IN ENVIRONMENTS OF EXTREME HEAT: Plants can experience a heat related sickness often referred to as 7 X’s more
) o o . closed loop system, biodegredation representing one of the lowest modern electricity consumption rates for any region on Earth. In addition, approximately 80% of economy, burrowing/sun shading specifically evolved to protect themselves from extreme heat, but as temperature continue risiing, they too are experiencing death via heat THAN NON DESERT
TECHNOLOGICAL EQUIVALENT: Rainwater GRItEENHolLlJSTE S'El_l'l:_sthTAlNAB‘lth-I;\Y Sf‘ ?[C[AL'INGtPOTENTlAg_: it;NdZTZCOTZTEJWLeNC'al gtrr?ehogsestm this ':9'0{1 arte 3CtU3U){ them Living in the region do not have access to resources such as hot water and the ability to contorl indoor air temperatures. stress. Crop producing plants are even more susceptible. As of 2020, heat stress related plants deaths have increased by 10% since 2020. ENVIRONMENTS
Harvester, Farm to Kitchen to Compost quite small. Typically, they come in the follolwing two sizes: 8 x 12 and 12 x 20 because there is not enough water to suppor ) COMTOST :
p larger greenhouses. Most of the water needed to support the greehouses is taken from groundwater aquifers or imported from TECHNOLOGICAL EQUIVALENT: Manure COMPOST AS ELECTRICTY: If done correctly, a compost pile will heat up within 24 to 36 hours to the ideal temperature of 160 % LD f ; TECHNOLOGICAL EQUIVALENT: Solar SOLAR PANELS T0 THE RESCUE: Not only are solar panels an exceptional way to gather and store energy, bt they have the abilty to 100 M
rivers quite far away. An 8 x 12 greenhouse would need between 28.8 and 38.4 gallons a day in water. If the rainwater harvesting Composter, Heat storage tank degrees farenheit. (Looking into how much heat a comost pile can produce per square footage) panels; energy storage W PER

simultaneously alleviate the effects of heat stress by being placed above agricultural farms. This helps support nutrient production,

I
I
|
I
|
I
: Nature as a closed-loop system
I
I
I
I
I
| recharge of degraded lands, water use reduction, and it extends growing seasons

|
|
|
|
|
|
|
| peak-use rate of 720-960 gallons per day.
|
|
|
|
|
|

technoogy were implemented, the 8 x 12 greehouse would require 44 mesh discs to satify its daily water needs. This technology SQUARE MILE

provides an opportunity to scale up in the size of greenhouses, hence resulting in a greater crop yield.

I
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: BIOMIMIC INSPIRATION: Nature as a
I
I
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I
I
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| |
% & | |
LACK OF ELECTRICITY: Approximately 50% of the 340 million people living in the Sahel region do not have access to electricity, — | | heat stress which is the result of extreme heat damaging photosynthetic tissues to the point that the plant often dies. Desert plants have ENERGY GENERATION
| |
| |
| |
| |
| |
| |
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