










SERIAL INVESTIGATION: ARCHITECTURAL PROPOSAL
INTRODUCTION

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 
structure would span the width of the African Sahel with the purpose of preventing further desertification going south. What I 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, I believe the proposed anti-desertification structure would act in a similar fashion.

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 
but to support both the existing architecture and the people living within these harsh regions. 

ANTI-DESERTIFICATION STRUCTURE: Anchor for all serial investigations

Undulating form deflecting sand
Biomimic Inspiration: 
Desert Scorpion

Physics of exoskeleton
microstructure

The majority of sand from the Sahara desert travels 
to the Sahel region at an elevation of 0 to 30 feet. 
Therefore, a 30 foot height is recommended.

WATER COLLECTION ENERGY GENERATIONMATERIAL HANDLING

RESIDENTIAL SCALE: Drinking 
water, cooking, sanitation, small 
scale gardening/agriculture

BIOMIMIC INSPIRATION: Darkling Beetle

TECHNOLOGICAL EQUIVALENT: Rainwater 
Harvester
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PROOF OF CONCEPT
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 
has accumulated. The water is then stored in an underground tank, where it is kept cool until later use.

WATER ACCESSIBILITY AND USAGE IN SAHEL REGION: The average household living in the Sahel Region needs to send a family 
member to walk about 4 miles a day to get to a groundwater well or spring that may or may not be clean and only provides them with 
between 3-5 gallons of water a day.

POTENTIAL DEW CAPTURE WITH RAINWATER HARVESTER: Based on comparing proposed technology with a prior study done by the 
company Warka Water which gathered 20 gallons of water a day in the Sahel region. (Surface Area: 862 ft^2, 20 gallons/day)

Disk Shape

50- 100 gallon
storage tank

Surface Area of Ellipse Proposed Disk Dimensions
a= 4 inches     b= 3 inches 

Disk Surface Area
A=pi(4)(3)
A= 37.7 inches^2 

20 gallons/862 ft^2= x gallons/37.7 inches^2
x= 0.87 gallons water per disk
Therefore, a standard household would only 
need to have 6 mesh disks to obtain 5 gallons
of water per day with no travel required. 

However, according to the United Nations, 6 gallons
of water is recommended each day per person to 
satisfy proper drinking, cooking, cleaning, and 
sanitation needs. Therefore, in a 4 person household, 
24 gallons are needed per day, meaning
28 mesh discs would suffice all water needs.   

380 % INCREASE
IN WATER ACQUISITION
PER HOUSEHOLD

INDUSTRIAL SCALE: Greenhouse,
Agricultural Support

BIOMIMIC INSPIRATION: Darkling Beetle,
Nature as a closed-loop system

TECHNOLOGICAL EQUIVALENT: Rainwater 
Harvester, Farm to Kitchen to Compost

 

PROOF OF CONCEPT

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

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

GREENHOUSE SELF-SUSTAINABILITY & SCALING POTENTIAL: Standard commericial greehouses in this region are actually 
quite small. Typically, they come in the follolwing two sizes: 8 x 12 and 12 x 20 because there is not enough water to support 
larger greenhouses. Most of the water needed to support the greehouses is taken from groundwater aquifers or imported from 
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 
technoogy were implemented, the 8 x 12 greehouse would require 44 mesh discs to satify its daily water needs. This technology 
provides an opportunity to scale up in the size of greenhouses, hence resulting in a greater crop yield.

100- 1,000 gallon
storage tank

Compost Bin

KitchenGreenhouseRainwater
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MINIMUM 100% 
EXPANSION

RESIDENTIAL SCALE: Bathrooms, supports
small scale agriculture, sanitation

BIOMIMIC INSPIRATION: Burrowing
Nature as a closed-loop system, Termite
Mounds

TECHNOLOGICAL EQUIVALENT: Passive
Ventilation, Manure Composting

 

INDUSTRIAL SCALE: Livestock manure,
supports phase 2 pioneer planting, 
agriculture, water & interior heating

BIOMIMIC INSPIRATION: Nature as a
closed loop system, biodegredation 

TECHNOLOGICAL EQUIVALENT: Manure
Composter, Heat storage tank 

 

INDUSTRIAL SCALE: Large 
agricultural support, large scale energy 
generation

BIOMIMIC INSPIRATION: An entirely solar
economy, burrowing/sun shading

TECHNOLOGICAL EQUIVALENT: Solar
panels, energy storage
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PROOF OF CONCEPT

Nature has evolved to become a fully self-sustainable and solar dependent economy. There is not better location than a desert environment 
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 
opportunity for electrical generation and storage, agriculture. 

AGRICULTURAL PRODUCTION IN ENVIRONMENTS OF EXTREME HEAT: Plants can experience a heat related sickness often referred to as 
heat stress which is the result of extreme heat damaging photosynthetic tissues to the point that the plant often dies. Desert plants have 
specifically evolved to protect themselves from extreme heat, but as temperature continue risiing, they too are experiencing death via heat 
stress. Crop producing plants are even more susceptible. As of 2020, heat stress related plants deaths have increased by 10% since 2020.

SOLAR PANELS TO THE RESCUE: Not only are solar panels an exceptional way to gather and store energy, but they have the ability to 
simultaneously alleviate the effects of heat stress by being placed above agricultural farms. This helps support nutrient production, 
recharge of degraded lands, water use reduction, and it extends growing seasons

20% INCREASE
IN CROP YIELD

7 X’s MORE
ENERGY GENERATION
THAN NON DESERT
ENVIRONMENTS

100 Mw PER 
SQUARE MILE

 

PROOF OF CONCEPT

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.

LACK OF ELECTRICITY: Approximately 50% of the 340 million people living in the Sahel region do not have access to electricity, 
representing one of the lowest modern electricity consumption rates for any region on Earth. In addition, approximately 80% of 
them living in the region do not have access to resources such as hot water and the ability to contorl indoor air temperatures. 

COMPOST AS ELECTRICTY: If done correctly, a compost pile will heat up within 24 to 36 hours to the ideal temperature of 160 
degrees farenheit.  (Looking into how much heat a comost pile can produce per square footage)

PROOF OF CONCEPT

There are four ingredients are required for fast-cooking hot compost: Nitrogen, carbon, air, and water. Together, these items 
feed microorganisms, which speed up the process of decay. Carbon rich materials include material such as dead leaves, 
branches, sawdust, wood chips, and hay. Nitrogen rich materials includes manure, fruit and vegetable scraps, and living plants.

LACK OF MATERIAL: Soil in the Sahel Region has inherently poor fertility due to land overuse, poor land management,
desertification, soil erosion, and extreme heat. SPecifically, there is a lack of living organic matter within the land to sustain 
large scale plant and agricultural production. However, the solution may lie in the waste that humans create and so easily 
ignore .

REUSING WASTE AS AN INPUT MATERIAL: Composting in desert environments has proven to increase crop yields by 
approximately 10 to 15 percent in desert environments. At the residential scale, it allows the individual to become 
self-sustainable by growing a majority of their fruits and vegetables from the compost they create. 

10-15% INCREASE
IN CROP YIELD

20%- 60% DECREASE 
IN  PURCHASING FOOD FROM
OUTSIDE MARKETS

RESIDENTIAL SCALE: Large scale 
agricultural support, large scale energy 
generation

BIOMIMIC INSPIRATION: Cacti fractal
cooling, solar economy

TECHNOLOGICAL EQUIVALENT: Solar 
storage textile, form

 

PROOF OF CONCEPT

Smooth bodies are better at absorbing heat and poor emitters of heat at night where as prickly or ridged bodies are poorer absorbers 
of heat by day and good emitters of heat at night. A prickly form is exactly what the cacti developed in order to  disperse the hot desert 
heat. Another method of hear protection is burrowing, commonly adopted by desert animals. These are two tactics which both the 
pavillion and residence incorporate. 

MISSED OPPORTUNITIES: The textile industry is enormous in the Sahel Region, with it encompassing 50% of female jobs. About 50% of 
people in the Sahel Region do not have access to energy. This percentage is especially higher in the more remote areas. At the 
residential scale, there may benew technologies that take advantage of the sun to power indvidual residences. 

USING TEXTILES AS ENERGY CAPTURE: A majority of women in Sokoto, Nigeria work in the textile industry which presents an 
enormous opportunity to develop dye- sensitized solar cells. Natural photosensitizer dyes can be extracted from parts of plants to 
create energy. These dyes can absorb wavelengths between 450 and 580 nm from the visible light spectrum. Testing is currently 
happening on implementing these technologies in arid environments, where they are expected to make the most difference. 

Dye-Sensitized 
Solar Textile

Burrowing as 
protection from
extreme heat

Fractal 
Cooling

55% SUN DEFLECTION

12% SUNLIGHT CONVERTED
TO USABLE ELECTRICTY

1,000 BTU PER
HOUR PER TON COMPOST
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